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CHAPTER ONE             

                                                           INTRODUCTION 

 

1.1 Back ground. 

Chemotherapy remains the best means of treatment of metastatic cancer (Choi et al., 2007; 

Ullah, 2008). Its effectiveness, however, is greatly compromised by the multidrug resistance 

(MDR) phenomenon whereby cancer cells evade the cytotoxic effects of anticancer agents of 

divergent chemical structures and mechanisms of action. MDR is, in most cases, acquired 

sequel to the exposure of tumour cells to one cytotoxic agent or another, but can nevertheless 

occur intrinsically in the cells without previous exposure to any chemotherapeutic agent. 

(Fardel et al., 1996; Ambudkar et. al., 1999; Gottesman et al., 2002). And though its 

aetiology may be multifactorial (Gottesman et.al., 2002), the overexpression of P-

glycoprotein (P-gp), a 170- KDa transmembrane efflux transporter belonging to the ATP 

Binding Cassette (ABC) protein superfamily, is by far the most important MDR mechanism 

(Gottesman and Pastan, 1993; Gottesman et al., 2002). Discovering drug leads that could be 

developed into clinical P-gp inhibitors for cancer MDR inhibition, therefore, is both logical 

and highly required. 

By and large, there are two major chemical sources from which drug leads can be sourced, 

i.e., combinatorial synthesis and nature (Silverman, 2004; Buttler, 2004, 2005; Newman and 

Cragg, 2007). The antecedents of these two “lead pools” show that while combinatorial 

synthesis is capable of generating large number of leads in a relatively short period of time, 

traditional drug discovery from nature is a very slow process (Silverman, 2004). Moreover 

the thrusts of traditional natural drug discovery necessitating the screening of extracts and 

fractions of extracts do not always make it compatible with the automated mechanism-based 
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techniques of bioassay known as High Throughput Screenings (HTS) which comprise the 

mainstay of biological assays in the industry in this genomics era (Posner, 2005). These 

notwithstanding, the structural novelties that accompany natural compounds tend to put them 

at an advantage over their combinatorial synthesis-derived counterparts as these confer on 

them intrinsic drug-likeness (Silverman, 2004). Such structural novelties are evidenced by the 

dioxygen bond and endoperoxide linkage in artemisinin (1), the intricate stereochemistry in 

erythromycin A (2), and the complex ring system in paclitaxel (3), all being structural 

features that no combinatorial chemist would have ordinarily imagined. Furthermore, the 

assertion of the superiority of nature to combinatorial synthesis as far as novel drug lead 

discovery is concerned is  corroborated by the revelation that after about three decades of 

extensive investments in combinatorial synthesis at the expense of natural drug discovery the 

pharmaceutical industry succeeded in putting only one combinatorial synthesis-derived drug 

in the market, while many natural product derived drugs were launched in the same period, 

the neglect of natural drug research  notwithstanding (Newman and Cragg, 2007). Nature 

should therefore be the best source of cancer MDR inhibitors. 

Natural discovery of cancer MDR inhibitors, however, would require adopting methods or 

approaches that would address the two afore-mentioned ills of traditional natural drug 

discovery, i.e., its HTS-incompatibility and elements of extensive empiricism  that makes it 

not only time involving, but also capital intensive. 
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Fig. 1: Some natural products with unique structural novelties (Olaniyi, 1989; Remers, 

1998). 

A structure-guided isolation approach focused on natural products that have high propensity 

for interacting with multiple macromolecular targets, otherwise described as privileged 

structures (Silverman, 2004) – the rationales for possible interactions with  P-gp  of which are 

either obvious or not – is hypothesised here as a bridging intermediate that could ensure the 

discovery of potential clinically applicable cancer MDR inhibitors, while, at the same time,  

taking care of the ills inherent in  natural drug discovery. 
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1.2   Statement of the Problems. 

Cancer chemotherapy is bedevilled by the phenomenon of multidrug resistance (MDR) 

whereby cancer cells evade the cytotoxic effects of structurally and functionally dissimilar 

chemotherapeutic agents including the new “targeted” drugs (Lage, 2008). The major cancer 

MDR mechanism is the over-expression, by cancer cells, of efflux transporter proteins of the 

ATP- Binding Cassette (ABC) superfamily, of which P-gp is the most important member 

(Gottesman and Pastan, 1993; Fardel et al., 1996; Ambudkar et. al., 1999; Gottesman, 2002; 

Gottesman et al., 2002). Definite attempts at the discovery of P-gp inhibitors have therefore 

been made to solve the problem of cancer MDR (Tsuruo et al., 1981; Ferry et al., 1996, 

Takara and Okumura, 2006). Disappointingly, however, there is yet a paucity of cancer MDR 

inhibitors in clinical oncology mainly for toxicity and pharmacokinetic interactions reasons 

(Ferry et al., 1996; Sonneveld and Wiemer, 1997; Van Zuylen et al., 2000; Lage, 2008).   

