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Abstract 
Natural products have been a reservoir of diverse structures that lead to pharmacologically 

active compounds, lead compounds or new chemical entities in drug discovery. At present, one 

quarter of all approved small molecular drugs are based on natural products or natural product 

derivatives. Terrestrial plants are a major source of natural products. Especially plants used in 

traditional medicine systems are mostly chosen as material for chemical investigation to discover 

pharmacologically active compounds. This dissertation describes secondary metabolites isolated 

from four medicinal plants including  and collected from 

Indonesia,  collected from Nigeria and collected from 

Germany. The structure of the isolated compounds was unambiguously elucidated by one- and 

two-dimensional NMR spectroscopy, mass spectroscopy and by comparison with literature data. 

The absolute configurations were determined by ECD calculations or by comparison of optical 

rotation and CD with literature data. The isolated compounds were tested for their antifungal, 

antibacterial and cytotoxic activities. All obtained results were published or submitted for 

publication in respective international journals. This dissertation consists of the following parts: 

 

This is the first report of secondary metabolites from the genus  (Oxalidacae). 

From the methanolic extract of leaves of , six flavonoid C-glucosides were isolated. 

Five of them are new compounds including chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-

glucopyranoside (1), chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)- -D-glucopyranosyl-7-O- -D-

glucopyranoside (2), chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-β-L-fucopyranoside  (3), chrysin 

6-C-(2″-O-α-L-rhamnopyranosyl)-6′-deoxy- -hexos-3-uloside (4), chrysin 6-C- -

boivinopyranosyl-7-O- -L-glucopyranoside (5). The known compound isovitexin 2″-O-α-L-

rhamnopyranoside (6) is the major compound. Their structures were elucidated by analysis of 

NMR and MS data as well as by comparison with literature data. The absolute configuration of 

glucose and rhamnose moieties were determined by acid hydrolysis and ester derivatization 

followed by TLC analysis and comparison of its Rf values with those of the authentic standards. 

Chemical investigation of  led to the suggestion that chrysin C- glycosides seemed to 

be the chemotaxonomic marker of this species. The crude extract and fractions were found to not 

be active against the L5178Y mouse lymphoma cell line. 
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The genus (Piperaceae) is known worldwide as an important spice and medicinal 

plant. For this study, the fruits of  were collected in Indonesia. Chromatographic 

separation of the methanolic extract gave three new amides, namely (2 ,14 )- -isobutyleicosa-

2,14-dienamide (1),  dipiperamide F (2) and G (3), together with 30 known compounds. Their 

structures were determined by analysis of the obtained 1D and 2D NMR spectra as well as MS 

data and by comparison with literature data. The isolated compounds were classified as long 

chain alkylamides, methylenedioxyphenyl amides, cyclobutanamides and cyclohexenamides. 

Plausible biosynthetic pathwaysare discussed in this study. Preliminary assays of all isolated 

compounds against the fungus  revealed that piperanine was 

active. All isolated compounds were also tested for their cytotoxicity against the L5178Y mouse 

lymphoma cell line. Three cyclobutanamides, dipiperamide F and G (2 and 3), nigramide R (31); 

one cyclohexenamide,chabamide (30); four methylenedioxyphenyl amide, dehydropipernonaline 

(25), guineensine (22), brachystamide B (23), retrofractamide C (20), and two alkylamides, 

pellitorine (13), pipericine (14) displayed considerable cytotoxicity with IC50 values of 10.0, 13.9, 

11.6, 9.3, 8.9, 17.0, 16.4, 13.4, 28.3, and 24.3 M, respectively. Structure-activity relationships 

of cytotoxic amides are discussed. 

 

Chromatographic investigation of the methanolic extract from the roots of 

 (Portulacaceae) from Nigeria yielded two new -methylated flavonoids, 5,6-

dimethoxy-7-hydroxy-8-methyl-flavone (1), 5,6-dimethoxy-8-methyl-2-phenyl-7 -1-

benzopyran-7-one (2), and one new α-pyrone derivative, 4-methoxy-6-(2-hydroxy-4-

phenylbutyl)-2 -pyran-2-one (3), together with thirteen known compounds including nine 

amides (4-12), indole-3-carboxylic acid (13), -hydroxy benzoic acid (14), and two steroids (15-

16). Extensive analysis of NMR and MS data as well as comparison with literature data was 

performed to determine their structures. All isolated compounds were subjected to cytotoxic 

assay against the mouse lymphoma L5178Y cell line and antifungal assay against 

. However, none of them showed significant activity. 
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The dichloromethane-methanol extract of fruits of  (Fabaceae) was 

separated using various chromatography techniques.  Fourteen new natural products including 2-

[( )-styryl]-5-geranyl-resorcin-1-carboxylic acid (1), amorfrutin D (2), demethoxyamorfrutin D 

(3), 8-geranyl-3,5,7-trihydroxyflavanone(13), 8-geranyl-3′,5,7-trihydroxy-4′-

methoxyisoflavone(14), 6-geranyl-3′,5,7-trihydroxy-4′-methoxyisoflavone (15), 8-geranyl-3′,7-

dihydroxy-4′-methoxyisoflavone (16), 3-demethoxydalbinol (42), 6a,12a-dehydro-3-

demethoxyamorphigenin (43), (6a ,12a ,5′ )-amorphigenin (44), amorphispironone B−C 

(45−46), resokaempferol 3-O- -D-glucopyranosyl-(1 2)- -D-glucopyranoside-7-O- -L-

rhamnopyranoside (51), and daidzein 7-O- -D-glucopyranosyl-(1 2)- -D-glucopyranoside (52) 

as well as 40 known compounds were isolated. Their structures were unambiguously established 

by extensive 1D and 2D NMR spectroscopic analyses as well as by mass-spectrum data. CD 

calculations or comparison of CD with literature data were involved in determination of the 

absolute configuration of 11, 42, 44 and 45. The sugar moieties were characterized using acid 

hydrolysis of the respective glycosides, derivatization, and HPLC analysis with comparison to 

authentic standards. All isolated compounds were tested for their antibacterial and cytotoxic 

activities.  Compounds 1, 4, 5, 7, 8, 12−15 displayed potent to modest antibacterial activities 

against several gram-positive bacteria. In addition, compounds 10, 13, 25, 27, 30, 32, 34, 35, 37, 

41, 45, 48 and 53 exhibited significant cytotoxicity against the L5178Y mouse lymphoma cell 

line. The structure-activity relationships of respective antibacterial and cytotoxic compounds are 

discussed. Plausible biosynthetic pathways leading to bibenzyl and rotenoids isolated in this 

study were proposed. 
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Zusammenfassung 

 Naturstoffe bieten eine große Vielfalt unterschiedlicher Strukturen, die zu 

pharmakologisch aktiven Substanzen, Leitstrukturen oder neuen chemischen Entitäten in der 

Medikamentensuche führen. Derzeit basieren ein Viertel aller zugelassenen Arzneimittel 

niedrigen Molekulargewichtes auf Naturstoffen oder deren Derivaten. Terrestrische Pflanzen 

stellen die Hauptquelle der Naturstoffe dar. Vor allem Pflanzen, welche in traditionellen 

medizinischen Systemen verwendet werden, werden als Material für chemische Untersuchungen, 

um pharmakologisch aktive Substanzen zu finden, ausgewählt. Diese Dissertation beschreibt 

Sekundärmetabolite, die aus vier medizinisch relevanten Pflanzen isoliert wurden, wie 

Sarcotheca griffithii und Piper retrofractum aus Indonesien,  Talinumtriangulare aus Nigeria 

und Amorpha fruticosa aus Deutschland. Die Strukturen der isolierten Substanzen wurden 

eindeutig durch ein- und zwei dimensionale NMR-Spektroskopie, Massenspektroskopie und 

durch Vergleich mit Literaturstellen aufgeklärt. Die absolute Konfiguration wurde durch ECD 

Berechnungen oder durch Vergleich der optischen Drehung und CD Spektren mit Literaturdaten 

ermittelt. Die isolierten Substanzen wurden auf antimykotische, antibakterielle und zytotoxische 

Aktivitäten getestet.  Alle erhaltenen Ergebnisse wurden publiziert oder für eine 

Veröffentlichung in internationalen Zeitschriften eingereicht. Diese Dissertation besteht aus 

folgenden Teilen: 

Sarcothecagriffithii 

 Dies ist der erste Bericht über Sekundärmetabolite aus der Gattung Sarcotheca 

(Oxalidacae). Aus dem methanolischen Extrakt der Blätter von S. griffithii wurden sechs 

Flavonoid-C-Glukoside isoliert. Fünf von ihnen sind neue Substanzen wie Chrysin 6-C-(2″-O-α-

L-Rhamnopyranosyl)-β-D-Glukopyranosid (1), Chrysin 6-C-(2″-O-α-L-Rhamnopyranosyl)-β-D-

Glukopyranosyl-7-O-β-D-Glukopyranosid (2), Chrysin 6-C-(2″-O-α-L-Rhamnopyranosyl)-β-L-

Fucopyranosid  (3), Chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-6′-Deoxy-ribo-hexos-3-Ulosid 

(4), Chrysin 6-C-β-Boivinopyranosyl-7-O-β-L-Glukopyranosid (5). Die bekannte Substanz 

Isovitexin 2″-O-α-L-Rhamnopyranosid (6) ist die Hauptkomponente. Die Strukturen wurden mit 

Hilfe von NMR- und MS-Daten, sowie durch Vergleich mit Daten aus Literaturstellen 

verglichen und identifiziert. Die absolute Konfiguration der Glukose- und Rhamnose-Reste 

wurde mittels saurer Hydrolyse und Ester-Derivatisierung und anschließendem Vergleich der Rf-
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Werte von DC-Analysen mit authentischen Standards ermittelt. Die Chemischen 

Untersuchungen von S. griffithii legen nahe, dass Chrysin C-Glykoside der chemotaxonomische 

Marker dieser Spezies sind. Der Rohextrakt und die Fraktionen waren nicht aktiv gegenüber der 

Mauslymphomzelllinie L5178 Y.  

 

Piper retrofractum 

 Die Gattung Piper (Piperaceae) ist weltweit als Gewürz und Medizinalpflanze bekannt. 

Die Früchte von P. retrofractum wurden in Indonesien gesammelt. Die chromatographische 

Auftrennung des methanolischen Extrakts ergab drei neue Amide, (2E,14Z)-N-isobutyleicosa-

2,14-dienamid (1),  dipiperamid F (2) and G (3), zusammen mit 30 bekannten Substanzen. Ihre 

Strukturen wurden weitgehend durch 1D- und 2D-NMR Spektroskopie sowie MS-Daten und 

Vergleich mit Literaturdaten ermittelt. Die isolierten Substanzen wurden als langkettige 

Alkylamide, Methylendioxyphenylamide, Cyclobutanamide und Cyclohexenamide klassifiziert. 

Plausible Biosynthesewege wurden in dieser Arbeit diskutiert. Alle isolierten Substanzen wurden 

auf ihre Toxizität gegenüber der Mauslymphomzelllinie L5178Y getestet. Drei Cyclobutanamide, 

Dipiperamid F und G (2 und 3), Nigramid R (31); ein Cyclohexenamide, Chabamid (30); vier 

Methylendioxyphenylamide, Dehydropipernonalin (25), Guineensin (22), Brachystamid B (23), 

Retrofractamid C (20), und zwei Alkylamide, Pellitorin (13), Pipericin (14) wiesen eine 

deutliche Zytotoxizität mit IC50-Werten von 10,0; 13,9; 11,6; 9,3; 8,9; 17,0; 16,4; 13,4; 28,3 und 

24,3 μM auf . Struktur-Wirkungsbeziehungen von zytotoxischen Amiden wurden diskutiert. 

 

Talinumtriangulare 

 Chromatographische Untersuchungen des methanolischen Extrakts der Wurzeln von 

Talinumtriangulare (Portulacaceae) aus Nigeria erbrachten zwei neue C-methylierteFlavonoide, 

5,6-Dimethoxy-7-Hydroxy-8-Methyl-Flavon (1), 5,6-Dimethoxy-8-Methyl-2-Phenyl-7H-1-

Benzopyran-7-on (2), und ein neues α-Pyron-Derivat, 4-Methoxy-6-(2-Hydroxy-4-Phenylbutyl)-

2H-Pyran-2-on (3), zusammen mit 13 bekannten Substanzen, unter denen sich neun Amide (4-

12), Indol-3-Carbonsäure (13), p-Hydroxybenzoesäure (14), und zwei Steroide (15-16)befinden. 

Umfassende NMR- und MS-Datenanalysen sowie der Vergleich von Literaturdaten führten zur 

Ermittlung der Strukturen. Alle isolierten Substanzen wurden zytotoxischen Test gegen der 
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Mauslymphomzelllinie L5178 Y und antimykotischen Test gegen Cladosporiumcladosporioides 

unterzogen. Keine Substanz zeigte eine signifikante Aktivität.  

 

Amorphafruticosa 

 Der Dichlormethan-Methanol Extrakt der Früchte von Amorphafruticosa(Fabaceae) 

wurden über verschiedene chromatographische Techniken aufgetrennt. Es wurden 14 neue 

Naturstoffe wie 2-[(Z)-Styrol]-5-Geranyl-Resorcin-1-Carbonsäure (1) Amorfrutin D (2), 

Demethoxyamorfrutin D (3), 8-Geranyl-3,5,7-Trihydroxyflavanon(13), 8-Geranyl-3′,5,7-

Trihydroxy-4′-methoxyisoflavon(14), 6-Geranyl-3′,5,7-Trihydroxy-4′-Methoxyisoflavon (15), 8-

Geranyl-3′,7-Dihydroxy-4′-Methoxyisoflavon (16), 3-Demethoxydalbinol (42), 6a,12a-Dehydro-

3-Demethoxyamorphigenin (43), (6aR,12aR,5′R)-Amorphigenin (44), Amorphispironon B−C 

(45−46), Resokaempferol 3-O-β-D-Glukopyranosyl-(1 2)-β-D-Glukopyranosid-7-O-α-L-

Rhamnopyranosid (51), und Daidzein 7-O-β-D-Glukopyranosyl-(1 2)-β-D-Glukopyranosid(52) 

sowie 40 bekannte Substanzen isoliert. Ihre Strukturen wurden eindeutig mit Hilfe umfassender 

1D- und 2D NMR spektroskopischer Analysen sowie durch massenspektroskopische Daten 

aufgeklärt. CD Berechnungen oder der Vergleich von CD-Spektren mit Literaturdaten wurden 

zur Bestimmung der absoluten Konfiguration von 11,42, 44 und 45 einbezogen. Die Zuckerreste 

wurden durch saure Hydrolyse der betreffenden Glykoside, Derivatisierung und HPLC Analyse 

mit entsprechenden Standards charakterisiert. Alle isolierten Substanzen wurden auf ihre 

antibakterielle und zytotoxische Aktivität getestet. Die Substanzen 1, 4, 5, 7, 8, 12−15 wiesen 

potente bis moderate antibakterielle Aktivitäten gegen einige gram positive Bakterien auf. Die 

Substanzen 10, 13, 25, 27, 30, 32, 34, 35, 37, 41, 45, 48 und 53 zeigten signifikante 

Zytotoxizitäten gegenüber der Mauslymphomzelllinie L5178Y. Die Struktur-

Wirkungsbeziehungen der betreffenden antibiotischen und zytotoxischen Substanzen 

wurdendiskutiert. Plausible Biosynthesewege, die zu den isolierten Bibenzyl und Rotenoiden 

führen, wurden in dieser Arbeit vorgeschlagen 
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1. Introduction 
Plants are an attractive source of new therapeutic candidates since tremendous chemical 

diversity is found in thousands of species of flowering plants, conifers, bryophytes and ferns. 

Estimation of the amount of identified plant species is now around 374,000, including 295,383 

species of flowering plants (Christenhusz, 2016). The highest diversity of plants occurs in the old 

world, particularly in the tropical rainforest region. 

Throughout the millennia, terrestrial plants have been an important source of food and 

medicine for humans. Records of medicinal plant use to treat diseases can date back to the early 

years of human history thanks to the existence of sophisticated traditional systems from great 

civilizations, such as Mesopotamia, Egypt, China, India, Greeks and Romans. About 1,000 plant-

derived medicines were recorded in the traditional medicine system of Mesopotamian in 2600 

BC. More than 700 drugs, mainly of plant origin, were recorded in the Ebers-Papyrus of Egypt 

from 1550 BC. Traditional Chinese Medicine (TCM) has been preserved and is well documented 

over the millennia. The Indian Ayurveda system originates from the 1st millennium BC. The 

traditional medicine system in the western world was recognized through the compendia written 

by the Greek physician Dioscorides (1st century AD), the Romans Plyny the Elder (1st century 

AD) and Galen (2nd century AD) (Sneader et al, 2005). The knowledge of medicinal plants from 

the West (Greek-Roman) and from the East (China and India) were well preserved by the Arabs 

and advanced by employing their own medicinal expertise (Savoia et al, 2012). Use of plants as 

medicines in the Southeast Asia region, particularly in Java, Indonesia, is depicted on relics of 

the Borobudur temple, a Mahayana Budhist temple built in 9th century AD, depicting images of a 

physician, drink seller, and herbalist in ancient Java. The oldest preserved traditional medicine 

(Jamu) book dating ca. 1,700 from the Mataram kingdom contains 3,000 entries of Jamu recipes. 

Currently, plants are still used for the treatment of diseases as medicines, particularly as 

alternative therapeutics, where commercial drugs are merely not affordable, especially in 

developing countries. For example, antibiotics for treating sprue, mouth freshener or eye drop 

cleaners are not easily affordable in rural regions and can be substituted by tonics from leaves of 

Piper betle. In Southeast Asia, P. betle leaves are easy to find and have been employed for 

treating sprue, bad mouth smell, eye irritation, and many other ailments for a long time. 

Experimental studies showed that P. betle exhibits diverse biological activities including 

antibacterial, antifungal, larvicidal, antiprotozoal, anti-inflammatory and antioxidant activities 
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(Fazal, F. et al., 2014). 

 

1.1 Significance of This Study 

Plants produce numerous secondary metabolites with considerable structural diversity, most 

of which are found to be biologically active. Due to the advanced technology of isolation, 

structure elucidation and bioassays in the last two decades, a great amount of new natural 

compounds were obtained with interesting structures and bioactivities. Even structurally known 

compounds also revealed new insights of their bioactivity. 

Approximately 40% of all flowering plants have been investigated so far. However, most of 

them were not investigated thoroughly for their molecular biology and pharmacological activities 

(Rates et al, 2001; Phillipson, 2001; Atanasov et al, 2015). Hence, the exploitation of structural 

chemical databases or banks of compounds from single medicinal plant species are still 

necessary, in order to facilitate pharmacological evaluation and to discover new lead compounds. 

 

1.2 Natural Products 

Natural products are organic compounds produced by living organisms found in nature, 

including plants, animals, bacteria and fungi. There are two categories of natural products in a 

wide sense, primary and secondary metabolites. Primary metabolites are involved in the process 

of modifying and synthesizing carbohydrates, fats, proteins and nucleic acids, which are essential 

for living organisms. These processes are called primary metabolism that exists in all organisms. 

