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ABSTRACT 

Despite all the undertakings to fight malaria and cancer, the infections occurrencies per year is still 

high or even rising as the case for cancer, making them the leading causes of fatality in the world. 

The Plasmodium resistance and varied side effects of the conventional cancer drugs is a major 

hitch in the treatment of malaria and cancer, hence posing a big challenge to the global health care. 

Phytochemicals from higher plants have produced safe antimalarials and anticancers and still offer 

hope for new drugs. The aim of this study therefore was to search for anticancer and antimalarial 

principles from Millettia dura, Millettia leucantha and Millettia lasiantha from Kenya. The 

compounds were isolated using column chromatography over silica gel 60 (60-120 mesh) plus 

Sephadex LH-20. Purification was done on a Chromatotron (7924T, 24V, 200 rpm). Compounds 

were characterized basing on NMR, MS, UV and IR spectral data. A total of 51 compounds were 

isolated and characterized. The first phytochemical study on the flowers of M. dura yielded nine 

compounds, this being the first report of 4,2-dihydroxy-4-methoxychalcone (228) from the genus. 

Seven compounds were isolated from the pods while thirteen compounds were gotten from the 

stem bark. The presence of deguelin (170) and tephrosin (171) in the stem bark of M. dura was a 

unique finding. This is also the first report of the four flavonoids, chrysin (229), apigenin (230), 

chrysin 7-O-β-D-glucoside (231) and genkwanin (232) from the genus isolated from M. leucantha 

(leaves), meanwhile, the root bark yielded six compounds. This is the primary phytochemical study 

on M. lasiantha which gave four flavones from its leaves, four compounds from the stem bark, 

while out ot the four compounds isolated from the roots, 3,8-dihydroxy-7,9-dimethoxycoumestan 

(241) and 7,5′-dihydroxy-6′,4′-dimethoxycoumaronochromone (242) are novel compounds. Out 

of the samples screened againest W2 and D6 strains of P. falcipalum, the stem bark extract had 

the highest activity of 31.9±8.6 and 23.1±4.5 μg/ml againest W2 and D6 respectively, while the 

most active compound was milletone (172) with respective IC50’s of 33.1±3.7 and 27.4±3.1 μM 

againest W2 and D6. Out of the fifteen flavonoids tested for cytotoxicity, tephrosin (171) and 

durmillone (99) were the most active with respective strong IC50’s of 3.14 and 6.6 ±1.2 µM against 

A549 cancer cell line. Chemotaxonomic review of M. dura and its morphologically related M. 

ferruginea showed both taxa to elaborate mainly isoflavones (33 reported) out of which 23 have 

C-8 prenyl group or its modification as 2,2-dimethylchromene moety at C-7/C-8 and 91% of the 

isoflavones are 5-deoxygenated. Oxygenation at C-8 has been reported only in M. dura. Millettone 
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(172) and millettosine (173) only identified in the seedpods of M. dura could be responsible for 

the morphological difference observed in the seed pods of the two taxa and serves to distinguish 

M. dura from M. ferruginea. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the study 

Malaria (WHO, 2018a) and cancer (WHO, 2018b) are global health challenges causing loss of 

many lives (WHO, 2018a, 2018b; Siegel et al., 2019). Low income and developing economies 

carry the biggest burden of these diseases. For example, 93% of the global malaria cases occur in 

Africa, and Uganda alone accounts for 4% of the worlds’ malaria cases (Commonwealth, 2019). 

Out of the 17 million cancer cases diagnosed and the 9.5 million cancer deaths registered in 2018, 

the low-medium income countries contributed 20% (American Cancer Society, 2019). In the 

management of these diseases, nature has offered the most potent malaria (Willcox et al., 2004; 

Woon-Chien et al., 2016) and cancer (Iqbal et al., 2017; Amaral et al., 2019) drugs and it still 

serves as a source for new and safe lead molecules.  

Quinine (1) from Cinchona succiruba (Foley and Tilley, 1998) plus the subsequent synthetic 

derivative chloroquine (2) (Biagini et al., 2005; Mushtaque et al., 2015; Vandekerckhove and 

Matthias, 2015) have been used effectively in the management of malaria. However, the parasite 

developed resistance to these drugs (Foley and Tilley, 1998). The discovery of the antimalarial 

drug artemisinin (3) from Artemisia annua ( Wright 2005; Blazquez et al. 2013) came in handy to 

manage the multidrug resistant malaria (Woodrow, 2005). However, resistance has been reported 

against artemisinin and artemisinin combination therapies (ACTs) in Southeast Asia (Cooper et 

al., 2018; WHO, 2018a). Resistance to ACTs has also been reported in Equatorial Guinea (Cooper 

et al., 2018), bringing the resistance to Africa as well. The emergence of resistance is threatening 

the gains made in the fight against malaria, necessitating the search for new antimalarial drugs.  

N

N
HO

O

1

N

HN
N

Cl

2

O

O

O

O

O

3  

Plants have also offered a good number of drugs and lead molecules in the treatment of cancer. 

Some of these include vincristine (4) and vinblastine (5) from Catharanthus roseus (Noble, 1990; 
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Kumar et al., 2013; Ashoka et al., 2017) which have been used against breast, liver, leukemia, 

testes and lung cancer and paclitaxel (6) from Taxus brevifolia (Wani et al., 1971; Stierle et al., 

1993; Haque et al., 2016) for the management of ovarian, breast and lung cancer (Maurie, 1991). 
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There are reported cases of cancer resistance attributed to inherent and or acquired resistance 

(WHO, 2018b). The realization that most of the common cancer drugs are toxic with adverse 

effects (Ojima et al., 2016) brings to question their safety profiles. It is therefore important, to 

discover and develop anticancer agents to overcome resistance and toxicity. In this respect, three 

Millettia species namely: M. dura, M. leucantha and M. lasiantha have been investigated for 

possible antiplasmodial and anticancer principles. 

 

1.2 Statement of the problem 

Malaria and cancer are major challenges to public health care. They are the global leading causes 

of mortality (WHO, 2018b; Siegel et al., 2019). The global malaria deaths stood at 435,000 and 

Africa contributed 93% of this total in 2018 (WHO, 2018a; Commonwealth, 2019). While the 

global cancer related deaths was 9.6 million in 2018 (American Cancer Society 2019; Bray et al. 

2018). The malaria parasites have developed resistance against conventional drugs such as quinine 

(1), chloroquine (2) and artemisinin (3) and artemisinin combination therapy (Cooper et al., 2018). 

In the case of anticancer agents, the problem is not only resistance (WHO, 2018b) but also 

toxicities and unbearable side effects (Ojima et al., 2016). There is need to continue the search for 

efficacious and safer drugs. Secondary metabolites from nature have been used in the management 

of malaria and cancer, producing antimalarial drugs such as quinine (1) (Foley and Tilley, 1998) 

and artemisinin (3) ( Wright, 2005; Blazquez et al. 2013) which are a backbone to many malaria 
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drugs. Nature has also provided several anticancer drugs including vincristine (4), vinblastine (5) 

( Noble, 1990; Kumar et al., 2013; Ashoka et al., 2017) and paclitaxel (6) (Wani et al., 1971; 

Stierle et al., 1993; Haque et al., 2016) from which more potent and or safer drugs have been 

synthesized. On this basis, it was important to revisit nature, the in- exhaustible source of 

chemotherapy in the quest for antimalarials and anticancers, by studying M. dura, M. leucantha 

and M. lasiantha. 

 

1.3 Objectives 

1.3.1 General objective 

The general objective of this study was to identify antimalarial and anticancer principles from 

Millettia species. 

 

1.3.2 Specific objectives 

The definite intents of the study were to:  

i. Separate and characterize secondary metabolites from Millettia dura, Millettia leucantha 

and Millettia lasiantha. 

ii. Evaluate in vitro antiplasmodial action of extracts plus compounds.  

iii. Evaluate the anticancer activities of extracts and compounds. 

iv. Establish the chemotaxonomic markers that differentiate M. dura from M. ferruginea 

 

1.4 Justification 

The genus Millettia (Leguminosae) is rich in flavonoids (Chatsumpun, 2010) which have exhibited 

a range of biological and pharmacological activities (Yankep et al., 2003). An earlier study on M. 

dura showed moderate antiplasmodial activities of 13 - 53μM for the pure compounds and 10 - 

12μg/ml for the crude extracts (Derese et al., 2014a). The CH2Cl2-MeOH (1:1,V/V) extract from 

M. oblata ssp. teitensis (stem bark) showed moderate antiplasmodial activities with IC50 values of 

10 - 12µg/ml for chloroquine senstive and resistant strains of falciparum (Derese et al., 2014a). 

On this basis, it was important to further study M. dura and other Millettia species for more potent 

antiplasmodial metabolites. 

Extracts and pure isolates from a number of Millettia have also been tested for their anticancer 

activities. The dichloromethane : methanol (1:1v/v) crude extract from M. usaramensis ssp. 
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usaramensis (root bark) had a moderate activity of IC50 11.63μg/ml for the human breast cancer 

cell line (MDB-MB-231) while the rotenoids isolated from it, showed moderate cytotoxicities 

between IC50 25.7 - 207.2μM (Deyou et al., 2015b). The chloroform extract of M. pervilleana 

(root bark) has IC50 values of 0.047 - 0.12μg/ml on KB cells (Palazzino et al., 2003). Pure 

compounds isolated from M. dura show weak IC50 values of 153.5 - 174.1μM for the MDB-MB-

231 (Marco et al., 2017a). The compounds from M. oblata ssp. teitensis, had moderate activity of 

IC50 33.3 - 93.8μM against the humanoid breast cancer cell line (Deyou et al., 2017b). 

Phytochemicals from M. leucantha had moderate toxicities ranging from 3.69 to 7.36μg/ml against 

NCI-H460 lung cancer cell line (Phrutivorapongkul et al., 2003). These promising anticancer 

results necessitated investigations on M. dura, M. leucantha and M. lasiantha for active anticancer 

agents.  

Given the health challenges from malaria and cancer, the effect of resistance and toxicities 

downplaying the current drugs and the fact that nature is a good source of antimalarial and 

anticancer drugs, it was important to undertake this study in anticipation for new efficacious and 

safer antimalaria and anticancer agents from the studied plants. 
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CHAPTER TWO 

LITERATURE REVIEW 
2.1 Malaria 

Malaria is a protozoal infection (Nogueira and Lopes, 2011; Mushtaque, 2015) triggered in human 

by Plasmodium parasites like falciparum, vivax, malariae, ovale plus knowelsi (Amir et al., 2018). 

Among these, P. falciparum is the most devastating in Africa that accounted for 99.7% of all the 

malaria deaths in 2017 (WHO, 2018a). The parasites are transmited by mosquitoes which thrive 

well in tropical regions of the world. 

Malaria has far reaching effects globaly with fatalities varying across economies. In 2017, there 

was a global recount of two hundred ninteen million malaria incidences with 435,000 fatalities 

(Table 2.1) (WHO, 2018a). Children under 5 years were the most affected accounting for 61% of 

all the deaths due to malaria worldwide (WHO, 2018a). Africa accounted for 92% of the total 

malaria burden in 2017 (WHO, 2018a). According to the world malaria report 2018, 350 million 

people were at high risk of malaria in the East African region with 45.6 million confirmed cases 

and 103,600 deaths due to malaria in 2017 (WHO, 2018a). In Table 2.2, Uganda accounted for 

4%, Tanzania 3%, Rwanda 3% and Kenya had a 3% prevalence of the global malaria cases in 

2017, figure 2.1 (WHO, 2018a). 

Table 2.1: Estimated malaria burden by WHO region in 2017 

WHO Region Malaria Cases Malaria Deaths 

Africa 200,000,000 403,000 

South-East Asia 11,300,000 19,700 

East Mediterranean 4,400,000 8,300 

Western Pacific 1,900,000 3,620 

America 976,000 630 

World 219,000,000 435,000 

Source of data: World malaria report 2018 

Table 2.2: African country malaria share 2017 (WHO estimates) 

Country %ge Country %ge 

Nigeria 25 Mali    3 

Democratic Republic of Congo 11 Tanzania    3 

Mozambique   5 Rwanda    3 

India    4 Angola    2 

Uganda   4 Malawi     2 

Burkina Faso   4 Guinea    2 

Ghana   4 Benin    2 

Nigia   4 Others   19 

Cameroon    3 Total 100 
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Figure 2.1: Pie chart showing African Country Malaria Share 2017 (WHO Estimates ) 

The global malaria infection of 219 million people in 2017, was a rise from the previous year’s of 

217 million people but, in terms of fatalities, there was a marginal decrease in fatalities from 

451,000 to 435,000 (WHO, 2018a). A typical example is the 48% increase in malaria incidences 

in Brazil in 2017 (PAHOWHO, 2018). The upward infection rate is attributed to relaxation in the 

survellance and control measures while the decrease in motarity is attributed to early diagnosis 

and treatment (PAHOWHO, 2018). This is a clear call to intensify survellance and control as well 

as immediate treatment on diagnosis to avert the scourge. The poor in less developed countries are 

the most affected (Kebede et al., 2010; Caussy et al., 2015). In terms of resource commitment, an 

estimated $3.1billion was spent in 2017 on malaria intervention globally which was a shortfall 

from the budgeted $4.4billion (WHO, 2018a). The biggest share of $2.2billion was committed to 

WHO African region. Malaria endemic governments contibuted 28% ($0.9billion) of the 

$3.1billion from their resources to this cause (WHO, 2018a). 

 

2.1.1 Antimalarial from nature 

Antimalarial from nature or their derivatives have been at the forefront in the fight against malaria. 

The most prominent of these include quinine (1), chloroquine (2), artemisinin (3), primaquine (7), 

mefloquine (8) and their combinations (Bruce et al., 1950; Baird, 2005; Woodrow, 2005; Kumar 

et al., 2014, Vandekerckhove and Hooghe, 2015). The aminoquinoline antimalarial drug quinine 

(1) was isolated from Cinchona succiruba (Rubiaceae) in 1812 and it became the cornerstone for 

African Country Malaria Share 2017
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Democratic Republic of Congo
Mozambique
India
Uganda
Burkina Faso
Ghana
Nigeria
Cameroon
Mali
Tanzania
Rwanda

Key
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development of modern antimalarial. An era of organic synthesis followed triggering the 

manufacture of aminoquinoline-based antimalarials; chloroquine (2), primaquine (7), mefloquine 

(8), amodiaquine (9) and quinidine (10) using quinine (1) as a template (Willcox et al., 2004). In 

1946, a quinazolin alkaloid, febrifugine (11) said to be 100-times more active than quinine was 

isolated from Dichroa febrifuga (Willcox et al., 2004). However, its development into antimalarial 

has been limited by its side effects (Willcox et al., 2004). In 1971, another important antimalarial, 

a sesquiterpene lactone, artemisinin (3) was isolated from Artemisia annua (Woodrow, 2005). 

More effective artemisinin based semisynthetic antimalarial such as artemether (12), arteether (13) 

and sodium artesunate (14) have been developed (Willcox et al., 2004). The search for antimalarial 

from nature is still an active research.  

 

 

 

 

Figure 2.2: Antimalarials from nature 
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2.1.2 Resistance to antimalarial 

The success in the management and / or elimination of malaria was hindered by the early 

emergence of drug resistant Plasmodium strains. Plasmodium resistance to drugs has been growing 

at a rate much higher than the development of new antimalarial. Antimalarial drug resistance has 

been reported for P. malariae, vivax, besides falciparum ( White et al., 2014; Gunjan et al., 2017). 

In Table 2.3, a brief overview of the time of the likely onsets of resistance to some conventional 

antimalarial is given. 

 

Table 2.3: Time of resistance onsets to some antimalarial (data from Gunjan et al., 2017)  

Antimalarial  Time introduced First report of resistance Place of first occurrence 

Quinine  1820 1925 S. America 

Chloroquine  1947 1957 Thai-Cambodia boarder 

Fansidar  1979 1980 

Mefloquine  1974 1987 

Artemisin  1972 2008 

Owing to mutation and travel patterns, the problem of Plasmodium resistance to first line 

antimalarial and their combination therapies has since then spread to other malaria endemic regions 

including Africa (Cooper et al., 2018). A search therefore for new antimalarial with a different 

mode of action is an immediate necessity. 

 

2.2 Cancer 

Cancer is the fast growth and splitting up of abnormal cells in a body part (American Cancer 

Society, 2016). Cancer cells outlive normal cells and are able to invade other body parts or organs 

(Haque et al., 2016) causing over 100 cancer types (Iqbal et al. 2017). The risk factors associated 

with various cancers include genetics, behavior (use of tobacco and alcohol, or dietary factors plus 

physical inactivity), infections, environment, carcinogens as well as radiation (Bloom et al., 2011). 

31% of the cancers in Sub-Saharan Africa are caused by infections, a figure above the world’s 

average of 15% (American Cancer Society, 2018). 

Cancer is a menace to world public well-being (WHO, 2018b; Siegel et al., 2019), being the 

principal backer of fatality in highly established nations but also the succeeding contributor to 

fatality on the African continent after cardiovascular disease (American Cancer Society, 2018). 

Cancer causes 1 out of 6 deaths worldwide, which is more than malaria, AIDS, and tuberculosis 

combined (American Cancer Society, 2018). The elderly people (≥50 years) are the most affected 
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accruing to 80% of the cancer prevalences globally (American Cancer Society, 2018). The 

worldwide cancer burden in 2018 was about eighteen million incidences alongside the over nine 

million bereavements (International Agency for Research on Cancer, 2018), and this was 

anticipated to reach ≈ 30 million cancer occurrences with approx. sixteen million related demises 

as it clocks 2040 (WHO, 2018c), Table 2.4. 

 

Table 2.4: Global Cancer Estimates and Projections (in millions)  

 Cancer State Growth rate Cancer Projections 

Year  2018 2040 

Cases  18.1 1.63 29.5 

Deaths 9.6 1.71 16.4 

 

East Africa is estimated to have had 7.7% fresh cancer numbers resulting in 5.3% related lives lost 

in 2018 (Globocan, 2018) Table 2.5. This is a threat amidst the poor health care systems in this 

region. From Table 2.5, the female population is most affected by cancer in Eastern Africa. This 

calls for regular screening of the common cancers among women to ensure early detection and 

treatment. 

 

Table 2.5: Cancer prevalence in Eastern Africa in 2018 (Globocan 2018) 

 Population  Cancer cases Cancer deaths 

Male 215,198,311 129,476   94,731 

Female 218,444,860 202,701 136,237 

Totals 433,643,171 332,177 230,968 

Percentage (%) 7.65 5.32 

 

In 2017, the global estimated expenditure on cancer medicines and related supportive care reached 

US$ 133 billion (WHO, 2018c). Premature mortality from cancer in developing countries 

(including Africa) caused an estimated cost of lost productivity totalling to $46.3 billion in 2017 

(Bray et al., 2018). This reveals the economic threat by the burden of disease in poor countries. 

 

2.2.1 Anticancer drugs from nature 

The role of natural products in the control of disease is irrefutable. It is reported that between 1980 

and 2019, 174 new anticancer drugs have been approved worldwide for sell either as cancer drugs 

or remedy (Amaral et al., 2019). Out of this total, 53% are natural products or their derivatives 

(Amaral et al., 2019). One class of such anticancer phytochemicals are Vinca alkaloids isolated in 
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1957 by Collip and group (Haque et al., 2016) from Catharanthus roseus G. Don. (Apocynaceae). 

The very first of the vinca alkaloids were vincristine (4) and vinblastine (5) which are tubulin 

heterodimers that disrupt microtubules’ functions or arrest cell metaphase. These vinca alkaloids 

are used as therapies against several cancers including breast, liver, leukemia, prostate and lung 

cancers (Iqbal et al., 2017). Semisynthetic derivatives of vinca alkaloids on market include 

vinorelbine (16), vindesine (17) and vinflunine (18) (Iqbal et al. 2017; Madhushree, 2016). 

Taxanes are another important class of anticancer agents which bind to microtubules praying a 

centrol role in cell division. Paclitaxel (6) and docetaxel (19) were the first-generation taxanes to 

be isolated (Wani et al., 1971; Ojima et al., 2016) from Taxus brevifolia Nutt, T. baccata, T. 

canadensis and Corylus avellana (bark and leaf) (Iqbal et al., 2017). They are strong anticancer 

agents against ovarian, breast and lung cancers among others. The synthetic analogs of paclitaxel 

(6) that followed in 1990 (Amaral et al., 2019) include Cabazitaxel (20) larotaxel (21), milataxel 

(22), ortataxel (23) and tesetaxel (24) which are therapies for, pancreatic, lung, breast and urethral 

bladder cancers (Iqbal et al., 2017). 
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Figure 2.3: Anticancer drugs from nature 

 

2.2.2 Treatment of cancer and related side effects 

The conventional methods used in the management of cancer include immunotherapy, vaccination, 

chemotherapy, surgery, radiotherapy, photodynamic therapy, stem cell transformation, hormone 

therapy, ‘targeted’ therapy or a combination of these (Iqbal et al., 2017; Upadhyay et al., 2017). 

However, these have been met with limitations such as severe side effects, bioavailability, toxicity, 

non-specificity, fast clearance and restriction in metastasis in addition to being expensive (Iqbal et 

al., 2017; WHO, 2018b). In particular, platinum alkylating anticancer drugs are highly toxic to 

multiple organs ( Ojima et al., 2016; Iqbal et al., 2017). The rapidly dividing normal cells in our 

bodies under usual physiological circumstances like those of hair gland, bone core and digestive 

tract among others, can be targeted by these anticancer drugs. As a result, the patient suffers 

decreased blood production, gastrointestinal area inflammation, hair damage, immunosuppression, 

heart ailments and nervous complaints (Iqbal et al., 2017). In this regard, chemotherapeutics 

sought from nature may be less toxic and are likely to offer the desired therapeutic effect owing to 

their functional similarity to the compounds in our bodies. 

 

2.2.3 Resistance in cancer treatment 

Drug-resistant human pathogens have led to diseases harder to treat. The extreme use of 

medications, inadequate medications, self-medications, wrongly prescribed medications etc. are 

prime in promoting drug resilient strains of human pathogens (Gunjan et al., 2017; Upadhyay et 

al., 2017). An approximated 80% to 90% death in cancer patients are being attributed to drug 

resistance (Amaral et al., 2019). The increased signal transduction (transfer of signal across cell 

membrane) and growth factor activities of cancer cells supersede proliferation and promotes 
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aptosis failing the body system to control these processes, and as such, resistant cancerous cells 

set in (Boik, 2001). Through mutation, the cancer cells develop drug resistant genes (Aung et al., 

2017) that render the treatment ineffective. Also onset of cancer drug resistance is being ascribed 

to emergence of comparatively unusual but vastly drug resistant and gradually multiplying tumour-

triggering building blocks termed, “cancer stem cells” (CSCs) (Ojima et al., 2016). Cancer 

resistance to drug can be intrinsic (inherent with in cell even before therapy) or acquired (in 

response to treatment) (Gunjan et al., 2017). Drug resistance in cancer follows different 

mechanisms like efflux of drugs (pumping the drug out of the cell faster than can diffuse in), 

inactivation of drugs, modification of drug targets, inhibition of cell death, induction of epithelial–

mesenchymal transition (loss of cell differentiation features), and enhanced DNA damage repair 

activity (Upadhyay et al., 2017). In this respect, anticancer drugs with a superior mode of action 

are urgently needed to avert the problem of resistance to the current drugs. 

 

2.2.4 Relationship between malaria and cancer 

There are several antimalarials that have shown good activity against cancer. For example, an 

antimalarial febrifugine (11) from D. febrifuga and cinconine (15) from Cinchona nicrantha show 

anticancer properties (Willcox et al., 2004). The well-known antimalarial artemisinin (3) and its 

analogues have shown potent anticancer activity inhibiting proliferation, metastasis, as well as 

angiogenesis in primary cancer cell lines and cultures (Aftab et al., 2017). Also, it is imperative 

recording that, Plasmodium falciparum-derived proteins have been linked to the activation of 

Epstein-Barr virus (EBV) in acute malaria infection which accelerates the development of Burkitt 

lymphoma in children (Frimpong-Boateng, 2010). This therefore gives a direct link between 

malaria and cancer, a reason for which this study focused on both malaria and cancer. 

 

2.3 Botany of the genus Millettia  

The genus Millettia belongs to the family of Leguminosae (Fabaceae) and subfamily 

Papilionoideae (Beentje, 1994). This genus has about 260 species widely distributed over the 

tropical regions of Africa, Australia, Asia and America (Dagne and Bekele, 1990; Chatsumpun et 

al., 2010; Havyarimana et al., 2012; Kamto et al., 2012; Ren et al., 2016). About 139 Millettia 

species are reported to be endemic to Sub-Saharan Africa, Figure 2.4 (Banzouzi et al., 2008). 

Plants of this genus are either trees, climbers/lianas or shrubs (Beentje, 1994). Among the six 
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Millettia species (M. dura, M. leucantha, M. lasiantha, M. usaramensis ssp. usaramensis, M. 

oblata, and M. tanaensis) found in Kenya (Maundu and Tengnäs, 2005), M. dura is the most 

widely distributed and is also found in Tanzania, Uganda, Zimbabwe, Burundi, Rwanda, and DRC 

(Beentje, 1994). In this study M. dura, M. leucantha and M. lasiantha were investigated. 

 

Figure 2.4: Distribution of Millettia in Africa (Banzouzi et al., 2008) 

 

2.3.1 Millettia dura 

Millettia dura Dunn (Figure 2.5) is a shrub or tree. Its bark is light grey and scaly (Beentje, 1994). 

It carries 15-19 elliptic or ovate leaflets on each leaf with blue-purplish flowers and a 14-20 cm 

oblong fruit (Beentje, 1994). It is a shade or ornamental tree with a tough wood having close 

resemblance to M. ferruginea (Dagne et al., 1991). It is found at the periphery of moist forest 

(1200-2000m above sea level) but also cultivated in Mwanga, Muhatia and Muvanga in Kenya 

(Beentje, 1994). 
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Figure 2.5: M. dura (taken by Buyinza 2015) 

 

2.3.2 Millettia leucantha  

Millettia leucantha Vatke is a sacandent shrub, tree (1-12 m high), or liana (Beentje, 1994). It has 

pinnate leaves with 5-7 leaflets and white or blue-violet flowers (Phrutivorapongkul et al., 2003). 

Mostly common on rockey hills (600-1500m above sea level) within the secondary bushlands or 

semi-deciduous forests of the Kamba land (Beentje, 1994). 

 

2.3.3 Millettia lasiantha  

Millettia lasiantha is a liana. It has 7-9 elliptical leaflets on each leaf, mauve flowers and densily 

hairly oblong fruits with the beak turned down (Beentje, 1994). Endemic to the evergreen coastal 

forests of Dzombo, Boni, Mdogo, Mwele, Mangea and Mombasa (1-500m above sea level) in 

Kenya (Beentje, 1994).  