Hence, the dire need for the discovery of  P-gp inhibitor drug leads from natural products, 

which remains the unequivocal most probable source of molecules with structural novelties 

often required for drug likeness and high therapeutic indices or safety margins (Silverman, 

2004, Newman and Cragg, 2007). As a matter of fact, the paucity of clinical cancer MDR 

inhibitors is not unconnected with the unadvised neglect of natural drug research for 

combinatorial synthesis by the pharmaceutical industry for a period of about three decades 

which coincidentally included the period of the fruitless search for clinical cancer MDR 

inhibitors (Newman and Cragg, 2007). And though the industry is trying to make a comeback 

to nature by adapting the tools of combinatorial synthesis and computational drug design to 

discovering natural product-like molecules (Morrell, 1996; Nicolaoaou et al., 2000; Newman 

and Cragg, 2007), these are not likely to supply the novelties with which real natural products 
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are associated, more or less necessitating, once again, the discovery (by isolation) of cancer 

MDR inhibitor drug leads from nature. 

On another hand, the natural discovery of cancer MDR inhibitors cannot be done without 

addressing the inherent problems that necessitated the afore-mentioned abandonment of 

natural drug research, i.e., incompatibility with High Throughput Screening (HTS) techniques 

of bioassay, which comprise the mainstay of biological assays in the industry in this 

genomics era (Posner, 2005), and its associated extensive empiricism that makes it both time 

involving and capital intensive (Silverman, 2004; Newman and Cragg, 2007).  

Essentially therefore, an HTS-compatible natural drug discovery approach, that can readily 

be equipped with elements of rationality, is highly required to discover highly probable 

clinically applicable cancer MDR inhibitor drug leads. 
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1.3       Aim and Objectives. 

1.3.1     Aim 

To discover molecular leads for clinically applicable cancer MDR inhibitors. 

 1.3.2     Objectives 

(1) To fractionate methanolic crude extracts of the seed, leaf and stem bark materials of 

the plant Hunteria umbellata based on pH differentials and media polarity. 

(2) To identify fractions rich in iridoid, monoterpenoid indolealkaloids, and triterpenoid 

privileged structures. 

(3) To isolate pure compounds from the identified iridoid-, MTIA- and terpenoid-rich 

fractions.  

(4) To chemically characterize all isolated compounds using spectroscopic techniques. 

(5) To evaluate the P-gp inhibitory activities of the chemically characterized isolates. 
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1.4   Significance of the Study 

Cancer is a killer disease of global concern: It has been estimated that worldwide, 9 million 

people die of cancer yearly, and the WHO anticipates that this figure will increase to 20 

million by the year 2020 (Adebamowo and Ajayi, 2000; Parkin et al., 2002; Sweeney, 2005). 

Given this background, and the fact that cancer mortality is (in most cases) a direct fall out of 

metastasis (Karp, 1996): The main effective therapeutic mode against metastasis is 

chemotherapy, therefore a research like this–ultimately aimed at making chemotherapy 

effective – has very great potentials of addressing the increasing trend of cancer mortality 

rates; and this is highly welcome (if not most required) in clinical medicine. 
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1.5      Hypothesis 

Serotonin is a multipurpose chemical mediator whose diverse transduction signallings include 

being a substrate of an ATP-dependent transmembrane transporter (Ganong, 1999), although 

not an ABC type this time around. An extention of comparative biochemistry principles of 

rational drug discovery (Cohen, 1979) to this fact implies that serotonin and its analogues are 

highly probable interactives, and hence, possible inhibitors of the ABC protein transporters, 

the P-gp inclusive.  

Monoterpenoid indolealkaloids (MTIAs), which are structurally and biogenetically related to 

serotonin, are naturally occurring serotonin analogues widely distributed in the Apocynaceae, 

Loganiaceae and Rubiaceae plant families (Herbert, 1983). Exploring plants in any of these 

families for their MTIA contents, therefore, is a right step towards discovering natural P-gp 

inhibitors. 

On another hand, the putative P-gp-interactive abilities of MTIAs could, on the basis of their 

possession of the indole organic moiety, be alluded to their being privileged structures (Evans 

et al., 1988; DeSimone et al., 2004; Constanlino and Barlocco, 2006), which, by definition, 

have the inherent ability to interact with multiple macromolecular targets – the P-gp, once 

again,  inclusive. 