The pathways involved in primary metabolism are known as primary metabolic pathways. 

Oppositely, secondary metabolites (natural products in a strict sense) are more restricted to 

certain organisms, or groups of organisms, or even characteristic to individual species (Dewick, 

2009). In phytochemistry, the definition of natural product is more restricted to secondary 

metabolites. Secondary metabolites (natural products) are produced by organisms not for crucial 

life processes, but for chemical interaction with other organisms or species, for adapting to the 

environment, and for chemical warfare against prey, predators and competing organisms. This 

chemical communication is principally a sign mediated interaction between species or organisms, 

which does not happen under all conditions. There are certain or sometimes extreme situations, 

where organisms purposely produce secondary metabolites. For example, deadly compounds will 

be produced when the species face attack from other species. Volatile compounds or coloring 
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agents will be created to attract or warn the same or other species. In another case, extreme 

climate or environmental conditions will trigger the species to release certain natural products 

(Dewick, 2009; Cseke et al, 2006). Some natural products inhibit or kill other species. 

Subsequently, most secondary metabolites are known to be pharmacologically active. However, 

the ecological roles of many secondary metabolites are not all that well known in many cases 

even today. 

Natural products show a great diversity of structures. The most abundant classes of natural 

product in plants are alkaloids, terpenoids and flavonoids. 

 

1.2.1 Alkaloids 

The name - alkaloid is derived from the Latin words alkali (meaning ash) and -oid (like). 

Alkaloids are a group of nitrogen-containing compounds occurring mainly but not only in plants. 

Over 27,000 different alkaloids have been characterized so far, 21,000 of which are from plants. 

One or more nitrogen atoms in the form of primary, secondary or tertiary amines are present in 

the structures of alkaloids. These nitrogen atoms provide basic properties to alkaloids, and enable 

alkaloids to be present as water-soluble salts after reaction with acids. Alkaloids containing 

quaternary nitrogen atoms are also found in nature (Dewick, 2009). All alkaloids fall into four 

major groups: true alkaloids, protoalkaloids, polyamine alkaloids, peptide and cyclopeptide 

alkaloids and pseudoalkaloids. This might have some exceptions, such as galantamine which 

does not contain an isoquinoline building block, but is attributed to isoquinoline alkaloids. The 

remaining building blocks of alkaloids may be derived from the acetate or shikimate pathway. 

From a pharmaceutical view, alkaloids have been known for their wide spectra of biological 

activities.  

 

1.2.2 Terpenoids 

Terpenoids are a large and structurally diverse family of natural products, where at least 

35,000 different compounds have been characterized up to date (Dewick, 2009). The carbon 

skeletons of terpenoids are constructed from C5 isoprene units which are joined in a head to tail 

fashion, even though tail to tail junctions are found in nature as well. The combination of 

isoprene units can be modified by cyclisation reactions, though the isoprene unit is usually still 

easily recognizable. The classification of terpenoids is characterized by the number of isoprene 
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units in the carbon skeleton. Therefore, they are classified as hemiterpenes (C5), monoterpenes 

(C10), sesquiterpenes (C15), diterpenes (C20), sesterterpenes (C25), triterpenes (C30), and 

tetraterpenes (C40). Biosynthetically, the main precursor to terpenoid synthesis is isopentenyl 

pyrophospate (IPP). IPP can be formed through two pathways, mevalonic acid (MVA) pathway 

which is present in the cytosol and the methylerythritol phosphate (MEP) way in plastids (Cseke 

et al. 2006). 

 

1.2.3 Flavonoids 

In the year 2000, 4,000 different flavonoids have been reported as naturally occurring 

compounds (Iwashina et al, 2000). Flavonoids are commonly found in green plants except the 

Anthocerotae (Markham et al, 2006). They are often present as glycosides in leaves, flowers, 

stems and roots. The basic building blocks of flavonoids consist of two benzene rings connected 

by three carbons as a propene unit (C6-C3-C6), which is built from a cinnamoyl Co-A starting 

unit followed by chain extension using three molecules malonyl Co-A. Flavonoid classes are 

distinguished by additional oxygens present as substituents of the heterocyclic ring and by 

hydroxyl groups as well as by the positions of aryl moieties (C6) (Harborne and Williams, 2000; 

Dewick, 2009). Thus, the flavonoid classes are chalcones, flavones, flavonols, flavanones, 

anthocyanins, and isoflavones. Due to presence of conjugated double bonds, flavonoids are often 

brightly colored (Harborne and Williams, 2000). This is especially true for anthocyanins. 

 

1.3 Medicinal Plants as Sources of Bioactive Natural Products  

Plant extracts and products have been contributing to human life as foodstuffs, flavoring 

agents and spices, perfumes and cosmetics as well as pharmaceutical and biological agents. The 

profound knowledge of traditional medicine systems has been guiding the search for 

pharmacologically active plant-derived natural products. Because of demography, climate and 

tradition influence, each civilization had their own traditional medicine systems describing 

specific plants as well as their usage and methods of application (Phillipson, 2001; Dewick, 2009; 

Gurib-Fakim et al, 2006). In the 19th century, the isolation of active constituents of medicinal 

plants began and the discovery of quinine as an active constituent in Cinchona trees became a 

turning point in the field of pharmacognosy (Phillipson, 2001). Since then, many plants used in 

traditional medicine were brought to the laboratory for the investigation of their active 
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constituents. 

 
Figure 1.3. Several early plant-derived natural compounds and derivatives (aspirine) used as 

drugs. 

 

Aspirin, a derivative of salicin from the bark of Salix alba, digitoxin from leaves of 

Digitalis, morphine from latex of opium poppy, quinine from bark of Cinchona, pilocarpine from 

leaves of Pilocarpus are well-known examples of plant-derived compounds from early medicines 

and still in clinical use today (Rates et al,2001) (Figure 1.3). Other examples of traditional 

medicinal plants providing significantly bioactive compounds include Catharantus roseus 

(Apocynaceae), Rauwolfia serpentina (Apocynaceae) and Ephedra sinica (Ephedraceae). 

Catharantus roseus, known as Vinca rosea, is an ornamental and medicinal plant from 

Madagascar. Folklore usage of the plant extract was for the treatment of diabetes, malaria, and 

lymphoma (Dewick, 2009, Warberet al, 2006). From the plant extract, 150 natural products had 

been characterized including vinblastine and vincristine, two bisindole alkaloids, which have 

been proven extremely valuable as drugs for treating lymphomas and childhood leukemia, 

respectively. Rhizome and roots of Rauwolfia serpentina (Apocynaceae) were recorded in 

traditional medicine of Africa and India as an antidote for snakebite, for treating fever, stomach 

pains, vomiting and headache due to the presence of reserpine and deserpidine exhibiting 

antihypertensive activity  and as mild tranquillizers (Phillipson, 2001: Dewick, 2009; Warber et 
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al, 2006).  Ephedra sinica (Ephedraceae), known as Ma Huang, has been long used in traditional 

Chinese medicine for treating common cold. The significantly active compound is ephedrine that 

acts to decongest the nose and relieve asthma. It is the lead compound for synthesis of the 

antiasthma agent salbutamol and salmetrol (Dewick, 2009; Newman and Cragg, 2013: Warber et 

al, 2006). 

In 2001, one quarter of the drugs administered worldwide originated from plants. Moreover, 

11% of 252 essential drugs listed by the World Health Organisation (WHO), were solely of plant 

origin and a considerable number of drugs were synthetics acquired from natural product lead 

compounds (Rates et al, 2001). Additionally, 80% of 122 plant-derived natural compounds were 

used for the same or related ethnomedical purposes and were derived from only 97 plant species 

(Newman and Cragg, 2013). 

 

1.4 The Role of Plant-Derived Natural Products in Drug Discovery 

Recent drug discovery attempts focus on lead compounds that are active towards target 

proteins. Even though recently pharmaceutical companies and funding organizations take interest 

in molecular modeling, combinatorial chemistry and synthetic chemistry, natural products, and 

specifically those of plant origin, persist as an important source of new drugs, new drug leads 

and new chemical entities (NCEs) (Balunas and Kinghorn, 2005; Newman and Cragg, 2016). A 

recent review regarding the role of natural products in drug discovery was published by Newman 

and Cragg in 2016. Approximately one quarter of 1,211 approved small molecular drugs are 

natural products or derived from natural products, indicating that natural products highly 

influence the process and development of drug discovery (Newman and Cragg, 2016). 

There are two reasons why natural products are interesting in drug development. First, the 

structural diversity of natural products ranges from simple skeletons to highly complex 

molecules, often with multiple chiral centers, which can be challenging for total synthesis. 

Secondly, natural products possess highly selective and specific biological activities based on 

unique mechanisms of action. Due to the progress of the human genome sequencing techniques, 

thousands of new molecular targets have been recognized for various diseases (Balunas and 

Kinghorn, 2005). Hence, natural products, which are previously known to not be bioactive, now 

have a chance to be assayed against these newly identified targets (Craig and Newman, 2013). 
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1.5 Current Plant-Derived Natural Products in Therapeutic Use  

1.5.1 Galantamine 

Galantamine is an alkaloid isolated from Galanthus woronowii (Amaryllidaceae) by Losink 

in 1950s (Heinrich et al, 2010). It was approved to treat Alzheimer’s disease by FDA in 2001 

and is marketed under the trade name of Razadyne or Reminyl (Atanasov et al, 2015; Balunas 

and Kinghorn, 2005). The compound inhibits acetylcholinesterase (AChE) as well as modulates 

the nicotinic acetylcholine receptor (nAChR). 

 

1.5.2 Artemisinin 

Artemisinin is an antimalarial drug naturally occurring in Artemisia annua, which has been 

used in traditional Chinese medicine for the treatment of Malaria for at least 2,000 years. The 

discovery of this natural product back in 1972 by Tu Youyou, was distinguished by the Nobel 

Prize in Medicine which was awarded to her in 2015. Artemisinin is a sesquiterpene lactone 

containing an unusual peroxide bridge, which is believed to be important for the bioactivity. 

Clinical trials have proven that artemisinin can be employed to treat infections of multidrug 

resistant strains of Plasmodium falciparum, which cause human malignant cerebral malaria 

(Phillipson, 2001). Arteether (trade name Artemotil®), one of the semi-synthetic derivatives of 

artemisinin, was developed to overcome the poor bioavailability of artemisinin (Atanasov et al, 

2015; Balunas and Kinghorn, 2005). 

 

1.5.3 Paclitaxel 

Paclitaxel (trade name Taxol®) was first isolated from Taxus brevifolia, the western yew, in 

late 1960s. It is a highly oxygenated tetracyclic diterpenoid. Two decades after its discovery, 

paclitaxel was found to be an antimitotic agent that acts by inhibiting the polymerization of 

tubulin to form microtubules. In 1990s, paclitaxel and its semi-synthetic derivative were shown 

to be clinically effective against breast and ovarian cancers. At present, paclitaxel is approved for 

the treatment of various cancers (Atanasov et al, 2015). Consequently, the demand of paclitaxel 

is extremely high. By contrast, the availability of paclitaxel from natural sources is limited and 

the total synthesis could not meet the market demands. To enhance the availability of paclitaxel 

in the market, several approaches were pursued. First, taxanes, such as bacchatin III and 10-

deacetylbacchatin III, are used as starting material to produce paclitaxel, because those natural 
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products occur more abundantly in various yew plants. The second approach is based on cell 

cultures of Taxus plants. Furthermore, after the discovery of paclitaxel in endophytic fungi 

isolated from Taxus plants in 1993 (Stierle et al, 1993), endophytic fungi become another 

reservoir to produce paclitaxel (Heinig et al, 2013). 

 

1.5.4 Calanolide A 

Calanolide A is a dipyranocoumarin first isolated from Calophyllum lanigerum var. 

austrocoriaceum (Clusiaceae) (Balunas and Kinghorn, 2015). It is an anti-HIV drug that acts as a 

non-nucleoside reverse transcriptase inhibitor (NNRTi) of type-1 HIV and an inhibitor of AZT-

resistant strains of HIV. Currently, it is under phase II clinical trial (Balunas and Kinghorn, 

2015). 

 
Figure 1.5. Several plant-derived natural products for therapeutic useor in clinical trials 

 

1.6 Sarcotheca griffithii (Hook F) Hallier F 

Sarcotheca griffithii (Hook F) Hallier F (Oxalidaceae) is an evergreen tree that is native to 

Sumatra and Peninsular Malaysia (Kubitzki et al, 2004; Veldkamp, 1967).  In its original habitat 

(West Kalimantan, Indonesia), local people know it as Belimbing hutan. Traditionally, the plant 

is used for various purposes. For example, the fruits were reported to be applied as remedies for 

treating cough (Veldkamp, 1967), while the leaves are assumed to be a sensory agent because 
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they are sensitive to the touch (Veldkamp, 1967). 

 
Figure 1.6 Flavonoids reported from genera Averhoa and Oxalis (Morescoet al, 2012; Arahoet al, 

2005; Mizokami et al, 2008) 

 

Closely related genera are Averrhoa with several species known widely as exotic Star Fruits 

(Averrhoa carambola), and Oxalis, i.e. Oxalis triangularis which has been reported to contain 

flavonoids (figure 1.3.1.1). No chemical investigations have been reported for the genus 

Sarcotheca. Therefore, this study is important since S. griffithii is investigated here for the first 

time. 
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1.7 Piper retrofractum 

The genus Piper is a large plant genus that consists of more than 1,000 species that are 

distributed pantropically (Gutierrez et al, 2013). In spite of this large number of species, only a 

limited number of species are used in traditional medicinal systems, such as Jamu (Indonesian 

folk medicine), traditional Chinese medicine, the Indian Ayurveda system, or folklore medicines 

of Latin America and of the West Indies (Limyati et al, 1998; Gutierrez et al, 2013). Since the 

first isolation of piperine from Piper nigrum in 1819 by Hans Christian Ørsted, the chemical 

investigation of Piper species has been widely conducted and lead to the isolation of diverse 

physiologically active compounds, including amide alkaloids, lignans, flavones, monoterpenes, 

sesquiterpenes, phenylpropanoids, propenylphenols and chalcones. Among them, amide 

alkaloids are characteristic secondary metabolites in the Piperaceae family. Amide alkaloids 

from Piperaceae are known as piperamides in order to differentiate them from those contained in 

other plant families (Gutierrez et al, 2013). 

Up to now, more than 200 piperamides have been isolated (Gutierrez et al, 2013; Paula et al, 

2012). The piperamides demonstrate diverse structures classified as open chain amide alkaloids, 

alkamides, aristolactams, dioxyaporhines, pyrrol amides, pyrrolidine amides, ceramides, 

methylenedioxyphenyl amides, cyclohexenamides and cyclobutanamides with pyrrolidine, 

dihydropyridone, piperidine or isobutyl amines as basic structural units (Figure 1.7) (Paula et al, 

2012). Alkaline hydrolysis of these amides will result in the substituted basic and acidic 

structural subunits (Okwute et al, 2013). These acidic units have various origins such as long 

chain fatty acids, shikimic acid or a combination of these two. The basic units such as piperidines, 

pyrrolidines or isobutylamines originate biosynthetically from L-lysin, L-proline or L-valine, 

respectively (Dewick, 2009). As a result, the genus Piper is still a promising genus to provide 

novel and structurally interesting piperamides. 
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Figure 1.7 Classes of piperamides contained in the family Piperaceae 

 

Piper retrofractum is a well-known medicinal Piper plant in the Southeast Asia region, and 

is used as a substituent for pepper. In Indonesia, P. retrofractum are cultivated in several regions, 

such as East Java and Central Java.  As a medicinal plant, P. retrofractum serves for treating 

fever, hypotension, abdominal pain, beriberi, cholera, no perspiration and as an anthelmintic in 

Indonesia. 

Despite the fact that P. retrofractum is already known as a medicinal plant, a chemical 

investigation of this species was done in 1985 by Banerji et al. Secondary metabolites, such as 

alkylglycosides, phenylpropanoids, and piperamides from the leaves and fruits have been 

reported (Banerji et al, 1985; Ahn et al, 1992; Kikuzaki et al, 1993; Kubo et al, 2013; Luyen, 

2014; Muharini et al, 2015). Thus, knowledge of the structural diversity of piperamides gave an 

impetus reason for finding new interesting compounds, which was conducted in this study. 
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1.8 Talinum triangulare 

Talinum triangulare (Portulaceae) is vegetable plant cultivated widely in Western Africa, 

Asia and South America. Besides being consumed as food, it is also used as a traditional 

medicine for treating cuts, wound, scabies and peptic ulcer (Lawal et al, 2009; Onwurah et al, 

2013). The most frequently used parts of the plant are stems and leaves, while in Indonesia, a 

tonic is prepared from the fleshy roots. Numerous phytochemical and pharmaceutical studies of 

T. triangulare were performed. Isolation and structure elucidation of secondary metabolites from 

T. triangulare were firstly reported in 2014, during which acrylamides and phaeophytins were 

obtained from the stems and leaves (figure 1.8) (Amorim et al, 2014).However, no chemical 

investigation exists yet on natural products from roots of T. triangulare, which gave an impetus 

for discovering more compounds from this species. 

 
Figure 1.8 Previous reported secondary metabolites from T. triangulare. 

 

1.9 Amorpha fruticosa 

Amorpha fruticosa (Fabaceae), known as false indigo-bush, is a flowering plant that is 

native to Northern America. Crude extract from the fruits of A. fruticosa is known to possess 

antibacterial (Mitscher et al, 1981), insecticidal (Liang et al, 2015) and cytotoxic (Lee et al, 2006) 

activities. The first chemical investigation of A. fruticosa was reported in 1904 regarding the 

essential oil from dry fruits (Vittorioet al,1904). Since then, A. fruticosa was studied for its 

essential oil, which resulted in the isolation of monoterpenes and sesquiterpenes such as α-pinene, 

α-zingiberene, myrcene and α-cadinene and their antibacterial activity. In 1938, an apigenin 

glycoside was reported for the first time from leaves of A. fruticosa (Ryoho et al, 1938), 
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followed by the isolation of amorphin and its aglycone, amorphigenin, from seeds of this species 

(Acree et al., 1943). 

 
Figure. 1.9 Several secondary metabolites reported previously from A. fruticosa 

 

As a species belonging to the legume plant family, A. fruticosa is rich in isoflavone 

derivatives originating from the shikimate and malonate pathways (Harborne and Williams, 2000; 

Veitch et al, 1993). Up to now, various geranylated bibenzyl and rotenoids have also been 

reported from A. fruticosa (Figure 1.9) (Acree et al, 1943; Terada et al, 1993; Dat et al, 2008; 

Wu et al, 2015). From the chromatographic profiles of the crude extract of A. fruticosa, signals 
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of new interesting compounds were observed as described in one of the publications from this 

thesis.  