 

2.4 Ethnomedicinal uses of Millettia species 

Millettia dura seeds are traditionally an important fish toxin within Kenya (Kokwaro, 1994) and 

Ethopia (Dagne et al, 1989) and the roots of Millettia lasiantha are used as an aphrodisiac in Kenya 

(Kokwaro, 1994). Millettia species have several therapeutic values in Sub-Saharan Africa 

including treatment of malaria, fevers, inflamations, headaches, colds, wounds, swellings among 

others (Banzouzi et al., 2008). Table 2.6 highlights some of the traditional uses of some Millettia 

species. 
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Table 2.6: Traditional Uses of some Millettia Species (adopted from Banzouzi et al., 2008) 

Species Part used Disease/condition 

M. aromatic, Dunn Trunk  Headaches  

M. barteri, Dunn Bark  Feverish aches 

M. congolensis, Dur Seeds and leaves Viral diseases and fevers 

M. dura, Dunn Roots and leaves Hernias, diarrheas and painful 

menstruations, hunt/fish poison 

M. elongatistyla, Gillet Leaves or roots  Malaria and schistosomiasis 

M. ferruginea, Baillet Leaves  Bacterial  

M. lasianthia, Dunn Roots  Aphrodisiac  

M. oblata, Dunn Roots  Swelling and bladder problems 

M. oboensis, Baker Leaves  Colds /headaches 

M. pervilleana, Vigular Not specified Malaria  

M. usaramensis, Taubert Roots  Convulsion and aphrodisiac 

 

 

2.5 Biological evaluation of Millettia species for malaria and cancer 

The crude extracts of Millettia species have been evaluated to determine their efficacy against 

various ailments (Banzouzi et al., 2008). Herein the antiplasmodial and anticancer activities of the 

crude extracts of Kenyan Millettia species is highlighted. The crude extracts of three of the Kenyan 

Millettia species namely: M. dura, M. oblata ssp. teitensis and M. usaramensis ssp. usaramensis 

were evaluated for their antiplasmodial action towards D6 plus W2 species of P. falciparum as in 

Table 2.7. In vitro antiplasmodial activity for a pure compound is considered to be excellent with 

IC50 less than 1μM, good if IC50 is between 1 and 20μM, moderate for IC50 between 20 and 100μM, 

low when IC50 lies between 100 and 200μM and not active for IC50 is more than 200μM. 

Meanwhile, for the crude extract, good activity is for IC50 below 10μg/ml, moderate for IC50 

ranging from 10 to 50μg/ml, low when IC50 is between 50 and 100μg/ml while not active if IC50 

is greater than 100μg/ml (Batista et al., 2009; Namukobe et al. 2015). 

 

Table 2.7: Antiplasmodial activities of crude extracts of Kenyan Millettia species 

Plant/part* IC50 in µg/ml Reference 

D6  W2 

M. dura (SB) 21.4±2.9 23.6±4.1 Derese et al., 2014b 

M. dura (SP) 18.5±2.6 18.8±2.5  

M. dura (SD) 254±1.9 22.5±0.9 

M. oblata ssp. teitensis (SB) 10.0±2.3 12.0±1.2  

M. usaramensis ssp. usaramensis (SB) 21.1 28.0 Yenesew et al., 2003 

* SB: Stem bark; SP: Seed pods: SD: Seeds 
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In an anticancer evaluation, the crude extract of M. usaramensis ssp. usaramensis (root bark) 

showed a moderate activity of IC50 equaling 11.63μg/ml towards ER-negative MDA-MB-231 

(Deyou et al., 2015b). While the root bark extract from M. dura showed cytotoxicity, IC50 of 

31.7μg/ml against the same humanoid breast cancer cell line (Marco et al., 2017a). In vitro 

anticancer activity for a pure compound is considered to be strong with IC50 below 10μM, good if 

IC50 is between 10 and 50μM, moderate if IC50 from 50 to100μM, low if IC50 ranges between 100 

and 250μM and not active for IC50 more than 250μM. Meanwhile, for the crude extract, strong 

activity for IC50 lower than 20μg/ml, good activity if IC50 is between 20 and 50μg/ml, moderate 

for IC50 from 50 to 100μg/ml, low if IC50 runing from 100 to 200μg/ml and not active for IC50 

beyond 200μg/ml (Kuete and Effert, 2015). 

In view of the traditional uses of the different species of this genus and the ethno-medical 

evaluations against malaria and cancer, it was important that the active principles in the crude 

extracts be isolated and bioassayed. Section 2.6 below highlights the phytochemicals isolated from 

the Millettia species from Kenya and those elsewhere between 2014 and 2019. 

 

2.6 Phytochemistry of the genus Millettia  

Phytochemical studies have shown that, the genus Millettia is rich in flavonoids sensu lato as 

shown in Tables 2.8 – 2.14. The flavonoid sub-classes: chalconoids (Table 2.8), flavanones (Table 

2.9), flavans (44 and 45) (Dat et al., 2019), isoflavanones (Table 2.10), flavones (Table 2.11), 

isoflavones (Table 2.12), pterocarpans (Table 2.13) and rotenoids (Table 2.14) are elaborated in 

the genus. Most of these flavonoids are prenylated, Tables 2.8 – 2.14. The genus also produces 

other classes of secondary metabolites: alkaloids (Table 2.15) (Zhenyu et al., 2017; Zingue et al., 

2019), terpenoids (Zhenyu et al., 2017) (Table 2.16), steroids (Zhenyu et al., 2017), and coumarins 

(Yunyao et al., 2017; Harrison et al., 2019). 

There are several reviews on the phytochemistry of the genus prior to this study (Derese, 2004; 

Musyoki, 2008; Barasa, 2011; Gumula, 2014; Marco, 2015; Tsegaye, 2015). The phytochemical 

review in this study focused on the secondary metabolites isolated from Millettia species from 

Kenya and those isolated elsewhere between 2014 and 2019.  
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2.6.1 Chalconoids from Millettia species 

This is a sub-class of flavonoids having a structural backbone of C6-C3-C6. The uniqueness of this 

sub-class is absence of ring C and the modified numbering that starts with ring B as shown in 

Figure 2.6. They commonly occur in plants as yellow pigments (Buckingham et al., 2015). 

 

Figure 2.6: Basic structure of chalconoids 

Biogenetically chalconoids are commonly oxygenated at positions 4′ and 6′/2′ as for the reported 

examples in Table 2.8. They are ,  dehydrogenated apart for 29 as well as being O-geranylated 

as for 26, 27 and 29. Almost all of these chalconoids have either a furan ring or a pyran ring 

attached to ring B through the oxygenation at C-4′ except for 16 that has an oxoprenyl instead. 

Ring A is unsubstituted apart for 40, 41 and 42 for which C-4 has either a methoxyl or a hydroxyl 

group. Oxo-substitution at C-2′ is a common feature to these chalconoids. Table 2.8 gives an 

overview of the observation. 

 

Table 2.8: Chalconoids from Millettia species from Kenya and those isolated 

elsewhere between 2014 and 2019 

Compound  Source  Reference  

Isoliquiritigenin (25) M. usaramensis ssp usaramensis (SB) Yenesew et al., 1998 

4′- O-geranyl oxyisoliquiritigenin (26) M. usaramensis ssp usaramensis (SB) Yenesew et al., 2003b, 1998; 

Deyou et al., 2015 

4- O-geranyl Oxyisoliquiritigenin (27) M. usaramensis ssp usaramensis (RB) Deyou et al., 2015 

Butein (28) M. dura (RB) Marco et al., 2017 

4′- Geranyloxy-α,4,2′-

trihydroxydihydrochalcone (29) 

M. usaramensis ssp usaramensis (SB) Yenesew et al., 1998 

Ovalitenin A (30) M. pulchra (ST) Xiaowei et al., 2015 

Ovalitenin B (31) 

Pongamol (32) M. pinnata (SD) Perumalsamy et al., 2015 

2′,6′-Dimethoxyfurano-[2″,3′′:4′,3′]-β-

hydroxydihydrochalcone (33) 

M. brandisiana (RT) Pailee et al., 2019 

2′-Methoxyfurano-[2″,3′′:4′,3′]-dihydrochalcone 

(34) 

Brandisianone E (35) 

Lonchocarpine (36) 

2′-Hydroxy-6″,6″-dimethylchromeno-

[2″,3′′:4′,3′]-β-hydroxychalcone(37) 

2′-Methoxy-6″,6″-dimethylchromeno-

[2″,3′′:4′,3′]-β-hydroxychalcone (38) 
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Compound  Source  Reference  

Praecansone B (39) 

4-Methoxylonchocarpin (40) M. pachycarpa (SD) Yanbei et al., 2019 

Isobavachromene (41) 

3,2'-Dihydroxy-4-methoxy-4'-prenyloxychalcone 

(42) 

M. leucantha (FT) Uraiwan et al., 2018 

4-Hydroxyderricin (43) M. oblate (RT) Deyou thesis, 2015 
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2.6.2 Flavan and isoflavans from Millettia species  

Reduction of flavanones give rise to flavans with flavan-3-ol as intermediates. Flavans occur 

mostly as leaf surface constituents, having low natural abundance (Buckingham et al., 2015). 

There is one flavan, Tupichinol C (44) and one isoflavan (3s)-vestitol (45) reported from M. 

dielsiana (Dat et al., 2019) within the review period. 

 

 

2.6.3 Flavanones from Millettia species  

This sub-class is the C2-C3 saturated flavone by addition of hydrogen to the double bond. Figure 

2.7 gives the basic skeleton with the usual numbering. 

 
Figure 2.7: Basic structure of flavanones 

Three of the reported flavanones (Table 2.9) carry an oxogeranyl substituent at C-7 (46 and 47) or 

C-4′ (48). Five of the flavanones (49, 50, 53, 54 and 55) have a cyclized oxopyran ring between 

C-7 and C-8 apart from 53 which cyclizes through C-6. Flavanones 51 and 52 carry an uncyclized 

prenyl at C-8 and an oxoprenyl at C-7.  

 

Table 2.9: Flavanones from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound  Source  Reference  
(S)-4′-O-geranyl-7-hydroxyflavanone (46) M. usaramensis ssp. Usaramensis (RB) Deyou et al., 2015 

(2R,3R)-4′-O-geranyl-7- 

hydroxydihydroflavonol (47) 

7-O-geranyl-5-hydroxyflavanone (48) 

4′-Hydroxyisolonchocarpin (49) M. pachycarpa Benth (SD) Yanbei Tu et al., 2019 

Dorspoinsettifolin (50) 

Brandisianones C (51) M. brandisiana (RT) Pailee et al., 2019 
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Compound  Source  Reference  
7-O-8-bis-(3,3-dimethylallyl)-5-

hydroxyflavanone (52) 

Brandisianones D (53) 

(−)-Isolonchocarpin (54) 

Obovatin (55) 

 

 

 

 

 

2.6.4 Isoflavanones from Millettia species  

This subclass has the flavanone skeleton but with ring B attached to C-3 instead of C-2. This leads 

to a 3-phenylchroman scaffold arising from an aryl migration in the corresponding flavanone. 

Figure 2.8 shows the basic structure. 

 

Figure 2.8: Basic structure of Isoflavanone 
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Few isoflavanones (Table 2.10) have been reported for this genus within the review period. Among 

these, the kenusanone F 7-methyl ether (56) from the seeds of M. pachycarpa Benth (Yanbei et 

al., 2019), in addition to having a cyclized oxopyran ring between C-7 and C-8, it is uniquely 

oxidized to an extra carbonyl at C-4′. Also millexatin K (57) and millexatin L (58) from the roots 

of M. extensa (Benth.) (Raksat et al., 2019) cyclises through the oxygenation of C-2 to C-2' in 

addition to oxo-prenylation of C-4'. Millettilone A (59), 3R-Claussequinone (60) and Pendulone 

(61) from timber of M. pendula (Aye et al., 2019). 

 

Table 2.10: Isoflavanones from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound  Source  Reference  

Kenusanone F 7-methyl ether (56) M. pachycarpa (SD) Yanbei Tu et al., 2019 

Millexatin K (57) M. extensa (RT) Raksat et al., 2019 

Millexatin L (58) 

Millettilone A (59) M. pendula timbe(TB) Aye et al., 2019 

3R-Claussequinone (60) 

Pendulone (61) 

*TB timber 

 

 

 

2.6.5 Flavones from Millettia species 

The chemical structure of flavones consists of two phenyl groups interconnected by three carbon 

atoms forming oxygenated heterocycles (González-Vallinas et al. 2013). They have a basic 

skeleton of C6-C3-C6 constituting three cyclic rings A-C-B with ring B attaching through C-2 and 

a double bond at C-2, Figure 2.9. Flavones like other flavonoids are numbered starting with the 

heteroatom as in Figure 5. The known flavonoids are biogenetically oxygenated at C-7 through a 



22 

 

free hydroxyl, methoxyl, oxoprenyl or cyclized prenyl. The known flavones are prenylated except 

for 72, 75, 76, 77 and 80. The oxygenation at C-7 for flavones 62-67, 74, 78, 79, 82-85 cyclizes 

through C-8 into a furan ring. Flavone 81 has a unique furan ring to C-6, while compound 75 forms 

a new furan ring by the oxygenation at C-5 through C-6. Table 2.11 gives the flavones reported 

within the review period. 

 
Figure 2.9: Basic structure of flavones 

 

Table 2.11: Flavones from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound  Source (Part) Reference  

Pubinerone (62) M. pubinervis (TG) Na et al., 2014 

Karanjin (63) 

Kanjone (64) 

3,6-Dimethoxy-[2'',3'':7,8]-furanoflavone(65) 

Pongaglabrone (66) 

Pongapin (67) 

Pongaflavone (68)  

3,6-Dimethoxy-6'',6''-dimethylchromeno-[2'',3'':7,8]-flavone (69) 

Pongachromene (70) 

3,6-Dimethoxy-3',4'-methylenedioxy-6'',6''-dimethylchromeno-

[2'',3'':7,8]-flavone (71)  

Demethoxykanugin (72) 

2′′,2′′-Dimethylpyrano-[5′′,6′′;7,8]-flavone (73) M. pulchra (ST) Xiaowei et al., 2015 

2,2-Dimethylpyrano-[5,6,:7,8]-flavone (74) 

7-(4-Methoxyphenyl)-9H-furo-[2, 3-f]-chromen-9-one (75) M. ovalifolia (SB) Taj et al., 2015 

3,7-Dihydroxy-2-phenyl-4H-chromen-4-one (76) 

4',7-Dihydroxy-3',6-dimethoxyflavonol 7-O-β-D-glucopyranoside (77) M. pachycarpa (SD) Yunyao et al., 2017 

3,3'-Dimethoxyfurano-[2'',3'':7,8]-flavone (78) M. leucantha (FT) Uraiwan et al., 2018 

Pongapinnol C (79) 

3,7-Dimethoxyflavone (80) 

Pinnatin (81) M. brandisiana (RT) Pailee et al., 2019 

Brandisianones A (82) 

Brandisianones B (83) 

Lanceolatin B (84) 

Pongaglabol (85) 

6″,6″-Dimethylchromeno-[2″,3′′:7,8]-flavone (86) 

Candidine (87) 

5-Methoxy-6″,6″-dimethylchromeno-[2″,3′′:7,8]-flavone (88) 

5-Hydroxy-6″,6″-dimethylchromeno-[2″,3′′:7,6]-flavone (89) 

5-Methoxy-6″,6″-dimethylchromeno-[2″,3′′:7,6]-flavone (90) 

 



23 

 

 

 

 

 

 

2.6.6 Isoflavones from Millettia species 

Isoflavones have the basic flavone skeleton with ring B attaching through C-3, Figure 2.10. 

Biogenetically, they arise from flavanones by an aryl migration. They are mainly restricted to 

papilionoideae subfamily in leguminosae (Buckingham et al., 2015). This is the largest subclass 

of flavonoids in Millettia species.  
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Figure 2.10: Basic structure of isoflavones 

An oxocyclopyran ring between C-8 and C-9 is a common feature taking 50% of the reported 

isoflavones. Carbon C-4′ of isoflavones is substituted with either a methoxy or methylenedioxy or 

an oxoprenyl, Table 2.12. The other isoflavanoids show the usual biogenetic oxygenation on C-7 

aslo at C-4′. About 80% of the isoflavanoids occur in the stem bark of the studied plants. 

 

Table 2.12: Isoflavonoids from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound  Source  Reference  

Formononetin (91) M dura (SP) Yenesew et al., 1997a 

Maximaisoflavone D (92) M dura (SB) Yenesew et al., 1996 

7,2′-Dimethoxy-4′, 5′-

methylenedioxyisoflavone (93) 

M dura (RB) 

 

M oblata ssp. teitensis (SB) 

Marco et al., 2017 

 

Deyou et al., 2017 Maximaisoflavone B (94) 

7,3′-Dimethoxy-4′,5′-

methylenedioxyisoflavone (95) 

M dura (SB) Derese et al., 2003 

Erythrin-A (96) M dura (SB)  Yenesew et al., 1996. 

Calopogoniumisoflavone A (97) 

Jamaicin (98) M. usaramensis ssp usaramensis (SB) Yenesew et al., 1998 

Durmillone (99) M dura (SP) 

(RB) 

Yenesew et al., 1996  

Marco et al., 2017 

Durallone (100) M dura (SP) Yenesew et al., 1996 

6-Methoxycalopogonium isoflavone A 

(101) 
M dura (SP) Yenesew, et al., 1997b 

Isoerythrin-A-4′-(3-methylbut-2-enyl)ether 

(102) 

M dura (SP) 

M dura (SB) 

M dura (RB) 

Yenesew et al., 1996 

Derese et al., 2003 

Marco et al., 2017 

6-Demethyldurallone (103) M dura (SP) Yenesew et al., 1996 

Calopogonium isoflavone B (104) M dura (RB) Marco et al., 2017 

Isojamaicin (105) M. usaramensis ssp usaramensis (SB) Yenesew et al., 1998 

Maximaisoflavone-H (106) M dura (SB) Yenesew et al., 1996 

Predurallone (107) M dura (SP) Yenesew et al., 1996 

7-Hydroxy-8,3′,4′-trimethoxylisoflavone 

(108) 

M dura (RB) Marco et al., 2017 

Nordurlettone (109) M dura (SB) Derese et al., 2003 

8-O-methylretusin (110) M oblata ssp. teitensis (SB) Derese et al., 2014 

7-hydroxy-8,3′,4′-trimethoxyisoflavone 

(111) 

M. usaramensis ssp usaramensis (RB) Deyou et al., 2015 

Maximaisoflavone J (112) M oblata ssp. teitensis (SB) Derese et al., 2014 

4′-prenyloxyderrone (113) 
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Compound  Source  Reference  

Barbigerone (114) M. usaramensis ssp usaramensis (SB) Yenesew et al., 2003b 

Maximaisoflavone G (115) M. usaramensis ssp usaramensis (SB) Yenesew et al., 1998 

Mildurone (116) M oblata ssp. teitensis (SB) Derese et al., 2014 

Wistin (117) M. leucantha (RB) Derese et al., 1994 

Ferrugone (118) M. dura (SP) Yenesew et al., 1997 

Norisojamaicin (119) M. usaramensis ssp usaramensis (SB) Yenesew et al., 1998, Carren et al., 

2014 

7,2′,5′-Trimethoxy-3′,4′-

methylenedioxyisoflavone (120) 

M. oblata ssp. teitensis (LV) Deyou et al., 2017 

8-Prenylmilldurone (121 

Millesianin C (122) M. dielsiana (ST) Ye et al., 2014 

Ichthynone (123) 

Hydroxy-6-methoxy-3-4- 

methylenedioxy-8-3-3-dimethylallyl-

isoflavone (124) 

Millesianin H(125) 

Millesianin D (126) 

Millesianin I (127) 

Alpinumisoflavone (128) M. thonningii (SD) Ayine et al., 2016; Harrison et al., 

2019  O,O-dimethylalpinumisoflavone (129) 

4′-O-methylalpinumisoflavone (130) 

5-O, methyl-4-O-(3-methylbut-2-en-1-

yl)alpinumisoflavone (131) 

M. thonningii (SD) Harrison et al., 2019 

Pachyloisoflavone B (132) M. pachyloba (ST and LV) Na et al., 2017 

Milletenol A (133) M. pachycarpa (SD). Yan et al., 2019 

Cis-3′′,4′′-dihydro-3′′,4′′-

dihydroxylonchocarpusone (134) 

7-Hydroxy-2′,4′,5′-trimethoxyisoflavone 

(135) 

Derrisisoflavone G (136) M. aboensis (RT) Ajaegbu et al., 2018 

Derrisisoflavone L (137) 

Derrisisoflavone M (138) 

Mildiside A (139) M.dielsiana (ST) Dat et al., 2019 

Ononin (140) 

Millexatin G (141) M. extensa (LV and RT) Raksat et al., 2019 

Millexatin H (142) 

Isoauriculasin (143) 

2′-Deoxyisoauriculatin (144) 

Isoauriculatin (145) 

Millexatin B (146) 

Millexatin I (147) 

Millexatin D (148) 

Auriculasin (149) 

Auriculatin (150) 

Scandenone (151) 

Millipurone (152) 

Millexatin A (153) 

6,7-Dimethoxy-3′,4′-methylenedioxy-8-

(3,3-dimethylallyl)isoflavones (154) 

M. ferruginea (SD)  Deyou and Jang, 2018 
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2.6.7 Pterocapanoids from Millettia species 

The pterocarpans are modified 4-hydroxy isoflavans which cyclise to give an additional ring C. It 

arises from the ether linkage between 4- and 2'- positions of the corresponding isoflavan. The basic 

structure, Figure 2.11 displays the cyclisation alongside common numbering scheme used. 

 
Figure 2.11: Basic structure of pterocarpans 

There are two pterocarpans 166 and 167 reported from M. dura (RB) and M. micans (Marco et al., 

2017) respectively, Table 2.13. Six pterocapans are reported between 2014-2019, Table 2.13. They 

have comparable substitution pattern in ring A and D except for 157 which is unsubstituted at C-

8. Oxygenation at C-3 is either through a hydroxyl or a methoxyl substituent where as a 

heterocyclic substitution at C-8 and C-9 is a common feature in these compounds. 

 

Table 2.13: Pterocarpans from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound Source  Reference  

Perocarpine (155) M. speciose (RT) (Zhao et al., 2017) 

Medicarpin (156) 

Homopterocarpin (157) 

3-O-Prenylmaackiain (166). M. dura (RB)  Marco et al., 2017 

Micanspterocarpan (167). 

Pisatin (168) M. pachycarpa Benth (SD) Yunyao et al., 2017 

Pachylobin A (169) M. pachyloba (ST & LV) Na et al., 2017 

9-Hydro-3,8- dimethoxyl pterocarpan (170) M. aboensis (RT) Ajaegbu et al., 2018 

Maackiain (171) 

(−)-Medicarpin (172) M. brandisiana (RT) Pailee et al., 2019 

(−)-Maackiain (173) 

Secundiflorol I (174) M. pendula (TB) Aye et al., 2019 

3,8-Dihydroxy-9-methoxypterocarpan (175) 

3,10-Dihydroxy-7,9-dimethoxypterocarpan (176) 

Erycristagallin (177) M. extensa (RT) Raksat et al., 2019 
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2.6.8 Rotenoids from Millettia species 

This constitutes the second largest class of flavonoids from this genus. In addition to the skeleton 

of isoflavonoids, these compounds have an extra carbon in their structure which gives rise to an 

extra ring D. The basic structure is therefore tetracyclic arising from oxidative cyclization of 2'-

methoxyisoflavone. The numbering is modified from the known heterocylic numbering system 

that starts with the heteroatom as shown in Figure 2.12. 

 

Figure 2.12: Basic structure of rotenoid 
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Most of the rotenoids reported from Millettia species are C-11 deoxygenated, Table 2.14. They all 

have a methylenedioxy substituent to ring B except for compounds 170, 171, 174, and 181-183 as 

well as being hydroxylated at C-12a except for 174, 175, 183, 186, 188, 192, 195, 196, 198, 199, 

205, and 206. A methylenedioxy substituent between C-2 and C-3 is common as well to these 

rotenoids.  

 

Table 2.14: Rotenoids from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound Source  Reference  

(±)-Deguelin (170) M. dura (SD) Yenesew et al., 1997b 

Tephrosin(171) 

Millettone (172) 

(-)-Millettosin (173) 

(±)-Rotenone (174) 

6a,12a-Dehydromillettone (175) M. usaramensis ssp usaramensis (SB) Yenesew et al., 2003b; 1998 

(+)-Usararotenoid-A (176) 

(+)-Usararotenoid-B (177) 

Usararotenoid-C (178) 

12α-Hydroxy-12-dihydro-(+)-usararotenoid-A 

(179) 

(+)-12a-Epimillettosin (180) 

12a-Hydroxymunduserone (181) M. oblata ssp. teitensis (LV) Deyou et al., 2017 

Munduserone (182) 

6a,12a-Dehydrodeguelin (183) 

Oblarotenoid A (184) 

Oblarotenoid B (185) 

Oblarotenoid C (186) 

Oblarotenoid D (187) 

Caeruleanone A (188) M. caerulea (LV) Bueno et al., 2014 

Caeruleanone B (189) 

Caeruleanone C (190) 

12a-Hydroxyisomillettone (191) 

11-Hydroxy-6a,12a-dehydrodeguelin(192) 

11-Hydroxytephrosin (193) M. caerulea (FT) Bueno et al., 2014 

Cis-(6aβ,12aβ)-hydroxy- rotenone (194) 

Pongarotene (195) M. pinnata (SD) Perumalsamy et al., 2015 

Erythynone (196) M. caerulea (FT) Bueno et al., 2014 

12a-Hydroxyerythynone (197) 

12a-Deoxyusarotenoid-A (198) M. usaramensis ssp usaramensis (SB) Bosire et al., 2014 

6a,12a-Dehydrousarotenoid-A (199) 

(−)-Villosinol (200) M. brandisiana (RT) Pailee et al., 2019 

2-O-demethyltephrosin (201) M. pachycarpa (SD) Yunyao et al., 2017 

(−)-12α-Hydroxyrotenone (202) M. brandisiana (RT) Pailee et al., 2019 

Trans-4′,5′-dihydro-4′,5′ dihydroxytephrosin (203) M. pachycarpa (SD) Yan et al., 2019 

Cis-4′,5′-dihydro-4′,5′-dihydroxytephrosin (204) 

Millettiaosas A (205) M. speciose (RT) Zhao et al., 2017 

Millettiaosas B (206) 
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2.6.9 Terpenoids from Millettia species 

There are 16 terpenoids reported within the review period from M. usaramensis ssp usaramensis, 

M. speciose and M. macrophylla, Table 2.15. Eight of these are penta-cyclic, seven are tetra-

cyclic and the other one is tri-cyclic. Compounds 209, 213, 215 and 216 are glycosilated. All of 

these terpenoids have either a ketonic or a free hydroxyl group. 