If the latter (i.e. privileged structure) theory of the putative P-gp-interactive ability of the 

MTIAs were anything to rely upon, then the revelation from their biosynthetic pathway that 

MTIA sources should also be rich in triterpenoid and iridoid privileged structures is simply 

fortuitous (section 2.2.3), as it more or less deductively broadens the scope of potential P-gp 

interactives obtainable from one single MTIAs source. 
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This rational search for natural P-gp inhibitors from the plant, Hunteria umbellata 

(apocynaceae), therefore, is based on a pharmacodynamic hypothesis that its 

chemotaxonomy-established MTIA contents are transmembrane protein pumps interactives, 

and on the fact that both its established MTIAs and its biosynthetic permutation-conjectured 

triterpenoids and iridoids are by definition (as privileged structures) endowed to interact with 

multiple macromolecular targets–P-gp inclusive.  
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1.6.   OPERATIONAL DEFINITION OF TERMS/ABBREVIATIONS 

Downfield Left side of the chemical shift scale of an NMR spectrum. It 

corresponds to high frequency which in turn indicates lack of 

electron density. 

Upfield Right side of the chemical shift scale of an NMR spectrum. It 

corresponds to lower frequency and hence high electron density. 

Drug lead A prototype molecule with an interesting biological activity, its 

toxicity and pharmacokinetic profiles notwithstanding. 

Phase cycling Method of signal selection in some 2 dimentional NMR 

experiments involving alternation of the phase of applied RF 

pulses and /or receiver detection on successive passes through a 

pulse sequence without variation of pulse lengths or delays. 

Privileged Structures These, in medicinal chemistry parlance, are molecules with 

inherent abilities to interact with multiple macromolecular targets. 

Pulse Field Gradient Method of signal selection in some 2 dimentional NMR 

experiments involving alteration of the strength of applied 

magnetic field as a function of position. 

Metastasis The phenomenon whereby cancer cells  easily break away from 

the parent mass, enter the lymphatic or vascular circulation, and 

spread to distant sites in the body where they establish lethal 

secondary tumours that are no longer amenable to surgery. 
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Therapeutic index 

(Plural: Therapeutic 

indices) 

It is a measure of the safety of a drug as determined from the ratio 

of its concentration that gives undesirable effects to that which 

gives desirable effects. 

 

ABBREVIATIONS 

 

ABC                                   ATP-Binding Cassette 

COSY                                Correlation Spectroscopy 

DEPT                                 Distortionless Enhancement by Polarization Transfer        

HTS                                    Highthroughput Screening 

HMBC                               Heteronuclear Multiple Bond Coherence 

HRESIMS                          High Resolution ElectroSpray Ionization Mass Spectrometry 

HSQC                                Heteronuclear Single Quantum Coherence 

LRESIMS                          Low Resolution ElectroSpray Ionization Mass Spectrometry 

MTIA                                 Monoterpenoid indolealkaloid        

NMR                                  Nuclear Magnetic Resonance 

P-gp                                     Permeability glycoprotein 

ROESY                               Rotational Nuclear Overhauser Effect Spectroscopy 
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CHAPTER TWO         

LITERATURE REVIEW 

 

2.1       Cancer    

Cancer is the generic name used to describe all diseases associated with aberrant cell 

division. It is genetic in aetiology as it can always be traced to alterations within specific 

genes. In most cases, however, it is not inherited because the genetic alterations that lead to 

most cancers arise in the DNA of a somatic cell during the lifetime of the affected individual 

(Karp, 1996). It is therefore more of an environmentally mediated genetic disorder. 

 

2.1.1      Causes of Cancer 

The first environmental factors to be correlated to cancer development are carcinogenic 

chemicals such as those present in soot and cigarette smoke (Siemiatycki et al., 1995). They 

have all been shown either to be directly mutagenic or to be converted to mutagenic 

compounds by cellular enzymes, e.g. nitro-based compounds. Similarly, ultraviolet radiation, 

which is the leading cause of skin cancer, is also strongly mutagenic.  In addition, a number 

of viruses can infect vertebrate cells, transforming them into cancer cells. These viruses are 

broadly divided into two large groups: DNA tumour viruses and RNA tumour viruses, 

depending on the type of nucleic acid found within the mature virus particle. Important 

tumour viruses capable of transforming cells and in the process causing cancers in humans 

include the  hepatitis B virus which causes liver cancer, human papiloma virus which causes 

cervical and penile cancer, Epstein-Barr virus which causes Burkitt‟s lymphoma, herpes virus 

which causes Kaposi‟s sarcoma and the retrovirus (i.e RNA virus) HTLV-1 which causes 

adult T-cell leukemia. (Karp, 1996). 
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Tumour viruses can transform cells because they carry genes whose products interfere with 

cell‟s normal growth-regulating activities. 