 

1.10 Aims and Scope of This Study 

As previously mentioned, plants are rich and diverse in secondary metabolites. They have 

proven to be perfect natural laboratories for producing various molecules ranging from simple 

skeletons to highly complex chemical structures (Lahlou et al, 2013) and maintain an important 

source for providing physiologically active secondary metabolites. The aim of this study is to 

isolate and elucidate novel bioactive secondary metabolites from several medicinal plants as well 

as to evaluate their biological and pharmaceutical properties. Four medicinal plants, Sarcotheca 

griffithy, Piper retrofractum, Tallinum triangulare and Amorpha fruticosa, were investigated in 

this study. 

Bioactive secondary metabolites were isolated through solvent extraction of medicinal 

plants followed by various open column chromatographic steps and reverse phase semi-

preparative HPLC. The purity of the isolated compounds was analyzed by analytical HPLC, and 

their molecular weight and fragmentation patterns were recorded using LC-ESIMS. The 

structures of the isolated compounds were elucidated by state-of-the-art approaches including 

one- and two-dimensional nuclear magnetic resonance (NMR), mass spectrometric (MS) and 

circular dichroism (CD) analyses, as well as by comparison with literature data. The isolated 

compounds containing sugars were hydrolyzed and the sugars as well as the agylcones were 

analyzed for their absolute configuration. The absolute configurations of chiral compounds were 

determined by comparison of their optical rotation values with those reported in the literature, 

whereas ECD calculations were undertaken to establish the absolute configurations of selected 

chiral compounds where no published data of similar compounds were available. 

All pure compounds were evaluated for their antifungal activities against Cladosporium 

cladosporiodes, for their antimicrobial activities against Mycobacterium tuberculosis, 

Staphylococcus aureus, Enterococcus faecalis and Enterococcus faecium as well as for their 

cytotoxicity against the mouse lymphoma L5178Y cell line, the human monocytic THP-1 cell 

line and the human lung fibroblast MRC-5 cell line. 
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2. Publication 1 

2.1 New flavones C-glycosides from leaves Sarcotheca griffithii (Hook F) Hallier F 

 

Published in “Phytochemistry Letters” 

Impact factor: 1.542 

The overall contribution to the paper: 60% of the first author. The first author involved to all 

laboratory works, structure elucidation, literature research and the manuscript writing. 

Reprinted by permission from “Muharini, R., Wray, V., Lai, D., Proksch, P.” (2014) New 

flavones C-glycosides from leaves Sarcotheca griffithii (Hook F) Hallier F. Phytochemistry 

Letters 9; 26 – 32.  
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2.2 Supporting Information 
S1. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-

glucopyranoside (1) 
 

S1-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranoside 
(1) 

 

S1-2. 1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranoside (1) in DMSO-d6 (600 MHz) 

 

S1-3. 1H-1H COSY spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranoside (1) in DMSO-d6 (600 MHz) 

 

S1-4. HMBC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranoside (1) in DMSO-d6 (600 MHz, 150 MHz) 

 

S1-5. HSQC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranoside (1) in DMSO-d6 (600 MHz, 150 MHz) 

 

S1a. UV spectrum of hydrolyzed product of 1 (1a)  
S1a-1. 1H NMR spectrum of hydrolyzed product of 1 (1a) in DMSO-d6 (600 MHz)  
S1a-2.   1H-1H COSY spectrum of hydrolyzed product of 1 (1a) in DMSO-d6 (600 

MHz) 
 

S1b. UV spectrum of acetylated product of 1 (1b)  
S1b-1. 1H NMR spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 MHz)  
S1b-2. 1H-1H COSY spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 

MHz) 
 

S1b-3. HMBC spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 MHz, 150 
MHz) 

 

S1b-4. HSQC spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 MHz, 150 
MHz) 

 

S2. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranosyl-7-O- -D-glucopyranoside (2) 

 

S2-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-
7-O- -D-glucopyranoside (2) 

 

S2-2. 1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranosyl-7-O- -D-glucopyranoside (2) in DMSO-d6 (600 MHz) 

 

S2-3. 13C NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranosyl-7-O- -D-glucopyranoside (2) in DMSO-d6 (150 MHz) 

 

S2-4. HMBC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranosyl-7-O- -D-glucopyranoside (2) in DMSO-d6 (600 MHz, 150 
MHz) 
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S2-5. HSQC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-
glucopyranosyl-7-O- -D-glucopyranoside (2) in DMSO-d6 (600 MHz, 150 
MHz) 

 

S3. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside (3)  
S3-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside (3)  
S3-2. 1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside 

(3) in DMSO-d6 (600 MHz) 
 

S3-3. 13C NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside 
(3) in DMSO-d6 (150 MHz) 

 

S3-4. HMBC spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside 
(3) in DMSO-d6 (600 MHz, 150 MHz) 

 

S3-5. HSQC spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside 
(3) in DMSO-d6 (600 MHz, 150 MHz) 

 

S4. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-6′-deoxy-ribo-
hexos-3-uloside (4) 

 

S4-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-
3-uloside (4) 

 

S4-2.   1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-6′-deoxy-
ribo-hexos-3-uloside (4) in DMSO-d6 (600 MHz) 

 

S4-3. 13C NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-6′-deoxy-
ribo-hexos-3-uloside (4) in DMSO-d6 (150 MHz) 

 

S4-4. HMBC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-6′-deoxy-ribo-
hexos-3-uloside (4) in DMSO-d6 (600 MHz, 150 MHz) 

 

S5. UV spectrum of chrysin 6-C- -boivinopyranosyl-7-O- -D-glucopyranoside 
(5) 

 

S5-1. HRESIMS of chrysin 6-C- -boivinopyranosyl-7-O- -D-glucopyranoside (5)  
S5-2. 1H NMR spectrum of chrysin 6-C- -boivinopyranosyl-7-O- -D-

glucopyranoside (5) in DMSO-d6 (600 MHz) 
 

S5-3. 13C NMR spectrum of chrysin 6-C- -boivinopyranosyl-7-O- -D-
glucopyranoside (5) in DMSO-d6 (150 MHz) 

 

S5-4. HMBC spectrum of chrysin 6-C- -boivinopyranosyl-7-O- -D-
glucopyranoside (5) in DMSO-d6 (600 MHz, 150 MHz) 

 

S5-5. HSQC spectrum of chrysin 6-C- -boivinopyranosyl-7-O- -D-glucopyranoside 
(5) in DMSO-d6 (600 MHz, 150 MHz) 
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S1. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranoside (1) 
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S1-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranoside (1) 

 

 

 

S1-2. 1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranoside (1)    

 in DMSO-d6 (600 MHz) 
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S1-3. 1H-1H COSY spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranoside 

 (1) in DMSO-d6 (600 MHz) 
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S1-4. HMBC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranoside (1) in 

 DMSO-d6 (600 MHz) 

 

 

S1a. UV spectrum of hydrolyzed product of 1 (1a) 
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S1a-1. 1H NMR spectrum of hydrolyzed product of 1 (1a) in DMSO-d6 (600 MHz) 

 

S1a-2. 1H-1H COSY spectrum of hydrolyzed product of 1 (1a) in DMSO-d6 (600 MHz) 
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S1b. UV spectrum of acetylated product of 1 (1b) 

 

 

S1b-1. 1H NMR spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 MHz) 
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S1b-2. 1H-1H COSY spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 MHz) 

 

S1b-3. HMBC spectrum of acetylated product of 1 (1b) in DMSO-d6 (600 MHz, 150 MHz) 
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S1b-4. HCQC spectrum of acetylated product of 1 (1b) DMSO-d6 (600 MHz, 150 MHz) 

 

 

S2. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-7-O- -D-

 glucopyranoside (2) 
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S2-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-7-O- -D-

 glucopyranoside (2) 

 



Publication 1 
 

34 

 

 

S2-2. 1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-7-O-

 -D-glucopyranoside (2) in DMSO-d6 (600 MHz) 

 S2-

3. 13C NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-7-

 O- -D- glucopyranoside (2) in DMSO-d6 (150 MHz) 
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S2-4. HMBC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-7-O-

 -D-glucopyranoside (2) in DMSO-d6 (600 MHz, 150 MHz) 
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S2-4. HSQC spectrum of chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -D-glucopyranosyl-7-O- -

 D-glucopyranoside (2) in DMSO-d6 (600 MHz, 150 MHz) 

 

S3. UV spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside (3) 
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S3-1. HRESIMS of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside (3) 
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S3-2 1H NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside (3) 

 in DMSO-d6 (600 MHz) 

 

S3-3. 13C NMR spectrum of chrysin 6-C-(2″-O- -L-rhamnosyl)- -L-fucopyranoside (3) 

 in DMSO-d6 (150 MHz) 
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S3-4. HMBC spectrum of chrysin 6-C-(2″-O-α-L-rhamnosyl)-β-L-fucopyranoside (3) 

 in DMSO-d6 (600 MHz, 150 MHz) 
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S3-5. HSQC spectrum of chrysin 6-C-(2″-O-α-L-rhamnosyl)-β-L-fucopyranoside (3) 

 in DMSO-d6 (600 MHz, 150 MHz) 

 

 

S4. UV spectrum of chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-3-uloside (4) 
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S4-1. HRESIMS of chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-3-uloside (4) 
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S4-2. 1H NMR spectrum of chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-3-

 uloside (4) in DMSO-d6 (600 MHz) 
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S4-3. 13C NMR spectrum of chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-3-

 uloside (4) in DMSO-d6 (150 MHz) 
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S4-4. HMBC spectrum of chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-3-

uloside (4) in DMSO-d6 (600 MHz, 150 MHz) 

 

S5. UV spectrum of chrysin 6-C-β-boivinopyranosyl-7-O-β-D-glucopyranoside (5) 
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S5-1. HRESIMS of chrysin 6-C-β-boivinopyranosyl-7-O-β-D-glucopyranoside (5) 
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S5-2. 1H NMR spectrum of chrysin 6-C-β-boivinopyranosyl-7-O-β-D-glucopyranoside (5) in 

DMSO-d6 (600 MHz) 



Publication 1 
 

47 

 

 

S5-3. 13C NMR spectrum of chrysin 6-C-β-boivinopyranosyl-7-O-β-D-glucopyranoside (5) in 

 DMSO-d6 (150 MHz) 
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S5-4. HMBC spectrum of chrysin 6-C-β-boivinopyranosyl-7-O-β-D-glucopyranoside (5) in 

 DMSO-d6 (600 MHz, 150 MHz) 
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S5-4. HSQC spectrum of chrysin 6-C-β-boivinopyranosyl-7-O-β-D-glucopyranoside (5) in 

 DMSO-d6 (600 MHz, 150 MHz) 
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3. Publication 2 

3.1 New Amides from the fruit of Piper retrofractum 

 

Published in “Tetrahedron Letters” 

Impact factor: 2.391 

The overall contribution to the paper: 60% of the first author. The first author involved to all 

laboratory works, structure elucidations, literature research and manuscript writing. 

Reprinted by permission from “Muharini, R., Liu, Z., Lin, W., Proksch, P.” (2015) New Amides 

from the fruits of Piper retrofractum. Tetradedron Letters 56; 2521 – 2525.  
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4. Publication 3  

4.1 New C-methylated flavonoids and α-pyrone derivative from roots of Talinum 
 triangulare growing in Nigeria 

 

Published in: “Fitoterapia”  

Impact factor: 2.345 

The overall contribution to the paper: 20%, conducting three sets of experiments (HPLC and 
LCMS analysis of fractions in isolation process, measuring alpha D values of isolated 
compounds and performing antifungal assays), and preparing samples for cytotoxicity assay.  

Reprinted with permission from “Omeokoli, B.O., Muharini, R., Okoye, F.B., Ajiwe, V.I., 
Akpuaka, M.I.U., Lin, W., Liu, Z., Proksch, P., (2016) New C-methylated flavonoids and α-
pyrone derivative from roots of Talinum triangualare growing in Nigeria. Fitoterapia 109: 169 – 
173.”  
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ABSTRACT: 

Fourteen new natural products, including 2-[(Z)-styryl]-5-geranyl-resorcin-1-carboxylic 

acid (1), amorfrutin D (2), 4-demethylamorfrutin D (3), 8-geranyl-3,5,7-trihydroxyflavanone 

(13), 8-geranyl-3′,5,7-trihydroxy-4′-methoxyisoflavone (14), 6-geranyl-3′,5,7-trihydroxy-4′-

methoxyisoflavone (15), 8-geranyl-3′,7-dihydroxy-4′-methoxyisoflavone (16), 3-

demethyldalbinol (42), 6a,12a-dehydro-3-demethylamorphigenin (43), (6aR,12aR,5′R)-

amorphigenin (44), amorphispironone B−C (45−46), resokaempferol 3-O-β-D-glucopyranosyl-

(1 2)-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside (51), daidzein 7-O-β-D-glucopyranosyl-

(1 2)-β-D-glucopyranoside (52), together with 40 known compounds, were isolated from fruits 

of Amorpha fruticosa. Their structures were elucidated by 1D and 2D NMR spectroscopic 

analyses as well as by mass data. CD calculation was performed to determine the absolute 

configuration of 11 and 45. Compounds 1, 4−8, 12−15 showed potent to moderate antibacterial 

activities against several gram-positive bacteria with MIC values ranging from 3.1 to 100 μM. In 

addition, compounds 25, 27, 30, 32, 34, 35, 37, 41, 45, 48 and 53 possessed significant 

cytotoxicity against the L5178Y mouse lymphoma cell line and exhibited IC50 values from 0.2 to 

10.2 μM. 
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Amorpha fruticosa (Fabaceae) is a deciduous shrub, which is native to North America and 

has been introduced to Europe and West Asia as an ornamental plant.1,2 Since the beginning of 

20th century, this plant has attracted phytochemists. The essential oil from its dry fruits was 

shown to consist of monoterpenes and sesquiterpenes such as α-pinene and δ-cadinene as major 

constituents.3 The crude extract of dry fruits of A. fruticosa was demonstrated to possess 

antibacterial,4 insecticidal,5 and cytotoxic2 activities. Amorfrutins A and B, two bibenzyl 

metabolites, were reported to exhibit promising antimicrobial,4 antidiabetic6 and 

antiinflammatory7,8 activities. Other phenolic compounds classified as flavonoids and rotenoids 

were also discovered in previous studies on A. fruticosa.9−12 Some of the latter compounds 

showed antibacterial,11 antiviral13,14 and cytotoxic15,16 activities. 

In this study, screening of fractions derived from a dichloromethane (DCM)-methanol 

(MeOH) extract of dry fruits of A. fruticosa revealed promising antibacterial or cytotoxic 

activities. Detailed investigation of the secondary metabolites contained in these bioactive 

fractions afforded 54 phenolic compounds including 14 new natural compounds, which included 

three new bibenzyl compounds, 2-[(Z)-styryl]-5-geranyl-resorcin-1-carboxylic acid (1), 

amorfrutin D (2) and 4-demethylamorfrutin D (3), a new geranylated flavonoid, 8-geranyl-3,5,7-

trihydroxyflavanone (13), three new geranylated isoflavonoids, 8-geranyl-3′,5,7-trihydroxy-4′-

methoxyisoflavone (14), 6-geranyl-3′,5,7-trihydroxy-4′-methoxyisoflavone (15) and 8-geranyl-

3′,7-dihydroxy-4′-methoxyisoflavone (16), five new rotenoids, 3-demethyldalbinol (42), 6a,12a-

dehydro-3-demethylamorphigenin (43), (6aR,12aR,5′R)-amorphigenin (44), amorphispironones 

B and C (45 and 46), a new flavonoid glycoside, resokaempferol 3-O-β-D-glucopyranosyl-

(1 2)-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside (51) and a new isoflavonoid glycoside, 

daidzein 7-O-β-D-glucopyranosyl-(1 2)-β-D-glucopyranoside (52). 
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The structures of the new compounds were elucidated by extensive NMR spectroscopic 

methods and mass spectrometric analysis. The absolute configurations of 11, 42, 44 and 45 were 

determined employing CD calculation or by comparison with literature data. The sugars were 

characterized following acid hydrolysis of the respective glycosides, derivatization, and HPLC 

analysis with comparison to known standards. In this paper, we describe the isolation, structure 

elucidation as well as antibacterial and cytotoxic activities of the isolated compounds. 
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RESULTS AND DISSCUSSION 

Chromatographic fractionation of the DCM-MeOH (1:1) extract of air dried fruits of A. 

fruticosa using vacuum liquid chromatography (VLC) gave 25 fractions. All fractions were 

tested for their antibacterial activity. Further fractionation and purification of the bioactive 

fractions yielded 54 phenolic natural products, of which fourteen are new. 
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Compound 1 was obtained as an amorphous solid. Its molecular formula was established as 

C25H28O4 by HRESIMS data, indicating twelve degrees of unsaturation. The 1H NMR spectrum 

of 1 (Table 1) showed a chelated hydroxy signal at δH 11.93 (s, 6-OH), signals of a 

monosubstituted benzene ring around δH 7.13−7.17 (5H, H-4′−8′), two olefinic protons at δH 6.86 

(d, H-1′) and 6.58 (d, H-2′), an aromatic proton at δH 6.20 (s, H-3), and characteristic signals of a 

geranyl side chain. The above data were almost identical to those of the known 2-[(E)-styryl]-5-

geranyl-resorcin-1-carboxylic acid (4).17 However, the smaller 3J1′,2′ value of 1 (12.0 Hz) 

compared to that of 4 (16.0 Hz) indicated a Z double bond at C-1′/C-2′ in 1. Except the 

configuration of double bond, 1 shared the same gross structure as 4 as confirmed by 2D NMR 

analysis. Thus, 1 was elucidated as 2-[(Z)-styryl]-5-geranyl-resorcin-1-carboxylic acid. Since 

compound 1 was already detected in the crude extract of fruits of A. fruticosa, it is assumed to be 

a true natural product and not to arise from the E isomer of this compound by light induced 

isomerization during the isolation procedure. 

The HRESIMS spectrum of 2 exhibited a [M+H]+ peak at m/z 425.2319, corresponding to 

the molecular formula C26H32O5. Its UV spectrum gave maximum absorbance at wavelength 222, 

269 and 309 nm, which are similar to those of amorfrutin B (5).4 The NMR data of 2 (Table 1) 

were very similar to those of 5 except for the detection of a terminal olefinic methylene (δC 110.6, 

δH 4.89 and 4.80, CH2-8″) and an oxygenated methine (δC 75.6, δH 4.03, CH-6″) in 2. The 

HMBC correlations from Me-9″ (δH 1.70) to C-6, C-7″ (δC 147.0), and C-8″, and the COSY 

correlations between H-6″/H2-5″ (δH 1.65) and H2-5″/H2-4″ (δH 2.03) indicated a terminal 

olefinic double bond located at C-7″/C-8″ and a hydroxy group attached at C-6″ in 2. Thus, 2 

was identified as a new amorfrutin derivative as shown in Figure 1, for which the trivial name 

amorfrutin D is proposed. By comparison its optical rotation value (-24) with those of two 
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related known compounds (R)- and (S)-2′-(6-hydroxy-3,7-dimethyl-2,7-octadien-1-yl)-3′-

methoxy-5′,6-dihydroxy-2-arylbenzofuran (-6.6 and +6.6, respectively),18 the absolute 

configuration of 2 is suggested to be R. 