 

Table 2.15: Terpenoids from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound Source  Reference  

Lupeol (207) M. usaramensis ssp usaramensis 

(SB) 

Yenesew et al., 1998 

Shionone (208) M. speciose (RT) Zhao et al., 2017 

Stigmasterol 3-O-β-D-glucoside (209) 

7-carbonyl-β-sitosterol (210) 

7-β-hydroxylathyrol (211) 

Stigmasterol (212) 

β-daucosterol (213) 

Lupeolcaffeate (214) 

Pedunculoside (215) 

Glycyrrhizic acid (216) 

Pyracrenic acid (217) 
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Compound Source  Reference  

Rotundicacid (218) 

β-sitosterol acetate (219) 

Lupenone (220) M. macrophylla (SB) Zingue et al., 2019 

Lupeol (221) 

Stigmaastenon (222)e 
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2.6.10 Alkaloids from Millettia species 

There are few alkaloids from this genus. Table 2.16 shows those reported in the review period. 

Two of these 223 and 225 are benzophenantharidine alkaloids while 224 and 226 are simple 

alkaloids. 

Table 2.16: Alkaloids from Millettia species from Kenya and those isolated elsewhere 

between 2014 and 2019 

Compound Source  Reference  

Berberine (223) M. pachycarpa (SD) Yunyao et al., 2017 

N-methylcytisine (224) M. speciose (RT) Zhao et al., 2017 

Sanguinarine (225) 

Erythroidine (226) 
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2.7 Pharmacological activities of Millettia  

The medicinal importance of Millettia is due to the presence of numerous compounds majority of 

which are flavonoids (Rahman et al., 2015). The wide biological application including larvicidal, 

insecticidal, antifungal, antibacterial, antiviral, anti-inflammatory, antioxidant, antiplasmodial and 

anticancer is based on the structural diversity of compounds this genus offers. 

 

2.7.1 Antiplasmodial activity 

Antiplasmodial studies of most compounds isolated from the Millettia species from Kenya have 

been done exclusively by Abiy et al., 2003 and Derese et al., 2014 as in Table 2.17 below. Out of 

all the tested compounds, 4′-O –geranyloxyisoliquiritigenin (27) had the highest activity of IC50, 

8.7 and 10.6 µM against D6 and W2 plasmodium strains respectively. 

 

Table 2.17: Anti-plasmodial activities of flavonoids from Kenyan Millettia species 

Flavonoids IC50 in (µM) Reference 

D6 W2 

Maximaisoflavone H (3) 38.70.6 45.60.1 Derese et al., 2004 

Maximaisoflavone B (6) 58.91.5 33.31.7 

Jamaicin (13)  45.62.3 46.61.2 

7,2′-Dimethoxy-4′,5′-methylenedioxyisoflavone (14) 49.40.2 51.50.7 

Mildurone (15)  40.72.2 50.40.8 

Calopogoniumisoflavone A(16)  51.5±5.7 45.8±3.2 

Durmillone(1)  25.11.6 37.31.8 

Isoerythrin A 4′-(3-methyl-2-butenyl)ether(17) 21.80.55 24.70.8 

Isojamaicin (18)  39.00.8 48.71.1 

Nordurlettone(19)  51.41.7 20.81.5 

7,3′-Dimethoxy-4′,5′-methylendioxyisoflavone (20)  56.30.8 42.80.6 

Durallone (21)  49.92.4 32.70.4 

6-Methoxycalopogonium isoflavone A(22)  35.41.9 53.31.7 

Deguelin (23)  21.1 13.84.5 
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2.7.2 Anticaner activity 

Apigenin (21) a known flavonoid exhibits significant anti-tumor activity in numerous cancer cells 

like breast, colon, lung (Chen et al. 2016), prostate and pancreatic cancers, and being 

hepatocarcinogenesis (Shan et al. 2017). Pubinerone (25) from the twigs of M. pubinervis shows 

toxicity of IC50 > 40μM towards human leukemia, hepatoma, lung carcinoma, breast 

adenocarcinoma and colon adenocarcinoma cell lines (Na et al., 2014). The cis-(6aβ,12aβ)-

hydroxyrotenone (137) plus rotenone (117) isolated in fruits of M. caerulea (Bueno et al., 2014) 

demonstrated strong cytotoxicities of IC50, 0.1 and 0.3μM against HT-29 human colon cancer cells 

respectively (Bueno et al., 2014). Caeruleanone C (133) exhibited potent mitochondrial 

transmembrane potential (MTP) inhibition with IC50, 0.07μM. While caeruleanones B (132) and 

C (133) prospectively triggered quinone reductase with inhibition values equaling 0.9 and 1μM 

with respective minimal host cell toxicities of IC50 ≈35 and 28μM (Lynette et al., 2014). Millettia 

pulchra flavonoids are potentially protective ingredients in myocardial ischemia owing to their 

negative effects on inotrope, hence lessening myocardial oxidative harm and variation of gene 

expression linked with apoptosis (Huang et al., 2015). Deyou et al., 2015 reported cytotoxic 

activities of compounds isolated from M. usaramensis ssp. usaramensis (RB) against MDB-MB-

231 cells as usararotenoid A (119) 87.3μM, millettosin (46) 61.7μM, 12a-epimillettosin (123) 

100.7μM, usararotenoid C (121) 25.7μM and 4′-O-geranylisoliquiritigenin (149) 125.5μM (Deyou 

et al., 2015b). 

 

Compounds isolated from fruits of M. leucantha Kurz, 3,2'-dihydroxy-4-methoxy-4'-

prenyloxychalcone (165) exhibited moderate cytotoxicity of IC50 value 51μM towards MCF-7 cell 

line and no toxicity for the Vero cells, pongamol (155) presented toxicity for both KB NCI-H187 

as well as Vero cell with respective IC50’s of 63.6, 114.4 and 28.4μM, while 3,6-dimethoxyfurano-

Millettone (24)  64.1 48.912.9  

Usararotenoid-A (25)  66.6 60.7 Yenesew et al, 2003 

12a-Epimillettosin (26)  22.2 19.4 

4′-O –Geranyloxyisoliquiritigenin (27)  8.7 10.6 

Barbigerone (88) 27.0 27.3 

Usararotenoid C (29) 25.8 70.1 

6a,12a-Dehydromillettone (30) 33.3 39.1 

Chloroquine (11) 0.094  0.009  

Quinine (9) 0.209  0.044  
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[2'',3'':7,8]-flavone (28) was only cytotoxic against KB cell line, IC50 of 110.2 μM (Uraiwan et al., 

2018). Obovatin (63) isolated from M. brandisiana (roots) showed toxicity against MOLT-3 of 

69.7 ± 28.9, HepG-2 of 100.4 ± 7.2μM, A549 of 113.4 ± 15.4μM, HuCCA-1 of 122.7 ± 24.2μM 

and HeLa of 123.3 ± 0.02μM (Pailee et al., 2019).  

 

Literature has demonstrated the potential of compounds from Millettia as anticancer agents and 

illustrates the continued research on the genus for both antimalarial and anticancer agents. On this 

basis, it was important to study M. dura, M. leucantha and M. lasiantha in anticipation for an 

effective antimalarial and or anticancer. Nature harboring the threatening pathogens, still offers 

the solution to eliminate them. 

 

2.8 Chemotaxonomic relationship between M. dura and ferruginea 

It was noted that M. dura is taxonomically related to the M. ferruginea endemic to Ethiopia (Dagne 

et al., 1991). with two subspecies, darassana and ferruginea (Dagne et al.,1989). On this basis, 

Dagne et al., 1991 undertook a comparative phytochemical survey to distinguish these two taxa. 

It was found that M. ferruginea was richer in isoflavanoids than M. dura. The distribution of the 

flavonoids in the stem and roots of the two taxa varied remarkably (Table 2.15). M. ferruginea 

elaborates C-5 oxygenated flavanoids a feature which was absent in M. dura. On the other hand, 

M. dura showed some C-8 oxygenation, a feature not observed in M. ferruginea. At that point, a 

differentiating conclusion was drawn basing on the fact that C-8 oxygenated isoflavones, like 

maximaisoflavone H (106) was only found in M. dura and while C-5 oxygenated isoflavones, 

including 5-hydroxydurmillone (231), pre-5-methoxydurmillone (233) and 7-hydroxy-5,6-

dimethoxy-3′,4′-methylenedioxyisoflavone (230) only occurred in M. ferruginea.  

This study having looked at the flowers, leaves and stem bark of M. dura, it was important to make 

a detailed survey on the literature of the two plants and make a more informed chemotaxonomic 

conclusion. Table 2.18 below gives an overview from the previous study. 
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Table 2.18: Distribution of flavonoids in different parts of M. dura, M. ferruginea ssp. 

darassana and M. ferruginea. 

 

Compound 

 M. dura M. ferruginea 

Rereference ssp. darassana ssp. ferruginea 

Chalcones     

4′-O-Geranylisoliquiritigenin (1) Dagne, et al., 1991  + (RB)  

4-Hydroxylonchocarpin (227) + (SB)  + (SB) 

4-Hydroxyderricin (43) + (SB)   

Flavanone     

4′-Hydroxyisolonchocarpin (49) Dagne et al., 1991   + (SB) 

Isoflavones     

Barbigerone (114) Dagne et al., 1991   + (SD) 

Calopogoniumisoflavone A (97)  + (SD) + (SD) 

Calopogoniumisoflavone B (104)   + (SB) 

7,2′-Dimethoxy-4′, 5′-

methylenedioxyisoflavone (93) 

+ (RB)   

Durlettone (228) Ollis et al., 1967; Dagne et 

al., 1991 

+ (SD)   

Durmillone (99) + (SD)  + (SD) + (SD) 

Ferrugone (118)  + (SB, SD) + (SB, SD) 

7-O-Geranylformononetin (229) Dagne et al., 1991  + (RB)  

7-Hydroxy-5,6-dimethoxy-3′,4′-

methylenedioxisoflavone (230) 

Dagne et al., 1989  + (SB)  

Ichthynone (123) Ollis et al., 1967 +(SB) + (SB)  

Isojamaicin (105) Dagne et al., 1991 + (SB)  + (SB) 

Jamaicin (98) Dagne et al., 1989   + (SB) 

Maximaisoflavone B (94) Dagne et al., 1991 + (SB)   

Maximaisoflavone H (106) + (SB)   

5-Methoxydurmillone (231)  + (SB) + (SB) 

Milldurone (116) Ollis et al., 1967 + (SD)   

Nordurlettone (109) Dagne et al., 1991 + (SB) + (SB)  

Prebarbigerone (232)   + (SD) 

Predurmillone (233)  + (SB)  

Preferrugone (234)  + (SD)  

Rotenoids     

Deguelin (170) Ollis et al, 1967 + (SD)  + (SD) 

6a,12a-Dehydrodeguelin (183) + (SD)   

12-Hydroxy millettone (235) Dagne et al., 1991    

12a-Hydroxyrotenone (236)  + (SD)  

Millettone (172) Ollis et al, 1967; Dagne et 

al., 1991 

+(SD)   

Millettosin (173) + (SD)   

Rotenone (174)  + (SD)  + (SD) 

Tephrosin (171) + (SD) + (SD) + (SD) 

Pterocarpene     

Flemichapparin B (237) Dagne et al., 1989  + (SB)  
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From Table 2.18, it could clearly be seen that, the following; millettone (172), 12-

hydroxymillettone (235), durlettone (228), 6a,12a-dehydrodeguelin (170), millettosin (173), 

milldurone (116) only occurred in the seeds of M. dura while 4-hydroxyderricin (43), 

maximaisoflavone B (94), maximaisoflavone H (106) as well as 7,2′-dimethoxy-4′, 5′-

methylenedioxyisoflavone (93) were found in its bark only. From the seeds of M. darrasana; were; 

preferrugone (234), predurmillone (233) and nordurlettone (109), and in the bark was found; 

ichthynone (123), 7-hydroxy-5,6-dimethoxy-3′,4′-methylenedioxisoflavone (230), flemichapparin 

B (237), 4′-O-geranylisoliquiritigenin (1) and 7-O-geranylformononetin (229). In the bark of M. 

Ferruginea; calopogoniumisoflavone B (104), 4-hydroxylonchocarpin (227), 4′-

hydroxyisolonchocarpin (49) and isojamaicin (105) were found yet prebarbigerone (232) only 

found in the seeds of this sub species. This categorization, supports the reported chemotaxonomic 

difference between the three taxa. Basing on the subsequent studies on these species, an elaborated 

chemotaxonomic review will be discussed in chapter four. 

From Table 2.18, there are flavonoids that have not been covered in Tables 2.14-2.16. These 

additional flavonoids arising from the distribution table of flavonoids are outside those covered 

within the literature review period. These are shown in figure 2.13. 
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Figure 2.13: Additional compounds from M. dura and M. ferruginea (outside review period) 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 General experimentation 

All solvents used for chromatography were purified by fractional distillation over a glass 

distillation column. Extracts and eluents were concentrated under vacuum on an IKA RV10 digital 

rotary evaporator (5-280 rpm) with a digital heating water bath (IKA HB10, 20 - 180°C). Wet 

column chromatography was done using silica gel 60 (60-120 mesh, India). Investigative shrill 

coat chromatography was done over silica gel 60 F254 (Merck, Germany) prior-coated aluminium 

sheets. The TLC spots were viewed under UVGL 58 handheld UV-lamp (254-365nm). Gel 

percolation being executed over Sephadex LH-20. Purification was done using preparative rotors 

coated with silica gel 60 G/F254 loaded on a Chromatotron (7924T, 24V, 200 rpm, USA), with an 

initial purge of 250-1000ml/min and then reducing to 10-15ml/min. Nuclear magnetic resonance 

spectrometry was used to analyze the samples using a Varian Avance (AV500) and Brucker 

spectrometers, referencing with the residual solvent signal. The spectra were processed using 

Topspin (3.5pl 7) and MestRenova (11.04) software. Infra Red spectral measurements were taken 

from Bruker Tensor-27 FT-IR spectrometer (Cricket, Harrick Scientific). Meanwhile, HRESIMS 

peaks were recorded using an LTQ orbitrap spectrometer (Thermo Scientific, USA). 

 

 

3.2 Plant material 

Millettia leucantha was collected from Mua hills in Machakos in September 2016. Millettia dura 

was collected from the grounds of Chiromo campus, University of Nairobi (UoN) in January 2017. 

While Millettia lasiantha was collected in February 2018 from Mombasa. The identification and 

collection of all the plant material was done by the guidance of Mr. Patrick Chalo Mutiso, a plant 

specialist from the herbarium at the School of Biological Sciences, UoN. 

 

3.3 Extraction and purifications 

Powdered plant material of the diferent parts of the three Millettia species studied were extracted 

and chromatographed as described in the preeding subsections.  
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3.3.1 Extraction and purification of compounds from the flowers of M. dura 

Air dried and pulverized flowers of M. dura (1.8kg) were extracted (4 x 24hrs) by cold percolation 

using six litres of dichloromethane/methanol (1:1 v/v). A total of 209.38g (11.6% yield) of the 

crude sample extract was obtained after concentration. Fractionation of the crude (150g) was done 

by wet chromatography over 600g of silica gel in a glass column and eluted gradiently using 

hexane/ethyl acetate. The portions that eluted at 5% ethyl acetate in hexane were combined and 

passed through Sephadex LH - 20 (dichloromethane/methanol (1:1)) obtaining compounds 97 

(285mg) and 98 (57mg). The fractions that eluted with 10% ethyl acetate in hexane yielded 

compounds 99 (54.1 mg) and 228 (26.3mg) after passing it over Sephadex LH - 20 

(dichloromethane/methanol (1:1)). Crystallization (CH2Cl2/MeOH) of the fractions eluting with 

15% of ethyl acetate in hexane yielded compound 100 (177mg), the mother liquor was loaded on 

Sephadex LH - 20 (dichloromethane/methanol (1:1)) yielding 79.6mg of 123 plus 101 (52.6mg). 

The fractions eluting with 20% ethyl acetate in hexane gave 227 (21.9mg) by recrystallization in 

dichloromethane/methanol. Compound 91 (29.6mg) was obtained using Chromatotron (Hexane: 

EtOAC: MeOH, 6:3:1) from fraction that eluted with 30% ethyl acetate in hexane. 

 

3.3.2 Extraction and purification of compounds from the seeds of M. dura 

The air dried and ground seed pods of M. dura (2.5kg) were exhaustively extracted by cold 

percolation using eight liters of dichloromethane/methanol (1:1v/v). This gave 238.13g (9.5% 

yield) of dark brown extract when concentrated on a rotary evaporator. A portion (200g) of the 

extract was fractionated by chromatography over silica gel using hexane in increasing percentages 

of ethyl acetate. The fractions that came out with 3% EtOAC in hexane, loaded on a Chromatotron 

(Hexane: EtOAC, 6:4) afforded compounds 172 (19.7mg), 173 (10.5mg) and more of Compound 

97 (2.6mg). Compound 171 (16.4mg) and more of 98 (2.5mg) were gotten from those fractions 

that came out with 5% EtOAC in hexane. The fractions that eluted at 15% were subjected to size 

exclusion chromatographic separation using Sephadex LH - 20 (dichloromethane/methanol (1:1)) 

producing more of compounds 101 (8.7mg) and 100 (5.2mg).  

 

3.3.3 Extraction and purification of compounds from the stem bark of M. dura 

Four kilograms (4kg) of the dry and ground bark of the stems of M. dura were extracted by cold 

percolation (6x24hrs) using 12 liters of dichloromethane/methanol (1:1v/v). This gave 410.98g 
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(10.3% yield) of a brown extrude after concentration. A fraction (300g) of this extrude was 

fractionated by column chromatography on silica gel using hexane in growing percentages of ethyl 

acetate. Fractions that eluted at 3% EtOAC in hexane were run through Sephadex LH - 20 

(dichloromethane/methanol (1:1)) providing 102 (123.1mg) which was recrystallized in 

(CH2Cl2/MeOH). The last fractions from the Sephadex LH - 20 column were combined and loaded 

onto Chromatotron (Hexane: EtOAC: MeOH, 6:3:1) yielding compound 112 (91.4mg) and more 

of compound 97 (159.7mg). The early fractions that eluted at 5% solidified and was filtered; the 

residue was run over a Chromatotron (Hexane: EtOAC: MeOH, 6:3:1) to give more of compounds 

101 (88.4mg) and 98 (39.0mg). The filtrate was loaded on Sephadex LH - 20 

(dichloromethane/methanol (1:1)) offering 166.4mg of compounds 114 and more of compound 99 

(61.5mg). The later fractions that eluted at 5% were loaded onto the Chromatotron (Hexane: 

EtOAC: MeOH, 6:3:1) and yielded compound 170 (344.5mg) and more of 171 (363.7mg). From 

the fractions that eluted at 7% EtOAC in hexane, compounds 118 (194.1mg) was obtained after 

running it on the Chromatotron (Hexane: EtOAC: MeOH, 6:3:1). Fractions that eluted at 15% 

EtOAC in hexane yielded compound 92 (12.7mg) after passing it through Sephadex LH - 20 

(dichloromethane/methanol (1:1)). Compound 115 (62.0mg) was obtained from fractions that 

eluted at 20-25% EtOAC after purification over Sephadex LH - 20 (dichloromethane/methanol 

(1:1)). 

 

3.3.4 Extraction and purification of compounds from the leaves of M. leucantha  

Dry and pulverized leaves of M. leucantha (400g) were extracted (4x12hrs) with one litre of 

methanol in each extraction. A brown crude extract, 70.3g (17.6% yield) was obtained after 

concentration. A fraction, 63.8g of the extract was purified by column chromatography using 600g 

of silica gel and eluted using dichloromethane in increasing percentage of methanol. The fractions 

that eluted with 10% MeOH in CH2Cl2, gave a yellow powder of 229 (65mg). The fractions that 

eluted with 50% MeOH in CH2Cl2 gave a yellowish solid (90mg). A portion of 80mg was purified 

over sephadex LH-20 using MeOH/CH2Cl2 (1:1v/v) to give 34.2mg of 230 and more of 229 

(21mg). The fraction that eluted with 70% MeOH in CH2Cl2 gave 38mg of a dirt white solid. This 

was loaded over sephadex LH-20 running with MeOH/CH2Cl2 (1:1v/v) to afford 16.2mg of 

compound 231 and 18.1mg of compound 232 as white solids. 
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3.3.5 Extraction and purification of compounds from the roots of M. leucantha  

The air dried and ground roots (3.0kg) of M. leucantha were extracted (8x12 hours) with six litres 

of CH2Cl2: MeOH to afford 308.31g of a brown extract (10.3% yield) after concentration. 150g of 

the extract was adsorbed on 200g of silca gel (60-230 mesh merck-Germany grade) and loaded in 

column containing 800g silca gel slurry. Gradient elution started with 100% hexane in increasing 

percentage of ethylacetate. Fractions eluting with 5% EtOAC in hexane gave 5.7mg of compound 

237 as a white solid. The eluent at 7% EtOAC in hexane yielded a yellowish powder (43.6mg) of 

compound 233 on solidification. The fractions that eluted with 10% EtOAC in hexane produced 

yellow solids of compound 234 (33.6mg) on solidification in methanol. The fractions that eluted 

with 15% ethylacetate in hexane, purification over sephadex LH-20 to yield compounds 235 

(19.7mg) and 236 (25mg) as yellowish solids. 

 

3.3.6 Extraction and purification of compounds from the leaves of M. lasiantha  

Dry and ground leaves (0.62kg) of M. lasiantha were extracted with three litres of CH2Cl2: MeOH 

and gave a dark green extract (99.28g = 16.0% yield). 90g of the extract were adsorbed on 100g 

of silica gel (60-230 mesh merck-Germany grade) and loaded over 500g slurry of silca gel in a 

glass column. Fractionation started with 100% hexane in increasing amounts of ethylacetate. 

Combined portions eluting between 20-40% EtOAC in hexane were purified on sephadex, flashing 

with CH2Cl2: MeOH (1:1 v/v). 30mg of this portion was loaded on a chromatotron (6:3:1 H: E: 

M) to give a yellow solid of compounds 229 (17.2mg) and 230 (10.2mg). Fractions that eluted 

with 60-80% EtOAC in hexane after passing it over sephadex gave light yellow powder of 238 

(75mg) and the fractions at 90% after sephadex gave white solid of compound 231 (12mg). 

 

3.3.7 Extraction and purification of compounds from the stems of M. lasiantha  

1.68kg of dry powdered stems of M. lasiantha were extracted using five liters of CH2Cl2: MeOH 

(1:1 v/v) and gave 121.3g (7.2% yield) of a dark brown extract. Loaded 100g of the extract 

adsorbed on 100g of silica gel onto 500g slurry of silica in a column. Elution started with 100% 

ethyl acetate. The fractions that eluted with 20% EtOAC in hexane gave a mixture of compounds 

239 and 240 (6mg) and white solids of 235 (7mg). The fractions that eluted with 30% EtOAC in 

hexane after sephadex was loaded on a chromatotron (6:3:1 Hexane: EtOAC: MeOH) to give white 

solids of 91 (9mg). 
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3.3.8 Extraction and purification of compounds from the roots of M. lasiantha  

Dry and ground powdered roots (300g) of M. lasiantha were extracted with ethyl acetate (1 litre) 

and gave a dark brown extract (15g). A fraction of this extract (10g) was fractionated on silica gel 

(70-230mesh, 63-200μm) using petroleum ether (PE) in increasing concentrations of ethyl acetate. 

The fractions that eluted with 15% EtOAC in PE gave white fluffy crystals of 91 (2.7mg). The 

early fractions that eluted at 30% EtOAC in PE on crystalization in CH2Cl2 gave white fluffy 

crystals of 241 (3.1mg) and the later fractions gave white crystals of 242 (2.3mg). While a white 

powder of 243 (5.3mg) solidified from fractions that eluted with 20% EtOAC in PE. 

 

 

 

3.4 Biological tests 

Crude extracts and pure compounds were subjected to antiplasmodial and cytotoxicity assays as 

described in the subsequent subsections. 

 

3.4.1 In vitro antiplasmodial activity 

A semi-automated micro-dilution test technique (Desjardins et al. 1979) which determines the 

compounds capability to constrain assimilating [G-3H] hypoxanthine by malaria parasite was 

employed (O’Neill et al., 1985). The parasites were cultured by a method earlier described by 

(Trager and Jensen 1976). Both chloroquine sensitive and resistant plasmodium species were used. 

Parasites were cultured in closed thermoses at 37°C, 3% O2, 5% CO2 and 92% N2 environment 

having a pH of 7.4 (Ayuko et al. 2009), with enhanced heat deactivated 10% humanoid serum and 

erythrocytes to attain a 3% haematocrit. On attainment of ring stage, parasites were synchronized 

with 5% sorbitol and tested at 0.4% parasitemia passage into 96-well plates. Stock solutions of 

compounds were prepared at 1mg/ml in DMSO adulterated by RPM1640 to attain 0.2% DMSO 

and tested in triplicate as done by (Desjardins et al. 1979). Equivalent amounts of DMSO were 

taken to be negative controls while 1.1μM artemisinin served as positive control. The cultures were 

then incubated for 48 hours at 37°C. Thereafter, individual wells were pulsed with 25 µL of 

cultured medium having 0.5 µCi [G-3H]-hypoxanthine (Ayuko et al. 2009) and the plates were 

then incubated for another 18 hours. Contents of every plate were reaped onto glass fibre filters, 
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washing carefully using distilled water and then after drying, measuring radioactivity by 

scintillation counter. 

 

3.4.2 Cytotoxicity assay 

DMSO was used as the solvent for all tested compounds which was prior kept at −20°C. Cell 

viability was measured using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay. A 96-well microtiter plate with 4 × 103 cells was seeded before drug application. 

After culturing overnight, different amounts (0.039–100μmol/l) of the compounds to be tested 

were then added to the cells and then incubating for 72 hours. Negative controls were drug-free 

cells. Thereafter, adding 10μl of MTT solution (5mg/ml) to the individual wells which were 

nurtured to 37 °C for another 4 hours. 100μl of a solubilization buffer (10% SDS in 0.01mol/l 

HCl) was added and then allowed to incubate overnight. Cell viability was determined in each 

well the following day. Absorbance at A570nm was measured to evaluate the cellular enzymes 

reduction of tetrazolium salt into an insoluble formazan dye. The percentage of viable cells was 

computed from the formular: 

% of viable cells =  
ATreated

AControl
 x 100 

Obtaining data from three independent experiments enabled calculation of standard deviation 

(Atilaw et al., 2017). 

 

3.5 Spectroscopic data of the compounds 

Formononetin (91) 

Obtained as dirt white needlelike crystals. NMR data found in Table 4.8, Appendix 1. 

 

Maximaisoflavone-D (92) 

Obtained as white crystals. NMR data found in Table 4.17, Appendix 2.  

 

Maximaisoflavone-B (94) 

Obtained as colorless crystals. NMR data in Table 4.14, Appendix 3. 
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Calopogoniumisoflavone A (97) 

Obtained as white UV active (254 and 365 nm) solid. NMR data Table 4.1, Appendix 4.  