2.1.2      Cancer Treatment 

2.1.2.1    Surgery 

Surgery continues to play a vital role in the diagnosis and treatment of cancers. There are in 

general six applications of surgery in neoplasia namely: Prevention, diagnosis, staging, 

surgical palliation, cytoreduction/debulking, surgical cure (or complete excision). Surgical 

excision of cancerous tissues/glands is a major means of cancer cure. It is however largely 

limited by the fact that malignant cells almost always metastasize, spreading to other tissues 

and organs distant from the primary site of the malignancy. This necessitates the 

incorporation of other means of therapy as adjuvants to surgery (Sasako, 2003). 

The benefits of surgery compared to other treatment modalities include the fact that it is non-

carcinogenic, less immunosuppressive and offers the best chance for local cure. 

Disadvantages of surgery include mortality and morbidity associated with the procedure, and 

potential for decreased function and possible disfigurement (Cuschieri et al., 1996). 

 

2.1.2.2    Radiation Therapy 

This involves the use of high energy radiation like X-rays, γ-rays and charged particles to 

shrink tumours and destroy cancer cells by damaging their DNA. Radiation may be localised 

or systemic. While localised radation is aimed at a particular anatomical site, systemic 

radiation therapy uses radioactive isotopes like radioactive iodine carried in the general 

circulation to kill cancer cells. Moreover, localised radiation can be delivered by a machine 
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from outside the body (external beam radiation therapy) or may come from a radioactive 

material implanted in or near the cancerous tissue (i.e. Internal radiation therapy, also known 

as brachytherapy) (Taylor and Powell, 2004; Lawrence et al., 2008; Gaspar and Ding, 2008). 

Radiation works by either directly damaging DNA molecules or by inducing the formation of 

free radicals which in turn react with DNA molecules to damage them. Radiotherapy has the 

major draw-back of non-selectivity as normal cells in the neighbourhood of the tissue or 

organ irradiated are equally susceptible. 

 

2.1.2.3     Chemotherapy 

This is the use of chemical agents in the selective killing of cancer cells. The fact that 

chemotherapeutic agents are almost always administered systemically gives chemotherapy an 

edge over other means of therapy in the prospects of handling or preventing metastasis (Choi 

et al., 2007; Ullah, 2008). 

Chemotherapy in its strictest sense refers to the use of small molecule chemical agents in 

killing cancer cells. This, by far, remains the best means of treating and controlling metastatic 

cancers, the recent introduction of antibodies and antibody-based small molecule 

chemotherapies notwithstanding (Remers, 1998; Ross et al., 2004). 

Chemotherapeutic agents can be broadly classified into Classical chemotherapeutic agents 

and the relatively new targeted drugs (Ross et al., 2004). While the classical agents are 

quantitatively, rather than qualitatively selective, relying largely on their special affinity for 

rapidly dividing cells, the targeted chemotherapeutic agents are designed to selectively target 

the rather rare structural and/ or functional differences between cancer cells and normal cells. 

They are expected by all standards to be less toxic than the classical agents which target 
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macromolecular structures (usually DNA) that are more or less the same in both cancer and 

normal cells (Silverman, 2004). 

 

2.1.3         The Medicinal Chemistry of Small Molecule Anticancer Chemotherapeutic 

                  Agents. 

 

2.1.3.1     Alk ylating Agents 

Alkylating agents are DNA interactive agents; they disrupt mitosis by covalently alkylating 

nucleophilic sites in the DNA molecule, most often the N-7 position of guanines in the DNA 

molecule causing intra- or inter-strand crosslinks. They essentially provide a carbon 

electrophile, usually as a carbonium ion, that reacts covalently with the nucleophilic site in a 

SN1 or SN2 fashion depending on their structure (Remers, 1998). 

The prototype of the alkylating agents is mechlorethamine (4), an example of nitrogen 

mustards which are essentially nitrogen isosteres of the sulphur mustard, mustard gas or 

nerve gas (5). Autopsy on the victims of mustard gas during World War 1 showed it to have a 

profound effect against rapidly dividing cells like cells of the bone marrow and of the 

gastrointestinal epithelium. Mustard gas proved too toxic to be used clinically, it nevertheless 

formed the template for the development of its nitrogen analogues commonly referred to as 

nitrogen mustards, many of which have found specific use in the treatment of lymphomas 

(Remers, 1998). Other important clinical nitrogen mustards include chlorambucil (6) and 

melphalan (7). 

The formation of an aziridinium ion as an intermediate in the course of action of the nitrogen 

mustards formed the basis for the employment of ethylenimines as alkylating agents (Remers, 

1998). They however do not readily react as the aziridinium ions with nucleophiles. 
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Examples are triethylenemelanine (8) and thiotepa (9).  Another group of alkylating agents 

are the N-alkyl-N-nitrosoureas which decompose under physiological conditions to produce 

carbonium ions that can alkylate. A typical example is methylnitrosourea (10) which 

decomposes initially to form isocyanic acid and methyldiazohydroxide. The latter species 

decomposes further to methyldiazonium ion and finally to methyl carbonium ion, an 

alkylating species. 