Table 1. 1H and 13C NMR data for compounds 1−3. 
Position 

1a  2a  3a 

δC, type δH (J in Hz)  δC, type δH (J in Hz)  δC, type δH (J in Hz) 

1 102.4, C   103.2, C   103.1, C  

2 n.d.b   145.4, C   145.8, C  

3 110.5, CH 6.20, s  105.9, CH 6.20, s  110.5, CH 6.24, s 

4 160.7, C   161.7, C   159.8, C  

5 112.9, C   114.7, C   112.5, C  

6 163.4, C   162.5, C   161.8, C  

7 n.d.b   174.2, C   n.d.b  

1′ 130.7, CH 6.86, d (12.0)  39.0, CH2 3.25, m  38.8, CH2 3.18, m 

2′ 129.3, CH 6.58, d (12.0)  37.8, CH2 2.92, m  37.6, CH2 2.88, m 

3′ n.d.b   141.7, C   142.2, C  

4′, 8′ 128.0, CH 7.17, m  128.5, CH 7.20, m  128.4, CH 7.20, m 

5′, 7′ 129.1, CH 7.13, m  128.3, CH 7.29, m  128.3, CH 7.29, m 

6′ 126.9, CH 7.15, m  125.7, CH 7.20, m  126.0, CH 7.20, m 

1″ 21.8, CH2 3.45, d (7.2)  21.7, CH2 3.36, d (7.0)  22.1, CH2 3.43, d (7.0) 

2″ 120.8, CH 5.27, t (7.2)  122.7, CH 5.25, t (7.0)  122.1, CH 5.32, t (7.0) 

3″ 139.3, C   134.5, C   138.0, C  

4″ 39.5, CH2 2.06, m  35.6, CH2 2.03, m  35.8, CH2 2.11, m 

5″ 26.1, CH2 2.08, m  32.6, CH2 1.65, m  32.7, CH2 1.69, m 

6″ 123.5, CH 5.04, t (6.3)  75.6, CH 4.03, t (6.2)  76.1, CH 4.06, t (6.1) 

7″ 132.0, C   147.0, C   147.4, C  

8″ 25.5, CH3 1.64, s  110.6, CH2 4.89, s 

4.80, s 

 111.2, CH2 4.91, s 

4.82, s 

9″ 17.5, CH3 1.58, s  17.3, CH3 1.70, s  17.7, CH3 1.71, s 

10″ 16.0, CH3 1.79, s  15.8, CH3 1.80, s  16.6, CH3 1.84, s 

4-OMe    55.2, CH3 3.78, s    

6-OH  11.93, s   11.67, s   11.97, s 
aRecorded at 300 MHz for 1H and 75 MHz for 13C in CDCl3. bn.d. = not detected. 

The UV spectrum of 3 was similar to that of 2. Its molecular formula was determined as 

C25H30O5 by analysis of its HRESIMS spectrum, lacking a CH2 unit compared to 2. Based on the 

disappearance of the methoxy signal in 3 and the similarity of the remaining NMR data between 
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2 and 3 (Table 1), compound 3 was determined to be a 4-demethyl derivative of 2, which was 

further confirmed by detailed analysis of the 2D NMR spectra of 3. 

 

Figure 1. Experimental ECD spectrum of 11 in MeCN compared with the Boltzmann-weighted 

BH&HLYP/TZVP PCM/MeCN ECD spectrum of (S)-11 computed for the B97D/TZVP 

PCM/MeCN conformers. Bars represent the rotational strength of the lowest-energy conformer. 

The NMR data and optical rotation value of 11 were in agreement with those of (+)-puerol 

A,19,20 whose absolute configuration had not been reported yet. In order to determine the absolute 

configuration of 11, Merk Molecular Force Field (MMFF) conformational search, DFT 

optimizations and ECD calculations were performed on the arbitrarily chosen (S) enantiomer.21 

Reoptimization of the initial 48 MMFF conformers resulted in 11 and 15 low-energy (≥ 2%) 

conformers at B3LYP/6-31G(d) in vacuo and B97D/TZVP22,23 PCM/MeCN levels, respectively. 

Both gas-phase and solvent model calculations reproduced well the main features of the 

experimental ECD spectrum with BH&HLYP/TZVP (PCM/MeCN) ECD calculation of the 

B97D/TZVP (PCM/MeCN) conformers giving the best agreement (Figure 1). In the low-energy 

conformers, the two benzene rings adopted a folded orientation, in which the 2″-OH oriented 
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above the plane of the other benzene ring assuming a bonding interaction. The low-energy 

conformers showed similar ECD spectra and there was a good overall agreement between the 

experimental and Boltzmann-weighted computed ECD spectra at all the applied levels, and thus 

the absolute configuration of (+)-11 could be unambiguously assigned as S. 

Compound 13 was obtained as a yellow amorphous solid. Its molecular formula was 

determined to be C25H28O5 on the basis of the HRESIMS spectrum. The NMR data of 13 (Table 

2 and 3) resembled those of 6-geranyl-3,5,7-trihydroxyflavanone.24 However, the HMBC 

correlations from H-1″ (δH 3.41) to C-7 (δC 162.6), C-8 (δC 113.6), and C-9 (δC 154.9) indicated 

the geranyl moiety to be attached at the C-8 position in 13. Thus, 13 was characterized as 8-

geranyl-3,5,7-trihydroxyflavanone. The small 3J2,3 value (4.6 Hz) indicated the cis configuration 

between H-2 and H-3.21 

Compound 14 had the molecular formula C26H28O6 as established by HRESIMS, containing 

an additional oxygen atom compared to olibergin B (8-geranyl-5,7-dihydroxy-4′-

methoxyisoflavone).25 The NMR data of 14 (Table 2 and 3) were also closely related to those of 

olibergin B. The singlets at δH 12.86, 7.91 and 6.33 were assigned as the chelated hydroxy group 

5-OH, and as H-2 and H-6, respectively. A series of proton resonances at δH 3.51 (d, H-1″), 5.25 

(d, H-2″), 2.07 (m, H2-4″), 2.11 (m, H2-5″), 5.05 (t, H-6″), 1.67 (s, Me-8″), 1.59 (s, Me-9″), 1.83 

(s, Me-10″) due to the presence of a geranyl moiety were also observed, with the latter being 

linked to C-8 based on the HMBC correlations from H-1″ to C-7 (δC 160.9), C-8 (δC 104.9) and 

C-9 (δC 154.9). The E-configurated double bond at C-2″/C-3″ was deduced from the cross peaks 

between H-2″/H2-4″ and H-1″/Me-10″ in the ROESY spectrum. However, instead of ortho-

coupled A2B2-type protons in olibergin B, an ABX aromatic spin system of the B-ring at δH 7.09 

(d, J = 2.0 Hz, H-2′), 6.93 (d, J = 8.3 Hz, H-5′) and 7.07 (dd, J = 8.3, 2.0 Hz, H-6′) was observed 
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in 14. The HMBC correlations from H-2′, H-6′, and the methoxy group (δH 3.93, s) to C-4′ (δC 

146.8), and from H-5′ to C-3′ (δC 145.7), as well as the NOE relationship between H-5′ and the 

methoxy group, indicated a hydroxy group and a methoxy group to be attached at C-3′ and C-4′, 

respectively. Thus, 14 was elucidated as 8-geranyl-3′,5,7-trihydroxy-4′-methoxyisoflavone. 

Table 2. 13C NMR data for compounds 13−16. 
Position 13a 14b 15b 16a 

2 84.1, CH 152.7, CH 152.6, CH 152.2, CH 

3 73.5, CH 123.3, C 123.2, C 124.2, C 

4 189.0, C 181.1, C 180.6, C 175.9, C 

5 162.0, C 160.8, C 159.6, C 125.5, CH 

6 103.2, CH 99.8, CH 109.6,C 114.5,CH 

7 162.6, C 160.9, C 161.4, C 158.8, C 

8 113.6, C 104.9, C 94.0, CH 113.9, C 

9 154.9, C 154.9, C 155.8, C 155.0, C 

10 104.9, C 106.3, C 105.6, C 118.4, C 

1′ 137.6, C 123.9, C 123.7, C 125.0, C    

2′ 126.6, CH 115.1, CH 114.9, CH 114.8, CH  

3′ 128.4, CH 145.7, C 145.7, C 145.4, C  

4′ 128.2, CH 146.8, C 146.5, C 146.4, C 

5′ 128.4, CH 110.7, CH 110.4, CH 110.4, CH 

6′ 126.6, CH 121.0, CH 121.3, CH 120.8, CH 

1″ 21.3, CH2 21.6, CH2 21.2, CH2 22.0, CH2 

2″ 120.0, CH 120.9, CH 120.8, CH 120.0, CH  

3″ 140.2, C 139.3, C 140.0, C 139.6, C 

4″ 39.4, CH2 39.7, CH2 39.5, CH2 39.5, CH2 

5″ 26.1, CH2 26.3, CH2 26.1, CH2 26.0, CH2 

6″ 123.4, CH 123.6, CH 123.4, CH 123.5, CH 

7″ 132.3, C 132.1, C 132.0, C 132.0, C 

8″ 25.8, CH3  25.7, CH3 25.6, CH3 25.5, CH3 

9″ 17.6, CH3  17.7, CH3 17.6, CH3 17.5, CH3 

10″ 16.0, CH3 16.2, CH3 16.1, CH3 16.2, CH3 

4′-OMe  56.0, CH3 55.8, CH3 55.7,  CH3 
aRecorded at 175 MHz in CDCl3.  bRecorded at 150 MHz in CDCl3. 

Compound 15 had the same molecular formula as 14. Both compounds also had almost 

identical 1H and 13C NMR data (Table 2 and 3). Interpretation of the 2D NMR spectra of 15 

revealed that it shared the same 3′,5,7-trihydroxy-4′-methoxyisoflavone substructure with 14. 
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However, H-1″ (δH 3.48, d) of the geranyl side chain in 15 showed HMBC correlations to C-5 

(δC 159.6), C-6 (δC 109.6 and C-7 (δC 161.4), indicating that the geranyl side chain was attached 

at the C-6 position in 15. Thus, 15 was identified as 6-geranyl-3′,5,7-trihydroxy-4′-

methoxyisoflavone, an isomer of 14. 

Table 3. 1H NMR data for compounds 13−16. 
Position 13a 14b 15b 16a 

2 5.56, d (4.6) 7.91, s 7.84, s 7.97, s 

3 5.19, d (4.6)    

5    8.10, d (8.7) 

6 5.90, s 6.33, s  6.91, d (8.7) 

8   6.39, s  

2′ 7.40, m 7.09, d (2.0) 7.08, d (2.1) 7.12, d (2.2) 

3′ 7.38, m    

4′ 7.38, m    

5′ 7.38, m 6.93, d (8.3) 6.92, d (8.3) 6.92, d (7.8) 

6′ 7.40, m 7.07, dd (8.3, 2.0) 7.05, dd (8.3, 2.1) 7.12, dd (7.8, 2.2) 

1″ 3.41, d (7.2) 3.51, d (7.1) 3.48, d (7.1) 3.64, d (6.9) 

2″ 5.21, t (7.2) 5.25, d (7.1) 5.28, d (7.1) 5.29, t (6.9) 

4″ 2.06, m 2.07, m 2.09, m 2.09, m 

5″ 2.10, m 2.11, m 2.12, m 2.12, m 

6″ 5.03, t (6.6) 5.05, t (6.8) 5.05, t (6.6) 5.05, t (6.7) 

8″ 1.67, s 1.67, s 1.68, s 1.67, s 

9″ 1.58, s 1.59, s 1.60, s 1.59, s 

10″ 1.80, s 1.83, s 1.83, s 1.86, s 

5-OH 12.02, s 12.86, s 13.28, s  

4′-OMe  3.93, s 3.93, s 3.92, s 
aRecorded at 700 MHz in CDCl3.  bRecorded at 600 MHz in CDCl3. 

The molecular formula of 16 was deduced as C26H28O5 by the pseudomolecular ion peak at 

m/z 421.2010 [M+H]+ in the HRESIMS spectrum, missing one oxygen atom compared to 14.  

The 1H NMR data of 16 (Table 2) were comparable to those of 14 except for the replacement of 

the chelated hydroxy signal by an additional aromatic proton (δH 8.10, d, H-5), which exhibited 

COSY correlation with H-6 (δH 6.91, d) and HMBC correlations to C-4 (δC 175.9), C-7 (δC 158.8) 

and C-9 (δC 155.0). Taking these data into consideration, 16 was identified as the new 8-geranyl-
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3′,7-dihydroxy-4′-methoxyisoflavone. 

Compound 42 was obtained as a yellow amorphous solid. Based on the HRESIMS data, its 

molecular formula was determined to be C22H20O8, missing one CH2 unit compared to that of 

dalbinol (41).26 Its UV spectrum showed typical absorption maxima of rotenoids at 212, 242 and 

296 nm.26 The NMR data of 42 (Table 4 and 5) were similar to those of 41 except for the 

presence of only one methoxy group (δC 56.9 and δH 3.64, respectively) in 42 rather than two 

methoxy groups in 41. The proton at δH 6.63 showing HMBC correlation to C-12a (δC 68.6) was 

assigned to H-1, while the proton at δH 6.39 showing HMBC correlation to C-1a (δC 109.6) was 

assigned to H-4. In the ROESY spectrum of 42, the methoxy protons exhibited NOE correlation 

with H-1, indicating the methoxy group to be attached at C-2 and subsequently a hydroxy group 

to be attached at C-3 in consideration of its molecular formula. Thus, 42 was elucidated as 3-

demethyldalbinol. The relative configuration of 42 was suggested to be the same as that of 41 on 

the basis of their similar coupling constants and NOE correlations. Furthermore, on the basis of 

the very similar ECD spectra of 41 and 42, the absolute configuration of 42 was determined to be 

identical to that of 41. 

The molecular formula of 43 was determined to be C22H18O7 by its HRESIMS data, missing 

a H2O unit compared to that of 42. The oxygenated methylene CH2-6 in 43 showed two doublet 

proton signals at δH 4.99 and 4.97 in contrast to two dd proton signals in 42, suggesting C-6a to 

be a quaternary carbon. In addition, in the HMBC spectrum of 43, H2-6 exhibited correlations to 

C-4a (δC 146.6), C-6a (δC 156.0), and C-12a (δC 111.7), indicating a new double bond at C-6a/C-

12a in 43. Analysis of the 2D NMR spectra revealed that 43 shared the same substructure as 42 

except for this C-6a/C-12a double bond. Considering the structural relationship between 43 and 

amorphigenin (40),15 43 was named 6a,12a-dehydro-3-demethylamorphigenin. Its absolute 
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configuration at C-5′ is suggested to be identical to that of 40−42 due to their close biosynthetic 

relationships. 

Table 4. 13C NMR data for compounds 42−46. 
Position 42a 43b 44b 45c 46a 

1 111.8, CH 109.1, CH 110.2, CH 113.1, CH 75.3, CH 

1a 109.6, C 110.2, C 104.5, C 86.7, C 94.6, C 

2 143.1, C 141.6, C 143.7, C 152.4, C 192.1, C 

3 149.3, C 145.7, C 149.3, C 186.5, C 164.1, C 

4 104.7, CH 102.6, CH 100.8, CH 53.0, CH2 110.2, CH 

4a 149.9, C 146.8, C 147.2, C 198.5, C 190.6, C 

6 64.5,CH2 64.2, CH2 66.1, CH2 75.6, CH2 74.3, CH2 

6a 77.1, CH 156.0, C 72.3, CH 81.7, CH 82.2, CH 

7a 158.4, C 152.1, C 157.8, C 156.3, C 157.7, C 

8 114.0, C 112.7, C 112.7, C 109.3, C 110.2, C 

9 168.0, C 164.2, C 166.7, C 160.8, C 159.9, C 

10 105.4, CH 108.2, CH 104.8, CH 112.2, CH 111.0, CH 

11 130.2, CH 127.3, CH 129.9, CH 127.9, CH 127.6, CH 

11a 113.6, C 112.7, C 113.4, C 113.7, C 116.8, C 

12 191.6, C 174.2, C 188.7, C 185.9, C 189.5, C 

12a 68.6, C 111.7, C 44.5, CH 56.2, CH 48.6, CH 

4′ 32.3, CH2 31.3, CH2 31.6, CH2 115.3, CH 116.2, CH 

5′ 86.2, CH 85.0, CH 85.4, CH 129.5, CH 129.5, CH 

6′ 149.1, C 146.2, C 146.4, C 78.1, C 78.0, C 

7′ 110.5, CH2 112.6, CH2 112.5, CH2 28.3, CH3 28.4, CH3 

8′ 62.3, CH2 62.5, CH2 62.8, CH2 28.1, CH3 28.1, CH3 

2-OMe 56.9, CH3 55.9, CH3 56.2, CH3 55.3, CH3  

3-OMe   55.7, CH3  57.1, CH3 
aRecorded at 150 MHz in CD3COCD3.  bRecorded at 175 MHz in CDCl3. cRecorded at 75 MHz in CDCl3. 

Compound 44 shared the same gross structure as (6aS,12aS,5′R)-amorphigenin15 (40) as 

confirmed by analysis of the HRESIMS and the 2D NMR data. Both compounds also had the 

same cis-configuration for H-6a and H-12a on the basis of the small value of 3J6a,12a (4.1 Hz). 