 

Jamaicin (98) 

Obtained as white crystals and its NMR data given in Table 4.2, Appendix 5  

 

Durmillone (99) 

Obtained as a white solid. NMR data in Table 4.3, Appendix 6.  

 

Dullarone (100) 

Obtained as white needlelike crystals. NMR data Table 4.4, Appendix 7.  

 

6-Methoxycalopogonium isoflavone A (101) 

Obtained as white fluffy like solid. NMR data, Table 4.9, Appendix 8.  

 

Isoerythrin-A-4′-(3-methylbut-2-enyl)ether (102) 

Obtained as a light weight white powder. NMR data Table 4.13, Appendix 9.  

 

Barbigerone (114) 

Obtained as white needle crystals. NMR data, Table 4.16, Appendix 10.  

 

Maximaisoflavone G (115) 

Obtained as dirt white solid. See NMR data in Table 4.18, Appendix 11.  

 

Ferrugone (118) 

Obtained as need-like crystals. NMR data Table 4.15, Appendix 12. 

 

Ichthynone (123) 

Obtained as white crystals. NMR data, Table 4.7, Appendix 13. 
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Kaempferol (227) 

Obtained as yellow needle crystals. NMR data Table 4.5, Appendix 18. 

 

4, 2′-Dihydroxy-4′-methoxy chalcone (228): 

Obtained as a light brown gum. NMR data, Table 4.6, Appendix 19. 

 

Deguelin (170) 

Compound (170) was isolated as a white solid. NMR data found in Table 4.19, Appendix 14. 

 

Tephrosin (171) 

Obtained as a brown oily compound. NMR Table 4.12, Appendix 15.  

 

Milletone (172) 

Obtained as colorless needle like crystals. NMR table 4.10, Appendix 16. 

 

Milletosin (173) 

Obtained as colorless needle like crystals. NMR data, Table 4.11, Appendix 17.  

 

Chrysin (229) 

Obtained as a yellowish solid. NMR data given in Table 4.20, Appendix 20. 

 

Apigenin (230) 

Obtained as a yellowish solid. NMR data listed in Table 4.21, Appendix 21. 

 

Chrysin-7-O-β-D-glucoside (231) 

Obtained as a yellowish solid. NMR data tabulated in Table 4.22, Appendix 22. 

 

Genkwanin (232) 

Obtained as a yellowish solid. NMR data found in Table 4.23, Appendix 23. 
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6,7,4'-Trimethoxyflavone (233) 

Obtained as a yellowish solid. NMR data as given in Table 4.24, Appendix 24. 

 

Taxasin (234) 

Obtained as a yellowish solid. NMR data recorded in Table 4.25, Appendix 25. 

 

6,7,4'-Trimethoxyisoflavone (235) 

Obtained as a yellowish solid. NMR data record in Table 4.26, Appendix 26. 

 

Paraben acid (236) 

Obtained as a yellowish solid. NMR data values given in Table 4.27, Appendix 27. 

 

Maackiain (237) 

Obtained as a yellowish solid. NMR data Table 4.28, Appendix 28. 

 

Luteolin (238) 

Obtained as white crystals. NMR data Table 4.29, Appendix 29. 

 

Geneistein (239) 

Genistein was obtained as white solid. The NMR data tabulated in Table 4.30, Appendix 30. 

 

Isoliquiritigenin (240) 

Light brown gum. NMR data found in Table 4.31, Appendix 31. 

 

8,3-dihydroxy-7,9-dimethoxycoumestan (Trivial name Lascoumestan) (241) 

White solid UV λmax(MeOH) = 254, 304 and 346nm, IR (neat) υ max 3367, 2988, 2360, 1718, 

and 1625/cm. ESI-HRMS molecular ion, [M+H]+ at m/z = 329.0654 (cal. 329.0656), for molecular 

formula C17H12O7. NMR data found in Table 4.32, Appendix 32. 
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7,5′-dihydroxy-6′,4′-dimethoxycoumaronochromone (242) 

This compound was gotten as white non-crystalline solid. The HRESIMS spectrum showed 

[M+H]+ at m/z = 328.0587 (calcd 328.0583) corresponding to C17H12O7. NMR data recorded in 

Table 4.33, Appendix 33. 

 

Genistein-7-O-glucoside (or Genistin) (243) 

White solid UVλmax 242, 246, 326nm, ESIRMS [M+H]+ m/z 433.1 for C21H20O10. NMR data as 

given in Table 4.34, Appendix 34. 
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CHAPTER FOUR 

RESULT AND DISCUSSION 

 

4.1 General 

In this study, secondary metabolites from Millettia dura (flowers, seeds and stem bark), Millettia 

leucantha (leaves and root bark) and Millettia lasiantha (leaves, stem and roots) were isolated and 

characterized. Chromatographic techniques were used in the isolation of the compounds and 

characterization was based on NMR, MS, IR and UV spectroscopic techniques. A total of 51 

compounds mainly flavonoids were identified in this study. Biological evaluation of some of the 

compounds and extracts was done for antiplasmodial activities and cytotoxicity for anticancer 

properties. The discussions in the following subsections give a detailed account of the study and 

results obtained. 

 

4.2 Compounds isolated and characterized from Millettia dura 

Majoriy of the secondary metabolites isolated from this species were isoflavones chacterized if the 

preceeding subsections. 

4.2.1 Characterization of compounds from the flowers of Millettia dura 

The flowers of M. dura gave nine metabolites consisting of one flavonol, one chalcone and seven 

prenylated isoflavones were isolated and characterized. These included calopogoniumisoflavone-

A (97), jamaicin (98), durmillone (99), dullarone (100), kaempferol (227), 4,2-dihydroxy-4-

methoxychalcone (228), ichthynone (123), formononetin (91) and 6- 

methoxycalopogoniumisoflavone-A (101). Thi is the primary report of the flavonol, kaempferol 

(227) plus chalcone 4,2-dihydroxy-4-methoxychalcone (228) from Millettia (Buyinza et al., 

2019) and it’s the first report of the other compounds from the flowers of M. dura. 

 

4.2.1.1 Calopogonium isoflavone-A (97) 

Compound 97 was obtained as a white solid. The presence of an oxyolefinic methine proton δH 

7.90 (s, 1H, H-2,) and carbon signal δC 151.9 (in range 150.6-155.4 ppm), the olefinic quaternary 

carbon δC 124.6 (in the range 122.0-126.1 ppm) and the carbonyl carbon δC 176.0 (in the range 
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174.2-181.2 ppm) in the 13C NMR were characteristic of a heterocyclic ring C of an isoflavone 

(Agrawal, 1989). 

The NMR spectra gave characteristic peaks for two substituents. That is, the overlapping methyl 

protons at δH 1.46 (s, 6H) in the 1H NMR and the pair of ortho interacting alkenyl protons δH 5.67 

(H-3′′), 6.76 (H-4′′, d, 1H, J = 10.0Hz) meant presence of a 2′′, 2′′-dimethylcyclopyran ring as the 

first substituent. The singlet δH 3.78 (s, 3H, δC 55.2) in the NMR spectra was suggestive of a 

methoxy group as the other substituent. 

The proton signal δH 8.02 (d, 1H, J = 8.8Hz) appeared deshielded by the peri effect of the carbonyl, 

so it was assigned to H-5 and its coupling pattern δH 6.82 (d, 1H, J= 8.8Hz) was assigned to H-6 

allowing for the oxygenation at C-7. The 1H NMR displayed an AA′BB′ aromatic protons δH 6.91, 

7.44 (d, 2H, J = 2.2, 7.4Hz) which was attached to a para substituted ring B. This permited 

placement of –OCH3 attachment to C-4. The only remaining way the pyran ring could be 

accommodated in the structure was fixing it at C-8 through the biogenetically expected 

oxygenation at C-7. 

From all the HMBC correlations (Table 4.1), this compound was characterized to be 4-methoxy-

[7,8]-(2′′, 2′′-dimethylpyrano)isoflavone. This was a known metabolite previously reported as 

calopogoniumisoflavone-A isolated from the stem bark of M. dura (Yenesew et al., 1996), M. 

oblata ssp teitensis (stems) (Derese et al., 2014), and from the stem of M. dielsiana Harms (Ye et 

al., 2014).  

 

Table 4.1: NMR data of calopogoniumisoflavone-A (97) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 151.9 7.90, s C-1′, C-4, C-9 

3 124.6   

4 176.0   

5 127.1 8.02, d, (8.8) C-4, C-7, C-8, C-9 

6 115.3 6.82, d (8.8) C-7, C-8, C-10 
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

7 157.3   

8 109.1   

9 152.4   

10 118.2   

1′ 124.1   

2′/6′ 130.2 7.44, d, (7.4) C-2′/6′, C-3′/5′, C-3, C-4′ 

3′/5′ 113.9 6.91, d, (7.4) C-1′, C-3′/5′, C-4′ 

4′ 159.5   

2′′   77.7   

3′′ 130.1 5.67, d, (10.0) C-2′′, C-4′′, C-8, C-5′′/6′′ 

4′′ 114.9 6.76, d, (10.0) C-2′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.46, s C-2′′, C-3′′, C-5′′/6′′ 

OCH3   55.2 3.78, s C-4′ 

 

4.2.1.2 Jamaicin (98) 

Compound (98) was obtained as white crystals from methanol. The characteristic peaks for an 

isoflavone were seen at δH 7.90 (s,1H) for the oxyolefinic methine proton (H-2) in the 1H NMR 

together with its carbon signal at δC 153.9 (C-2), 112.9 for the olefinic quaternary carbon (C-3) 

and 175.8 for the carbonyl carbon (C-4) in the 13C NMR (Agrawal, 1989). 

The NMR spectra gave substituent peaks for –OCH3 as δH 3.72 (s, 3H, δC 57.0), for a 

methylenedioxy at δH 5.94 (s, 2H), δC 101.5 and for a 2′′, 2′′-dimethylpyran given by overlapping 

methyl protons δH 1.49 (s, 6H) plus the pair of ortho coupled olefinic protons δH 5.70, 6.80 (d, 1H, 

J = 10.0Hz) in the 1H NMR. 

The AX coupled aromatic protons δH 6.84 and δH 8.03 (d, 1H, J = 8.8Hz) were assignable to H-6 

and H-5 respectively, H-5, being highly deshielded by the peri effect of the carbonyl. The 

remaining pair of singlets in the aromatic region at δH 6.61 and δH 6.82 (s, 1H) could only be 

possible in ring B. The correlation of the methylenedioxy protons with carbons δC 141.3 and 148.5 

and also the singlet protons δH 6.82 (s) with δC 141.3 and δH 6.61 (s) with δC 148.5 enabled fixing 

of the –OCH2O- group through C-4 and C-5. The –OCH3 group was then fixed at C-2.  

The final structure of compound (98) was confirmed from the HMBC correlations (Table 4.2) and 

the compound was identified as 2-methoxy-[4,5]-methylenedioxy-[7,8]-(2′′,2′′-

dimethylcyclopyrano)isoflavone which had earlier been reported as jamaicin gotten from seeds of 

M. ferruginea (Highet and Highet, 1967), stem bark of M.dura (Yenesew et al., 1998), M. oblata 

ssp teitensis, stems (Derese et al., 2014), and the grains of M. pachyloba (Mai et al., 2010). 
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Table 4.2: NMR data of jamaicin (98) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 153.9 7.90,s C-1′, C-3, C-4, C-9 

3 112.9   

4 175.8   

5 126.8 8.03, d, (8.8) C-4, C-7, C-8, C-9 

6 115.1 6.84, d, (8.8) C-7, C-8, C-10 

7 157.3   

8 109.4   

9 152.5   

10 118.5   

1′ 122.0   

2′ 153.0   

3′ 115.2 6.82, s C-1′, C-2′, C-4′, C-5′ 

4′ 148.5   

5′ 141.3   

6′   95.5 6.61, s C-1′, C-2′, C-3, C-4′, C-5′  

2′′   77.7   

3′′ 130.3 5.70, d, (10.0) C-2′′, C-8, C-5′′/6′′ 

4′′ 111.3 6.80, d, (10.0) C-2′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.2 1.49, s C-2′′, C-3′′, C-5′′/6′′ 

OCH3   57.0 3.72, s C-2′ 

OCH2O 101.5 5.94, s C-4′, C-5′ 

 

4.2.1.3 Durmillone (99) 

Compound 99 was obtained as a white solid. The NMR data of this compound was similar to that 

of compound 98 having the same substituent. The difference was that the deshielded peri proton 

δH 7.55 (s, 1H) was a singlet. This meant that C-6 was substituted with the only methoxy group δH 

3.96, (s, 3H). 

Instead of an AX spin system as in compound 99, this compound had an ABX proton system at δH 

6.87 (d, 1H, J = 8.8Hz, H-5′), δH 6.97 (dd, 1H, J = 8.8, 1.7Hz, H-6′) and δH 7.10 (d, 1H, J = 1.7Hz, 

H-2′). The ABX protons δH 7.10 and 6.87 correlated with the same carbons δC 147.7, δC 147.8 as 

the methylene protons δH 5.99 (s, 2H). Therefore, -OCH2O- group was in ring B at C-3, C-4 and 

then, the 2′′,2′′-dimethypyran ring was in ring A at C-7, C-8. 
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Through HMBC correlations (Table 4.3), the final structure was affirmed and was characterized 

as [3,4]-methylenedioxy-6-methoxy-[7,8]-(2′′,2′′-dimethylpyrano)isoflavone. This compound 

was earlier reported as durmillone from M. ferruginea ssp ferruginea (seeds) (Highet and Highet, 

1967), from the vine stems of M. dielsiana Harms (Ye et al., 2014) and grains of M. pachyloba 

(Mai et al., 2010). 
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Table 4.3: NMR data of durmillone (99) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 151.9 7.93,s C-3, C-4, C-9 

3 124.5   

4 175.6   

5 105.3 7.55, s C-4, C-7, C-8, C-9, C-10 

6 147.3   

7 147.4   

8 110.3   

9 147.5   

10 117.7   

1′ 126.1   

2′ 109.9 7.10, d, (1.7) C-3, C-4′, C-6′ 

3′ 147.8   

4′ 147.7   

5′ 108.5 6.87, d, (8.8) C-1′, C-2′, C-5′ 

6′ 122.5 6.97, dd, (1.7, 8.8) C-2′, C-3, C-4′ 

2′′   78.3   

3′′ 130.5 5.74, d, (10.0) C-2′′, C-5′′/6′′, C-8 

4′′ 115.3 6.81, d, (10.0) C-2′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.55, s C-2′′, C-3′′, C-4′′, C-5′′/6′′ 

OCH3   56.5 3.96, s C-6 

OCH2O 101.3 5.99, s C-4′, C-5′ 

 

4.2.1.4 Dullarone (100) 

This was obtained as white needlelike crystals from methanol. This compound had the 

characteristic spectral data for an isoflavone as in compound 97. Compound 100 had similar 

substituents as compound 99, however, with additional two methoxy peaks δH 3.89 (s, 3H), and δH 

3.91 (s, 3H) instead of the methylenedioxy peak at δH 5.99. 
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Having the same ABX proton pattern of δH 6.91 (d, 1H, J = 8.3Hz), δH 7.02 (dd, 1H, J = 8.3Hz, 

2.0Hz), and δH 7.23 (d, 1H, J = 2.0Hz), meant that the additional methoxy substituents were 

attached to C-3 and C-4. The actual position of the substituent was fixed based on the biogenesis 

which calls for oxygenation at C-7, C-4 and the HMBC correlations (Table 4.4).  

The compound was identified as 3,4,6-trimethoxy-[7,8]-(2′′,2′′-dimethylpyrano)isoflavone 

earlier reported as dullarone from M. dura (SB) (Yenesew et al., 1996), the stem of M. oblata ssp 

teitensis (Derese et al., 2014) and the stem of M. dielsiana Harms (Ye et al., 2014).  

 

Table 4.4: NMR data of durallone (100) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 151.9 7.97,s C-3, C-4, C-9 

3 124.2   

4 175.7   

5 105.1 7.75, s C-4, C-7, C-8, C-9, C-10 

6 147.26   

7 147.4   

8 110.3   

9 147.33   

10 117.7   

1′ 124.9   

2′ 112.6 7.23, d, (2.0) C-3, C-4′, C-6′ 

3′ 148.8   

4′ 149.1   

5′ 111.2 6.91, d, (8.3) C-1′, C-3′, C-6′ 

6′ 121.0 7.02, dd, (2.0, 8.3) C-2′, C-3, C-4′ 

2′′   78.3   

3′′ 130.5 5.73, d, (10.0) C-2′′, C-5′′/6′′, C-8 

4′′ 115.2 6.79, d, (10.0) C-2′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.54, s C-2′′, C-3′′, C-4′′, C-5′′/6′′ 

3′-OCH3   56.0 3.91, s C-3′ 

4′-OCH3   56.0 3.89, s C-4′ 

6-OCH3   56.4 3.94 C-6 

 

4.2.1.5 Kaempferol (227)  

Compound 227 was obtained as yellow crystals from methanol. The 13C NMR showed signals δC 

148.0, (C-2, in range 140.0-151.2ppm), 137.1, (C-3, in range 133.5-140.0ppm) and 177.3 (C-4) 
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characteristic for a 5-hydroxyflavonol (Agrawal, 1989). The proton singlet δH 12.92 (s) highly 

deshielded by the peri-effect of the carbonyl δC 177.3, confirmed that C-5 had a hydroxyl 

substituent. There was no other substituent peak in the NMR spectra. 

The 1H NMR showed a set of meta interacting protons δH 6.35 (H-6), 6.14 ((H-8), d, 1H, J = 

1.9Hz,) for a penta substituted ring A. Another pair of AA′BB′ aromatic protons δH 6.87 and 8.05 

(d, 2H, J = 10.0Hz) respectively assignable to H-3′/5′ and H-2′/6′ for para substitution in ring B. 

Hence substitution at C-3 (δC 137.1), C-4 (δC 160.5) and C-7 (δC 165.7) was by hydroxyl groups. 

The HMBC correlations (Table 4.5) confirmed the assignments, and compound 227 was therefore 

characterized to be 3,5,7,4-tetrahydroxyflavone which was reported as kaempferol, a known 

flavonol isolated from the aerial parts of Lespedeza virgata (Yan et al., 2008) and also from the 

twigs of M. leptobotrya Dunn (Zhi Na et al., 2013). This is the first report of kaempferol from M. 

dura.  

 

 

 

Table 4.5: NMR data of kaempferol (227) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 148.0   

3 137.1   

4 177.3   

5 162.5   

6   94.56 6.35, d, (1.9) C-4, C-7, C-8, C-9, C-10 

7 165.7   

8   99.3 6.14, d, (1.9) C-5, C-6, C-7, C-10 

9 158.3   

10 104.3   

1′ 123.7   

2′/6′ 130.7 8.05, d, (10.0) C-1′, C-3, C-2′/6′, C-3′/5′, C-4′ 

3′/5′ 116.3 6.87, d, (10.0) C-1′, C-3′/5′, C-2′/ 6′C-4′ 

4′ 160.5   

5-OH  12.92, s  
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4.2.1.6 4, 2′-Dihydroxy-4′-methoxychalcone (228) 

Compound 228 was isolated as orange gum. The 1H NMR showed a pair of trans olefinic doublet 

protons δH 7.46 (d, 1H, J = 15.3Hz, Hα) and δH 7.85 (d, 1H, J = 15.3Hz, Hβ) typical of a chalcone 

(Deyou et al., 2015b; Dominguez et al., 1989; Yenesew et al., 1998). The chalcone skeleton was 

further confirmed from the 13C-NMR spectra showing peaks δC 118.0 for C-α (in the range 116.6-

128.1ppm), 144.4 for C-β (in the range 136.9-145.4ppm) and a conjugated carbonyl peak 192.1 

(in the range 188.8-194.6ppm) as reported by (Pelter et al., 1976). The highly de-shielded proton 

δH 13.55 (2-OH) showed this compound was a 2′-hydroxychalcone (Adesanwo et al., 2009). 

The 1H NMR spectra showed one substituent δH 3.86 (s, 3H) for a methoxyl group. The presence 

of an AA′XX′ spin system δH 6.89 (d, 2H, J = 8.6Hz, H-3/5) and 7.57 (d, 2H, J = 8.6Hz, H-2/6) 

together with a correlating quaternary δC 158.2 (C-4) suggested para- oxygenation at C-4 in ring 

B. The ABX spin system δH 6.48 (d, 1H, J = 3.2, H-3′), 6.50 (dd, 1H, J = 3.2, 8.5, H-5′) and 7.84 

(d, 1H, J = 8.5, H-6′) revealed tri-substitution in ring A. The location of the methoxy at C-4 was 

based on its HMBC correlations with δC 166.2 (Table 4.6) and C-4 had an –OH substituent. 

Hence compound 228 was identified to be 4, 2′-dihydroxy-4′-methoxychalcone reported from the 

roots of Codonopsis cordifolioidea (Qiao-li et al., 2011; Meng et al., 2013). This is the primary 

report of this compound in this genus Millettia. 

 

 

 

Table 4.6: NMR data of 4, 2′-dihydroxy-4′-methoxychalcone (228) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

1 127.8   

2/6 130.7 7.57, d, (8.6) C-β, C-2/6, C-4 

3/5 116.2 6.89, d, (8.6) C-1, C3/5, C-4 

4 158.2   

1′ 114.3   

2′ 166.8   

3′ 101.2 6.48, d, (3.2)  C-1′, C-2′, C-5′ 

4′ 166.2   

5′ 101.2 6.50, dd, (3.2, 8.5) C-1′, C-3′, C-4′ 
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

6′ 131.8 7.84,d, (8.5) C-2′, C-4′, C=O 

4′-OCH3   55.8 3.86,s C-4′ 

C-α 118.0 7.47, d, (15.3) C-β, C-1, C=O 

C-β 144.4 7.86, d, (15.3) C-α, C-2/6, C=O 

C=O 191.2   

2-OH  13.55, s  

 

4.2.1.7 Ichthynone (123) 

Compound 123 was obtained as white amorphous solid. It had the same spectral features of an 

isoflavone as compound 98. The 1H NMR of compound 123 showed δH 3.94 (s, 3H) for an extra 

methoxyl in addition to a 2′′,2′′-dimethylpyran ring given by δH 5.73 (d, 1H, J = 10.0Hz, H-3′′), 

6.79 (d, 1H, J = 10.0Hz, H-4′′) and 1.54 (s, 6H), a methylenedioxy δH 5.95 (s, 2H) and a methoxyl 

δH 3.72 (s, 3H) substituents in compound 98. 

The peri deshielded proton δH 7.54 (s, 1H, H-5) was a singlet meaning that C-6 was substituted. 

Hence, the additional methoxy was fixed at the oxygenated quaternary carbon δC 147.2 (C-6). The 

final structure was confirmed on the basis of HMBC correlations (Table 4.7). 

This compound was found to be 2,6-dimethoxy-[4,5]-methylenedioxo-[7,8]-(2′′,2′′-

dimethylpyrano)isoflavone. Compound 123 had been reported earlier as ichthynone from seeds of 

M. ferruginea (Highet and Highet, 1967), from the fruits of M. caerulea (Ren et al., 2016), stems 

of M. dielsiana Harms (Ye et al., 2014) and from the grains of M. pachyloba (Mai et al., 2010).  
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Table 4.7: NMR data of ichthynone (123) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 153.7 7.90, s C-1′, C-3, C-4, C-9 

3 113.1   

4 175.5   

5 105.3 7.54, s C-4, C-7, C-8, C-9, C-10 

6 147.2   

7 147.5   

8 110.4   

9 147.1   

10 117.7   

1′ 121.6   

2′ 153.1   

3′ 111.3 6.81, s C-1′, C-2′, C-4′, C-5′ 

4′ 141.3   

5′ 148.5   

6′   95.6 6.61, s C-1′, C-2′, C-3, C-4′, C-5′  

2′′   78.2   

3′′ 130.4 5.73, d, 10.0 C-2′′, C-5′′/6′′, C-8, C-9 

4′′ 115.4 6.79, d, 10.0 C-2′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.54, s C-2′′, C-3′′, C-4′′, C-5′′/6′′ 

2′-OCH3   57.0 3.72, s C-2′ 

6-OCH3   56.4 3.94,s C-6 

OCH2O 101.5 5.95, s C-4′, C-5′ 

 

4.2.1.8 Formononetin (91) 

It was obtained as white needlelike crystals in methanol. This compound had an isoflavone ring 

skeleton based on an oxyolefinic methine proton δH 8.33 (s, 1H, H-2,) and δC 153.2 (C-2), the 

olefinic quaternary carbon δC 124.2 (C-3) and the carbonyl δC 174.6 (C-4) (Agrawal, 1989). From 

the 1H NMR, the compound showed only one substituent δH 3.73 (s, 3H) for a methoxy. 

The presence of proton signals having an AA′BB′ spin system δH 6.99 (dd, 2H, J = 2.0, 8.5Hz) and 

δH 7.51 (dd, 2H, J = 2.0, 8.5Hz), meant that ring B was para substituted at C-4′ likely through 

oxygenation as biogenetically expected. The 1H NMR further showed three mutually coupled 

aromatic protons at δH 7.97 (d, 1H, J = 8.8Hz,), 6.94 (dd, 1H, J = 8.8, 2.3Hz) and 6.87 (d, J = 

2.3Hz) assigning them to H-5, H-6 then H-8 in that order. The down shifted chemical shift of C-7 

(162.6ppm) revealed that it was oxygenated as expected by biogenetic considerations. The 

methoxyl cluster was fixed at (C-4′) basing on the correlation (Table 4.8) of its protons with δC 

159.0 (C-4) instead of δC 162.6 (C-7). 
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The NMR data (Table 4.8) compares well with that reported in literature for 7-hydroxy-4-

methoxyisoflavone reported as formononetin, a compound previously isolated from M. dura seed 

pods (Yensew et al., 1997), from the stem bark of Plattycelphium voense (Gumula et al., 2012). 

This is its first reported from the flowers of M. dura. 

 

 

Table 4.8: NMR data of formononetin (91) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 153.2 8.33,s C-1′, C-4, C-9 

3 124.2   

4 175.6   

5 127.3 7.97, d, (8.8) C-4, C-6, C-7, C-9 

6 115.2 6.94, dd, (2.3, 8.8) C-7, C-8, C-10 

7 162.6   

8 102.1 6.87, d, (2.3) C-7, C-9, C-10 

9 157.4   

10 116.6   

1′ 123.2   

2′/6′ 113.6 6.99, dd (2.0, 8.4) C-2′/6′, C-3, C-4′,  

3′/5′ 130.1 7.51, dd (2.0, 8.4) C-1′, C-2′, C-3′/5′, C-4′  

4′ 159.0   

4′-OCH3   55.2 3.78, s C-4′ 

 

4.2.1.9  6-Methoxycalopogonium isoflavones-A (101) 

This compound was gotten as white fluffy crystals from ethyl acetate. The compound had spectral 

resemblance to compound 97, having an isoflavone skeleton. In addition to the substituent of 

compound 97, the 1H NMR spectra showed presence of an additional methoxy group δH 3.95 (s, 

3H). The singlet proton δH 7.55 (s, 1H, H-5) deshielded by the peri-effect of the carbonyl (δC 175.7, 

C-4) was suggestive that C-6 was substituted. The additional methoxy group was therefore fixed 

at C-6. 