Other important alkylating agents require biotransformation to yield the akylating 

electrophilic species. The leading example in this category is cyclophosphamide (11) which 

is converted by hepatic cytochrome p450 into the corresponding 4-hydroxy derivative by way 

of 4-hydroperoxy intermediate. The 4-hydroxy derivative is a carbinolamine in equilibrium 

with the open chair aminoaldehyde form. Decomposition of the latter generates 

phosphoramide mustard which has been shown to cyclise to an aziridinium ion, a principal 

cross-linking alkylating species (Remers and Iyengar, 1995; Remers, 1998) 

Methanesulphonates are another group of alkylating agents. They particularly make use of 

the fact that methanesulphonate is an excellent leaving group, thereby fascilitating the 

alkylation process which essentially is a nucleophilic substitution reaction. The most 

prominent of this group of alkylating agents is the bifunctional anticancer drug busulfan (12) 

(Silverman, 2004). 
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                  cyclophosphamide (11)                                    busulphan (12)                                    

Fig. 2: Structures of some alk ylating anticancer agents (Remers, 1998). 
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2.1.3.2   Antimetabolites 

Antimetabolites are compounds that prevent the biosynthesis or utilization of normal cellular 

metabolites. The first anticancer antimetabolites are purine and pyrimidine analogues.  Their 

structural relationship with the normal bases confers on them the ability to inhibit enzymes in 

the biosynthesis of the corresponding nucleotides as well as substitute the latter in the 

biosynthesis of DNA, more or less resulting in the generation of defective or “fraudulent” 

DNA molecules (Remers, 1998).  Important examples of purine analogues are 8-azaguanine 

(13), 6-mercaptopurine (14) and azathioprine (15).  6-mercaptopurine has been shown to be 

very active against human leukemia (Remers, 1998). 

5-fluorouracil (16) is a pyrimidine analogue.  Its discovery as an antimetabolite of uracil (17) 

provided one of foremost examples of rational drug design.  Starting with the observation that 

certain tumours use uracil more than orotic acid, the major precursor nucleic acid pyrimidine 

biosynthesis in normal tissue, 5-fluorouracil, was synthesised as an antimetabolite of uracil 

(Heidelberger, 1975). 
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Fig.3: Structures of uracil and some Purine/Pyrimidine-based antimetabolites (Remers, 

1998). 

Nucleosides of purine and pyrimidine bases having altered sugar units with respect to the 

sugar units in nucleic acids have also been employed as antimetabolites. The first purine 

nucleoside analogue is adenine arabinose (vidarabine) (18). It has the sugar, D-arabinose that 

is epimeric with D-ribose at the 2' position. This structural change makes it a competitive 

inhibitor of DNA polymerase. Examples of pyrimidine nucleosides include the 

tetrahydrofuranyl derivative of 5-fluorouracil, known as tegafur (19), cytosine arabinose 

(cytarabine) (20) and cyclocytidine (ancitabine) (21). Other pyrimidine nucleoside analogues 

have one more or less nitrogen in the heterocyclic ring.  They are known as azapyrimidine or 

deazapyrimidine nucleosides, e.g., 5-azacytidine (22). 
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Fig.4: Structures of some nucleoside antimetabolites (Remers, 1998). 

In addition to analogues of purine and pyrimidine bases and their nucleosides, analogues of 

important cofactors in the biosynthesis of these bases have also been tried as antimetabolites. 

Folic acid (23) is such a cofactor: Its discovery as a cofactor in the biosynthesis of the purine 

nucleotides led to the synthesis and evaluation of its structural analogues as possible 

antimetabolites. Active ones amongst them include aminopterin (24) and its N10-methyl 

homologue, methotrexate (25).  
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Fig. 5: Structures of folic acid and some folic acid analogue antifolate antimetabolites  

(Remers, 1998). 

 

2.1.3.3     Antineoplatic Antibiotics 

The penicillin-inspired era of screening microbial fermentation cultures for anti-infective 

agents (i.e. antibiotics) led to the discovery of certain compounds that were initially rejected 

as antibacterial agents because of their cytotoxicity.  Only later was it found that this toxicity 

could be turned to an advantage in the chemotherapy of cancer. The discovery of antitumor 

activity is much simpler today, and some laboratories routinely screen extracts of 

microorganisms cultures for antitumour activity in cell cultures. The search for antitumour 
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and other bioactive agents from microbial fermentation is receiving particular attention in the 

industry as the cultures are easily manipulated to yield novel analogues of the original 

metabolites (Umezawa, 1976). 