However, 44 exhibited almost a mirror image ECD spectrum compared to that of 40.27 

Considering that the CD curves are mainly governed by the chirality of C-6a and C-12a, it is 

assumed that compounds 40 and 44 differ by their opposite absolute configurations at these 

positions. Thus, 44 was determined to be (6aR,12aR,5′R)-amorphigenin. 
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Table 5. 1H NMR data for compounds 42−46. 
Position 42a 43b 44b 45c 46a 

1 6.63, s 8.45, s 6.78, s 5.49, s 4.75, s 

4 6.39, s 6.59, s 6.45, s 4.25, d (17.7) 

3.63, d (17.7) 

6.21, s 

6 4.55, dd (12.2, 

2.5) 

4.45, dd (12.2, 

1.1) 

4.99, d (14.8) 

4.97, d (14.8) 

4.61, dd (12.1, 

3.1) 

4.18, dd (12.1, 

1.0) 

4.67, d (10.6) 

4.30, dd (10.6, 

2.5) 

4.39, d (10.8) 

3.82, dd (10.8, 

3.2) 

6a 4.68, dd (2.5, 

1.1) 

 4.94, ddd (4.1, 

3.1, 1.0) 

5.26, dd (4.5, 

2.5) 

5.31, dd (6.4, 

3.2) 

10 6.54, d (8.5) 6.94, d (8.6) 6.52, d (8.5) 6.52, d (8.7) 6.43, d (8.6) 

11 7.77, d (8.5) 8.14, d (8.6) 7.85, d (8.5) 7.66, d (8.7) 7.57,  d (8.6) 

12a   3.86, d (4.1) 3.34, d (4.5) 4.31, d (6.4) 

4′ 3.31, dd (15.7, 

9.9) 

3.04, dd (15.7, 

8.3) 

3.60, dd (15.6, 

9.9) 

3.34, dd (15.6, 

8.3) 

3.37, dd (15.7, 

9.9) 

3.09, dd (15.7, 

8.3) 

6.66, d (10.1) 6.63, d (10.1) 

5′ 5.45, dd (9.9, 

8.3) 

5.58, dd (9.9, 

8.3) 

5.46, dd (9.9, 

8.3) 

5.66, d (10.1) 5.72, d (10.1) 

7′ 5.23, s 

5.17, s 

5.33, s 

5.32, s 

5.25, s 

5.23, s 

1.48, s 1.44, s 

8′ 4.21, d (14.6) 

4.17, d (14.6) 

4.33, d (13.6) 

4.30, d (13.6) 

4.25, d (13.6) 

4.21, d (13.6) 

1.45, s 1.42, s 

2-OMe 3.64, s 3.96, s 3.77, s 3.27, s  

3-OMe   3.81, s  3.90, s 
aRecorded at 600 MHz in CD3COCD3.  bRecorded at 700 MHz in CDCl3. cRecorded at 300 MHz in CDCl3 

Compound 45 was obtained as a yellow amorphous solid. Its HRESIMS spectrum revealed 

a pseudomolecular ion peak at m/z 397.1281 [M+H]+ corresponding to the molecular formula 

C22H20O7. The NMR data of 45 (Table 4 and 5) resembled those of amorphispironone9 (47) 

except for the disappearance of a double bond and a methoxy group and the presence of 

additional methylene (δC 53.0, δH 4.25 and 3.63, CH2-4) and carbonyl group (δC 186.5, C-3) 

instead in 45. The HMBC correlations from H-12a (δH 3.34) to C-1 (δC 113.1) and C-4a (δC 

198.5) of 45 indicated an aromatic methine and a carbonyl group at C-1 and C-4a, respectively. 
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The presence of the C-1/C-2 double bond and a methoxy group attached at C-2 position were 

confirmed by the HMBC correlation from the protons of the methoxy group (δH 3.27) to C-2 (δC 

152.4) as well as by the NOE relationship between the protons of the methoxy group and H-1 (δH 

5.49). Furthermore, the HMBC correlations from H-1 to C-3, and from H2-4 to C-1 and C-3 

indicated that the additional methylene and carbonyl group of 45 were present at C-4 and C-3 

positions, respectively. Detailed analysis of the 2D NMR spectra revealed that 45 shared the 

same substructure with 47 regarding to rings B−E. Thus, 45 was identified as a new 

amorphispironone derivative, and was given the name amorphispironone B. Based on the similar 

coupling constants and NOE relationships, compound 45 is expected to share the same relative 

configuration with 47. For the configurational assignment of 45, the same solution TDDFT-ECD 

calculation protocol  (Figure 2) was carried out on (1aR,6aS,12aR)-45 as on 11. Reoptimization 

of the initial 12 MMFF conformers yielded 5 and 1 low-energy conformers at B3LYP/6-31G(d) 

in vacuo and B97D/TZVP (PCM/MeCN) level, respectively. While solvent model calculations 

usually result in similar or a larger number of low-energy conformers than the gas-phase 

ones,23,28,29 45 represented an interesting counter-example where all minor conformers had 

negligible contributions in the solvent model calculation. Although solvent model ECD spectra 

computed for the single B97D/TZVP (PCM/MeCN) conformer also allowed the assignment of 

the absolute configuration as (1aR,6aS,12aR), the in vacuo ECD calculations computed for the 

B3LYP/6-31G(d) in vacuo conformers gave a far better overall agreement indicating that the 

minor conformers were better estimated and they cannot be neglected. The ECD study of 11 and 

45 supports the idea that there is no superior single method for ECD calculations and the 

experimental ECD spectra could be reproduced best by different functionals, basis sets and 

solvent models as also indicated previously in the literature.23,30 
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Figure 2. Experimental ECD spectrum of 45 in MeCN compared with the Boltzmann-weighted 

B3LYP/TZVP ECD spectrum of (1aR,6aS,12aR)-45 computed for the B3LYP/6-31G(d) in vacuo 

conformers. Bars represent the rotational strength of the lowest-energy conformer. 

The molecular formula of amorphispironone C (46) was established as C22H20O8, containing 

an additional oxygen atom compared to 45. Comparison of their NMR data (Table 4 and 5) 

indicated that the methylene group (CH2-4) in 45 was replaced by an oxygenated methine (δC 

75.3, δH 4.75, CH-1) in 46. Analysis of the 2D NMR spectra of 46 disclosed that it shared the 

same amorphispironone substructure with 45 except for the substituent in ring A. In the HMBC 

spectrum of 46, H-12a (δH 4.31) exhibited correlations to C-1 and C-4a (δC 190.6), suggesting a 

hydroxy and a carbonyl group to be located at C-1 and C-4a positions, respectively. The HMBC 

correlations from the singlet olefinic proton at δH 6.21 (H-4) to C-1a (δC 94.6) and C-3 (δC 164.1), 

and from protons of the methoxy group at δH 3.90 to C-3 as well as the NOE relationship 

between H-4 and protons of the methoxy group indicated a double bond at C-3/C-4 with a 

methoxy group linked to C-3. In addition, both H-1 and H-4 showed HMBC correlations to C-2 

(δC 192.1), revealing the presence of an additinal carbonyl group at the C-2 position. The 
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absolute configuration at C-1a, C-6a, and C-12a of 46 was proposed to be the same as 45 

considering their similar coupling constants and NOE correlations as well as their close 

biogenetic relationship. Thus, the NOE cross peak between H-1 and H-12a of 46 suggested the 

1R configuration and the structure of amorphispironone C (46) was elucidated as shown. The 

ECD spectra of 45–48 showed similar pattern, two intense negative Cotton effects (CEs) above 

270 nm and a positive CE around 240 nm, which suggested that they have identical absolute 

configuration at C-6a, C-12a and C-1a. 

Compound 51 was obtained as a yellow amorphous solid and its UV spectrum suggested it 

to be a kaempferol derivative with maximum absorbances at 266 and 348 nm.31 The HRESIMS 

spectrum exhibited a pseudomolecular ion peak at m/z 741.2237 [M+H]+ which established the 

molecular formula C33H40O19. Further analysis of ESIMS spectrum displayed fragment peaks at 

m/z 579 [M+H-162]+, 417 [M+H-162-162]+ and 271 [M+H-162-162-146]+, suggesting the 

presence of two hexoses and one deoxyhexose residues in the molecule. The 1H NMR spectrum 

(Table 6) showed signals for a 1,4-disubstituted benzene ring at δH 8.10 (d, J = 8.8 Hz, H-2′ and 

6′) and 6.93 (d, J = 8.8 Hz, H-3′ and 5′), a 1,2,4-trisubstituted benzene ring at δH 8.10 (d, J = 8.8 

Hz, H-5), 7.16 (dd, J = 8.8, 2.1 Hz, H-6) and 7.33 (d, J = 2.1 Hz, H-8), three anomeric protons at 

δH 5.64 (d, J = 1.8 Hz, H-1″″), 5.47 (d, J = 7.6 Hz, H-1″) and 4.76 (d, J = 7.8 Hz, H-1‴), 

indicating the presence of resokaempferol as aglycone and three sugar residues. Combining the 

TOCSY and HSQC spectra, three sugar units were recognized and their chemical shifts and 

coupling constants were in good agreement with two units of glucopyranose and one unit of 

rhamnopyranose, which was confirmed by HPLC analysis of the acid hydrolysis products of 51 

in comparison to known standards. The J values of the anomeric protons of the glucopyranose 

(7.6 or 7.8 Hz) and rhamnopyranose (1.8 Hz) were in accordance with those of β-D-
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glucopyranose and α-L-rhamnopyranose, respectively. The HMBC correlations from anomeric 

proton H-1″ to C-3 (δC 136.6), and from H-1‴ to C-2″ (δC 82.3) confirmed that a β-D-

glucopyranosyl-(1 2)-β-D-glucopyranosidic fragment was linked to the 3-hydroxy group of 

resokaempferol. In addition, the anomeric proton H-1″″ showed HMBC correlation to C-7 (δC 

162.0), indicating the α-L-rhamnopyranose to be linked to the 7-hydroxy group of 

resokaempferol. Thus, the structure of 51 was identified as resokaempferol 3-O-β-D-

glucopyranosyl-(1 2)-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside. 

The UV spectrum of compound 52 exhibited almost identical absorbances to the isoflavone 

daidzein (17).32 Its molecular formula was determined as C27H30O14 based on the HRESIMS data. 

The positive and negative ESIMS spectra displayed fragment peaks at m/z 255 [M+H-324]+  and 

253 [M-H-324]-, respectively, corresponding to the loss of two hexoses. The 1H NMR spectrum 

showed signals characteristic for daidzein including an ortho-coupled A2B2 aromatic spin system 

at δH 7.39 (d, J = 8.6 Hz, H-2′ and 6′) and 6.85 (d, J = 8.6 Hz, H-3′ and 5′), an ABX aromatic 

spin system at δH 8.15 (d, J = 8.9 Hz, H-5), 7.24 (dd, J =8.9, 2.3 Hz, H-6) and 7.27 (d, J = 2.3 Hz, 

H-8), and an olefinic proton at δH 8.21 (s, H-2). In addition, two anomeric protons at δH 5.31 (d, J 

= 7.4 Hz, H-1″) and 4.69 (d, J = 7.9 Hz, H-1‴) as well as twelve additional protons between δH 3 

and 4 were observed due to the presence of two hexose units, which were further identified as 

two glucoses by HPLC analysis of the acid hydrolysis products of 52. The coupling constants of 

the anomeric protons of the glucoses were in accordance with that of the β-D anomer. In the 

HMBC spectrum, the two anomeric protons H-1″ and H-1‴ showed correlations to C-7 (δC 163.0) 

and C-2″ (δC 83.3), respectively, indicating that the inner β-D-glucopyranosyl moiety was 

attached to C-7 of the daidzein aglycone and that the second β-D-glucopyranosyl residue and the 

inner one were 1,2-linked. Taking these data into consideration, 52 was elucidated as daidzein 7-
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O-β-D-glucopyranosyl-(1 2)-β-D-glucopyranoside. 

Table 6. 1H and 13C NMR data for compounds 51 and 52. 
Position 

51a   52b 

δC, type δH (J in Hz)  δC, type δH (J in Hz) 

2 158.9, C   154.8, C 8.21, s 

3 136.6, C   126.0, C  

4 175.8, C   177.8, C  

5 127.6, CH 8.10, d (8.8)  128.0, CH 8.15, d (8.9) 

6 116.4, CH 7.16, dd (8.8, 2.1)  116.7, CH 7.24, dd (8.9, 2.3) 

7 162.0, C   163.0,C  

8 104.1, CH 7.33, d (2.1)  104.7, CH 7.27, d (2.3) 

9 157.8, C   158.8, C  

10 119.3, C   119.9, C  

1′ 122.7, C   123.7, C  

2′, 6′ 132.2, CH 8.10, d (8.8)  131.2, CH 7.39, d (8.6) 

3′, 5′ 116.0, CH 6.93, d (8.8)  116.0, CH 6.85, d (8.6) 

4′ 161.2, CH   158.5, CH  

1″ 100.7, CH 5.47, d (7.6)  100.1, CH 5.31, d (7.4) 

2″ 82.3, CH 3.76, dd (9.0, 7.6)  83.3, CH 3.77, dd (9.0, 7.4) 

3″ 77.7, CH 3.60, dd (9.0, 8.7)  77.3, CH  3.72, dd (9.0, 8.8) 

4″ 71.0, CH 3.36, m  70.7, CH 3.47, dd (9.8, 8.8) 

5″ 78.0, CH 3.17, m  78.0, CH 3.56, ddd (9.8, 5.8, 2.3) 

6″ 62.1, CH2 3.66, m 

3.48, m 

 61.9, CH 3.93, dd (12.2, 2.3) 

3.72, dd (12.2, 5.8) 

1‴ 104.5, CH 4.76, d (7.8)  105.3, CH  4.69, d (7.9) 

2‴ 75.3, CH  3.35, m  75.8, CH 3.24, dd (9.0, 7.9) 

3‴ 77.6, CH 3.39, dd (9.1, 7.6)  77.5, CH 3.41, t (9.0) 

4‴ 71.0, CH 3.36, m  70.9, CH 3.35, dd (9.6, 9.0) 

5‴ 77.9, CH 3.29, m  77.7, CH 3.27, ddd (9.6, 4.5, 2.4) 

6‴ 62.5, CH2 3.78, dd (11.9, 2.7) 

3.68, dd (11.9, 5.0) 

 61.7, CH2 3.61, dd (11.8, 4.5) 

3.52, dd (11.8, 2.4) 

1″″ 99.7, CH  5.64, d (1.8)    

2″″ 71.4, CH 4.06, dd (3.3, 1.8)    

3″″ 71.9, CH  3.86, dd (9.3, 3.3)    

4″″ 73.3, CH 3.50, t (9.3)    

5″″ 71.0, CH 3.60, dq (9.3, 6.2)    

6″″ 17.8, CH3 1.25, d (6.2)    
aRecorded at 700 MHz for 1H and 175 MHz for 13C in CD3OD. 
bRecorded at 600 MHz for 1H and 150 MHz for 13C in CD3OD. 

The remaining known compounds were identified as 2-[(E)-styryl]-5-geranyl-resorcin-1-
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carboxylic acid (4),17 amorfrutin B (5),4 2-carboxy-3,5-dihydroxy-4-geranylbibenzyl (6),1 2-

geranyl-5-[(Z)-styryl]-resorcin (7),33 amorphastilbol (8),34 2-geranyl-5-(2-phenylethyl)-resorcin 

(9),35 amorfrutin A (10),4 xanthoangelol (12),36 daidzein (17),32 5,7-dihydroxy-4'-

methoxyisoflavone (18),37 5-hydroxy-4',7-dimethoxyisoflavone (19),38 afrormorsin (20),39 7-

hydroxy-2',4',5'-trimethoxyisoflavone (21),40 7,2',4',5'-tetramethoxyisoflavone (22),41 

munduserone (23),42 cis-12a-hydroxymunduserone (24),42 sermundone (25),43 6-

deoxyclitoriacetal (26),44 rot-2'-enonic acid (27),45 cis-12a-hydroxyrot-2'-enonic acid (28),45 

sumatrolic acid (29),46 deguelin (30),42 tephrosin (31),47 α-toxicarol (32),47 11-hydroxytephrosin 

(33),47 6a,12a-dehydrodeguelin (34),48 dalpanol (35),49 12a-hydroxydalpanol (36),15 rotenone 

(37),50 rotenolone (38),51 11-hydroxyrotenone (39),52 amorphigenin (40),15 dalbinol (41),26 

amorphispironone (47),9 11-hydroxyamorphispironone (48),1 licoagroside F (49),53 kaempferol 

3-O-α-L-rhamnopyranosyl-(1 2)-β-D-glucopyranoside-7-O-α-L-rhamnopyranoside (50),31 6'-O-

β-D-glucopyranosyldalpanol (53),15 and 6'-O-β-D-glucopyranosyl-12a-hydroxydalpanol (54)2 by 

comparison with the literature data. 

All isolated compounds were evaluated for their antimicrobial activity against a set of 

humanpathogenic gram-positive bacteria. Among them, the geranylated bibenzyl derivatives 4, 5, 

8, 9 and the likewise geranylated chalcone 12 showed significant antibacterial activity with MIC 

values ranging from 3.1 to 25 μM, while compounds 1, 6, 7, 10, 13–15 displayed moderate 

activity with MIC values ranging from 25 to 100 μM (Table 7). Compounds 5, 8–10 and 12 were 

previously reported for their antibacterial activity against S. aureus ATCC137094,54 and 

ATCC25923,55 two standard laboratory strains of S. aureus.  However, their antibacterial activity 

against the methycilin-resistant strain S. aureus ATCC700699, vancomycin-resistant strains E. 

faecalis ATCC51299 and E. faecium ATCC700221 as well as against two standard laboratory 
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strains E. faecalis ATCC29212 and E. faecium ATCC35667 are reported for the first time in this 

study. Compound 5 (MIC value of 6.3 μM against vancomycin-resistant strain E. faecium 

ATCC700221), 8 (MIC values of 3.1 and 6.3 μM against methicillin-resistant S. aureus strain 

ATCC700699 and vancomycin-resistant E. faecium strain ATCC700221, respectively) and 12 

(MIC values of 3.1 against both methicillin-resistant S. aureus strain ATCC700699 and 

vancomycin-resistant E. faecium strain ATCC700221) were similar with regard to their antibiotic 

activity to the positive control moxifloxacin. However, none of the isolated compounds exhibited 

activity against Mycobacterium tuberculosis or against the gram-negative bacterium 

Acinetobacter baumannii ATCCBAA1605 (MIC > 50 μM). 

Table 7. Antimicrobial (MIC, μM) and cytotoxic activities (IC50, μM). 

compound 
S. aureus E. faecalis E. faecium 

MRC-5 THP-1 ATCC 
25923 

ATCC 
700699 

ATCC 
29212 

ATCC 
51299 

ATCC 
35667 

ATCC 
700221 

1 50 100 50 100 50 100 100 100 
4 12.5 12.5 25 25 25 25 100 100 
5 12.5 12.5 6.3 6.3 6.3 6.3 100 100 
6 100 100 100 100 100 100 100 100 
7 100 100 100 100 100 100 100 100 
8 6.3 3.1 12.5 6.3 6.3 6.3 50 25 

8aa >100 >100 >100 >100 100 >100 100 100 
9 25 6.3 25 12.5 12.5 12.5 - 50 
10 50 6.3 100 25 50 25 - 50 
12 25 3.1 12.5 6.3 12.5 3.1 25 25 
13 100 100 50 100 100 100 100 100 
14 100 100 50 100 25 25 50 50 
15 100 100 25 50 25 12.5 50 50 

Moxifloxacinb <0.9 3.8 0.9 0.9 1.9 7.8 - - 
a 8a was dimethoxy product of 8. b positive control. 

All antibacterially active compounds (Table 7) were further tested for their cytotoxicity 

against eukaryotic cells using the human lung fibroblast MRC-5 cell line and the human 

monocytic THP-1 cell line as models. The IC50 values of 4 and 5 were 100 μM against MRC-5 

and THP-1 cells for both compounds indicating a high degree of selectivity for the antibacterial 

vs. cytotoxic activity which makes these two compounds interesting candidates for further 
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studies on the molecular targets and models of action underlying the antibiotic activity. For 

compounds 8 and 12, the IC50 values against the two eukaryotic cell lines varied from 25 to 50 

μM. 