Basing on this and by relating the NMR data (Table 4.9) with that in literature, compound 101 was 

characterized as 6-methoxycalopogoniumisoflavone A previously isolated from the seed pods of 

M. dura (Yenesew et al., 1997), stem of M. dielsiana Harms (Ye et al., 2014) and M. oblata ssp 

teitensis stem vains (Derese et al., 2014). 
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Table 4.9: NMR data of 6-methoxycalopogoniumisoflavone-A (101) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 151.7 7.94, s C-1′,C-4, C-9 

3 124.5   

4 175.7   

5 105.2 7.55, s C-4, C-7, C-9, C-10 

6 147.2   

7 147.3   

8 110.3   

9 147.5   

10 117.7   

1′ 124.3   

2′/6′ 114.0 6.96, d, (8.8) C-2′/6′, C-3, C-4′ 

3′/5′ 130.2 7.49, d, (8.8) C-1′, C-2′, C-3′/5′, C-4′ 

4′ 159.6   

2′′   78.3   

3′′ 130.4 5.73, d, (10.0) C-2′′, C-4′′, C-8, C-5′′/6′′ 

4′′ 115.3 6.80, d, (10.0) C-2′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.55, s C-2′′, C-3′′, C-4′′, C-5′′/6′′ 

4′-OCH3   55.4 3.83, s C-4′ 

6-OCH3   56.4 3.95, s C-6 

 

4.2.2 Characterization of compounds from the seed pods of Millettia dura  

Seven compounds (three rotenoids and four isoflavones) were isolated and characterized from the 

SP of Millettia dura. All the isoflavonoids calopogoniumisoflavone A (97), jamaicin (98), 

durallone (100) and 6-methoxycalopogonium isoflavone-A (101) have already been discussed in 

section 4.1 above. Characterization of the rotenoids only is discussed in the following subsections. 

 

4.2.2.1 Milletone (172) 

It was obtained as colorless needle like crystals from methanol. From the presence of a pair of non-

equivalent methylene protons at δH 4.07 (dt, 1H, J =1.1, 1.1, 12.1Hz), 4.53 (dd, 1H, J =3.1, 12.1Hz, 

H-6α, H-6β) and the oxymethine proton 4.82 (ddd, 1H, J=1.2, 3.0, 4.2Hz, H-6a) together with the 

methine 3.69 (dt, 1H, J =1.0, 1.0, 4.0Hz, H-12a), the compound was identified to be a rotenoid. 
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According to (Agrawal, 1989)), carbon peaks δC 66.3 (in range 65.1-66.8ppm, C-6), 72.3 (in range 

71.6-72.2ppm, C-6a), 44.6 (in range 43.5-45.3ppm, C-12a) characteristic of the extra ring B and 

the carbonyl 188.9 (in range 183.9-194.3ppm), are typical of rotenoids. 

The 1H NMR spectra revealed two substituents. A methylenedioxy given by a pair of non-

overlapped methylene protons δH 5.71, 5.76 (d, 1H, J = 1.3Hz) and the other being a pyran ring 

given by a pair of coupled olefinic protons δH 5.51 (d, 1H, J = 10.8Hz, H-3′), 6.54 (dd, 1H, J = 

1.0, 10.0Hz, H-4′) together with a pair of correlating methyl protons δH 1.28 and 1.35 (s, 3H).  

The ortho-copouled aromatic protons δH 6.33 and 7.60 (d, 1H, J = 8.7Hz) was attributed to H-10 

and H-11 respectively, H-11 being deshieled by the peri effect of the carbonyl δC 188.9 allowing 

for the biogenetic oxygenation of C-9. The singlet δH 6.31 (s, 1H) was attributed to H-4, H-1 δH 

6.61 (d, 1H, J = 1.0Hz) appeared as a doublet due to the W-correlation effect with H-12a (J = 

1.0Hz) (Yenesew et al., 1997). 

The low chemical shift of C-8 (δC 109.2) suggested that this carbon was not oxygenated, so the the 

prenyl group was attached to this quaternary cyclizing through the oxygen at C-9. Hence the 

methylenedioxy could only be in ring A attached to C-2 and C-3. Compound 172 was confirmed 

through HMBC correlarations (Table 4.10) to be millettone isolated from seed pods of M. dura 

(Ollis et al., 1967; Yenesew et al., 1997). 

 

Table 4.10: NMR data of milletone (172) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

1 106.7 6.61, d, (1.0) C-4a, C-4, C-3, C-2, C-12a, C-12b 

2 142.2   

3 147.8   

4   98.5 6.31, s C-2, C-3, C-4a, C-12b 

4a 148.4   

6   66.3 4.07, dt, (12.1, 1.2) 

4.52, dd, (12.1, 3.0) 

C-4a, C-6a, C-7a, C-12, C-12a,  

C-12b 

6a   72.3 4.82, ddd, (4.2, 3.0, 1.2) C-6, C-7a, C-12 ,C-12a, C-12b 
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

7a 156.7   

8 109.2   

9 160.0   

10 111.3 6.33, d, (8.7) C-4′, C-8, C-9, C-11a 

11 128.3 7.60, d, (8.7) C-7a, C-8, C-9, C-10, C-12 

11a 112.7   

12 188.9   

12a   44.6 3.69, dt, (4.0,1.0) C-1, C-4a, C-6, C-6a, C-11a, C-12 

12b 105.9   

2′   77.7   

3′ 129.0 5.51, d, (10.0)  C-2′, C-5′, C-6′, C-8, C-9 

4′ 115.4 6.54 d, (10.0) C-2′, C-5′, C-6′, C-7a, C-8, C-9 

5′   28.2 1.35,s C-2′, C-3′, C-4′, C-6′ 

6′   27.8 1.28, s C-2′, C-3′, C-4′, C-5′ 

OCH2O 101.3 5.71, 5.76, d, (1.3) C-2, C-3 

 

4.2.2.2 Milletosin (173) 

It was obtained as colorless needle like crystals in methanol. The presence of a pair of non-

overlapping methylene protons δH 4.36, 4.53 (dd, 1H, J = 2.4, 10.2Hz, H-6α, H-6β) together with 

an oxymethine proton 4.48 (dd, 1H, J = 1.0, 2.4Hz, H-6a) were characteristic for a 12a-hydroxy 

rotenoid (Agrawal, 1989). 

Two substituents were clear in the 1H NMR. A methylenedioxy δH 5.76 (s, 2H) and a pyran ring 

due to a pair of coupled olefinic protons at 5.53 (d, 1H, J = 10.1Hz, H-3′), 6.51 (d, 1H, J = 10.1Hz, 

H-4′) and the pair of correlating methyl protons δH 1.30, 1.36 (s, 3H). 

The pair of ortho-interacting phenyl protons δH 6.39, 7.61 (d, 1H, J = 8.2Hz) were respectively 

attributed to H-10 and H-11 on the basis that, H-11 was deshielded by the carbonyl (δC 191.0), 

while a pair of aromatic singlet δH 6.39 (s, 1H) and 6.43 (s, 1H,) was attributed to H-4 and H-1 

respectively, in ring A. 

Again, C-8 being shielded (δC 109.2), the pyran ring was at C-8 / C-9 in ring D. This leaves the 

methylenedioxy to be fixed at C-2 / C-3 in ring A. Furthermore, H-1 (6.43ppm) being shielded 

suggested a cis- relative configuration between the –OH group at C-12a and the H-6a (Bueno et 

al., 2014; Rastrelli et al., 1999; Yenesew et al., 1998a). 

From the HMBC correlations (Table 4.11), this compound was identified to be milletosin a 

compound previously reported from the roots of Dalea searlsiae (Belofsky et al., 2014), stem bark 
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of M. usaramensis ssp usaramensis (Deyou et al., 2015), and M. dura (seeds) (Yenesew et al., 

2003). 

 

 

Table 4.11: NMR data of milletosin (173) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

1 105.7 6.43, s C-3, C-4a, C-12a 

2 149.5   

3 142.1   

4   98.6 6.36, s C-2, C-12b 

4a 149.6   

6   63.8 4.36, dd, (10.2, 1.0) 

4.53, dd, (10.2, 2.4) 

C-4a, C-6a, C-7a, C-12 ,C-12a 

6a   75.8 4.48, dd, (2.4, 1.0) C-6, C-7a, C-12 ,C-12a, C-12b 

7a 156.4   

8 109.2   

9 160.5   

10 111.5 6.39, d, (8.2) C-8, C-9, C-11a 

11 128.2 7.61, d, (8.2) C-7a, C-9, C-12 

11a 110.9   

12 191.0   

12a   67.3   

12b 109.8   

2′   77.8   

3′ 129.0 5.53, d, (10.1)  C-2′, C-5′, C-6′, C-8 

4′ 114.7 6.51, d, (10.1) C-2′, C-7a, C-9 

5′   28.1 1.36, s C-2′, C-3′, C-4′, C-6′ 

6′   27.4 1.30, s C-2′, C-3′, C-4′, C-5′ 

OCH2O 101.6 5.76, s C-2, C-3 

 

4.2.2.3 Tephrosin (171) 

This was obtained as a brown oily compound as reported by Lou et al., (2016). This compound 

had similar spectral features as 173 apart for the two methoxy signals δH 3.75 (s, 3H) and δH 3.64 

(s, 3H) and absence of methylenedioxy peaks. The pair of methoxy substituents was fixed to C-2 

and C-3 in place of the methylenedioxy on the basis that δH 3.64 correlated with δc 143.9 while 
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3.75 correlated with 151.1 (Table 4.12). It had a cis-B/C ring configuration due to a shielded H-1 

chemical shift δH 6.45 (s, 1H) (Bueno et al., 2014). 

Basing on the NMR data (Table 4.12) and that in literature, this was a known rotenoid, tephrosin 

previously isolated from the seed pods of M. dura (Yenesew et al., 1997). 

 

 

Table 4.12: NMR data of tephrosin (171) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

1 110.0 6.45, s C-2, C-3, C-4a, C-12a, C-12b 

2 143.9   

3 151.1   

4 111.7 6.47, s C-2, C-3, C-4a, C-12b 

4a 148.3   

6   63.7 4.48, dd, (12.2, 1.0) 

4.61, dd, (12.2, 2.0) 

C-4a, C-6a, C-7a, C-12a 

6a   76.3 4.59, dd, (2.0, 1.0) C-7a, C-12 ,C-12a, C-12b 

7a 156.5   

8 109.1   

9 160.5   

10 101.1 6.46, d, (8.8) C-8, C-11, C-11a 

11 128.4 7.70, d, (8.8) C-7a, C-9, C-11a, C-12 

11a 111.3   

12 191.1   

12a   67.5   

12b 108.6   

2′   78.0   

3′ 129.1 5.59, d, (10.1)  C-2′, C-5′, C-6′, C-8 

4′ 115.0 6.59 d, (10.1) C-2′, C-5′, C-6′, C-7a, C-9 

5′   28.1 1.36,s C-2′, C-3′, C-4′, C-6′ 

6′   27.4 1.30, s C-2′, C-3′, C-4′, C-5′ 

2-OCH3   56.3 3.64, s C-2 

3-OCH3   55.7 3.75, s C-3 

 

4.2.3 Characterization of compounds from the stem bark of Millettia dura  

Thirteen secondary metabolites were isolated and characterized from Millettia dura stem bark. Six 

of these calopogoniumisoflavone A (97), jamaicine (98), durmillone (99), durallone (100), 6-
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methoxycalopogoniumisoflavone A (101), and tephrosin (171) have already been discussed. The 

other seven isoerythrin-A-4′-(3-methylbut-2-enyl)ether (102), maximaisoflavone J (112), 

ferrugone (118), barbigerone (114), maximaisoflavone D (92), maximaisoflavone G (115) and (±) 

deguelin (170) are discussed below. 

 

4.2.3.1 Isoerythrin-A-4′-(3-methylbut-2-enyl)ether (102) 

It was obtained in form of a white powder. The spectral data Table 4.13 was indicative that this 

compound was an isoflavone. From the 1H NMR, there were two substituents. A 2′′, 2′′-

dimethylpyran ring which was deduced from the correlating methyl protons δH 1.49 (s, 6H, H-

5′′/6′′), and the ortho olefinic protons δH 5.67 (H-3′′), 6.84 ((H-4′′), d, 1H, J = 10.0Hz). Then an 

oxoprenyl group identified by the correlated methyl protons δH 1.76 (H-5′′′), and 1.80 ((H-6′′′), s, 

3H,), a pair of methylene protons 4.56 (d, 2H, J = 6.6Hz, H-2′′′) and an olefinic methine proton 

5.49 (dd, 1H, J = 6.6, 13.2Hz, H-3′′′).  

The 1H NMR showed protons in aromatic region with an AX spin system δH 8.00 and 6.86 (d, 1H, 

J = 8.4Hz) assigned to H-5 and H-6 respectively on the basis that H-5 is deshielded by the peri 

effect of the carbonyl. This guided the attachment of the pyran ring at C-7 / C-8. It also displayed 

an AA′BB′ spin aromatic protons δH 6.96 (H-3′/5′) and 7.47 ((H-2′/6′), d, 2H, J = 8.8Hz,) consistent 

with the para substitution in ring B. The methylene protons at δH 4.56 showed a strong correlation 

with the oxygenated carbon δc 159.4 and on this basis, the oxyprenyl substituent was fixed at C-

4′. The compound was identified as isoerythrin-A-4′-(3-methylbut-2-enyl)ether which had earlier 

been reported from M. dura (SB) by Yenesew et al., (1996). 

 

Table 4.13: NMR data of isoerythrin-A-4′-(3-methylbut-2-enyl)ether (102) 

Position. δC  δH, m, (J Hz) HMBC (H → C) 

2 152.4 7.98, s C-1′, C-3, C-4, C-9 

3 125.0   

4 176.2   
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Position. δC  δH, m, (J Hz) HMBC (H → C) 

5 126.9 8.00, d, (8.4) C-4, C-7, C-9, C-10 

6 115.3 6.86, d, (8.4) C-7, C-8, C-10 

7 157.8   

8 118.9   

9 152.9   

10 109.9   

1′ 124.8   

2′/6′ 130.7 7.47, d, (8.8) C-2′/6′, C-3, C-3′/5′, C-4′ 

3′/5′ 115.0 6.96, d, (8.8) C-1′, C-3′/5′, C-4′ 

4′ 159.4   

2′′   78.3   

3′′ 131.0 5.76, d, (10.0) C-2′′, C-5′′/6′′, C-8 

4′′ 115.6 6.84, d, (10.0) C-2′′, C-5′′/6′′, C-8, C-9 

5′′/6′′   28.4 1.49, s C-2′′, C-3′′, C-4′′, C-5′′/6′′ 

2′′′   65.4 4.56, d, (6.6) C-3′′′, C-4′′′, C-4′ 

3′′′ 120.2 5.49, dd, (6.6, 13.2) C-2′′′, C-5′′′, C-6′′′ 

4′′′ 138.6   

5′′′   26.0 1.80, s C-3′′′, C-4′′′, C-6′′′ 

6′′′   18.0 1.76, s C-3′′′, C-4′′′, C-5′′′ 

 

 

4.2.3.2 Maximaisoflavone B (94) 

It was obtained as a white powder. This compound was identified to have an isoflavone skeleton 

as in compound 102 basing on the NMR data (Table 4.14) (Agrawal, 1989). From the 1H NMR, 

the compound had only two substituents, a methylenedioxy (δH 6.00, s, 2H) and an oxoprenyl by 

the correlated methyl proton δH 1.78 and 1.82 (s, 3H), a pair of methylene proton 4.62 (d, 2H, J = 

6.8Hz) and an olefinic methine proton 5.50 (t, 1H, J = 6.8Hz). 

The 1H NMR further showed two sets of ABX spin system; δH 8.13 (d, 1H, J = 8.6Hz, H-5), 6.88 

(dd, 1H, J = 8.6, 2.3Hz, H-6) and 6.86 (d, J = 2.3, H-8) as well as at δH 7.48 (d, 1H, J = 8.8Hz, H-

5′), 7.08 (dd, 1H, J = 8.8, 2.3Hz, H-2′) and 6.97 (d, 1H, J = 2.3Hz, H-6′). 

The methylene proton δH 4.62 showed a strong correlation with the oxygenated quaternary δC 

163.9, enabling placement of the oxyprenyl at C-7. In the same way, correlation of the 

methylenedioxy δH 6.00 with δC 147.5 (C-3′/4′) allowed its placement between C-3′/4′. This 

compound was characterized as 3′,4-methylenedioxy-7-(3,3-dimethyloxopyrano)isoflavone, 

which had earlier been reported as maximaisoflavone B isolated from the leaves (Deyou et al., 

2017b) of M. oblata ssp.teitensis. 
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Table 4.14: NMR data of maximaisoflavone-J (94) 

Position. δC  δH, m, (J Hz) HMBC (H → C) 

2 152.3 7.92, s C-1′, C-3, C-4, C-9 

3 124.7   

4 175.3   

5 127.3 8.12, d, (8.6) C-4, C-6, C-7, C-9 

6 100.8 6.88, dd, (8.6, 2.3) C-7, C-8, C-10 

7 163.3   

8 108.1 6.86, d, (2.3) C-7, C-9, C-10 

9 157.8   

10 118.1   

1′ 125.0   

2′ 109.7 7.08, d, (2.3) C-3, C-4′, C-6′ 

3′ 147.5   

4′ 147.5   

5′ 130.1 7.48, d, (8.8) C-1′, C-3′, C-4′ 

6′ 122.3 6.97, dd, (8.8,2.3) C-2′, C-3, C-4′ 

2′′   65.5 4.62, d, (6.8) C-3′′, C-4′′, C-7 

3′′ 118.5 5.50, dd, (6.8) C-5′′, C-6′′ 

4′′ 139.2   

5′′   25.5 1.82, s C-3′′, C-4′′, C-6′′ 

6′′   18.0 1.78, s C-3′′, C-4′′, C-5′′ 

O-CH2-O 101.3 6.00, s C-3′, C-4′ 

 

4.2.3.3 Ferrugone (118) 

This compound was obtained as needle-like crystals in methanol. This compound was identified 

as an isoflavone based on its characteristic NMR signals (Table 4.15) (Agrawal, 1989). Four 

substituents were identified from the 1H NMR spectra, the 2′′, 2′′-dimethylpyran ring deduced from 

the correlating melthylene protons (δH 5.71 (H-3′′) and 6.82 (H-4′′), d, 1H, J = 10.1Hz,)) and the 

methyl protons δH 1.50 (s, 6H), the methylenedioxy δH 6.02 (s, 2H) and two methoxy substituents 

(δH 3.83 and 3.87 (s, 3H)). 

A pair of AX aromatic protons (δH 8.04, 6.85 (d, 1H, J = 8.8Hz)) was respectively assigned to H-

5 and H-6, guided by the fact that H-5 was deshielded by the peri effect of the carbonyl δC 175.8. 

The only aromatic singlet δH 6.52 (s, 1H) attributed to ring B, was assigned to H-6′. The correlation 
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of δH 6.82 (H-3′′) with C-8 and 5.71 (H-4′′) with C-9 alowed the placement of the pyran ring to C-

7 / C-8. While the correlation of δH 6.02 with δC 130.0 and 137.1 enabled placement of the 

methylenedioxy to C-3′ / C-4′. 

From the NMR data Table 4.15, compound 118 was identified to be ferrugone, an isoflavone 

aerlier reported from Abyssinian berbera tree ( Highet and Highet, 1967; Dagne and Bekele, 

1990a) also from M. ferruginea (Dagne et al., 1990) and then from the SP of M. dura (Yenesew 

et al., 1996). 

 

Table 4.15: NMR data of ferrugone (118) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 152.4 7.92, s C-1′, C-3, C-2′, C-4, C-9 

3 122.0   

4 175.8   

5 126.7 8.04, d, (8.8) C-4, C-6, C-7, C-8, C-9 

6 115.0 6.85, d (8.8) C-5, C-7, C-8, C-10 

7 157.3   

8 109.3   

9 153.4   

10 118.3   

1′ 117.9   

2′ 136.8   

3′ 139.0   

4′ 137.1   

5′ 139.1   

6′ 110.1 6.52, s C-1′, C-2′, C-3, C-4′, C-5′ 

2′′   77.7   

3′′ 130.2 5.71, d, (10.0) C-2′′, C-4′′, C-8, C-5′′/6′′ 

4′′ 115.1 6.82, d, (10.0) C-2′′, C-3′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.51, s C-2′′, C-3′′, C-5′′/6′′ 

2′-OCH3   60.2 3.83 s C-2′ 

5′-OCH3   56.9 3. 87, s C-5′ 

OCH2O 101.9 6.02, s C-3′, C-4′ 
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4.2.3.4 Barbigerone (114) 

This compound was gotten as white needle crystals from methanol and was identified as a 

flavonoid (Table 4.16) (Agrawal, 1989). The 1H NMR spectra gave characteristic signals (δH 3.93, 

3.78 (s, 3H) and 3.86 (s, 3H)) for three methoxyl substituents, and the methyl protons δH 1.52 (s, 

6H) as well as the ortho coupled olefinic protons (5.72 (H-3′′) and 6.82 (H-4′′), d, 1H, J = 10.0Hz,)) 

confirmed a 2′′, 2′′-dimethylpyran ring. 

The 1H NMR showed a pair of AX protons δH 8.05 and 6.86 (d, 1H, J = 8.7Hz) assignable to H-5 

and H-6 respectively. The 1H NMR also presented a pair of aromatic proton singlets δH 6.63 and 

6.95 (s, 1H) which could be attributed to a tetra-substituted ring B. 

The pyran ring was fixed at C-7 / C-8 on the basis of the correlation of δH 5.72 with C-8 (δC 109.3) 

and 6.82 with C-9 (154.0). The methoxy δH 3.93 correlating with δC 149.7 was fixed to C-2′, 3.86 

correlating with 143.0 was placed at C-5′, while 3.78 was attached to C-4′ having correlated with 

151.9 (Table 4.16). The final structure was characterized to be barbigerone, a compound reported 

earlier from M. ferruginea ssp darassana (Dagne et al., 1990), stem of M. dielsiana Harms (Ye et 

al., 2014). 

 

Table 4.16: NMR data of barbigerone (114) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 152.4 7.97, s C-1′, C-2′, C-3, C-4, C-9 

3 112.2   

4 175.9   

5 126.7 8.05, d, (8.7) C-4, C-7, C-8, C-9 

6 115.1 6.85, d (8.7) C-5, C-7, C-8, C-10 

7 157.2   

8 109.3   

9 154.0   

10 118.4   

1′ 121.5   

2′ 149.7   

3′   98.3 6.63, s C-1′, C-3, C-4′ 

4′ 151.9   
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

5′ 143.0   

6′ 115.3 6.95, s C-1′, C-2′, C-3, C-4′, C-5′ 

2′′   77.6   

3′′ 130.2 5.72, d, (10.0) C-2′′, C-8, C-5′′/6′′ 

4′′ 115.1 6.82, d, (10.0) C-2′′, C-3′′, C-5′′/6′′, C-7, C-8, C-9 

5′′/6′′   28.1 1.52, s C-2′′, C-3′′, C-5′′/6′′ 

2′-OCH3   56.2 3.93 s C-2′ 

4′-OCH3   56.9 3.78, s C-4′ 

5′-OCH3   56.6 3.86, s C-5′ 

 

4.2.3.5 Maximaisoflavone-D (92) 

Compound 92 was obtained as white crystals from methanol and was identified as an isoflavone 

(Table 4.17). The 1H NMR spectra showed three substituents, a methylenedioxy δH 6.22 (s, 2H), 

and two methoxy groups δH 3.93 and 3.92 (s, 3H). 

The 1H NMR spectra further displayed AX protons system in aromatic region at δH 6.99 and 7.90 

(d, 1H, J = 8.5Hz) with the latter being deshielded by the carbonyl δC 175.7 (C-4) were assignable 

to H-6 and H-5 respectively, C-7 being oxygenated as biogenetically expected. The 1H NMR also 

displayed an ABX spin system of δH 6.93 (d, 1H, J = 8.3Hz), 7.03 (dd, 1H, J = 2.0, 8.3Hz) and 

7.18 (d, 1H, J = 2.0Hz) represented a 3, 4-disubstitution in ring B, C-4′ being oxygenated.  

The methylenedioxy δH 6.22 correlations with the quaternary δC 134.7 and 152.4 seen by the AX 

spin system, enabled its placement to C-7 / C-8. The methoxy group δH 3.92 correlating with δC 

149.7 as protons δH 7.18 and 7.03 guided its placement at C-4′, while the methoxy group δH 3.93 

correlating with 148.9 as proton 6.93 was fixed to C-3′. Based on these HMBC correlations (Table 

4.17) and literature (Yenesew et al., 1996), this metabolite was identified as 3,4-dimethoxy-[7,8]-

methylenedioxyisoflavone which had earlier been report as maximaisoflavone-D from the seed 

pods of M. dura (Yenesew et al., 1996). 
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Table 4.17: NMR data of maximaisoflavone-D (92) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 151.9 7.94,s C-1′, C-3, C-4, C-9 

3 124.9   

4 175.7   

5 121.1 7.90, d, (8.5) C-4, C-7, C-9 

6 107.5 6.99, d, (8.5) C-7, C-8, C-10 

7 134.7   

8 152.4   

9 141.4   

10 120.7   

1′ 124.5   

2′ 112.7 7.18, d, (2.0) C-3, C-4′, C-6′ 

3′ 148.9   

4′ 149.4   

5′ 111.3 6.93, d, (8.3) C-1′,C-3′ 

6′ 121.3 7.03, dd, (8.3, 2.0) C-2′, C-3, C-4′ 

3′-OCH3   56.1 3.93, s C-3′ 

4′-OCH3   56.1 3.92, s C-4′ 

OCH2O 103.5 6.22, s C-7, C-8 

 

4.2.3.6 Maximaisoflavone G (115) 

This was obtained as a white solid and identified to be an isoflavone, Table 4.18 (Yenesew et al., 

1998c). The proton peak δH 6.00 (s, 2H) for a methylenedioxy and 3.63 (s, 3H) for a –OCH3 

represented the only substituents for this compound. 

The peri deshielded proton at δH 7.92 (d, 1H, J = 8.7Hz, H-5) which showed an ABX spin system 

with protons δH 6.92 (dd, 1H, J = 2.3, 8.7Hz) together with δH 6.86 (d, 1H, J = 2.3Hz) allowed the 

assignment of the later protons to H-6 and H-8 respectively. The singlet aromatic proton δH 6.81 

and 6.86 (s, 1H) could only be attributed to ring B. 