Important antineoplastic antibiotic already in clinical oncology include the actinomycins and 

anthracyclines. The actinomycins comprise a large number of closely related structures 

containing the actinocin chromophore. Actinocin is 3-phenoxazone-1, 9-dicarboxylic acid. 

Each of the carboxyl group is bonded to a pentapeptide lactone at the amino end of the L-

threonine unit of the pentapeptide. The hydroxyl group of the L-threonine forms part of the 

lactone along with L-methylvaline, the fifth amino acid from the chromophore.  D-valine or 

D-alloisoleucine is the second amino acid and the fourth amino acid usually is sarcosine. The 

third amino acid is more of a variable, consisting of L-proline, L-hydroxyproline, L-oxoprolie 

or others produced by controlled biosynthesis (Remers, 1998). 

Actinomycins that have two identical pentapeptide lactones are called isoactinomycins, 

whereas those with different pentapeptide lactones are called anisoactinomycins. The 

individual pentapeptides are designated α and β, depending on their attachment to the 9- or 1-

carboxylic group respectively. A popular isoactinomycin is dactinomycin (26), also known as 

actinomycin D. 

Anthracyclines are essentially glycosides, the aglycone of which is the anthracyclinone 

scaffold consisting of the anthraquinone chromophore within a hydrocarbon skeleton related 

to that of the tetracyclines (Dimarco, 1967). Examples are daunorubicin (27), doxorubicin 

(28) idarubicin (29) carminomycin (30) and aclarubicin (or aclacinomycin A) (31).  
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Fig. 6: Structures of some antineoplastic antibiotics (Remers, 1998). 
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The aforementioned anthracyclines differ from each other in the number and location of 

phenolic groups, the degree of oxidation of the two-carbon side chain at position 9, and the 

presence of carboxylic acid ester at position 10.  Thus daunorubicin is a glycoside formed 

between daunomycinone and L-daunosamine, whereas doxorubicin is its 14 hydroxy 

analogue. In contrast, aclacinomycin A has aklavinone (Remers and Iyengar, 1995) in 

combination with a trisaccharide chain. A number of doxorubicin analogues with alteration in 

the sugar moiety have been prepared. They include 4'-deoxydoxorubicin (esorubicin) (32), 

4'–epidoxorubicin (epirubicin) (33) and 4'-O-tetrahydropyranyl doxorubicin (pirarubicin) (34) 

(Dimarco, 1967). 

Other but less common antineoplastic antibiotics include plicamycin, the bleomycins and the 

mitomycins (Umezawa, 1976; Remers and Iyengar, 1995). 

Most antineoplastic antibiotics have been found to be DNA reactive: Some, like the 

actinomycins and anthracyclines, have been found to exert their antitumour activities by 

intercalating the DNA double heclical strands, and/or by inhibition of the enzymes DNA 

topoisomerases (topoisomerase I and II), enzymes which see to the topological integrity of 

the DNA molecule by unwinding and unlinking coils or kinks in the double helix (Remers, 

1998; Silverman, 2004). 
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Fig. 7: Structures of some antineoplastic antibiotics continued 

2.1.3.4   Antineoplastics Derived From Plants 

The folkloric use of many higher plants in the treatment of cancer inspired the guided and 

random screening of many plant species for their possible anticancer activities. These efforts 

were not without their own rewards as a number of antineoplastic plant-based natural 

products now enjoy patronage in clinicall oncology (Clark, 1996).  Notable among them are 

the vinca alkaloids–vincristine (35) and vinblastine (36) isolated from Madagascar 

periwinkle, Catharanthus rosea. They are used against different types of cancers despite 

similarities in their structures.  
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Fig. 8: Structures of some plant-based anticancer angents (Remers, 1998). 

Other examples of plant products are etoposide (37) and teniposide (38), which are 

derivatives of podophyllotoxin, an anticancer agent from the anti-warts resin from 

Podophyllum peltatum, paclitaxel (taxol) (3) from Taxus brevifolia, and camptothecin (39) 

from Camptotheca acuminata (Wall et al., 1966; Wall, 1993). 

The anticancer activities of most of the plant products have been found to revolve round 

interfering with the activities of the spindle apparatus essential in chromosome segregations 

in mitosis (Schiff, 1979; Clark, 1996).  
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Fig. 9: Structures of some plant-based anticancer angents continued (Remers, 1998). 
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2.1.3.5     Hormones  

Hormones were actually the first molecular agents ever employed in the possible treatment of 

cancer. The era of chemotherapy of malignant disease began in 1941, when Huggins 

demonstrated that the administration of oestrogens produced regression of metastatic prostate 

cancer (Boyd, 1993). 