A preliminary structure-activity relationship for the antibacterial activity of the geranylated 

bibenzyl derivatives is proposed. The chain length of the isoprenoid derived side chain seems to 

be important for antibacterial activity against E. faecalis and E. faecium strains since compound 

10, which differs from 5 only by an isoprene vs. a geranyl side chain was largely inactive 

whereas 5 showed strong antibiotic activity. Presence of a double bond at the C-1/C-2 position of 

the analyzed bibenzyl derivatives is not essential as indicated by the strong antibiotic activity of 

the hydrogenated compound 5 and 9. Compounds with an E-configurated double bond at the C-

1/C-2 position such as 4 and 8 are more active than the corresponding Z isomers as exemplified 

by comparison of 1 and 7. Addition of an oxo function to the central chain linking the aromatic 

rings of bibenzyl derivatives as present in compound 12 has no significant effect on the antibiotic 

activity in comparison to 8. Presence of a carboxylic group at C-1 of one of the aromatic rings is 

not required for activity as shown by comparison of 4 vs. 8, which is corroborating earlier results 

by Mitscher et al.4 Methylation of phenolic OH groups like for compound 5 increases its 

antibiotic activity compared to the demethylated derivative 6. 

In addition to studying the antibiotic activity, all compounds isolated in this study were 

subjected to a MTT assay using the mouse lymphoma cell line L5178Y as a model for evaluating 

cytotoxicity (Table 8).56–57 As expected from the results of the cytotoxicity counter screen carried 

out for the bibenzyl derivatives (1−10), none of these latter metabolites showed activity against 

the mouse lymphoma cell thus corroborating the results obtained with the MRC-5 and THP-1 

cell lines. From all compounds analyzed only rotenoid derivatives were active against the 
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L5178Y cell line, which is in agreement with previous reports on the cytotoxicity of rotenoids 

against human cell lines such as MDB-MB-23158 and MCF-712 human breast cancer cell lines, 

HCT-116 human colon cancer cell line12 and HEL299 human lung normal cell lines.2 

Table 8. Cytotoxicity against the mouse lymphoma cell line L5178Y. 
compound IC50 (μM) 

 25  0.2 
27 0.6 
30 0.2 
32 0.2 
34 10.2 
35 0.7 
37 0.3 
41 0.2 
45 7.6 
48 1.3 
53 1.7 

Kahalalide Fa 4.3 
a positive control. 

The strongest cytotoxic activity was observed in this study for compounds 25, 27, 30, 32, 35, 

37, 41, 48 and 53 which exhibited IC50 values ranging from 0.2 to 1.7 μM, respectively. These 

compounds were more potent than the positive control kahalalide F. 12a-H substituted rotenoids 

seem to be more active than corresponding 12a-OH substituted derivatives by comparison of 25 

vs 26, 27 vs 28, 30 vs 31, 32 vs 33, 35 vs 36, 37 vs 38, and 53 vs 54. The presence of a double 

bond at the C-6a/C-12a (34 vs 30) decreased activity while the loss of methoxy group (42 vs 41) 

led to total loss of cytotoxicity. Spirorotenoid compounds 47 and 48 were less active compared 

to their corresponding biosynthetic precursors 30 and 32. In addition, the rotenoid glycoside 53 

was less cytotoxic compared to its aglycone 35. 

In summary, bioactivity-guided isolation of fruits of A. fruticosa gave 54 phenolic 

metabolites including eleven bibenzyl compounds (1–11), two chalcone derivatives (12 and 49), 

three flavonoids (13, 50–51), ten isoflavonoids (14–22, 52) and twenty-eight rotenoids (23–48, 
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53–54), of which fourteen were new compounds. Several geranylated bibenzyl compounds, 

especially 4, 5, 8, 9 and 12 exhibited significant antibacterial activity. Rotenoids and their 

derivatives, being present as dominant substances in the crude extract of fruits from A. fruticosa, 

displayed significant cytotoxicity against the L5178Y mouse lymphoma cell line. This study 

revealed the presence of numerous additional new and known phenolic metabolites in fruits of A. 

fruticosa compared to previous reports and provided several potential antibacterial and cytotoxic 

substances. 

EXPERIMENTAL SECTION 

General Experimental Procedures 

NMR experiments were carried out on a Bruker 300, Bruker Avance III 600 or Bruker 

Biospin 700 spectrometers, while chemical shifts were given in δ (ppm) referring to the solvent 

peaks at δH 7.26 and δC 77.0 for CDCl3, δH 3.31 and δC 49.0 for CD3OD, δH 2.05 and δC 29.8 for 

CD3COCD3. ESI mass spectra were acquired from a LC-MS HP1100 Agilent Finnigan LCQ 

Deca XP Thermoquestman spectrometer and HRESIMS spectra were recorded on a UHR-QTOF 

maXis mass 4G spectrometer. ECD spectroscopy was conducted using JASCO J-810 CD 

spectropolarimeter. JASCO P-2000 polarimeter was used for measuring optical rotations. 

UV/Vis Spectrofometer (Perkin Elmer Instruments) was utilized to obtain UV absorbance 

spectra. HPLC analysis was carried out using a Dionex P580 system connected to a photodiode 

array detector (UVD340s) and the separation column (125 ×4 mm) was prefilled with Eurospher 

10 C18 (Knauer, Germany). Semi-preparative RP-HPLC purification was achieved by a HPLC 

Lachrom-Merck Hitachi system (Pump L7100 and UV detector L7400) with an Eurospher 100-

10 C18 (300 × 8 mm) column. Open column chromatography was applied for fractionation using 

Merck MN Silica gel 60 M (0.04-0.063 mm), Sephadex LH-20 (Sigma-Aldrich), Diaon HP-20 
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(Merck), or LiChroprep Diol (40-63 μm, Merck) as stationary phase. Thin Layer 

Chromatography (TLC) was used for monitoring and accomplished on pre-coated silica gel 60 

F254 plates (Macherey-Nagel GmBH, Germany) with detection at 254 and 365 nm. Distillated 

solvents were used during isolation and spectral grade solvents were employed for spectroscopic 

measurements. 

Plant Material 

Air dried fruits of A. fruticosa used in this study were purchased from Friedrich Nature 

Discovery Company, Euskirchen, Germany. A voucher specimen was deposited at the Institute 

of Pharmaceutical Biology and Biotechnology, Heinrich-Heine University Duesseldorf, 

Germany. 

Extraction and Isolation 

The dry fruits of A. fruticosa (500 g) were powdered and extracted three times with 

dichloromethane (DCM) – methanol (MeOH) (1:1) at room temperature for 24 h each. The 

solution was dried in vacuo to yield 72.5 g of pale yellow crude extract, 55 g of which was 

subjected initially to silica gel vacuum liquid chromatography (VLC), eluting with n-hexane, 

ethyl acetate (EtOAc), DCM, and MeOH in order of polarity to afford 25 fractions. All fractions 

were tested for their anti-tuberculosis and antibacterial activity. A growth inhibition against 

gram-positive bacteria was exhibited by fractions 11, 12, and 14-19 whereas none of the 

analyzed fractions showed growth inhibition towards M. tuberculosis or against gram-negative A. 

baumannii ATCCBAA1605. 

Fraction 11 (1.8 g) was fractionated using a Sephadex LH-20 column with MeOH as eluent 

to give nine subfractions (11-1 to 11-9). Subfractions 11-3 (96 mg) and 11-8 (74 mg) were 

further subjected to a Sephadex LH-20 column using acetone as mobile phase followed by 
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purification using semi-preparative HPLC (gradient MeOH-H20, 50:50 to 100:0) to yield 19 (2.0 

mg) and 3 (2.8 mg), respectively. 

Fraction 12 (1.3 g) was subjected to a Sephadex LH-20 column using MeOH as mobile 

phase to afford eight subfractions (12-1 to 12-8). Subfraction 12-2 (21.8 mg) was purified by 

semi-preparative HPLC (gradient MeOH-H2O, 50:50 to 100:0) to give 2 (0.3 mg). 

Fraction 13 (370 mg) was subjected to a LiChroprep Diol column eluting with DCM to 

afford four subfractions (13-1 to 13-4). Subfraction 13-1 (194.0 mg) was fractionated over a 

Sephadex LH-20 column using DCM-MeOH (1:1) as eluent, followed by purification with semi-

preparative HPLC to yield 25 (1.0 mg), 30 (2.0 mg), and 32 (3.0 mg). Following the similar 

procedures, 10 (3.0 mg), 29 (0.5 mg) and 28 (1.0 mg) were obtained from subfraction 13-2, 

while 5 (21.0 mg), 9 (0.5 mg), 14 (2.0 mg) and 18 (1.0 mg) were isolated from subfraction 13-3 

(41 mg). 

Fraction 14 (330 mg) was chromatographed over a LiChroprep Diol column using DCM to 

yield nine subfractions (14-1 to 14-9). Subfraction 14-2 (59 mg) was purified by semi-

preparative HPLC to yield 34 (0.5 mg), 37 (2.0 mg), and 39 (0.8 mg). Further purification of 

subfraction 14-7 (24.0 mg) with semi-preparative HPLC gave 5 (14.0 mg), 15 (2.0 mg), and 27 

(0.5 mg). 

Fraction 15 (600 mg) was subjected to a Sephadex LH-20 column eluting with DCM-

MeOH (1:1) to give nine subfractions (15-1 to 15-9). Subfraction 15-4 (95.6 mg) was further 

separated by a silica gel column with DCM-MeOH (99:1) as mobile phase, followed by 

purification using semi-preparative HPLC (gradient MeOH-H2O, 50:50 to 100:0) to afford 26 

(0.7 mg), 24 (0.9 mg), 23 (1.3 mg), 38 (3.1 mg), 31 (10.4 mg), and 33 (4.8 mg). Separation of 

subfraction 15-6 (142.5 mg) by a Sephadex LH-20 column using DCM-MeOH (1:1), followed 
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by a silica gel column using n-hexane-EtOAc (6:4) gave 12 (42.5 mg) and 6 (4.8 mg). 

Fraction 17 (800 mg) was separated by a Sephadex LH-20 column using acetone as eluent 

to afford sixteen subfractions (17-1 to 17-16), among which subfraction 17-13 was a pure 

compound 17 (1.0 mg). Subfraction 17-4 (112.9 mg) was further purified by a Sephadex LH-20 

column with acetone to give 48 (41.0 mg). Subfraction 17-8 (35.4 mg) was purified with semi-

preparative HPLC (gradient MeOH-H2O, 60:40 to 100:0) to yield 16 (0.5 mg) and 4 (11.4 mg). 

Fraction 18 and 19 (3 g) were combined and chromatographed by silica vacuum liquid 

chromatography (VLC) using n-hexane, EtOAc, DCM, and MeOH by increasing the polarity of 

eluting solvents, to afford seventeen subfractions (18-1 to 18-17). After purification by semi-

preparative HPLC with a gradient of MeOH-H2O (50:50 to 100:0) as eluent system, 7 (0.6 mg) 

and 8 (17.0 mg) were obtained from subfraction 18-3 (32.8 mg), while 13 (0.6 mg), 1 (2.7 mg), 

and 4 (17.3 mg) were isolated from subfraction 18-4 (53.8 mg). Subfraction 18-6 (559 mg) was 

subjected to a LiChroprep Diol column using n-hexane-acetone (80:20, 60:40, 20:80, 0:100), 

followed by purification with semi-preparative HPLC (gradient MeOH-H2O 50:50 to 100:0) to 

give 20 (0.6 mg) and 35 (14.6 mg). Subfraction 18-7 (1.3 g) was separated by a silica gel column 

using a gradient of n-hexane-acetone (6:1 to 0:100), followed by purification with semi-

preparative HPLC using MeOH-H2O (40:60 to 100:0) to afford 36 (1.9 mg), 40 (1.0 mg), and 11 

(3.4 mg). Subfraction 18-8 (251 mg) was fractionated by a Sephadex LH-20 column with 

acetone to give 12 subfractions (18-8-1 to 18-8-12). Semi-preparative HPLC using MeOH-H2O 

(50:50 to 100:0) was applied for further purification. 47 (0.6 mg), 45 (24.6 mg), and 22 (0.5 mg) 

were obtained from subfraction 18-8-6 (36.9 mg); 46 (0.6 mg) was purified from subfraction 18-

8-8 (28.8 mg); 41 (4.9 mg) and 44 (0.6 mg) were isolated form subfraction 18-8-10 (31.9 mg); 

42 (1.1 mg), 21 (0.4 mg) and 43 (2.4 mg) were  obtained from subfraction 1819-8-12 (17 mg). 
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Fraction 24 (6 g) was fractionated by a Diaion HP-20 column using a gradient of MeOH-

H2O (0:100, 20:80, 40:60, 80:20, 100:0) to give 12 subfractions (24-1 to 24-12). Subfraction 24-

7 (425.6 mg) was subjected to a Sephadex LH-20 column with MeOH to give 9 subfractions (24-

7-1 to 24-7-9). Subfraction 24-7-4 (27.0 mg) was purified by semi-preparative HPLC using 

MeOH-H2O (gradient 30:70 to 100:0) to yield 51 (1.2 mg) and 50 (11.6 mg), while subfraction 

24-7-7 (24.1 mg) was purified by semi-preparative HPLC with MeOH-H2O (gradient 40:60 to 

100:0) to afford 52 (2.8 mg) and 49 (2.0 mg). Subfraction 24-11 (23.3 mg) was purified by semi-

preparative HPLC using MeOH-H2O (gradient 40:60 to 100:0) to give 54 (2.9 mg) and 53 (1.3 

mg). 

2-[(Z)-Styryl]-5-geranyl-resorcin-1-carboxylic acid (1): yellow amorphous solid; UV 

(MeOH) λmax (log ε) 224 (2.89), 301 (2.46) nm; 1H and 13C NMR, see Table 1; HRESIMS m/z 

393.2059 [M+H]+ (calc. for C25H29O4, 393.2060). 

Amorfrutin D (2): white amorphous solid; UV (MeOH) λmax (log ε) 222 (3.34), 269 (2.94), 

309 (1.96) nm; [α]D22 24 (c 0.10, MeOH); 1H and 13C NMR, see Table 1; HRESIMS m/z 

425.2319 [M+H]+ (calc. for C26H33O5, 425.2323). 

Demethoxyamorfrutin D (3): white amorphous solid; UV (MeOH) λmax (log ε) 230 (3.34), 

266 (2.94), 304 (1.96) nm; [α]D22 16 (c 0.14, MeOH); 1H and 13C NMR, see Table 1; HRESIMS 

m/z 411.2164 [M+H]+ (calc. for C25H31O5, 411.2166). 

(+)-Puerol A (11): white amorphous solid; UV (MeOH) ) λmax (log ε)  287 (2.74), 326 (2.84) 

nm; [α]D21 +32 (c 0.18, MeOH); ECD MeCN,  [nm] ( ), c = 2.52 10 4 M : 312 (3.75), 283 

(6.14), 248 ( 3.27), 230 (1.30), 202 ( 4.34); 1H and 13C NMR were identical with those 

previously published19,20; ESIMS m/z 299 [M+H]+. 

8-Geranyl-3,5,7-trihydroxyflavanone (13): yellow amorphous solid; UV (MeOH) λmax 
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(log ε) 219 (4.53), 263 (4.05), 293 (3.73) nm; [α]D21 5 (c 0.18, MeOH); 1H and 13C NMR, see 

Table 2 and 3; HRESIMS m/z 409.2011 [M+H]+ (calc. for C25H29O5, 409.2010). 

8-Geranyl-3′,5,7-trihydroxy-4′-methoxyisoflavone (14): yellow amorphous solid; UV 

(MeOH) λmax (log ε) 213 (3.69), 268 (3.53) nm; 1H and 13C NMR, see Table 2 and 3; 

HRESIMS m/z 437.1961 [M+H]+ (calcd. for C26H29O6, 437.1959). 

6-Geranyl-3′,5,7-trihydroxy-4′-methoxyisoflavone (15):  yellow amorphous solid; UV 

(MeOH) λmax (log ε)  206 (3.67), 267 (3.58) nm; 1H and 13C NMR, see Table 2 and 3; HRESIMS 

m/z 437.1966 [M+H]+ (calc. for C26H29O6, 437. 1959). 

8-Geranyl-3′,7-dihydroxy-4′-methoxyisoflavone (16):  yellow amorphous solid; UV 

(MeOH) λmax (log ε)  251 (3.73), 292 (3.35) nm; 1H and 13C NMR, see Table 2 and 3; HRESIMS 

m/z 421.2010 [M+H]+  (calc. for C26H29O5, 421.2010). 

3-Demethyldalbinol (42): yellow amorphous solid; UV (MeOH) λmax (log ε) 212 (2.86), 

242 (2.74), 296 (2.65) nm; [α]D20 105 (c 0.11, MeOH); ECD MeCN,  [nm] ( ), c = 

1.82 10 4 M : 324 ( 4.48), 277 ( 2.62), 243 (5.36), 221sh ( 8.27), 205 ( 15.70), negative 

below 198 nm; 1H and 13C NMR, see Table 4 and 5; HRESIMS m/z 413.1227 [M+H]+  (calc. for 

C22H21O8, 413.1231). 

6a,12a-Dehydro-3-demethylamorphigenin (43): yellow amorphous solid; UV (MeOH) 

λmax (log ε)  232 (3.86), 280 (3.74), 341 (3.65) nm; [α]D21 17 (c 0.19, MeOH); ECD MeCN,  

[nm] ( ), c = 1.90 10 4 M : 302sh ( 0.82), 279 ( 1.26), 249 (0.06), 235 ( 0.71), 215 (0.28), 

197 ( 1.60); 1H and 13C NMR, see Table 4 and 5; HRESIMS m/z 395.1128 [M+H]+ (calc. for 

C22H19O7, 395.1125). 

(6aR,12aR,5′R)-Amorphigenin (44): yellow amorphous solid; UV (MeOH) λmax (log ε) 

204 (2.99), 236 (2.99), 295 (2.59) nm; [α]D22 4 (c 0.11, MeOH); 1H and 13C NMR, see Table 4 
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and 5; HRESIMS m/z 411.1437 [M+H]+  (calc. for C23H23O7, 411.1438). 

Amorphispironone B (45): yellow amorphous solid; UV (MeOH) λmax (log ε) 256 (4.05), 

265 (4.05), 319 (3.66) nm; [α]D21 175 (c 0.49, MeOH); ECD MeCN,  [nm] ( ), c = 

1.89 10 4 M : 369 ( 0.74), 344sh ( 0.74), 316 ( 7.63), 267 ( 9.77), 239 (7.33), 203 (9.84); 1H 

and 13C NMR, see Table 4 and 5; HRESIMS m/z 397.1281 [M+H]+ (calc. for C22H21O7, 

397.1282). 

Amorphispironone C (46): yellow amorphous solid; UV (MeOH) λmax (log ε) 257 (3.44), 

265 (3.57), 320 (2.84) nm ; [α]D21 92 (c 0.37, MeOH); ECD MeCN,  [nm] ( ), c = 

1.82 10 4 M : 359sh ( 1.16), 312 ( 6.78), 274 ( 9.18), 255 (6.52), 235 ( 3.30), 203 (13.77); 1H 

and 13C NMR, see Table 4 and 5; HRESIMS m/z 413.1231 [M+H]+ (calc. for C22H21O8, 

413.1231). 