The proton singlet δH 6.85 correlating with the same carbon (δC 152.8, C-2′) as the methoxy δH 

3.65, enabled placement of the later to C-2′. Meanwhile, the methylene proton δH 6.00 correlating 

with the same oxygenated quaternaries δC 140.3 and 147.9 as the singlet protons δH 6.81 and 6.85 

permitted its placement to C-4′ / C-5′. To make up the ABX spin system in ring A required 

substitution at C-7, which could only be through an –OH. Basising on this, compound 115 was 

considered to be 7-hydroxy-2-methoxy-[4,5]-methylenedioxyisoflavone, which had recently 

been reported as maximaisoflavone G from M. oblata ssp teitensis (Deyou et al., 2017b) and earlier 

on from the SB of M. usaramensis ssp uramensis (Yenesew et al., 1998). 
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Table 4.18: NMR data of maximaisoflavone-G (115) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 154.2 8.13, s C-1′, C-3, C-4, C-9 

3 112.9   

4 174.3   

5 127.2 7.92, d, (8.7) C-4, C-6, C-7, C-9 

6 115.1 6.92, dd, (8.7, 2.3) C-7, C-8, C-10 

7 162.5   

8 102.2 6.86, d, (2.3) C-7, C-9, C-10 

9 157.5   

10 116.6   

1′ 121.5   

2′ 152.8   

3′ 111.1 6.81, s C-1′, C-2′, C-4′, C-5′ 

4′ 147.9   

5′ 140.3   

6′   95.5 6.85, s C-1′, C-2′, C-5′, C-3, C-4′ 

2′-OCH3   56.6 3.65, s C-2′ 

OCH2O 101.2 6.00, s C-4′, C-5′ 

7-OH  10.78, s  

 

4.2.3.7 (±) Deguelin (170) 

Compound (170) was isolated as a white solid. This compound had the same characteristic features 

of a rotanoid as tephrosin (171). It had an extra signal δH 3.82 (d, 1H, 4.2Hz) to the substituents of 

171 which was assigned to H-12a. 

The structure was confirmed from HMBC correlations Table (4.19) and the NMR data was 

consistent with that reported in literature for (±) deguelin isolated from seeds of M. ferruginea 

(Highet and Highet, 1967), from aerial parts of Dalea ornate (Wei et al., 2014; Lee et al., 2015; 

Nayak and Kim 2015; Deardorff et al., 2016) and seeds of M. dura (Yenesew et al., 2003). 
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Table 4.19: NMR data of (±) deguelin (170) 

Position. δC  δH, m, (J Hz) HMBC (H → C) 

1 110.4 6.77, s C-2, C-3, C-4a, C-12a, C-12b 

2 143.8   

3 149.5   

4 111.5 6.43, s C-2, C-3, C-4a, C-12a, C-12b 

4a 146.7   

6   66.3 4.16, dd, (12.0, 1.0) 

4.61, dd, (12.0, 3.1) 

C-4a, C-6a, C-7a, C-12, C-12a 

6a   72.3 4.89, ddd, (4.2, 3.1, 1.0) C-6, C-7a, C-12 ,C-12a, C-12b 

7a 157.3   

8 109.3   

9 160.1   

10 115.2 6.83, d, (8.7) C-8, C-11, C-11a 

11 128.6 7.72, d, (8.7) C-7a, C-8,C-9, C-12 

11a 112.8   

12 189.3   

12a   44.4 3.82 d, (4.2) C-1, C-4a, C-11a, C-12b 

12b 104.8   

2′   77.7   

3′ 128.7 5.53, d, (10.1)  C-2′, C-5′, C-6′, C-8 

4′ 115.8 6.62, d, (10.1) C-2′, C-7a, C-8, C-9 

5′   28.5 1.42, s C-2′, C-3′, C-4′, C-6′ 

6′   28.2 1.35, s C-2′, C-3′, C-4′, C-5′ 

2-OCH3   56.3 3.74, s C-2 

3-OCH3   55.9 3.78, s C-3 

 

 

4.3 Compounds isolated and characterized from Millettia leucantha 

The of this species produced mainly flavones while the roots yielded isoflavones as elucidated in 

the subsequent subsections. 

4.3.1 Characterization of compounds from the leaves of Millettia leucantha 

Four flavonoids were isolated and characterized from the leaves of Millettia leucantha. These 

included chrysin (229), apigenin (230), chrysin 7-O-β-D-glucoside (231), genkwanin (232). This 
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being the first report of compounds 229, 231 and 232 from the genus Millettia and the first report 

of 230 from M. dura. 

 

4.3.1.1 Chrysin (229) 

Compound 229 was obtained as a bright yellow powder. The 13C NMR spectral signals at δC 161.8 

(C-2), in range (157.4-165.8ppm), 105.5 (C-3), in range (102.3-113.7ppm) and δC 182.2 (C-4) in 

the range of (175.2-183.4ppm) together with 1H NMR signal at δH 6.83 (H-3) allowed the 

characterization of this compound as a flavone (Agrawal, 1989). The presence of a highly 

deshielded singlet δH 12.68 (s, 1H, 5-OH) further specified this compound as a 5-hydroxyflavone.  

The 1H NMR did not show characteristic peaks for any substituent. The observed AB protons δH 

(6.08 (H-6) and δH 6.39 (H-8), d, 1H, J = 2.0Hz)) revealed substitution at C-7 to be through 

oxygenation by –OH as a biogenetical fulfillment. An ABX proton spin system was seen for δH 

8.08 (d, 2H, J = 8.2Hz, H-2′/6′), 7.44 (d, 2H, J = 8.2Hz, H-3′/5′) and 7.47 (m, H-4′) typical of un-

substituted ring B.  

The structure was confirmed through HMBC correlations (Table 4.20) and it was found to be 5,7-

dihydroxyflavone commonly reported as chrysin from the leaves and flowers of Calycotome 

spinosa (Larit et al. 2012) as well as terrestrial parts of Scutellaria intermedia (Karimov et al., 

2017). This is also the first report of chrysin from this genus. 

 

Table 4.20: NMR data of chrysin (229) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 161.8   

3 105.5 6.83, s C-1′, C-2, C-4, C-10 

4 182.2   

5 165.0   

6   99.3 6.08, d, (2.0) C-5, C-7, C-8, C-10 

7 164.8   

8   94.4 6.39, d, (2.0) C-6, C-7, C-9, C-10 

9 157.8   

10 104.3   
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

1′ 131.0   

2′/6′ 126.7 7.93, d, (8.2) C-2, C-2′/6′, C-4′ 

3′/5′ 129.4 7.47, d, (8.2) C-1′, C-3′/5′ C-4′ 

4′ 132.3 7.44, m C-2′/6′, C-3′/5′ 

5-OH  12.68, s C-4, C-5, C-6, C-10 

 

4.3.1.2 Apigenin (230) 

Compound 230 was obtained as a yellow powder. Just like compound 229, this compound was 

identified as a 5-hydroxy flavonoid, Table 4.21 (Pelter et al. 1976).  

The meta coupled protons δH 6.29, 6.58 (d, 1H, J = 2.1Hz) were assignable respectively to H-6 

and H-8, having C-7 oxygenated through a hydroxyl. The ortho ineracting protons δH 7.97, 7.06 

(d, 2H, J = 8.9Hz) could only be attributed to H-2′/6′ and H-3′/5′. This is typical of an AA′BB′ 

spin system in ring B substituted at C-4′, in this case by a hydroxyl. While the singlet proton δH 

6.67 (s, 1H) was assigned to H-3. 

The HMBC correlation (Table 4.21) affirmed the assignments and the compound was found to be 

4,5,7-trihydroxyflavone which had earlier been reported as apigenin from the aerial parts of 

Lespedeza virgata (Yan et al., 2008), the twigs of M. leptobotrya Dunn (Zhi Na et al., 2013) and 

the aerial parts of Scutellaria intermedia (Karimov et al., 2017). 

O

OH

HO

O

OH

230  

 

 

Table 4.21: NMR data of apigenin (230) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 163.9   

3 103.4 6.67, s C-1′, C-2, C-4, C-10 

4 182.1   

5 157.9   

6   93.4 6.29, d, (2.1) C-5, C-7, C-8, C-10 

7 164.3   

8   99.7 6.58, d, (2.1) C-6, C-7, C-9, C-10 

9 153.4   
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

10 105.4   

1′ 122.4   

2′/6′ 128.4 7.97, d , (8.9) C-2, C-2′/6′, C-4′ 

3′/5′ 115.7 7.06, d, (8.9) C-1′, C-3′/5′ C-4′ 

4′ 161.2   

5-OH  13.05, s C-5, C-6, C-10 

 

4.3.1.3 Chrysin 7-O-β-D-glucoside (231) 

This compound was obtained as light yellow powder. It had comparable characteristic peaks for a 

5-hydroxyflavone as for compounds 229 and 230, Table 4.22 (Agrawal, 1989). In addition to the 

spectral features of compounds 229 and 230, the 13C NMR of this compound showed peaks at δC 

61.0, 69.9, 73.6, 76.9, 77.7 and 100.3 which are characteristic of a sugar moiety (Agrawal, 1989). 

The 1H NMR also gave a peak at δH 5.11 (d, J = 6.7Hz, 2H) which is typical of an anomeric proton 

of a -D-glucose moiety (Agrawal, 1989b; Andersen & Markham, 2006). Further still, peaks δH 

3.73 (d), 3.47 (d), 3.33 (d), 3.31 (d) and 3.20 (t) in the 1H NMR, are consistent with a glucose 

moiety. The correlation of the anomeric proton δH 5.11 with the oxygenated quaternary carbon δC 

164.1 enabled the placement of the glucose moiety at C-7. 

Basing on literature and the HMBC correlations (Table 4.22), compound 231 was found to be 

chrysin 7-O-β-D-glucoside isolated from the leaves of Adenocarpus mannii (Ndjateu et al., 2014), 

leaves and flowers of Calycotome spinosa (Larit et al., 2012) and leaves and aerial parts of Acacia 

pennata (Kim et al., 2015). 

 

 

Table 4.22: NMR data of chrysin 7-O-β-D-glucoside (231) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 163.7   

3 105.9 7.08, s C-1′, C-2, C-4, C-10 

4 182.7   

5 161.6   

6 100.2 6.49, d, (2.1) C-4, C-7, C-8, C-10 

7 164.1   
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

8   95.5 6.90, d, (2.1) C-4, C-6, C-7, C-9, C-10 

9 157.6   

10 106.1   

1′ 131.1   

2′/6′ 127.0 8.11, d, (7.6) C-2, C-2′/6′, C-3′/5′, C-4′ 

3′/5′ 129.7 7.63, d, (7.6) C-1′, C-3′/5′ 

4′ 132.7 7.61, m C-1′, C-2′/6′ 

C-1′′ 100.3 5.11, d, (6.7) C-5′′, C-7 

C-2′′   73.6 3.33, d, (6.5)  

C-3′′   76.9 3.31, d, (6.6)  

C-4′′   69.9 3.20, t, (7.3, 6.6)  

C-5′′   77.7 3.47, d, (7.3)  

C-6′′   61.0 3.73, d, (9.2)  

5-OH  12.83, s C-5, C-6, C-10 

 

4.3.1.4 Genkwanin (232) 

Compound 232 was a yellow powder and it had comparable spectral data to compound 229 except 

for a methoxy signal δH 4.02 (s, 3H)/ δC 55.7 in the NMR spectra. The attachment of this substituent 

was placed at C-7 due to the correlation of its proton δH 4.02 with δC 164.3, in conformity with the 

biogenetically expected oxygenation. 

The complete structure was affirmed through HMBC correlations (Table 4.23) and it was found to 

be 5-hydoxy-7-methoxyflavone reported as genkwanin from Enicostemma littorate (leaves, roots 

and whole plant) (Sen et al., 2016). 

 

 

 

 

Table 4.23: NMR data of genkwanin (232) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 163.8   

3 105.3 6.81, s C-1′, C-2, C-4, C-10 

4 182.3   

5 162.5   

6   99.0 6.31, d, (2.1) C-5, C-7, C-8, C-10 

7 164.3   
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

8   94.0 6.60, d, (2.1) C-6, C-7, C-9, C-10 

9 158.0   

10 100.0   

1′ 131.8   

2′/6′ 126.4 8.09, d, (8.2) C-1′, C-2, C-2′/6′, C-4′ 

3′/5′ 129.1 7.63, d, (8.2) C-1′, C-3′/5′ C-4′ 

4′ 131.4 7.63, m C-2′/6′, C-3′/5′ 

7-OCH3   55.7 4.02 C-7 

5-OH  12.92, s C-5 

 

 

4.3.2 Characterization of compounds from the roots of Millettia leucantha  

Six compounds were isolated and characterized from the roots of Militia leucantha. These are: 6, 

7, 4′-trimethoxyflavone (233), taxasin (234), 6, 7, 4′-trimethoxyisoflavone (235), paraben acid 

(236) and maackiain (237). 

 

4.3.2.1 6, 7, 4′-Trimethoxyflavone (233)  

Compound 233 was obtained as a yellow powder. It was also characterized as a flavone based on 

the characteristic NMR signals, Table 4.24 (Agrawal, 1989). The signal δH 7.61 (s, 1H), δC 104.3 

was indicative of C-3 unsubstituted flavone (Andersen and Markham, 2006). There were three 

methoxy substituents peaks, δH 3.83, 3.91 and 4.01 (s, 3H) in the 1H NMR spectra. 

The 1H NMR further showed aromatic protons with an AA′XX′ spin state at δH 7.43 and δH 6.95 

(2H, d, J = 8.7 Hz) consistent with a para substituted ring B. These were ascribed to H-2′/6′ and 

H-3′/5′ respectively, the former having correlated with δC 160.2 (C-2). The more deshielded 

aromatic singlet δH 7.80, was assigned to H-5 on its strong correlation with δC 174.9 (C-4) and δH 

6.76 was then assigned to H-8. 

The methoxy δH 3.83 correlating with the same carbon δC 159.5 as the AA′XX′ protons, was placed 

C-4. While δH 3.91 was attached to C-7 basing on its strong correlation with δC 152.1, a carbon 

seen by the singlet at δH 7.80 (H-5). The remaining methoxy group δH 4.01 correlated with the 

same carbon δC 145.6 as the singlet δH 6.76 allowing its placement at C-6.  

Compound 233 was identified as 6,7,4′-trimethoxyflavone based on literature and the HMBC 

correlations (Table 4.24). It had earlier been reported from Gynerium sagittatum (roots) 
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(Benavides et al. 2007). This is its first report from the genus Millettia and a second report as a 

natural product. 

 

 

Table 4.24: NMR data of 6,7, 4′-trimethoxyflavone (233) 

Position. δC  δH, m, (J Hz) HMBC (H → C) 

2 160.2   

3 102.5 7.62, s C-1′, C-4, C-10 

4 174.9   

5 104.6 7.80, s C-4, C-6, C-7, C-9, C-10 

6 145.6   

7 152.1   

8   98.7 6.76, s  C-4, C-6, C-7, C-10 

9 150.6   

10 113.7   

1′ 124.4   

2′/6′ 130.3 7.43, d, (8.7) C-1′, C-2, C-2′/6′, C-4′ 

3′/5′ 113.6 6.95, d, (8.7) C-1′, C-3′/5′ C-4′ 

4′ 159.5   

6-OCH3   61.7 4.01, s C-6 

7-OCH3   61.7 3.91, s C-7 

4′-OCH3   55.3 3.83, s C-4′ 

 

4.3.2.2 Taxasin (234) 

Compound 234, was gotten as a white solid. It was characterized to be an isoflavone Table 4.25 

(Agrawal, 1989). The NMR spectrum showed peaks for a –OCH3 ((δH 3.79 (s, 3H), δC 56.1) as the 

only substituent. 

The AA′XX′ spin system in the 1H NMR at δH 6.81 (H-3′/5′) and 7.34 (H-2′/6′), d, 2H, J = 8.6Hz,) 

suggested a para substitution in ring B. Further, the aromatic singlet protons at δH 7.84 and 6.73 

were assignable to H-5 and H-8 respectively. The methoxy δH 3.79 correlated with δC 147.8 as H-

8, allowing its placement to C-6. On this basis, C-7 and C-4 were substituted with hydroxyl groups 

in accordance with the expected biogenetic oxygenation. The NMR data (Table 4.25) agreed with 

that in literature for 4,7-dihydroxy-6-methoxyisoflavone, which was earlier reported as glycitein 

from soyabean seeds (Alnokari et al.,2016) and as taxasin (Agrawal, 1989). 
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Table 4.25: NMR data of taxasin (234) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 152.5 8.15,s C-1′, C-4, C-9 

3 128.5   

4 174.6   

5 127.2 7.84, s C-4, C-7, C-9 

6 147.8   

7 157.4   

8 102.3 6.69, s C-6, C-7, C-9, C-10 

9 166.5   

10 115.4   

1′ 123.1   

2′/6′ 130.4 7.34, d, (8.6) C-1′, C-2′/6′, C-3, C-4′ 

3′/5′ 115.5 6.81, d, (8.6) C-1′, C-2′/6′, C-3′/5′, C-4′ 

4′ 158.1   

6-OCH3   55.7 3.78, s C-6 

 

4.3.2.3 6, 7, 4′-Trimethoxyisoflavone (235) 

This compound had comparable spectral data to compound 234 Table 4.26 and it was therefore 

deduced to be an isoflavone. The 1H spectra gave three substituent peaks δH 3.87, 3.95 and 4.06 

(s, 3H) characteristic for methoxy groups. This compound had the same aromatic proton 

substitution pattern as compound 224. 

The more shielded methoxy group δH 3.87 correlated with δC 159.5 allowing its placement at C-

4′. The methoxy group at δH 3.95 correlated with δC 151.4 while δH 4.06 correlated with δC 145.6 

directing their placement at C-7 as well as C-6 respectively. The complete HMBC correlations 

Table (4.26) enabled characterization of this compound as 6, 7, 4′-trimethoxyisoflavone reported 

by (Agrawal, 1989). This again is the first report of this compound from this genus (Jha et al., 

1980) 
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Table 4.26: NMR data of 6, 7, 4′-trimethoxyisoflavone (235) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2 152.1 7.97,s C-1′, C-2, C-4, C-9 

3 123.9   

4 175.3   

5 102.5 7.01, s C-4, C-6, C-7, C-9, C-10 

6 145.6   

7 151.4   

8   98.7 6.80, s C-6, C-7, C-9, C-10 

9 153.9   

10 117.8   

1′ 124.5   

2′/6′ 130.2 7.52, d, (7.8) C-1′, C-2′/6′, C-3′/5′, C-3, C-4′ 

3′/5′ 113.6 7.00, d, (7.8) C-1′, C-3′/5′, C-4′ 

4′ 159.5   

6-OCH3   61.7 4.06, s C-6 

7-OCH3   61.8 3.95, s C-7 

4′-OCH3   55.3 3.87, s C-4′ 

 

4.3.2.4 Paraben Acid (236) 

The 13C NMR of this compound had only 5-peaks (δC 168.7, 161.9, 131.6, 121.4 & 114.6). The 

1H NMR showed AA′XX′ spinning protons δH 6.85 and 7.92 (d, 2H, J = 8.8Hz). The proton at δH 

7.98 (H-2/6) correlated with the carboxyl δC 168.7 and the quaternary at δC 161.9. This compound 

was identified as p-hydroxybenzoic acid previously reported as paraben acid (Harvey and Everett 

2004; Soni et al., 2005; Kucekova et al., 2011). 

 

 

Table 4.27: NMR data of paraben acid (236) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

1 121.4   

2/6 131.6 7.92, d, (8.8) C-2/6, C-3/5, C-4, C=O 

3/5 114.6 6.85, d, (8.8) C-1, C-2/6, C-3/5, C-4, C=O 

4 161.9   

C=O 168.7   
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4.3.2.5 Maackiain (237)  

This compound was obtained as a white solid. The 1H NMR signals δH 3.58 (d, 1H J = 10.0Hz) 

and 4.23 (dd, 1H, J = 4.2, 10.0Hz) for the non-equivalent oxymethylene protons (H-2α/β), 3.69 

(m) for the methine proton H-3 as well as 5.50 (d, 1H, J = 7.2Hz) for the oxymethine proton H-4 

suggested 237 was a pterocarpan (Niu et al., 2013). The corresponding carborn peaks in the 13C 

NMR at δC 66.3 (in the range 65.5-67.7) for the oxymethylene C-2, 39.7 (in the range 39.3-41.3) 

for the methine C-3 and 78.5 (in the range 77.4-79.1) for the oxymethine C-4, were typical of a C-

2 unsubstituted pterocarpan (Agrawal, 1989). Additional quaternary signals δC 118.9 (in the range 

117.3-119.4) for C-1′ and δC 154.2 (in the range 153.6-160.6) for C-6′ that make up the epoxide 

ring D of a pterocarpan (Agrawal, 1989) were evident in the 13C NMR. 

The NMR further showed signals δC 101.5, δH 5.93 (s, 2H) for a methylenedioxy and δH 9.64 (s, 

1H) for a hydroxyl substituent. In addition, the 1H NMR showed a pair of singlet δH 6.97 (s, 1H) 

and 6.52 (s, 1H), as well as an ABX spin system δH 7.23 (d, 1H, J = 8.6Hz), 6.47 (dd, 1H, J = 8.6, 

2.5Hz) and 6.27 (d, 1H, J = 2.5Hz). 

The hydroxyl δH 9.64 was fixed at C-7 on its correlation with the same carbons δC 109.3 (C-6), 

158.7 (C-7) and 102.8 (C-8) as the ABX proton system. The δH 5.93 showing HMB cross peaks 

with δC 141.0 and 147.4, enabled the –OCH2O- group to be placed between C-3′ and C-4′ allowing 

for the para singlet protons H-2′ and H-5′. Comparing data with literature and HMBC correlations 

(Table 4.28), Compound 237 was identified to be maackiain isolated from stem wood of M. 

leucantha (Chatsumpun et al., 2010), twigs of M leptobotrya Dunn (Zhi Na et al., 2013) and M. 

dura (RB) (Marco et al., 2017b). 

 

 

Table 4.28: NMR data of maackiain (237) 

Position. δC  δH, m, (J in Hz) HMBC (H → C) 

2   66.3 3.58, d, (10.0) 

4.23, dd, (4.2, 10.0) 

C-1′, C-4, C-9 

3   39.7 3.69, m C-2′, C-2, C-3, C-6′ C-10 

4   78.5 5.50,d, (7.2) C-2, C-5, C-9, C-10 
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Position. δC  δH, m, (J in Hz) HMBC (H → C) 

5 132.5 7.23, d, (8.6) C-4, C-7, C-9 

6 110.1 6.47, dd, (2.5, 8.6) C-7, C-8, C-10 

7 159.2   

8 103.3 6.27, d, (2.5) C-6, C-6′, C-9 

9 156.8   

10 111.7   

1′ 118.9   

2′ 105.8 6.97,s C-3′, C-4′, C-6′ 

3′ 141.5   

4′ 147.9   

5′   93.7 6.52,s C-1′, C-3′, C-4′, C-6′ 

6′ 154.2   

OCH2O 101.5 5.50, s C-3′, C-4′ 

7-OH  9.64, s C-6, C-7, C-8 

 

 

4.4 Compounds Isolated and Characterized from Millettia lasiantha 

The study on the leaves, stems and roots of M. lasiantha yielded twelve metabolites. Their 

elucidation is described in the subsequent subsections. 

4.4.1 Characterization of compounds from the leaves of Millettia lasiantha  

From the leaves of Millettia lasiantha, four compounds were isolated. These compounds were 

chrysin (229), apigenin (230), chrysin-7-O-β-glucoside (231) and Luteolin (238). Only compound 

238 is discussed, having discussed the other compounds in section 4.4. 

4.4.1.1 Luteolin (238) 

It was obtained as a yellowish solid. In the 13C spectra, δC 165.1 (C-2), δC 104.2 (C-3) and 183.0 

(C-4), together with the proton singlet δH 6.58 (s, 1H, H-3) suggested this compound was a flavone. 

In addition, the de-shielded singlet δH 13.02 (s, 1H) for the peri 5–OH in the 1H NMR, confirmed 

a 5-hydroxy flavone. There was no substituent peak in the NMR spectra.  

The meta-coupled protons δH 6.25 and 6.52 (d, 1H, J = 2.1Hz) in the 1H NMR, were assigned 

respectively to H-6 and H-8, with C-7 being substituted with an -OH to fulfill the expected 

biogenetic oxygenation. The ABX spin system δH 7.00 (d, 1H, J = 8.3Hz), 7.47 (dd, 1H, J = 2.3, 

8.3Hz) and 7.50 (d, 1H, J = 2.3Hz) represented a 3, 4-disubstitution in ring B. 

The HMBC correlation (Table 4.29) affirmed the assignments and compound (238) was identified 

as 3 ,4, 5, 7-tetrahydroxyflavone which was reported as luteolin from the aerial parts of lespedeza 
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virgata (Yan et al., 2008) and also from eclipta prostrata.L (aerial parts) (Qi-Mei et al., 2012). 

This one is the first report of luteolin from the genus Millettia. 

 

 

Table 4.29: NMR data of luteolin (238) 

Position δC δH, m, (J in Hz) HMBC (H → C) 

2 165.1   

3 104.2 6.58, s C-2, C-4, C-10, C-1′ 

4 183.0   

5 163.3   

6   99.7 6.25, d, (2.1) C-5, C-7, C-8, C-10 

7 164.9   

8   94.7 6.52, d, (2.1) C-6, C-7, C-9, C-10 

9 158.8   

10 105.3   

1′ 123.7   

2′ 114.1 7.50, d, (2.3) C-2, C-3′, C-4′, C-6′ 

3′ 146.5   

4′ 150.1   

5′ 116.6 7.00, d, (8.3)  C-1′, C-3′, C-4′ 

6′ 120.1 7.47, dd, (8.3, 2.3) C-2, C-2′, C-4′ 

5-OH  13.02, s C-5, C-6, C-10 

 

4.4.2 Characterization of compounds from the stem bark of Millettia lasiantha 

Four compounds were identified from the stem bark comprising three known isoflavones 

formononetin (91), 6, 7, 4′-trimethoxyisoflavone (235), Geneistein (239) and a chalcone, 

isoliquiritigenin (240). 

 

4.4.2.1 Genistein (239) 

Genistein was obtained as white solid. The isoflavonoid skeltone was observed from δH 8.02 

(s,1H), and δC 154.8 (C-2), 124.7 (C-3) and 182.2 (C-4). The 1H NMR showed a deshielded singlet 

δH 12.81 (s, 1H) for 5-OH, indicating that compound 239 was a 5-hydroxyflavone (Table 4.30) 

(Agrawal, 1989). 