Though hormonal effects on cancers are complex and not completely understood, it is 

nevertheless appreciable that some cancers are stimulated by sex and other steroidal 

hormones. Examples are breast cancer in women which respond to tamoxifen (40), an 

antioestrogen, and prostate cancer in men in which diethylstilbestrol (41), a synthetic 

oestrogen agonist,  has been found to be useful in more than 60% of patients (Remers, 1998). 

 

 

 

 

 

 

 

Fig. 10: Structures of some hormonal anticancer angents (Silverman, 2004). 
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2.1.4   Targeted Cancer Chemotherapeutic Agents 

The indiscriminate pharmacodynamics of classical small molecule anticancer 

chemotherapeutic agents makes them highly toxic to the patient, their administration 

requiring extreme caution (Silverman, 2004). It has also necessitated researches targeted at 

discovering anticancer drugs with selective deleterious effects on macromolecular targets that 

are crucial to the malignant phenotype but not expressed significantly in vital organs and 

tissues. Such targeted anticancer therapeutic endeavours have yielded both small molecules 

as well as antibodies, some of which have been licensed and a number of others still under 

clinical trials. Some Anti-body based targeted therapies already licensed include rituximab, 

Zevalin, gemtuzumab, atemtuzumab and Daclizumab (Dillman, 2001; Grillo-Lopez, et al., 

2002; Coiffeier,  2002; Gordon et al.,  2002), while small molecules already approved as 

targeted therapies include erlotinib and the antiangiogenesis drugs angiostatin and 

thalidomide (42) (Thomas  and  Kantarjian, 2000; Mendel et al., 2000; Zogakis  and Libutti, 

2001;  Dell‟Eva  et al., 2002). 

 

 

                                                     

 

 

                                                            thalidomide (42) 

Fig. 11: An antiangiogenetic targeted cancer chemotherapeutic agent (Slilverman, 

2004). 
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The main drawback of targeted anticancer chemotherapy lies in the fact that most of the 

targeted macromolecules are expressed in a few cancers thereby limiting therapeutic 

applications. This necessitates search for targets that are expressed in virtually all cancers and 

not in normal cells. In addition, small molecule targeted drugs also suffer the same fate of 

multidrug resistance as their classical chemotherapeutic counterparts (Lage, 2008). 

Telomerase is a highly promising potential cancer target that would most probably yield 

targeted anticancer drugs with wide applicability. It is the enzyme that synthesise telomeres 

which are terminal DNA at chromosome ends and which together with telomere-binding 

proteins confer stability on chromosomes (Greider and Blackburn, 1985; Liu et al., 2004; De 

Lange, 2005). In the absence of telomerase, telomeres gradually shorten owing to the 

inability of polymerases to fully replicate the ends of duplex DNA and chromosomes termini 

processing ultimately leading to cell-cycle arrest and death (De Lange, 2005; Goldkorn and 

Blackburn, 2006). The key advantages of targeting telomerase in comparison to most other 

cancer targets are its relative universality, criticality and specificity for cancer cells (Harley, 

2008). 

 

2.1.5     Cancer Multidrug Resistance (MDR)  

The term multidrug resistance (MDR) is the phenomenon used to describe the ability of 

disease-causing cells to resist the cytotoxic effects of chemical agents of wide variety of 

structure and function targeted at eradicating the cells (Gottesman et. al., 2002). Though it is 

a common occurrence in both deleterious prokaryotes and malignant eukaryotes, attention 

will be concentrated on the latter in this review. 
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A number of mechanisms have been described for development of cancer MDR. They can be 

broadly divided into cellular and non-cellular mechanisms. Non-cellular mechanisms are 

commonly observed as important contributors in inherent cancer MDR. They include 

compromised angiogenesis, induced hypoxia and impairment of nutrition, all of which make 

tumour cells less rapidly dividing and thereby conferring resistance on them against typical 

anticancer drugs that act on actively dividing cells (Demant et al., 1990). 

Cellular mechanisms on the other hand can be further subdivided into classical (or transport-

based) and non-classical (or non-transport-based) mechanisms. Non-transport-based cellular 

MDR mechanisms involve enzyme systems that limit the desired activity of the drug without 

altering its effective concentration inside the cell. Glutathione-S-transferase (GST), for 

instance is an important enzyme of xenobiotic metabolism which catalyses the 

biotransformation of organic molecules by conjugating them with polar molecules to 

facilitate their excretion. It is actually known to mediate biotransformation of various 

anticancer drugs and its elevated level has been reported in some resistant cancers. MDR in 

such cancer cells could therefore be attributed to the over-expression of GST (Batist et al., 

1996).   