Resokaempferol 3-O-β-D-glucopyranosyl-(1 2)-β-D-glucopyranoside-7-O-α-L-

rhamnopyranoside (51): yellow amorphous powder; UV (MeOH) λmax (log ε) 266 (4.38), 348 

(4.11) nm; [α]D19 51 (c 0.10, MeOH); 1H and 13C NMR, see Table 6; HRESIMS m/z 741.2237 

[M+H]+ (calcd for C33H41O19, 741.2237). 

Daidzein 7-O-β-D-glucopyranosyl-(1 2)-β-D-glucopyranoside (52): yellow amorphous 

solid; UV (MeOH) λmax (log ε) 251 (4.11), 294 (3.65) nm; [α]D21 34 (c 0.56, MeOH); 1H and 

13C NMR, see Table 6; HRESIMS m/z 579.1706 [M+H]+ (calcd for C27H31O14, 579.1708). 

Acid Hydrolysis and HPLC Analysis of Compounds 51 and 52 

Compounds 51 and 52 were separately hydrolyzed with 2 N HCl (0.1 mL) at 80oC for 4 h. 

After drying in vacuo, the residue was dissolved in pyridine (0.1 mL) containing L-cysteine 

methyl ester hydrochloride (0.5 mg) and heated at 60 oC for 1 h. A solution of p-

tolylisothicyanate (0.5 mg) in pyridine (0.1 mL) was added to the mixture, which was heated at 
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60 oC for 1h. After the solvent was removed, the residue was dissolved in MeOH and analysed 

by HPLC (MeOH–H2O, 1 mL/min). The peaks at 24.580 min and 25.587 min were identical to 

the derivatives of pure standard β-D-glucose and α-L-rhamnose that had been prepared using the 

same method as described for compounds 51 and 52.59 

Methylation of Compound 8 

A mixture of potassium carbonate (254 mg) and dry methyliodide (0.12 mL) were added to 

an acetone solution (2 mL) of 8 (3.0 mg). After stirring at room temperature for 10 h, the 

remaining acetone was evaporated in vacuo. The residue was then dissolved in 15 mL ethyl 

acetate and 5 mL water was added. The organic layer was separated and dried over anhydrous 

magnesium sulphate. The dried organic layer was filtered and concentrated to afford 3.8 mg of a 

brown amorphous solid. 

Antimicrobial Assay 

The antibacterial activity of isolated compounds were evaluated by calculating their 

minimal inhibitory concentration (MIC) against M. tuberculosis, S. aureus ATCC25923, S. 

aureus ATCC700699, E. faecalis ATCC29212, E. faecalis ATCC 51299, E. faecium 

ATCC35667, E. faecium ATCC700221 and A. baumannii ATCCBAA1605. MIC for each strain 

was determined by the broth micro dilution method according to the recommendation of the 

Clinical and Laboratory Standards Institute (CLSI).60 Moxifloxacin and DMSO were used as 

positive and negative control, respectively. 

Cell Proliferation Assay 

All isolated compounds were evaluated for their cytotoxicity against mouse lymphoma cell 

line L5178Y using MTT method as described before.61 Experiment were accomplished in three 

times with kahalalide F and 0.1% DMSO in media as positive and negative control, respectively. 
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Cytotoxicity test against the human lung fibroblast MRC-5 cell line (American Type 

Culture Collection) and the human monocytic THP-1 cell line (German Collection of 

Microorganisms and Cell Cultures) were conducted by employing the protocol that has been 

described previously.62 

Computational Section 

Mixed torsional/low-frequency mode conformational searches were carried out by means of 

the Macromodel 9.9.223 software using the Merck Molecular Force Field (MMFF) with an 

implicit solvent model for CHCl3.63 Geometry reoptimizations were carried out at the B3LYP/6-

31G(d) level in vacuo and B97D/TZVP22,23 level with the PCM solvent model for MeCN. 

TDDFT ECD calculations were run with various functionals (B3LYP, BH&HLYP, PBE0) and 

the TZVP basis set as implemented in the Gaussian 09 package with the same or no solvent 

model as in the preceding DFT optimization step.64 ECD spectra were generated as sums of 

Gaussians with 2400 to 3000 cm-1 widths at half-height (corresponding to ca. 14 to 17 nm at 240 

nm, respectively), using dipole-velocity-computed rotational strength values.65 Boltzmann 

distributions were estimated from the ZPVE-corrected B3LYP/6-31G(d) energies in the gas-

phase calculations and from the B97D/TZVP energies in the solvated ones. The MOLEKEL 

software package was used for visualization of the results.66 
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S12. HMBC (600 and 150 MHz, CDCl3) spectrum of the new compound 2 

 

 

S13. UV Spectrum of the new compound 3 



Publication 4 

138 
 

 

S14. HRESIMS of the new compound 3 

 

S15. 1H NMR (600 MHz, CDCl3) of the new compound 3 



Publication 4 

139 
 

 

S16. 1H-1H COSY (600 MHz, CDCl3) of the new compound 3 

 

S17. HMBC (300 MHz, 75 MHz CDCl3) of the new compound 3 



Publication 4 

140 
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S104. Structure and population of the low-energy B3LYP/6-31G(d) in vacuo conformers (≥ 2%) 

of (1aR,6aS,12aR)-45. 

 

 

S105. Experimental ECD spectrum of 45 in MeCN compared with the B3LYP/TZVP calculated 

ECD spectrum of (1aR,6aS,12aR)-45 computed for the single major B97D/TZVP (PCM/MeCN) 

conformer (99.1%). Bars represent the rotational strength of the single major conformer. 
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S106. Dose-response curves of compounds 4 (a), 5 (b), 8 (c) and 12 (d) against MRSA (●), E. 
faecalis ATCC 51299 (■), E. faecium (▲) ATCC 700221 and the human cell lines THP-1 (●) 
and MRC-5 (■). 
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6. Discussion 
6.1 Isolated Natural Products from Sarcotheca griffithii 

6.1.1 Flavone C-Glycosides 

Chrysin is a 5,7-dihydroxyflavone which can be found in many plants. Biosynthetically, it is 

produced from a cinnamoyl starter unit, with chain extension using three molecules of malonyl 

CoA (Dewick, 2009). The glycosylation of chrysin takes place mainly at C-6, C-8 and/or O-7 of 

the core structure (Andersen et al, 2006). 

The leaves of S. griffithii yielded five new chrysin 6-C-glycosides, namely chrysin 6-C-(2″-

O- -L-rhamnopyranosyl)- -D-glucopyranoside (1), chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-

-D-glucopyranosyl-7-O- -D-glucopyranoside (2), chrysin 6-C-(2″-O- -L-rhamnopyranosyl)- -

L-fucopyranoside (3), chrysin 6-C-(2″-O- -L-rhamnopyranosyl)-6′-deoxy-ribo-hexos-3-uloside 

(4), and chrysin 6-C- -boivinopyranosyl-7-O- -L-glucopyranoside (5), together with one known 

compound, isovitexin 2″-O- -L-rhamnopyranoside (6). Further analysis of the HPLC, UV and 

MS data of the crude extract showed that most of the minor peaks were suggested to be 

additional chrysin C-glycosides. Considering this, it can be assumed that natural products 

produced by S. griffithii are mainly chrysin C-glycosides. 

Chrysin derivatives with sugar residues attached at C-6 are considered typical flavonoid 

glycosides of S. griffithii, which have not been recorded from other genera in the family 

Oxalidaceae until now. Instead, they were reported to be produced by plants of genus Scutellaria 

in the family Lamiaceae (Andersen et al, 2006; Miyaichi et al, 1994; Takagi et al, 1981). 

Subsequently, it can be assumed that chrysin 6-C-glycosides, particularly the new compound 

chrysin 6-C-(2″-O-α-L-rhamnopyranosyl)-β-D-glucopyranoside (1), are chemotaxonomic 

markers for this species and probably for the whole genus Sarcotheca as well. 

β-Boivinopyranose and 6′-deoxy-ribo-hexos-3-ulose sugar moieties obtained in this study 

are rarely found in nature. They were reported as glycosides in several species of higher plants 

(Seigler et al, 1998).  β-Boivinopyranose is a 2,6-dideoxysugar produced through reduction at C-

2 and C-6 of hexose. 6′-Deoxy-ribo-hexos-3-ulose possesses a keto group at C-3 by reduction of 

6-deoxyglucose by NADH (Lombó et al, 2009) (Figure 6.1.1.1). 
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Figure 6.1.1.1. Biosynthesis of β-boivinopyranose and 6′-deoxy-ribo-hexos-3-ulose 

  

6.1.2 Biological Activity of Chrysin C-Glycosides 

The antioxidant properties of flavonoids are suggested to be dependent on the presence of a 

catechol moiety in ring B, a 3-hydroxyl and a carbonyl group at C-4, and a double bond at C-

2/C-3 (Harborn and William, 2000). Thus, it was assumed that chrysin displays antioxidant 

activity as previously reported (Pushwalli et al, 2010). Despite this fact, another study reported 

that the lack of hydroxyl groups in the ring B of flavones and the increasing number of sugar 

residues will lessen the antioxidant activity (Mantoro et al, 2001; Yan et al, 2011), suggesting 

that the chrysin C-glycosides will not show antioxidant activity. 

Chrysin had been known to demonstrate cell toxicity, inhibition of DNA synthesis at very 

low concentrations in a normal trout liver cell line, and to induce apoptosis in human cancer cell 

lines (Tsuji et al, 2009; Khoo et al, 2010). In this study, the crude extract that mainly contained 

chrysin 6 C-glycosides was evaluated for cytotoxicity against the mouse lymphoma L5178Y cell 

line and it was found to be not active. Cytotoxicity of chrysin C-glycosides has not been reported 

yet. It is likely that the sugar moieties at C-6 abolish the cytotoxicity of chrysin C-glycosides. 

Hence, the roles of chrysin 6-C-glycosides in leaves of S. griffithii are still unknown. 
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6.2 Isolated Natural Products from Piper retrofractum 

6.2.1 Piperamides 

The formation of cyclobutanamides and cyclohexenamides was suggested to originate from 

monomeric amides, such as piperines, by intermolecular Diels-alder reaction through [2+2] or 

[4+2] cycloaddition (Figure 6.2.1.1 and 6.2.1.2). This type of reaction can easily occur through 

non-enzymatic catalysis, such as photo-oxidation or catalyzed by a Lewis acid. Some chemical 

studies reported that piperines could be transformed to cyclohexenamides as a mixture of 

piperamide dimers by Diels-Alder cycloaddition reaction (Wei et al, 2005; Rao et al, 2011) 

(Figure 6.2.1.3). 
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Figure 6.2.1.1. Plausible biosynthetic pathways of dimeric amides bearing cyclohexenamides 

isolated from P. retrofractum by an intermolecular Diels-Alder reaction. 
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Figure 6.2.1.2. Plausible biosynthetic pathways of dimeric amides bearing cyclobutane rings 

isolated from P. retrofractum by an intermolecular Diels-Alder reaction. 

Furthermore, a wide diversity of natural product adducts formed through [2+2] 

cycloaddition is found in nature. For example, piperarborenine B from Piper arborescens 

(Piperaceae) (Lee et al, 2004), tadehaginoside D from Tadehagi triquetrum (Fabaceae) (Zhang et 

al, 2016) and crotoeurin A from Croton euryphyllus (Euphorbiaceae) (Pan et al, 2015) (Figure 

6.1.2.4) are cyclobutane-containing natural products formed by [2+2] cycloaddition reactions. 

The monomer of those natural products possesses one diene as reactive substrate to form a 

cyclobutane moiety. It was proposed that the [2+2] cycloaddition reaction originated due to ultra 

violet radiation, which was experimentally supported (Filho et al, 1981; Desiraju et al, 1984). 
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The genus Piper, particularly P. retrofractum, shows a high diversity of natural products due to 

the production of four membered ring-containing cyclobutanamides as shown in figure 6.1.2.2. 

Uniquely, the monomers of cyclobutanamides from P. retrofratum are mostly piperines with 

conjugated dienes. Meanwhile, previous experiments on the cycloaddition of piperine gave 

mainly cyclohexenamides, whereas theoretically both cyclohexenamides and cyclobutanamides 

were to be expected. Considering this evidence, it is suggested that the formation of 

cyclobutanamides in P. retrofractum occurs under the effect of other factors such as enzymatic 

catalysis rather than by ultra violet radiation. 

O

O

N

O

O N

O

N

O
O

O

O

O

N

O

O

O N

O

N

O
O

NO

O
O

O

OO

O

N

O

piperine

fagaramide chabamide H chabamide I chabamide

Cu(NO3)22.5H2O

Reflux, 70h, H2O

 

Figure 6.2.1.3 Formation of piperamide dimers from amide monomers by cycloaddition reaction  

 
Figure 6.1.2.4. Structures of several cyclobutane-containing natural products 
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The Diels-Alderase has been investigated for two decades in order to understand the 

mechanism of [4+2] or [2+2] cycloaddition reactions (Klas et al, 2015). Recently, SpnF was 

proposed to be a natural Diels-Alderase that catalyzes a [4+2] cycloaddition in the biosynthesis 

of spinosyn A (Kim et al, 2011; Fage et al, 2015). LNKS, lovastatin nonaketide synthase, 

chorismate mutase and solanopyrone synthase are some other enzymes representing the first 

naturally occurring Diels-Alderase enzymes that could be purified (Klas et al, 2015; Townsend 

et al, 2011). These enzymes are still under investigation regarding whether and how they 

catalyze the described reaction (Klas et al, 2015). As enzymes catalyzing the formation of six 

membered rings through [4+2] cycloaddition have been discovered, it is suspected that enzymes 

responsible for catalyzing [2+2] cycloaddition should also exist. In spite of that, up to now there 

is no literature study regarding the involvement of Diels-Alderase for [2+2] cycloaddition 

reactions. Taking this into consideration, plants of the genus Piper, particularly P. retrofractum, 

might possess similar Diels-Alderase enzymes, which are able to perform an intermolecular 

Diels-Alder reaction involving [4+2] and/or [2+2] cycloadditions. However, this field has not 

been studied so far. 

Nevertheless, this result provoked the question whether dimeric amides that were isolated 

are truly natural products or rather artefacts formed during isolation. In order to prove that 

dimeric amides are not artificial compounds, crude extract of P. retrofractum was prepared 

avoiding presence of light, followed by HPLC and ESIMS analysis.  All previously isolated 

dimeric amides that were present in extracts exposed to light were detectable proving that the 

isolated dimeric amides are in fact true natural products. 

The basic structure units of the amides in P. retrofractum feature piperidyl or isobutyl 

amino moieties (Muharini et al, 2015; Banerji et al, 1985; Ahn et al, 1992; Kubo et al, 2013), 

whereas piperamides with pyrrolidyl moieties have not been discovered from this investigated 

species so far. It seems that the enzymes responsible for amide formation using pyrrolidyls do 

not exist in P. retrofractum. 
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6.2.2 Biological Activity of Piperamides 
6.2.2.1 Antifungal Activity of Piperamides 

Antifungal assays against phytopathogenic fungus, Cladosporium cladosporioides revealed 

three active fractions from P. retrofractum, including fractions PiHE60, PiHE40 and PiHE20. 

Fraction PiHE60 and PiHE40 were more active than PiHE20 (Table 6.2.2.1), suggesting that 

these two fractions contained the major active substances. Chromatographic work up of the latter 

fraction yielded four active compounds inhibiting the growth of C. cladosporioides. Piperanine 

displayed good inhibition compared to the positive control nystatine (Table 6.2.2.1), while 

piperine, isochavicine and piperlonguminine showed weak inhibition. 

 

Table 6.2.2.1. Inhibition zone of fractions and compounds isolated from P .retrofractum against 

C. cladosporioides. 

No. Fractions (100 μg) /        
Compounds (0.5 μmol) 

Zone of Inhibition (d, mm) 

1. PiHE60 12 
2. PiHE40 13 
3. PiHE20 7.5 
4. Piperanine 15.0 
5 Piperine 8.0 
6. Isochavicine 7.0 
7. Piperlonguminine 6.5 
8. Nystatine (positive control) 29.6 
Diameter of paper disk (d) = 6 mm 

 

 
Figure 6.2.2.1 Structures of piperanine, piperine, isochavicine and piperlonguminine.  
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 Isochavicine was reported for the first time in this study to inhibit the growth of C. 

cladosporioides while piperine, piperanine, and piperlonguminine had been reported previously 

to possess antifungal activity against C. sphaerospermum (Marques et al, 2007; Navickiene et al, 

2000). The structural similarity of piperanine, piperine, isochavicine and piperlonguminine lies 

in the presence of methylenedioxyphenyl moieties and in the number of aliphatic carbons 

between the methylenedioxyphenyl moiety and the basic moiety (Figure 6.2.2.1), which is 

supposed to be a key factor for their antifungal activities against C. cladosporioides. Moreover, 

the loss of one double bond in piperanine might lead to its stronger activity compared to piperine 

and isochavicine. Meanwhile, the isobutyl amine moiety in piperlonguminine was found to 

decrease the antifungal activity. 

 

6.2.2.2 Cytotoxicity of Piperamides 
Piperamides are known for their cytotoxicity against several cancer cell lines (Okwute et al, 

2013; Gutierrez et al, 2013). A cytotoxicity assay of the isolated compounds against the mouse 

lymphoma L5178Y cell line showed that dehydropipernonaline, a methylene dioxyphenyamide, 

and nigramide R, a cyclobutanamide, displayed good cytotoxicity by comparison with the 

positive control kahalalide F. Moreover, among the isolated alkylamides, pipericine and 

pellitorine exhibited moderate cytotoxicity against the mouse lymphoma L5178Y cell line. The 

presence of methylenedioxyphenyl moieties in retrofractamide C, guineensine, brachystamide B, 

dehydropipernonaline and pipernonaline apparently increased the cytotoxic activity (Publication 

2). 

Table 6.2.2.2 Cytotoxicity of isolated compounds from P. retrofractum against the mouse 

lymphoma L5178Y cell line. 
No. Compound IC50 ( M) 

1. Pellitorine  28.3 
2. Pipericine  24.2 
3. Dehydropipernonaline   8.9  
4. Pipernonaline  17.0 
5. Guineensine 17.0 
6. Brachystamide B 16.4 
7. Retrofractamide C 13.4 
8. Dipiperamides F 10.0 
9. Dipiperamides G 13.9 
10. Chabamide  11.6 
11. Nigramide R   9.3 
12. Kahalalide F (positive control)   4.3 
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Piperanine, piperine, isochavicine, and piperlonguminine did not display cytotoxicity 

against the mouse lymphoma L5178Y cell line in this study. However, a previous report 

indicated that piperine was toxic towards Dalton’s lymphoma ascites cell and Ehrlich ascites 

(Sunila et al, 2004). The group of Maleck et al described that piperlonguminine exhibited 

cytotoxicity against Aedes aegypti with 100% larval mortality at a dose of 30 μg/ml within 24h 

(Maleck et al, 2014). 