89 

 

The 1H NMR revealed two AB spin protons δH 6.21 and 6.32 (d, J = 2.1Hz, 1H) attributed to ring 

A for the meta coupled protons H-6 and H-8. As well as an AA′XX′ spin system δH 6.85 and 7.92 

(d, 2H, J = 8.8Hz) assignable to ortho coupled protons H-2′/6′ and H-3′/5′ respectively in ring B. 

C-7 and C-4′ had –OH substituents consistent with the expected biogenetic oxygenation. 

The final structure was confirmed to be 4′, 5, 7-trihydroxyisoflavone from HMBC correlations 

Table 4.30. This compound was found to be genistein reported from M. leptobotrya Dunn. (twigs) 

(Zhi Na et al., 2013), also from the tuberous roots of pueraria mirifica (Chansakaow et al., 2000) 

as well as the heart wood of Dalbergia boehmii (Jean et al., 2017).  

 

 

Table 4.30: NMR data of genistein (239) 

Position δC  δH, m, (J in Hz) HMBC (H→C)  

2 154.8 8.02, s C-2,C-4,C-9, C-10, C-1′ 

3 124.7   

4 182.2   

5 163.8   

6 100.1 6.21, d, (2.1) C-4, C-5, C-7, C-8, C-10 

7 165.9   

8   94.8 6.32, d, (2.1) C-4, C-6, C-7, C-9, C-10 

9 159.5   

10 106.3   

1′ 123.3   

2′/6′ 131.4 7.36, d, (8.6) C-2, C-2′/6′, C-4′ 

3′/5′ 116.2 6.84, d, (8.6) C-1′, C-2′/6′, C-3′/5′ C-4′ 

4′ 158.8   

5-OH  12.81, s  

 

4.4.2.2 Isoliquiritigenin (240) 

Compound (240) was obtained as a dirt brown gum. From the pair of trans-olefinic doublet protons 

(δH 7.59 (Hα) and 7.78 (Hβ), d, 1H, J = 15.4Hz,)) together with the corresponding δC 118.3 (C-α), 

145.6 (C-β) and the conjugated carbonyl 193.5 in the NMR spectra, led to this compound being 

identified as a chalcone. The highly deshielded singlet δH 13.56, (s) for (2′-OH) in the 1H NMR 

revealed it to be a 2′-hydroxychalcone (Agrawal, 1989).  
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The AA′BB′ system δH 7.60 (H-2/6) and 6.84 (H-3/5, d, 2H, J =8.6Hz,) in the 1H NMR could only 

be assigned to ring B. The quaternary δC 158.2 (C-4) was oxygenated, a common pattern in ring 

B. Further, the ABX spin system at δH 6.28 (d, 1H, J = 2.4, H-3′), δH 6.41 (dd, 1H, J = 2.4, 8.8, H-

5′) and δH 7.96 (d, 1H, J = 8.8, H-6′) were attributed to ring A with C-4 being oxygenated, 

consistent with the expected biogenetic oxygenations. 

Basing on the HMBC correlations (Table 4.31), compound 240 was characterized as 2′,4′,4-

trihydroxychalcone earlier reported as isoliquiritigenin from the wood of M. leucantha (Rayanil et 

al., 2011), and also from the rhizomes and roots of Glycyrrhiza uralensis. Fisher ( Tao et al., 2012; 

Bao et al., 2019) and Sophora tonkinensis (Yoo et al., 2014).  

OH O

HO

OH

240  

Table 4.31: NMR data of isoliquiritigenin (240) 

Position δC  δH, m, (J in Hz) HMBC (H→C)  

1 127.8   

2/6 131.8 7.60, d, (8.6) C-1, C-2/6, C-3/5, C-4, C-β, C=O 

3/5 116.9 6.84, d, (8.6) C-1, C-2/6, C-3/5, C-4 

4 161.5   

α 118.3 7.59, d, (15.4) C-1, C-β, C=O 

β 145.6 7.78, d, (15.4) C-1, C-2/6, C-α, C=O 

C=O 193.5   

1′ 114.7   

2′ 166.3   

3′ 103.8 6.28, d, (2.4) C-1′, C-2′, C-4′, C-5′ 

4′ 167.5   

5′ 109.1 6.41, dd, (8.8, 2.4) C-1′, C-3′, C-4′ 

6′ 133.4 7.96 ,d, (8.8) C-1′, C-2′, C-3′, C-4′, C=O 

2′-OH  13.56, s  

 

4.4.3 Characterization of compounds from the roots of Millettia lasiantha 

Four compounds formononetin (91) and 7,3'-dihydroxy-2',4'-dimethoxycoumestan (241) trivial 

name lascoumestan, 7,5′-dihydroxy-6′,4′-dimethoxycoumaronochromone (242) trivial name 

lascoumaronochromone, and genistein-7-O-glucoside or genistin (243) where isolated from the 

roots, with 241 and 242 being novel. 
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4.4.3.1  3,8-dihydroxy-7,9-dimethoxycoumestan -trivial name lascoumestan (241) 

Compound 241 was isolated as a white UV active solid. The HRESIMS gave [M+H]+ at m/z = 

329.0654 (calcd 329.0656) corresponding to C17H12O7. The UV (𝜆𝑚𝑎𝑥 at 254, 304 and 346nm) 

(Adityachaudhu and Gupta, 1973), the IR (3367 cm-1 for a free hydroxyl (Manki et al., 1981; Tao 

et al., 2012), 1716 cm-1 for δ-lactone carbonyl (Tamotsu and Shoji, 1969; Raju et al., 1981; Jacques 

et al., 2011), as well as 1625 and 1508 cm-1 for the two benzene rings (Pennaka et al. 2003) and 

the 13C NMR (δC 160.6 (C-6), 103.4 (C-6a) and 157.2 (C-11a)) (Xianheng et al. 2019) suggested 

this compound was a coumestan derivative (Tamotsu and Shoji, 1969; Raju et al. 1981). 

The NMR of this compound showed the presence of two methoxyl (δH 3.96 and 3.97 (3H, s); δC 

57.0, 62.7) and two hydroxyls (δH 9.62 and 7.92 (1H, s)) substituents. The 1H NMR further showed 

signals for three mutually coupled (δH 7.85 (1H, d, J = 8.6Hz), 6.98 (1H, dd, J = 8.6, 2.3Hz) and 

6.91 (1H, d, J = 2.3Hz)) and a singlet (δH 7.22 (1H, s)) aromatic protons. HMBC correlations of 

the singlet aromatic proton (δH 7.22) with aromatic oxygenated carbons at δC 149.9, 149.6 

and139.3 together with a quaternary non-oxygenated aromatic carbon at δC 111.5 allowed its 

placement at C-10 in ring D. The methoxy substituents at δH 3.96 (δC 62.7, HMQC) and 3.97 (δC 

57, HMQC) were placed respectively, at C-7 (δC 141.4) and C-9 (δC 149.6) based on their 

corresponding HMBC correlations. The HMBC correlations of the hydroxyl at δH 7.69 with δC 

149.6 (C-9), 141.4 (C-7) and 139.3 (C-8) permitted its placement at C-8 and thus the other 

hydroxyl at δH 9.62 at C-3. Hence, compound 241 was identified to be 3,8-dihydroxy-7,9-

dimethoxycoumestan a new compound for which the trivial name lascoumestan is suggested. The 

structure was totally assigned based on COSY, HMQC and HMBC correlations, Table 4.32. This 

compound is novel, this being its first report. 
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Table 4.32: NMR data for lascoumestan (241) 

Position  δC  δH, m, (J in Hz) HMBC (H→C) 

1 123.6 7.85, d, (8.6) C-3, C-4a 

2 114.2 6.98, dd, (8.6, 2.3) C-4, C-11b 

3 161.9   

4 103.7 6.92, d, (2.3) C-2, C-3,C-4a, C-11b 

4a 156.1   

6 160.6   

6a 103.4   

6b 111.5   

7 141.4   

8 139.3   

9 149.6   

10   92.8 7.22, s C-6b, C-8, C-9, C-10a 

10a 149.9   

11a 157.2   

11b 105.8   

9-OCH3   57.0 3.97, s C-8 

10-OCH3   62.7 3.96, s C-10 

8-OH  7.69, s C-7, C-8, C-9 

3-OH  9.62, s  

 

4.4.3.2  7,5′-dihydroxy-4′,6′-dimethoxycoumaronochromone (lascoumaronochromone (242) 

This compound was gotten as white non-crystalline solid. The HRESIMS molecular ion peak 

[M+H]+ observed at m/z = 328.0587 (calcd 328.0583) corresponding to C17H12O7. The 13C-NMR 

gave signals at δc 161.9 (C-2), 114.7 (C-3), 173.1 (C-4), 111.5 (C-1′) and 150.0 (C-2′) that revealed 

presence of a coumaronochromone skeleton (Shou et al., 2009) characteristic for a 2,2'-

epoxyisoflavone (Agrawal, 1989). The absence of a characteristic proton due to H-2 (usually 

appearing at δ ca 8) in the 1H NMR spectrum confirmed a coumaronochromone skeleton (Shou et 

al., 2009). 

The NMR of this compound showed two methoxyl substituents (δH 3.95 and 3.97 (3H, s); δC 57.0, 

62.7). The 1H NMR showed signals for three mutually coupled aromatic protons (δH 7.85 (1H, d, 

J = 8.4Hz), 6.98 (1H, dd, J = 8.4, 2.4Hz) and 6.91 (1H, d, J = 2.4Hz)) and a singlet (δH 7.20 (1H, 

s)). HMBC correlations of the aromatic singlet proton (δH 7.20) with aromatic oxygenated carbons 

at δC 150, 149.7 and 139.3 together with a quaternary non-oxygenated aromatic carbon at δC 111.5 

allowed its placement at C-3′ in ring D. The methoxy substituents at δH 3.96 and 3.97 were placed 

respectively, at C-6′ (δC 141.5) and C-4′ (δC 149.7) based on their corresponding HMBC 
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correlations Table 4.33. This implied the three mutually coupled protons were assignable to a tri-

substituted (Fang et al., 2019) phenyl ring A. 

The complete NMR data shown in Table 4.33, led to identification of compound 242 as 7,5′-

dihydroxy-6′,4′-dimethoxycoumaronochromone for which a trivial name lascoumaronochromone 

has been suggested. This compound is novel as well, as this is its first report. 

 

Table 4.33: NMR data of lascoumaronochromone (242) 

Position δC δH m, (J in Hz) HMBC (H→C) 

2 161.9   

3 114.7   

4 173.1   

5 123.6 7.85, d, (8.4) C-7, C-9 

6 114.2 6.98, dd, (8.4, 2.4)  C-7, C-8, C-10 

7 156.1   

8 103.7 6.91, d, (2.4) C-6, C-7, , C-9, C-10 

9 157.2   

10 105.8   

1′ 111.5   

2′ 150.0   

3′   92.9 7.20, s C-1′, C-2′, C-4′, C-5′ 

4′ 149.7   

5′ 139.3   

6′ 141.5   

6′-OCH3   62.7 3.95, s C-6′ 

4′-OCH3   57.0 3.97, s C-4′ 

 

4.4.3.3 Genistin (233) 

Compound 233 was isolated as white solid. The ESIRMS gave [M+H]+ m/z 433.1125 for 

C21H20O10. The NMR showed signals δH 12.82, 8.15/ δC 155.3, 123.1 and 182.5 for a 5-

hydroxyisoflavone (Agrawal, 1989). UV λmax 242, 264, 326nm was consistent with an isoflavone 

skeleton (Bandyukova and Kazakov, 1979; Li et al., 2011). 

The 13C NMR peaks at δC 62.4, 71.9, 74.7, 77.8, 78.4 and 101.6, together with δH 5.05 (d), 3.92 

,3.71 (dd), 3.53 (dd), 3.51 (d), 3.49 (d) and 3.42 (d) signals in the 1H NMR revealed a glucose 
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moiety (P.K Agrawal 1989).The 1H NMR signal δH 5.05 (d, J = 7.2Hz, 2H) is typical of an 

anomeric proton of a -D-glucose moiety (Agrawal, 1989; Andersen and Markham, 2006). 

The 1H NMR showed a pair of meta coupled protons δH 6.52 and 6.71 (d, J = 2.3Hz, 1H) attributed 

to ring A as well as ortho coupled protons 6.85 and 7.31 (d, J = 8.6Hz, 1H) typical of a para 

substituted ring B. Correlation of the anomeric proton δH 5.05 with the oxygenated quaternary 

carbon δC 164.8 enabled the placement of the glucose moiety at C-7. Complete assignment was 

based on HMB correlations, Table 4.34 and compound 243 was found to be genistein-7-O- -D -

glucoside. It is a known isoflavone reported from roots of Flemingia philippinensis (Li et al., 

2011), from genista (Bandyukova and Kazakov, 1979). 

O

O

O

OH
OH

O
HO

HO
OH

OH

243  

Table 4.34: NMR data of genistin (243) 

Position  δC δH, m, (J in Hz) HMBC (C→H) 

2 155.3 8.15, s C-1', C-2, C-4, C-9 

3 123.1   

4 182.5   

5 163.6   

6 101.1 6.52, d, (2.3) C-5, C-7, C-8, C-10 

7 164.8   

8   95.9 6.71, d, (2.3) C-6, C-7, C-9, C-10 

9 159.3   

10 108.0   

1' 125.1   

2'/6' 116.3 6.85, d, (8.6) C-3, C-2'/6', C-4' 

3'/5' 131.4 7.31, d, (8.6) C-1, C-3'/5', C-4' 

4' 159.0   

1'' 101.6 5.05, d, (7.2) C-7 

2''   78.4 3.53, dd, (5.8) C-4'' 

3''   74.7 3.49, d,  C-1'', C-2'', C-4'', C-5'' 

4''   71.2 3.42, d, (9.4) C-6'', C-2'' 

5''   77.8 3.51, d, (1.8) C-1'', C-3'' 

6''   62.4 3.92, dd, (12.2, 2.1) 

3.71, dd, (12.2, 2.1) 

C-2'', C-4'' 
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4.5 Biological activities 

Antiplasmodial and cytotoxicity studies were done on the extracts of M. dura and some of the 

pure compounds isolated. The subsections 4.7.1 and 4.7.2 give details of the results obtained. 

 

4.5.1 Antiplasmodial results  

The crude extracts (CH2Cl2/MeOH (1:1v/v)) of Millettia dura (Flowers, stem bark and seedpods) 

as well as ten compounds were tested for anti-plasmodial activity towards both chloroquine 

sensitive (D6) as well as chloroquine resistant (W2) Plasmodium falciparum strains. The common 

anti-malarial drug chloroquine was used as positive control. 

The stem bark crude extract had the highest respective activities of 31.9±8.6 and 23.1±4.5μg/ml 

against W2 and D6. The Seeds extract had the least activities of 68.5±9.3 towards W2 and 

79.1±9.8μg/ml against D6. Durmillone (99), Isoerythrine-A-4′-(3-methylbutyl-2-ethyl)ether 

(102), milletone (172) and milletosin (173) were the most active compounds against both strains, 

Table 4.35. The only flavone tested, kaempferol (227) had no activity towards either strain. In 

general, isoflavones have a better activity against W2 and D6 than flavones. Important still, the 

activity of the pure compounds isolated from the seed crude extract was far better than that of the 

crude itself, an effect attributable to antagonism of the compounds in the crude extract.  

 

Table 4.35: Antiplasmodial results 

           IC50 in (μM±SD) 

Sample tested W2  D6  

Calopogoniumisoflavone-A (97) 69.6±7.5 47.7±6.9 

Jamaicin (98) 50.2±2.9 56.4±2.1 

Durmillone (99) 36.7±2.9 39.3±7.8 

Durallone (100) 53.6±2.3 42.8±2.3 

Isoerythrine-A-4′-(3-methylbutyl-2-ethyl)ether(102) 37.2±8.1 41.3±9.4 

Barbigerone (114) 39.5±8.5 53.2±9.1 

Ichthynone (123) >100 62.1±8.2 

Millettone (172) 33.1±3.7 27.4±3.1 

Millettosin (173) 44.0±4.5 33.3±12.1 

Kaempferol (227) >100 >100 

Flower extract 56.6±4.1 56.8±13.1 

Stem bark extract 31.9±4.3 23.1±4.5 

Seeds extract 68.5±9.3 79.1±9.8 

Chloroquine (standard) 0.082±0.011 0.008±0.046 
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4.5.2 Cytotoxicity isoflavones from Millettia dura  

Twelve flavonoids isolated from M. dura were assessed for cytotoxicity (Table 4.36) towards five 

cell-lines; A549, Hep-G2, BEAS-2B, LO2 and CCD 19Lu, the latter three are non-cancerous 

controls. 

Table 4.36: Cytotoxicity of isoflavones from Millettia dura 

Key: (N)-Normal cell-line, (C)-Cancer cell-line, NT- Not Tested;  

Key: (N)-Normal cell-line, (C)-Cancer cell-line, NT- Not Tested;  

Tephrosin (171) and durmillone (99) were the most active compound showing selective 

cytotoxicity against A549 adenocarcinomic human alveolar basal epithelial cancer cell line, with 

respective IC50 values of 3.1±1.2 and 6.6±1.2µM. Jamaicin (98) showed toxicity to the cancer cell 

lines A549 (IC50 11.4+5.0µM) and HePG2 (44.3+3.2µM) without significant toxicity against the 

normal cells BEAS-2B and CCD19Lu (IC50 >100µM) but it is cytotoxic to LO2 (IC50 

68.7+10.6µM). Apart from maximaisoflavone D (92), the other active metabolites have a 2,2-

dimethylchromene to ring A between C-7 and C-8. The additional C5 unit made from cyclization 

of isoprenoid moiety at C-8 rises lipophilicity alongside membrane penetrability, explaining the 

observed activities as observed (Sasaki et al., 2011). Jamaicin (98) and isojamaicin (105) were 

also screened towards DLD-1WT (cancerous cells) and DLD-1 DKO (normal cells), and jamaicin 

(98) showing modest activity for the cancerous cells DLD-1WT (IC50 = 20.9±0.9M) with no 

toxicity towards the normal cells DLD-1 DKO, while the isomeric isoflavone isojamacin (105) 

     Normal Cell-line         Cancer Cell-line 

Compound BEAS-2B(N) LO2 (N) CCD19Lu (N) A549 (C) HepG2 (C) 

Calopogonium isoflavone A (97) >100 6.3+0.8 >100 >100 24.2+2.9 

Jamaicin (98) >100 68.7+10.6 >100 11.4+5.0 44.3+3.1 

Durmillone (99) 58.4±2.8 78.4+2.8 >100 6.6±1.2 >100 

Durallone (100) >100 >100 >100 >100 >100 

Ichthynone (123) >100 >100 NT > 100 >100 

Kaempferol (227) 57.1+6.4 >100 NT >100 >100 

Isoerythrin-A-4′-(3-methylbut-2-

enyl)ether (102) 

21.2 + 3.8 55.8+3.1 NT 14.3+1.2 37.7+3.8 

Maximaisoflavone-B (94) 55.8+7.9 38.6+2.2 NT 48.5+9.0 >100 

Maximaisoflavone-G (115) 100 67.5+1.5 NT 84.5+17.3 >100 

7,2′-Dimethoxy-4′, 5′-

methylenedioxyisoflavone (93) 

>100 >100 >100 >100 88.4+4.1 

Maximaisoflavone D (92) 47.9+3.8 29.5+3.2 49.6 >100 10.4+1.1 

Isojamaicin (105) >100 75.5+2.8 >100 >100 34.5+3.9 

Tephrosin (171) NT NT NT 3.14 NT 

Milletone (172) NT NT NT 29.3 NT 

Milletosin (173) NT NT NT 48.6 NT 

Paclitaxel (standard) <0.1 <0.1 <0.1 0.0033 0.19 
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was toxic against both cell lines (IC50 =14.5±3.4 9M against DLD-1WT) and (IC50 =13.5±0.6M) 

against DLD. The only tested flavonol, kaempferol (227), was cytotoxic to the normal cell line 

BEAS-2B having an IC50 value of 57.1+6.4M and was not active to the other cell lines (IC50 > 

100M). 

 

4.6 Chemotaxonomic significance of the flavonoids of M. dura and M. ferruginea  

Millettia ferruginea (Hochst.) Baker which is endemic to Ethiopia (Gillet et al., 1971) has an 

infraspecific taxon, M. ferruginea ssp. darassana (The Plant List, 2013). It is morphologically 

related to M. dura. The only difference between the two species is that, M. dura has narrower pods, 

longer and more spreading indumentum of its calyx and pedicel, in addition to having no 

cylindrical disc observed in M. ferruginea (Gillet et al., 1971). Phytochemically, chalcones, a 

flavanone and flavononol, isoflavones, rotenoids and pterocarpanoids have been reported (Table 

4.37) from these taxa (Buyinza et al., 2020). 

 

4.6.1. Chemotaxonomic significance of chalcones, flavonones and flavanol 

From M. dura and M. ferruginea, a total of five chalcones (26, 28, 43, 228 and 244) have been 

reported (Table 4.37). Whereas compounds 28 and 288 isolated from M. dura are simple chalcones 

which appear to be precursors to several flavonoids of these taxa, compounds 43 and 244 are C-

prenylated. Compound 26 is gerenylated and has only been reported from M. ferruginea ssp. 

darasana (Dagne, et al., 1989) but its occurrence has also been reported in M. usaramensis 

(Yenesew et al., 1998; Deyou et al., 2015). Approximately 80% of the chalcones have been 

reported from dura and are concentrated in the roots and stem bark (Buyinza et al., 2020). 

A flavonol (227) isolated from the flowers of M. dura (Buyinza et al., 2019) and a flavonone (49) 

from stem bark of M. ferruginea (Dagne et al., 1989) represent simple flavonoids which occur 

widely in different genera of the family Fabaceae and are of little chemotaxonomic value. 

4.6.2 Chemotaxonomic significance of isoflavones 

A total of 33 isoflavones have so far been reported from M. dura and M. ferruginea; among these 

23 contain a prenyl group at C-8 or its modification into a 2,2-dimthylchromene ring involving the 

hydroxy group at C-7 (Buyinza et al., 2020). Such compounds occur in all the three taxa (Table 

4.37). C-Prenylation has only been observed at C-8, while there are 5 examples of O-prenylated 
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isoflavones (94, 102, 109, 112 and 245) at either C-7 or C-4ʹ, occurring in M. dura, with 109 also 

reported from M. ferruginea ssp. darassana. There is only one example of O-geranylated 

isoflavone (compound 246) reported from M. ferruginea ssp. darassana (Table 4.37). The rest of 

the 14 isoflavones are simpler isoflavones substituted with methoxy and/or methylenedioxy 

groups. There are 9 isoflavones (Table 4.37) with free hydroxy groups, and except for 6-

demethyldurallone (103), the free hydroxy group in the isoflavones of these taxa is always at C-7. 

These isoflavones, upon methylation or cyclization involving the adjacent prenyl group, produce 

the corresponding alkylated isoflavones which co-occur in these plants. 

Except for three isoflavones (247, 248 and 249) which only occur in M. ferruginea ssp. darasana, 

all the isoflavones reported from these taxa are 5-deoxy derivatives, indicating that they are derived 

from trihydroxychalcone (isoliquiritigenin) through the flavanone liquiritigenin mediated by the 

enzyme CHI (Andrej et al., 2004). In ring A, in addition to the biogenetically expected oxygenation 

at C-7, oxygenation has been observed at C-6 in 12 of these isoflavones (Table 4.37, 103, 100, 99, 

154, 247, 123, 248,101,116, 249, 107 and 251). Of which, six (100, 99, 123, 101, 116 and 107) 

were reported from M. dura, six (99, 247, 123, 248, 249 and 251) from M. ferruginea ssp. darasana 

and three (103, 99 and 248) from M. ferruginea. Among the C-6 oxygenated isoflavones, only 

compound 99 is shared among these three taxa. On the other hand, oxygenation at C-8 is rare and 

is observed only in three isoflavones (108, 92 and 106), all of which isolated from M. dura. 

A methylenedioxy group in ring A has been reported for compounds 92 and 106, both of which 

isolated from M. dura. However, this is a more common feature in ring B as found in 17 

isoflavones (Table 4.37; 104, 93, 95, 99, 154, 118, 247, 123, 105, 98, 94, 115, 106, 248, 249, 251 

and 252). In ring B, in addition to the biogenetic expected oxygenation at C-4′, oxygenation has 

also been observed at C-2′ or C-6′ in 7 isoflavones (144, 95, 118, 123, 98, 250, and 252). The more 

preferred additional oxygenation in this ring is at C-3′ or C-5′, with 24 isoflavones (Table 4.37) 

oxygenated at one of these two positions. Among these, 6 compounds (93, 105, 115, 116, 118 and 

252) are oxygenated at both C-3′ and C-5′, a feature more common in M. dura, having 5 

compounds (93, 105, 115, 116 and 118) than in M. ferruginea ssp. darasana (one isoflavone, 118) 

and M. ferruginea, (two isoflavones, 105 and 118). 
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4.6.3 Chemotaxonomic significance of rotenoids 

A total of seven rotenoids have been reported from both M. dura and the two taxon of M. 

ferruginea, all of which having a pyran (170, 183, 172, 173 and 171) or furan (202 and 174) group 

attached to ring D, at C-8/C-9. Two of these (172, and 173) have a methylenedioxy group between 

C-2 and C-3 in ring A, while the rest have methoxy groups at these positions. All the reported 

rotenoids are C-11 deoxygenated and only 183 is a 6a,12a-dehydrorotenoid. It is only tephrosin 

(171) which has been reported across the three taxa, while 170 and 174 are shared between M. 

dura and M. ferruginea, while compound 202 is shared between M. dura and M. ferruginea ssp 

darasana. Compounds 183, 172 and 173 reported only from M. dura, can distinguish this taxon 

from M. ferruginea (Buyinza et al., 2020). The B/C ring junction in these rotenoids and 12a-

hydroxyrotenoids is cis-oriented, and have the same absolute configuration with 6aS,12aS 

designation for the rotenoids (170, 172, and 174), and 6aR,12aR designation for the 12a-

hydroxyrotenoids (202, 173 and 171) as determined by ORD (Ollis et al., 1967). Of the two 

pterocarpans reported, flemichapparin B (153) is shared between M. dura and M. ferruginea ssp 

darasana, while 3-O-prenylmaackianin (166) has only been reported from M. dura. 