 

6.3 Isolated Natural Products from Talinum triangulare 
6.3.1 C-Methylated Flavonoids 
 C-methylated flavonoids are mostly obtained from the families Myrtaceae and Ericaceae 

(Bohm et al, 1998). C-methylated flavonoids are also present in Piper carniconnectivum roots 

(Piperaceae) (Facundo et al, 2004), Pisonia grandis roots (Nyctaginaceae) (Sutthivaiyakit et al, 

2013), Tripterygium wilfordii roots (Celastraceae) (Zeng et al, 2010), and Pinus densiflora 

needles (Pinaceae) (Jung et al, 2001). In this study, two new C-methylated flavonoids, 5,6-

dimethoxy-7-hydroxy-8-methyl-flavone (1) and 5,6-dimethoxy-8-methyl-2-phenyl-7H-1-

benzopyran-7-one (2) were isolated. Compound 2 could also be classified as 3-deoxy-

anthocyanidin. The isolation of 1 and 2 gave more evidence to suggest that C-methylation of 

flavonoids occur at C-6 and/or C-8 (Sutthivaiyakit et al, 2013; Dao et al, 2010; Jung et al, 2001; 

Wollenweber et al, 2000; Facundo et al, 2004; Harborne et al, 1993), and at C-3, which was 

supported by the isolation of two 3-C-methylflavone glycosides from Eugenia kurzii (Myrtaceae) 

(Painuly and Tandon, 1983). 

 It is suggested that the C-methylation of flavonoids takes place during the condensation 

of a three malonyl CoA units, in which A-ring is built (Bohm, 1998). This condensation forms 

alpha methylene carbon, which is adjacent to the carbonyl carbon. The alpha-methylene carbon 

is an active center for methylation.  

 The mechanisms of O-methyltransferases, which activate methylation by donating methyl 

moieties to a specific hydroxyl group of acceptor compound, are well studied (Dewick, 2009; 

Koirala et al, 2016). However, there is no report on the characterization of the C-

methyltransferase so far (Dewick, 2009; Koirala et al, 2016). 
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 The O- and C-methylation of flavonoids will increase the lipophilicity of the flavonoids. 

The increase of compound lipophylicity  will enhance the membrane absorption, which is likely 

to increase the pharmaceutical effect of the compounds as well (Koirala et al, 2016). Currently, 

the bioactivities of C-methylated flavonoids have been investigated for antioxidant, antimicrobial 

(Sutthivaiyakit et al, 2013), anti-inflammatory (Zeng et al, 2010), and neuraminidase inhibitor 

for novel influenza H1N1 activities (Dao et al, 2010).  In this study, compound 1 and 2 were 

screened for antioxidant activity using a TLC method with DPPH reagent, cytotoxicity against 

the mouse lymphoma L5178Y cell line, and antifungal against C.cladosporioides. However, they 

were found to be inactive in the above mentioned assays. 

 

6.3.2 α-Pyrone 
 A new α-pyrone derivative (3), 4-methoxy-6-(2-hydroxy-4-phenylbutyl)-2H-pyran-2-one, 

was isolated in this study, which is formed from a cinnamoyl CoA and three malonyl-CoA 

extender units. As mentioned in publication 3, this new α-pyrone is suggested to be 

biosynthetically produced through the poliketyde synthase (PKS) pathway, in which cinnamate 

CoA ligase (CNL) and chalcone synthase (CHS)  are presumably involved in the biosynthesis of 

the new α-pyrone derivatives (figure 6.3.2.1) (Dewick, 2009; Abe et al, 2004; Akiyama et al, 

1999; Ting et al, 2015). The structure of 3 is similar to p-coumaroyltriacetic acid lactone (figure 

6.3.2.2), which was synthesized in a recent report by 4-coumarate CoA ligase (4CL) and 

chalcone synthase (CHS) (Ting et al, 2015). Previously, p-coumaroyltriacetic acid lactone was 

considered a by-product of the biosynthesis of flavonoids (Abe et al, 2004; Akiyama et al, 1999). 

 

 
Figure 6.3.2.1. Plausible biosynthetic pathway of α-pyrone derivative (3)  
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 Till now, no literature mentioned the bioactivity of p-coumaroyltriacetic acid lactone. 

Meanwhile, yangonin (figure 6.3.2.2), which was obtained from Piper methysticum (Piperaceae), 

demonstrated cytotoxicity by inducing apoptosis in human hepatocyte HepG2 cell line (Tang et 

al, 2011). Based on this information, the new α-pyrone derivative 3 was expected to have 

cytotoxicity against the mouse lymphoma L5178Y cell, which was conducted in this study. 

However, the new α-pyrone derivative 3 was found to be inactive. 

 

 
Figure 6.3.2.2. Structures of p-coumaroyltriacetic acid lactone and yangonin 

   

6.3.3 Lignanamides and Aurantiamides 
 Literature study revealed that lignanamides are found mostly in the families 

Cannabinaceae and Solanaceae. The structures of lignanamides are built by phenylpropanoids 

(ferulic acid or 4-coumaric acid in this study), and by amino acid, particularly L-tyrosine, 

through mannich reactions. Based on the chromatogram analysis of the MeOH crude extracts, it 

is suggested that lignanamides are major secondary metabolites from roots of T. triangulare.  

Even though the lignanamides isolated in this study (compound 4-9) are known compounds, this 

is the first report on lignanamides from family Portulacaceae.  

 Lignanamides displayed interesting bioactivities such as anti-inflammatory (Sun et al, 

2014; Al-Taweel et al, 2012), antioxidant (Al-Taweel et al, 2012; Yan et al, 2015; Zhang et al, 

2013), acetylcholinesterase inhibiting (Yan et al, 2015) and hepatoprotective activity (Li et al, 

1998). By contrast, the cytotoxicity evaluation of all isolated lignanamides in this study 

(compounds 4-9) against the mouse lymphoma L5178Y cell line revealed that compounds 4-9 

were inactive. In addition, none of compounds 4-9 showed antifungal activity against C. 

cladosporioides. 

 Aurantiamides are dipeptide derivatives. Three aurantiamides isolated in this study are 

known compounds, aurantiamide (10), aurantiamide acetate (11) and aurantiamide benzoate (12). 
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Aurantiamide and aurantiamide acetate were firstly obtained from seeds of Piper aurantiacum 

(Piperaceae) (Banerji et al, 1981). Bioactivities of aurantiamides were evaluated by conducting 

the same assays mentioned previously in this study. All aurantiamides showed neither cytotoxic 

nor antifungal activities. Recently, aurantiamide acetate was reported for supressing the growth 

of maglinant glioma U87 and U251 cells, in vitro and in vivo by inhibiting autophagic flux 

(Yang et al, 2015). 

 

6.4 Isolated Natural Products from Amorpha fruticosa 

6.4.1 Amorfrutins 
Amorfrutins were isolated for the first time from A. fruticosa, A. nana and A. canescens by 

the group of Kemal et al (Kemal et al, 1979). Helichrysum umbraculigerum (Bohlman, F. 1979) 

and Glycyrrhiza acanthocarpa (Ghisalberti et al, 1981) were reported to produce the same 

compounds. Recently, a new amorfrutin, amorfrutin C, was isolated from Glycyrrhiza foetida 

(Weidner et al, 2015). This class of compounds includes 2-hydroxybenzoic acids exhibiting 

hydroxyl or methoxyl groups at C-4 as well as isoprenyl/geranyl and styryl/aryl substituents as 

side chains (Sauer et al, 2014). Based on the structure relationships, it is likely that amorfrutins 

isolated from A. fruticosa originate biosynthetically from stilbenes (publication 4), where 

isoprenyl or geranyl moieties were introduced at a later stage of the pathway. 

Among the isolated amorfrutins, amorfrutin B (5), amorphastilbol (8) and 2-(1′E-styryl)-5-

geranyl-resorcin-1-carboxylic acid (4) were found to be promising antibacterial compounds, 

since both compounds showed good inhibitory activity, not only against laboratory gram-positive 

bacteria strains but also against methicilin-resistant S. aureus (MRSA ATCC700699) and 

vancomycin-resistant E. faecium (ATCC700221) (publication 4). The presence of a double 

bound in the styryl side chain is believed to be important for the antibacterial activities of 

amorfrutins. Moreover, a trans-configurated double bond rendered the resulting derivatives more 

active than the presence of a cis-configurated double bond, as shown for 2-(1′Z-styryl)-5-

geranyl-resorcin-1-carboxylic acid (1) and 2-(1′E-styryl)-5-geranyl-resorcin-1-carboxylic acid 

(4). The loss of the double bond in the styryl side chain seems to give no influence for the 

antibacterial activity (5 and 9). In addition, the presence of hydroxyl group at C-6" of the new 

compound 3 abolishes the antibacterial activity. Hence, although new compound 2 was not tested 
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for antibacterial activities due to the lack of sufficient amounts, it is suspected to be inactive. In 

order to investigate the role of the phenolic hydroxyl groups in the resorcinol moiety for the 

antibacterial activity, amorphastilbol was methylated and evaluated for antibacterial activity. The 

methylated amorphastilbol was found to be inactive, suggesting the importance of the phenolic 

hydroxyl groups for the antibacterial activity. 

Interestingly, amorphastilbol (8) and 2-(1′E-styryl)-5-geranyl-resorcin-1-carboxylic acid (4) 

displayed weak cytotoxicity against the L5178Y, THP-1 and MRC-5 cell lines when compared 

to their much stronger antibacterial activity. For these latter compounds a sufficiently wide 

therapeutic window exists that makes further studies on the molecular targets and modes of 

action worthwhile. 

 

6.4.2 Rotenoids 
Rotenoids are a naturally occurring subclass of isoflavonoids found in the families 

Leguminaceae/Fabaceae, Iridaceae and Nyctaginaceae (Crombie et al, 1998). In the family 

Fabaceae, this group of compounds is reported not only to occur in the genus Amorpha, but also 

in the genera Deguelia, Derris and Milletia (Crombie et al, 1998). The rotenoids originate from 

rotenone, the first rotenoid that had been isolated from the genus Derris (Dewick et al, 2009; 

Crombie et al, 1998). Rotenoids feature a tetracyclic ring system with a cis-fused 6a,12a-

dihydrochomeno[3,4-b]chromone nucleus (Figure 6.4.2.1). 

 
Figure 6.4.2.1 The core structure of rotenoids. 

 

The first reported rotenoids from A. fruticosa were amorphigenin (40) and its glycoside, 

amorphin (Acree et al, 1943).  Rotenoids share similar biosynthetic pathways with isoflavonoids 

with isoprenoid substituents to be introduced at later stage of their biosynthesis. Methylation of 

the hydroxyl group at C-2′ of the isoflavonoid core structure, followed by cyclization, causes the 

formation of the pyran ring B of rotenoids (Figure 6.4.2.2). A recent study reported that 

cyclization in the formation of ring B involved a free-radical pathway rather than a cationic 
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pathway (Kirckpatrik et al, 2016). The introduction of isoprenyl groups at C-8 of the 

isoflavonoid yields rotenonic acid (27). The isoprenyl moiety of rotenonic acid will cyclize to 

form ring E as a pyran or furan ring, thereby yielding deguelin or rotenone, respectively (Dewick, 

2009). In nature, most reported rotenoids show a junction of rings B/C with a cis-configuration.  

 
Figure 6.4.2.2. Construction of ring B in rotenoids from an isoflavonoid by oxidation of a 

methoxy group in the radical pathway. 

  

A. fruticosa produces unusual rotenoids, namely spirorotenoids, which are characterized by 

the presence of a spiro ring (Li et al, 1991; Terada et al, 1992). The first isolated spirorotenoid 

from A. fruticosa was amorphispironone (47) (Li et al, 1991). Other types of spirorotenoids 

occur in the genera Tephrosia and Derris, which also belong to the family Fabaceae (Andrei et al, 
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2002; Yenesew et al, 2006) (Figure 6.4.2.3). Up to now, there is no report on the isolation of 

amorphispironone and its derivatives from the latter genera, suggesting that amorphispironone is 

a characteristic spirorotenoid for the genus Amorpha. 

 

Figure 6.4.2.3 Spirorotenoids from the genera Tephrosia and Derris 

 

 
Figure 6.4.2.4 Reduction of amorphispironone produces deguelin 

 

Biosynthetically, the spirorotenoid amorphispironone was assumed to be derived from 

deguelin (30) (Li et al, 1991; Terada et al, 1993; Crowbie et al, 1998) which was corroborated 

through chemical conversion experiments using p-toluenesulfonic acid and amorphisipironone 

followed by methylation with diazomethane (Terada et al, 1993) (Figure 6.3.2.4). Crowbie 

reported that amorphispironone was constructed from degeulin through an enzymatically 
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catalyzed oxidation in plants (1998). In this study, the isolation of new compounds, 

amorphispironones B   (45) and C (46) from A. fruticosa would extend the plausible biosynthetic 

pathway for this type of compounds. Amorphispironone B (45) was derived from 

amorphispironone by demethylation. After alpha-oxidation, amorphispironone (47) can be 

formed. 

Because of the cyclizations of rings B and E as well as spiro formation, stereogenic centers 

occur in the structures of rotenoids usually at C-5′, C-6a, C-12a and C-1a. The relative 

configuration of C-6a and C-12a of rotenoids can be determined easily by analysis of their 3J 

values and by analysis of the chemical shift of H-1 (Kostova et al, 1986). In contrast, the 

determination of the relative configuration of C-5′ is challenging, but can be predicted using a 

biosynthetic approach (Crombie et al, 1998). As rotenone is the first isolated rotenoid, the 

absolute configuration and conformation of this compound were thoroughly studied and 

previously determined as 6aS, 12aS and 5′R by chemical and NMR spectroscopic studies (Büchi 

et al, 1961). In 1975, the absolute configuration of rotenone was confirmed by X-ray 

crystallography (Begley et al, 1975). Hence, rotenone became a model compound for 

determination of the absolute configuration of all other rotenoids. Since then, alpha D and CD 

measurements have become useful techniques. Kostova compiled CD spectra and NMR data of 

several rotenoids and found that the chemical shifts of α-oriented H-5′ were more downfield than 

the β-oriented ones, when H-6a and H-12a were β-oriented. In this study, by combining CD data 

and analysis of ROESY spectra, the absolute configuration of H-5′ could be assigned. However, 

the absolute configuration of compound 43 was complicated to be determined unambiguously 

due to the lack of data of comparably rotenoids in the literature.  Instead, a biosynthetic approach 

was used in this case to solve the stereochemistry of this compound. 

Rotenoids can be substituted by hydroxyl groups at C-6′, C-7′, C-11 or C-12a and 

dehydrogenated at C-6a and C-12 or C-6′ and C-7′. Cyclization, oxidation, methylation and 

dehydrogenation reactions as well as spiro formation of rotenoids from A. fruticosa lead to the 

diversity of rotenoids structures detected in this study. 6aR,12aR,5′R-Amorphigenin (44), 3-

demethyldalbinol (42), 6a,12a-dehydro-3-demethylamorphigenin (43), amorphispironone B (45) 

and amorphispironone C (46) are new natural rotenoids described for the first time in this study 

(Publication 4). 
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Rotenoids have been reported previously to show cytotoxicity against various human cell 

lines, i.e. MDB-MB-231 human breast cancer line (Li et al, 1993), MCF-7, HCT-116 (Wu et al, 

2015) and HEL299 human lung cell line (Lee et al, 2006). In this study, these compounds 

exhibited significant cytotoxicity against the mouse lymphoma L5178Y cell line (publication 4). 

For instance, dalpanol (35), dalbinol (41), 11-hydroxyamorphispironone (48), amorphispironone 

B (45) and 6'-O-β-D-glucopyranosyldalpanol (53) displayed significant cytotoxicity with IC50 

values of 0.7, 0.2, 1.3, 7.6 and 1.7 μM, respectively. In a previous report, amorphigenin and 

dalbinol showed cytotoxicity against the human lung carcinoma cell line Lu1 (Chin et al, 2006), 

while dalpanol was shown to be cytotoxic towards the neoplastic cell A-549, HC-8, TE671 and 

KB lines (Li et al, 1993). 11-Hydroxyamorphispironone (48), was shown to block the DNA 

binding activity of NF-κB in MCF-7 cells induced by TNF-α (Dat et al, 2008). Taking these data 

altogether, it is more likely that most rotenoids and spirorotenoids exhibit a wide spectrum of 

cytotoxicity, not only in animal cell lines, but also in human cell lines. Based on structure-

activity relationship studies, it seems that glycosylation of rotenoids weakens or abolishes their 

cytotoxicity as shown by comparison of dalpanol (35) and its glycoside (53). Moreover, Wu et al. 

proposed that the positions of sugar substituents influenced the cytotoxicity of rotenoid 

glycosides (Wu et al, 2015). In contrast to their potent cytotoxicity, none of the isolated 

rotenoids obtained in this study showed antibacterial activities towards gram-positive and 

negative bacteria strains. 
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7. Further Scientific Achievement 
 

 The following poster was presented on the International Congress and Annual Meeting of 

the Society for Medicinal Plant and Natural Product Research, in Budapest, Hungary, on 23 -27 

August 2015. 
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9. List of Abbreviations 
 [α]D specific rotation at the sodium D-line 

br broad signal 

CC50 cytotoxicity concentration 50% 

CD Circular Dichroism 

CH2Cl2 dichloromethane 

CHCl3 chloroform 

COSY correlation spectroscopy 

d doublet 

DCM dichloromethane 

dd double of doublet 

DMSO dimethyl sulfoxide 

DNA deoxyribonucleic acid 

ECD electronic circular dichroism 

ED effective dose 

ESI electrospray ionization 

et al.  et altera (and others) 

EtOAc ethyl acetate 

eV electronvolt 

g gram 

HMBC Heteronuclear Multiple Bond Connectivity 

HMQC Heteronuclear Multiple Quantum Coherence 

HSQC Heteronuclear Single Quantum Coherence 

H2O water 

HPLC High Pressure Liquid Chromatography 

H3PO4 phosphoric acid 

hr hour 

HR-ESIMS High Resolution Electronspray Ionization Mass Spectrometry 

Hz Herz 

L liter 

LC liquid chromatography 
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LC/MS liquid chromatography-mass spectrometry 

m multiplet 

M Molar 

MeOD deuterated methanol 

MeOH methanol 

mg  milligram 

MHz mega Herz 

min minute 

mL milliliter 

mm millimeter 

MRC Medical Research Council 

MS mass spectrometry 

MTT microculture tetrazolium assay 

m/z mass per charge 

n- normal- 

μg microgram 

μL microliter 

μM micromolar 

NaCl sodium chloride 

NMR Nuclear Magnetic Resonance 

NOE Nuclear Overhauser Effect 

NOESY Nuclear Overhauser and Exchange Spectroscopy 

ppm part per million 

q quartet 

R rectus (right) 

ROESY Rotating frame Overhauser Enhancement Spectrocopy 

RP 18 reverse phase C 18 

s singlet 

S sinister (left) 

sp. species 

t triplet 
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TFA trifluoroacetic acid 

THF tetrahydrofuran 

TLC Thin Layer Chromatography 

tR time retention 

UV Ultra Violet 

VLC Vacuum Liquid Chromatography 
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