 

4.6.4 Chemotaxonomic significance of flavonoids and isoflavanoids 

Whereas C-6 oxygenated isoflavones are common in all the three taxa, at C-8 (108, 92 and 106), 

oxygenation has only been observed in M. dura but not in the two taxon of M. ferruginea and M. 

ferruginea ssp darasana. The O-prenylated isoflavoneisoerythrine A 4ʹ-(3-methylbut-2-enyl)ether 

(102), the isoflavones 6-demethyldurallone (103), durallone (100), durlettone (245) have only 

been reported from M. dura. The rotenoids millettone (173) and Millettosine (171) with 

methylenedioxy group at C-2/C-3 appears to delineate M. dura from the two taxon of M. 

ferruginea. The C-5 oxygenated isoflavones 7-hydroxy-5,6-dimethoxy-3ʹ,4ʹ-

methylenedioxyisoflavone (247), 5-methoxydurmillone (248) and pre-5-methoxydurmillone 

(249) from the two taxon of M. ferruginea, have not been reported in M. dura. The two taxon of 

M. ferruginea can be distinguished by the presence of the geranylated chalcone 4ʹ-O-

geranylisoliquiritigenin (26) and the isoflavones, 7-O-geranylformononetin (246) in M. ferruginea 

ssp darasana which have not yet been found in M. ferruginea. 
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Table 4.37: Distribution of flavonoids in different parts of M. dura and M. ferruginea 

COMPOUND Occurrence 

Millettia dura M. ferruginea ssp. 

darassana 

M. ferruginea Other Millettia Sources 

Chalcones 

4′-O-Geranylisoliquiritigenin (26)  RB (Dagne et al., 

1990b)  

 M. usaramensis ssp 

usaramensis (RB, SB) 

Deyou et al., 2015; 

(Yenesew et al., 2003b, 

1998) 

Butein (28) RB (Marco et al., 2017)    

4-Hydroxyderricin (43) SB, RB (Dagne et al., 1991)    

4,2′-Dihydroxy-4′-methoxychalcone 

(228) 

FL (Buyinza et al., 2019)    

4-Hydroxylonchocarpin (244) SB (Dagne et al., 1991)  SB (Dagne et al., 

1989) 

 

Flavones 

Kampferol (227) FL (Buyinza et al., 2019)    

Flavanone     

4′-Hydroxyisolonchocarpin (49)   SB (Dagne et al., 

1989) 

M. pachycarpa (SD) (Yanbei 

et al. 2019) 

Isoflavones 

Barbigerone (114) SB (Buyinza et al., 2019) SD (Dagne and Bekele 

1990a) 

SD (Dagne and 

Bekele 1990a) 

M. usaramensis (SB) 

(Yenesew, et al., 1998), M. 

dielsiana Harms (ST) (Ye et 

al. 2014), M. pachycarpa 

(SD) (Tu et al. 2019) 

Calopogoniumisoflavone A (97) FL (Buyinza et al., 2019), SD, SB 

(Yenesew  et al., 1996) 

SD (Dagne and Bekele 

1990a) 

SD (Dagne and 

Bekele 1990a) 

M. oblate (SB) (Derese et 

al. 2014d), M. dielsiana 

(SB) (Ye et al., 2014) 

Calopogoniumisoflavone B (104) RB (Dagne et al., 1991; Marco et 

al., 2017) 

 SB (Dagne et al., 

1989) 

M. griffoniana (Yankep et 

al., 1997) 

6-Demethyldurallone (103) SB (Yenesew et al., 1996)    

7,2′-Dimethoxy-4′, 5′-

methylenedioxyisoflavone (93) 

RB (Dagne et al., 1991; Marco et 

al., 2017) 

   



101 

 

COMPOUND Occurrence 

Millettia dura M. ferruginea ssp. 

darassana 

M. ferruginea Other Millettia Sources 

7,3′-Dimethoxy-4′,5′-

methylenedioxyisoflavone (95) 

SB (Derese et al., 2003)    

7-Hydroxy-8,3′,4′-trimethoxylisoflavone 

(108) 

RB (Marco et al., 2017)   M. usaramensis (RB) (Deyou 

et al., 2015) 

Durallone (100) FL (Buyinza et al., 2019); SD, SB 

(Yenesew et al., 1996) 

  M. oblata (ST) (Derese et 

al., 2014) and M. dielsiana 

(ST) (Ye et al., 2014). 

Durlettone (245) SD (Ollis et al., 1967; Dagne et al., 

1991) 

   

Durmillone (99) FL (Buyinza et al., 2019); SB 

(Yenesew et al., 1996); RB (Marco 

et al., 2017); SD (Ollis et al., 

1967) 

SP (Dagne et al., 

1989); SD (Dagne and 

Bekele 1990a) 

SD (Dagne and 

Bekele 1990a) 

M. grifoniana (RB) 

(Yankep et al., 1997), 

6,7-Dimethoxy-3′,4′-methylenedioxy-

8-(3,3-dimethylallyl)isoflavone (154) 

  SD (Deyou and Jang 

2018) 

 

Ferrugone (118) SB (Buyinza et al., 2019); SD 

(Ollis et al., 1967); SP (Yenesew 

et al., 1997) 

SB (Dagne et al., 

1989); SD (Dagne and 

Bekele 1990a) 

SB (Dagne et al., 

1989); SD (Dagne and 

Bekele 1990a) 

 

Formononetin (91) FL (Buyinza et al., 2019); SP 

(Yenesew et al., 1997) 

   

7-O-Geranylformononetin (246)  RB (Dagne et al. 

1990b) 

  

7-Hydroxy-5,6-dimethoxy-3′,4′-

methylenedioxisoflavone (247) 

 SB (Dagne et al., 

1989) 

  

Ichthynone (123) FL (Buyinza et al., 2019); SB 

(Ollis et al., 1967) 

SB (Dagne et al., 

1989) 

 M. caerulea (FT) (Ren et 

al., 2016), M. pachyloba 

(GR) (Mai et al. 2010), M. 

dielsiana (ST) (Ye et al., 

2014) 

Isoerythrin A, 4′-(3-methylbut-2-enyl) 

ether (102) 

SB (Yenesew et al., 1996); RB 

(Derese et al., 2003; Marco et al., 

2017) 

   

Isojamaicin (105) SB (Derese et al., 2003)  SB (Dagne et al., 

1989) 

M. usaramensis ssp 

usaramensis (SB) (Derese 
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COMPOUND Occurrence 

Millettia dura M. ferruginea ssp. 

darassana 

M. ferruginea Other Millettia Sources 

et al., 2003; Yenesew et 

al., 1998) 

Jamaicin (98) FL, SB (Buyinza et al., 2019); SP 

(Yenesew et al., 1997) 

SB (Dagne et al., 

1989); RB (Dagne and 

Bekele 1990a) 

SB (Dagne et al., 

1989) 

M. usaramensis ssp. 

usaramensis (SB) 

(Yenesew et al., 1998), M. 

grifoniana (RB), M. 

pachyloba (GR) (Mai et al., 

2010). 

Maximaisoflavone B (94) SB (Dagne et al., 1991); RB 

(Marco et al., 2017) 

  M. oblata (LV) (Deyou et 

al., 2017) 

Maximaisoflavone D (92) SB (Yenesew et al., 1996)    

Maximaisoflavone G (115) SB (Buyinza et al., 2019)   M. oblata (LV) (Deyou et 

al., 2017) 

Maximaisoflavone H (106) SB & RB (Dagne et al., 1991; 

Yenesew et al., 1996) 

i.   M. oblata (RB) (Deyou et 

al., 2015) 

Maximaisoflavone J (112) FL,SB (Buyinza et al., 2019)   M. oblate ssp (ST, LV) 

(Deyou et al., 2017) 

5-Methoxydurmillone (248)  SB (Dagne et al., 

1989) , RB (Dagne and 

Bekele 1990a) 

SB (Dagne et al., 

1989) 

 

6-Methoxylcalopogoniumisoflavone A 
(101) 

FL (Buyinza et al., 2019); SD 

(Yenesew, et al., 1997) 

  M. dielsiana (ST) (Ye et 

al., 2014), M. oblata (ST) 

(Derese et al., 2014) 

Mildurone (116) SD (Ollis et al., 1967)   M. oblata (LV) (Deyou et 

al., 2017) 

Nordurlettone (109) RB (Derese et al., 2003) (RB) (Dagne et al., 

1990b) 

  

Pre-5-methoxydurmillone (249)  RB (Dagne and Bekele 

1990a) 

  

Prebarbigerone (250)   SD (Dagne and 

Bekele 1990a) 

 

Predurallone (107) SP (Yenesew et al., 1996)    
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COMPOUND Occurrence 

Millettia dura M. ferruginea ssp. 

darassana 

M. ferruginea Other Millettia Sources 

Predurmillone (251)  SD (Dagne and Bekele 

1990a) 

  

Preferrugone (252)  SD (Dagne and Bekele 

1990a) 

  

Rotenoids 

Deguelin (170) SD (Ollis et al, 1967); SP (Buyinza 

et al., 2019) 

 SD (Dagne et al., 

1991) 

M. pachycarpa (SD) (Tu et 

al., 2019) 

6a,12a-Dehydrodeguelin (183) SD (Ollis et al., 1967)   M. oblata (LV) (Deyou et 

al., 2017) 

12a-Hydroxyrotenone (202) (Dagne et al., 1991) SD (Dagne and Bekele 

1990a) 

 M. pachycarpa (SD) (Tu et 

al., 2019) 

Millettone (172) SD (Ollis et al, 1967); SP (Yenesew 

et al., 1997) 

   

Millettosin (173) SD (Ollis et al, 1967)   M. usaramensis (RB, SB) 

(Deyou et al., 2015, 

Yenesew et al., 1998) 

Rotenone (174)  SD (Ollis et al., 1967)  SD (Dagne and 

Bekele 1990a) 

M. pachycarpa (SD), 

(Ashok et al., 1982)  

Tephrosin (171) SD (Ollis et al, 1967); SP (Yenesew 

et al., 1997; Buyinza et al., 2019) 

SD (Dagne and Bekele 

1990a) 

 M. oblata (RB, LV) (Deyou 

et al., 2015; 2017), M. 

usaramensis (SD) (Yenesew 

et al., 1998), M. usaramensis 

(RB) (Deyou et al., 2015), 

M. pachycarpa (SD) (Tu et 

al., 2019) 

Pterocarpene 

Flemichapparin B (253) SB (Dagne et al., 1989) SB (Dagne et al., 

1989) 

  

3-O-Prenylmaackiain (166) RB (Marco et al., 2017    

Key: LV Leaves, FL Flowers, SP Seed pods, SD seeds, FT Fruits, GR Grains, SB Stem bark, ST Stems, RB Root bark 
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105 

 

CHAPTER FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

Three species of the genus Millettia; M. dura, M. leucantha and M. lasiantha were studied and 

the following conclusions are drawn;  

i. In total, fiftyone compounds were isolated and characterized including thirtytwo 

isoflavones, nine flavanones, four rotenoids, two chalcones, two pterocarpanoids, a 

flavonol and a benzoic acid. This serves to be the first report of Kaempferol (227), 4,2-

dihydroxy-4-methoxychalcone (228), 6,7,4'-timethoxyflavone (233), taxasin (234), 

6,7,4'-timethoxyisoflavone (235) and paraben acid (236) from the genus. From the roots 

of M. lasiantha the new flavonids 3,8-dihydroxy-7,9-dimethoxycoumestan (241) and 

7,5′-dihydroxy-6′,4′-dimethoxycoumaronochromone (242) were obtained. 

ii. Out of the crude extracts tested for antiplasmodial activity, the stem bark extract from 

M. dura, showed the highest activities of 31.9±8.6 and 23.1±4.5 μg/ml for W2 and D6 

strains of P. falciparum, repectively. Among the compounds tested, durmillone (99), 

isoerythrine-A-4′-(3-methylbutyl-2-ethyl)ether (102), milletone (172) and milletosin 

(173) were the most active compounds against both strains.  

iii. Out of the twelve flavonoids evaluated for cytotoxicity, tephrosin (171) and durmillone 

(99) were the most active. They showed selective cytotoxicity against A549 

adenocarcinomic human alveolar basal epithelial cancer cell line, with respective strong 

IC50 values of 3.1±1.2 and 6.6±1.2 µM.  

iv. This study has provided a more enriched chemotaxonomic relationship between M. 

dura, M. ferruginea and M. ferruginea ssp darrasana. Oxygenation at C-8 and a 

methylenedioxy in ring A have only been observed in isoflavones from M. dura. 

Millettone (172) and millettosine (173) only observed in the seeds/pods of M. dura 

delineates it from the two taxa of M. ferruginea, in support of the morphological 

difference only observed in their seed pods. The two taxa of M. ferruginea could well 

be distinguished by the presence of the geranylated chalcone, 4′-O-

geranylisoliquiritigenin (26) and isoflavones 7-O-geranylformononetin (246) so far 

reported only from M. ferruginea ssp darasana (RB). The presence of isoflavones as 

the major metabolites in the three taxa reviewed is a strong marker for the genus 

Millettia. 
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5.2 Recommendations 

Basing on the observations from this study, the following recommendations are noted: 

i. Tephrosin (IC50 3.14µM) and durmillone (IC50 6.6µM) having shown such strong 

cytotoxicites (Kuete and Effert, 2015) against A549 cancer cell line, can be followed up 

for anticancer product developement.  

ii. Seed pods of M. dura having the following rotenoids, tephrosin (IC50 3.14µM), 

milletone (IC50 29.3µM) and milletosine (IC50 48.6µM) with good to moderate 

toxicities, can be developed into insecticide and or larvaecides for malaria vector 

control. 

iii. For conclusive delineation of M. dura from M. ferruginea, an HPLC profiling and DNA 

sequencing is needed (chemophenetic studies). Also, the roots of M. ferruginea should 

be investigated for presence/absence of geranylated chalcones so far observed only in 

M. ferruginea ssp. darassana. 

iv. Considering the new flavonoids from the roots of M. lasiantha having interesting 

scaffolds of a coumestan and coumaronochromone, the roots of this plant be 

exhaustively examined for such metabolites. 

  

file:///C:/Users/buyin/AppData/Roaming/Microsoft/Word/zidorn2019.pdf
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APPENDICES 

Appendix 1: NMR Spectra for Formononetin (91) 

Appendix 1a: 1H NMR for Compound 91 

 

 

 

 

Appendix 1b:  13C NMR for Compound 91 
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Appendix 1c: H H-Cosy for Compound 91 

 

 

 

Appendix 1d: HSQC for Compound 91 
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Appendix 1e: HMBC for Compound 91 

 

 

Appendix 2: NMR Spectra for Maximaisoflavone D (92) 

Appendix 2a: 1H NMR for Compound 92 
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Appendix 2b: 13C NMR for Compound 91 

  

 

 

 

 

Appendix 2c: H H-Cosy for Compound 92 
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Appendix 2d: HSQC for Compound 92 

 

 

Appendix 2e: HMBC for Compound 92 
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Appendix 3: NMR Data for Maximaisoflavone B (94) 

Appendix 3a: 1H NMR for Compound 94 
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Appendix 3b: 13C NMR for Compound 94 

 

 

 

 

Appendix 3c H H-Cosy: NMR for Compound 94 
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Appendix 3d HSQC for Compound 94 

 

 

Appendix 3e: HMBC for Compound 94 
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Appendix 3e: HMBC for Compound 94 

 

 

Appendix 4: NMR Spectra for Calopogogiumisoflavone A (97) 

Appendix 4a: 1H NMR for Compound 97 

 



130 

 

Appendix 4b: 13C NMR for Compound 94 

 

 

 

Appendix 4c: HSQC for Compound 97 
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Appendix 4e: HMBC for Compound 97 

 

 

Appendix 5: NMR Spectra for Jamaicin (98) 

Appendix 5a: 1H NMR for Compound 98 
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Appendix 5b: 13C NMR for Compound 98 

 

 

 

Appendix 5c: H H-Cosy for Compound 98 
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Appendix 5d: HSQC for Compound 97 

 

 

Appendix 5e: HMBC for Compound 98 
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Appendix 6: NMR Spectra for Durmillone (99) 

Appendix 6a: 1H NMR for Compound 99 

 

  

 

 

Appendix 6b: 13C NMR for Compound 99 
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Appendix 6c: H H-Cosy for Compound 99 

 

 

Appendix 6d: HSQC for Compound 99 
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Appendix 6e: HMBC for Compound 99 

 

 

Appendix 7: NMR Spectra for Durallone (100) 

Appendix 7a: 1H NMR for Compound 100 
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Appendix 7b: 13C NMR for Compound 100 

 

 

 

 

Appendix 7c: H H-Cosy for Compound 100 
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Appendix 7c: HSQC for Compound 100 

 

 

Appendix 7c: HSQC for Compound 100 
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Appendix 8: NMR Spectra for 6-Methoxycalopogogiumisoflavone A (101) 

Appendix 8a: 1H NMR for Compound 101 

 

 

 

Appendix 8b: 13C NMR for Compound 101 
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Appendix 8c: H H-Cosy for Compound 101 

  

 

Appendix 8d: H SQC for Compound 101 
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Appendix 8e: HMBC for Compound 101 

 

 

Appendix 9: NMR Spectra for Isoerythrin-A-4′-(3-methylbut-2-enyl)ether (102) 

Appendix 9a: 1H NMR for Compound 102 
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Appendix 9b: 13C NMR for Compound 102 

 

 

 

 

 

 

Appendix 9c: H H-Cosy for Compound 102 
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Appendix 9d: HSQC for Compound 102 

 

Appendix 9e: HMBC for Compound 102 
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Appendix 10: NMR Spectra for Barbigerone (114) 

Appendix 10a: 1H NMR for Compound 114 

 

 

 

 

 

Appendix 10b: 13C NMR for Compound 114 
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Appendix 10c: H H-Cosy for Compound 114 

 

 

Appendix 10d: HSQC for Compound 114 
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Appendix 10e: HMBC for Compound 114 

 

 

Appendix 11: NMR Data for Maximaisoflavone G (115) 

Appendix 11a: 1H NMR for Compound 115 
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Appendix 11b: 13C NMR for Compound 115 

 

 

 

 

 

Appendix 11c: H H-Cosy for Compound 115 
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Appendix 11d: HSQC NMR for Compound 115 

 

 

 

Appendix 11e: HMBC for Compound 115 
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Appendix 12: NMR Spectra for Ferrugone (118) 

Appendix 12a: 1H NMR for Compound 118 

 

 

 

Appendix 12b: 13C NMR for Compound 118 
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Appendix 12c: H H-Cosy for Compound 118 

  

 

 

Appendix 12d: HSQC for Compound 118 
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Appendix 12e: HMBC for Compound 118 

 

 

Appendix 13: NMR Spectra for Ichthynone (123) 

Appendix 13a: 1H NMR for Compound 123 
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Appendix 13b: 13C NMR for Compound 123 

 

 

 

Appendix: H H-Cosy for Compound 123 
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Appendix 13d: HSQC for Compound 123 

 

 

Appendix 13e: HMBC for Compound 123 
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Appendix 14: NMR Data for Deguelin (170) 

Appendix 14a: 1H NMR for Compound 170 

 

 

 

 

Appendix 14b: 13C NMR for Compound 170 
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Appendix 14c: H H-Cosy for Compound 170 

 

 

 

Appendix 14d: HSQC for Compound 170 
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Appendix 14e: HMBC for Compound 170 

 

 

Appendix 15: NMR Data for Tephrosin (171) 

Appendix 15a: 1H NMR for Compound 171 
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Appendix 15b: 13C NMR for Compound 171 

 

 

 

 

Appendix 15c: H H-Cocsy for Compound 171 
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Appendix 15d: HSQC for Compound 171 

 

 

Appendix 15e: HMBC for Compound 171 
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Appendix 16: NMR Data for Milletone (172) 

Appendix 16a: 1H NMR for Compound (172) 

 

 

 

 

 

Appendix 16b: 13C NMR for Compound 172 
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Appendix 16c: H H-Cosy for Compound 172 

 

 

Appendix 16d: HSQC for Compound 172 
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Appendix 16e: HMBC for Compound 172 

 

 

Appendix 17: NMR Data for Milletosin (173) 

Appendix 17a: 1H NMR for Compound 173 
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Appendix 17b: 13C NMR for Compound 173 

 

 

 

Appendix 17c: H H-Cosy for Compound 173 
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Appendix 17c: HSQC for Compound 173 

 

 

 

Appendix 17c: HMBC for Compound 173 
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Appendix 18: NMR Spectra for Kaempferol (227) 

Appendix 18a: 1H NMR for Compound 227 

 

 

 

 

Appendix 18b: 13C NMR for Compound 227 
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Appendix 18c: H H-Cosy for Compound 227 

 

 

 

 

Appendix 18d: HSQC for Compound 227 
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Appendix 18e: HMBC for Compound 227 

 

 

Appendix 19: NMR Spectra for 4,2-Dihydroxy-4-methoxy chalcone (228) 

Appendix 19a: 1H NMR for Compound 228 
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Appendix 19b: 13C NMR for Compound 228 

 

 

 

 

 

Appendix 19c: H H-Cosy for Compound 228 
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Appendix 19d: HSQC for Compound 228 

 

 

 

 

Appendix 19e: HMBC for Compound 228 
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Appendix 20: NMR Spectra for Chrysin (229) 

Appendix 20a: 1H NMR for Compound 229 

 

 

 

Appendix 20b: 13C NMR for Compound 229 
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Appendix 20a: H H-Cosy NMR for Compound 229 

 

 

 

Appendix 20c: HSQC NMR for Compound 229 

 

 

 



171 

 

Appendix 20a: 1H NMR for Compound 229 

 

 

Appendix 21: NMR Data for Apigenin (230) 

Appendix 21a: 1H NMR for Compound 230 
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Appendix 21b: 13C NMR for Compound 230 

 

 

 

 

 

Appendix 21c: H H-Cosy for Compound 230 
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Appendix 21d: HSQC for Compound 230 

  

 

 

Appendix 21e: HMBC for Compound 230 
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Appendix 22: NMR Data for Chrysin-7-O-β-D-glucoside (231) 

Appendix 22a: 1H NMR for Compound 231 

 

 

 

 

Appendix 22b: 13C NMR for Compound 231 
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Appendix 22b: H H-Cosy for Compound 231 

 

 

 

 

Appendix 22c: HSQC for Compound 231 
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Appendix 22e: HMBC for Compound 231 

 

 

 

Appendix 23: NMR Data for Genkwanin (232) 

Appendix 23a: 1H NMR for Compound 232 
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Appendix 23a: 1H NMR for Compound 232 

 

 

 

 

 

Appendix 23b: 13C NMR for Compound 232 
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Appendix 23c: H H-Cosy for Compound 232 

 

 

 

Appendix 23d: HSQC for Compound 232 
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Appendix 23e: 1H NMR for Compound 232 

 

 

Appendix 24: NMR Data for 6,7,4′-Trimethoxyflavone (233) 

Appendix 24a: 1H NMR for Compound 233 
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Appendix 24b: H H-Cosy NMR for Compound 233 

 

 

 

 

Appendix 24c: HSQC for Compound 233 
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Appendix 24e: 1H NMR for Compound 233 

 

 

 

Appendix 25: NMR Spectra for Taxasin (234) 

Appendix 25a: 1H NMR for Compound 234 
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Appendix 25b: 13C NMR for Compound 234 

 

 

 

 

 

Appendix 25c: H H-Cosy for Compound 234 
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Appendix 25c: H H-Cosy for Compound 234 

 

 

Appendix 25d: HSQC for Compound 234 
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Appendix 25e: HMBC for Compound 234 

 

 

 

Appendix 26: NMR Spectra for 6,7,4-Trimethoxyisoflavone (235) 

Appendix 26a: 1H NMR for Compound 235 
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Appendix 26b: 13C NMR for Compound 235 

 

 

 

 

 

 

Appendix 26c: H H-Cosy for Compound 235 
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Appendix 26c: HSQC for Compound 235 

 

 

 

 

Appendix 26e: HMBC for Compound 235 
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Appendix 27: NMR Spectra for Paraben Acid (236) 

Appendix 27a: 1H NMR for Compound 236 

 

 

Appendix 27b: 13C NMR for Compound 236 

 

 

Appendix 27c: H H-Cosy for Compound 236 
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Appendix 27d: HSQC for Compound 236 

 

 

 

Appendix 27e: HMBC for Compound 236 
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Appendix 28: NMR Spectra for Maackiain (237) 

Appendix 28a: 1H NMR for Compound 237 
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Appendix 28b: 13C NMR for Compound 237 

 

 

 

 

Appendix 28c: H H-Cosy for Compound 237 
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Appendix 28d: HSQC for Compound 237 

 

 

Appendix 28e: HMBC for Compound 237 
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Appendix 29: NMR Spectra for Luteolin (238) 

Appendix 29a: 1H NMR for Compound 238 

 

 

 

 

Appendix 29b: 13C NMR for Compound 238 
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Appendix 29c: H H-Cosy for Compound 238 

 

 

Appendix 29d: HSQC for Compound 238 
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Appendix 29e: HMBC for Compound 238 

 

 

Appendix 30: NMR Spectra for Geneitein (239) 

Appendix 30a: 1H NMR for Compound 239 

 



195 

 

Appendix 30b: 13C NMR for Compound 239 

 

 

Appendix 30c: H H-Cosy for Compound 239 
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Appendix 30d: HSQC for Compound 239 

 

 

Appendix 30e: HMBC for Compound 239 
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Appendix 31: NMR Spectra for Isoliquiritidenin (240) 

Appendix 31a: 1H NMR for Compound 240 

 

 

Appendix 31b: 13C NMR for Compound 240 
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Appendix 31c: H H-Cosy for Compound 240 

 

Appendix 31c: HSQC for Compound 240 
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Appendix 31e: HMBC for Compound 240 

 

 

Appendix 32: NMR Spectra for Lascoumestan (241) 

Appendix 32a: 1H NMR for Compound 241 
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Appendix 32a: 1H NMR for Compound 241 (expansion) 

 

 

 

 

 

Appendix 32b: 13C NMR for Compound 241 
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Appendix 32c: H H-Cosy for Compound 241 

 

 

 

 

Appendix 32d: HSQC for Compound 241 
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Appendix 32e: HMBC for Compound 241 

 

 

Appendix 32e: HMBC for Compound 241 (expansion) 
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Appendix 32f: UV Spectra for Compound 241 

 

 

Appendix 32g: IR Spectra for Compound 241 
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Appendix 32h: Mass Spectra for Compound 241 
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Appendix 33: NMR Spectra of Lascoumaronochromone (242) 

Appendix 33a: 1H NMR for Compound 242 

 

 

 

 

 

Appendix 33b: 13C NMR for Compound 242 
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Appendix 33c: H H-Cosy for Compound 242 

 

 

 

Appendix 33d: HSQC for Compound 242 
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Appendix 33e: HMBC for Compound 242 

 

 

Appendix 33e: HMBC for Compound 242 (expansion) 
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Appendix 33f: Mass Spectra for Compound 242 

 

 

 

 

Appendix 34: NMR Spectra for Genistin (243) 

Appendix 34a: 1H NMR for Compound 243 
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Appendix 34a: 1H NMR for Compound 243 (expansion) 

 

 

 

 

Appendix 34b: 13C NMR for Compound 243 
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Appendix 34c: H H-Cosy for Compound 243 

 

 

Appendix 34d: HSQC for Compound 243 
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Appendix 34e: HMBC for Compound 243 

 

 

 

Appendix 34f: UV for Compound 243 
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Appendix 34g: Mass Spectra for Compound 243 
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Appendix 35: Publications 
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