The transport-based cellular mechanism is the most implicated of all cancer MDR 

mechanisms as it is found to be a major MDR means in most chemoresistant cancers (Choi et 

al., 2007). It involves the efflux of drug from the cancer cell by various energy dependent 

membrane transport proteins, thereby inhibiting it from reaching the therapeutic 

concentration inside the cell (Gottesman, 2002). ATP- Binding Cassettes (ABC) are a family 

of proteins that mediate MDR via ATP-dependent drug efflux pumps (Leonard et al., 2003; 

Choi, 2005). Various transport proteins of the ABC superfamily have been characterized and 

include the permeability glycoprotein P-gp, the multidrug resistance-associated protein 
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(MRP1), its homologue MRP2-6 and the breast cancer protein (BCRP) (Riordan et al., 1985). 

These are found to be overexpressed in malignant cells, resulting in lack of intracellular 

levels of the drug necessary for effective therapy. 

The best-studied, well characterized and incidentally the most implicated of the ABC 

transporters is the P-gp. (Chen et. al., 1986). Encoded by the MDR1 gene, P-gp 

overexpression has been correlated to the chemotherapeutic failures of important anticancer 

drugs that include the anthracyclines (e.g. daunorubicin) (27), vinca alkaloids 

(e.g.Vincristine) (35), Podophylotoxins (e.g.etoposide) (37), and the taxanes (e.g. paclitaxel) 

(2). Targeted anticancer drugs, as mentioned earlier, are also not spared of the spell of the P-

gp - mediated cancer MDR (Lage, 2008). 

The P-gp molecule is composed of two halves, each consisting of transmembrane α helices 

and the cytoplasmic ATP binding domain. The two half molecules are separated by a highly 

charged linker region which is phosphorylated at several sites by protein kinase C. Each half 

contains a highly hydrophobic domain with 6-transmembrane α helices (TMDs) and a 

hydrophilic domain located at the cytoplasmic face of the molecule; nucleotide binding 

domain (NBD). The protein molecule also contains the substrates binding domains. The 

transmembrane regions form the drug translocating pathway, while the ATP-binding sites, 

exhibiting ATPase activity provide the metabolic energy upon ATP hydrolysis enabling the 

active drug efflux.  After binding the substrate, ATP hydrolysis induces conformational 

changes in the protein molecule that open the central pore and allows transportation of 

hydrophobic drugs directly from the lipid bilayer into the central pore of the transporter 

expelling the substrates out of the cell (Higgins, 1992; Rosenberg et al., 1997; Loo and 

Clarke, 2001). 
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2.1.6   Cancer MDR Inhibitors Discovery  

Most of the efforts towards the discovery of cancer MDR inhibitors otherwise referred to 

chemosensitizers have been centred on the discovery of  inhibitors of MDR –associated ABC 

transpoters especially P-gp, for reasons not unconnected with  the fact that they mediate the 

most implicated mechanisms of cancer MDR (section 1.2.). Though the search for P-gp 

inhibitors is almost as old as the first discovery of P-gp itself (Juliano and Ling, 1976), there 

is yet a palpable paucity of P-gp inhibitors in clinical oncology.  This may be attributed to the 

complexity and versatility of P-gp mediated cellular MDR mechanisms (Simon and 

Schindler, 1994). 

Initial efforts at the discovery of P-gp inhibitors were concentrated at the discovery of small 

molecules for the direct inhibition of P-gp. All the small molecule P-gp inhibitors so far have 

one problem or the other trailing their clinical application, thereby engendering the 

exploration of several alternative approaches to MDR therapy, designed either to inhibit 

MDR in novel ways  or to cleverly circumvent MDR mechanism altogether. 

The small molecule P-gp inhibitors so far can be divided into three broad groups as first 

generation, second generation and third generation P-gp inhibitors. The discovery of the first 

generation drugs was inspired by the promiscuity of P-gp and of other MDR – associated 

transporters, suggesting the possiblilty of getting potent cancer MDR inhibitors from already 

existing drugs that are themselves non-cytotoxic. This led to the initial demonstration of the 

P-gp inhibitory activities of verapamil (43), a calcium channel antagonist (Tsuruo et al., 

1981), followed by the discovery of many other P-gp inhibitors of diverse structures and 

functions ranging from immunosuppressants, e.g., cyclosporine A (44), antibiotics e.g. 

erythromycin (3), antimalarials e.g. quinine (45), psychotropic phenothiazines, e.g., 
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                                                               verapamil (43) 

 

 

 

 

 

 

                                                             cyclosporine A (44) 

 

 

 

 

 

                                                      quinine (45) 

Fig. 12:  First generation P-gp inhibitors (Tsuruo et. al., 1981). 
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fluphenazine (46) and indolealkaloids e.g. reserpine (47), steroid hormones and antisteroids 

e.g. tamoxifen (40). 

 

 

 

 

 

 

 

                                              fluphenazine (46) 

 

 

 

 

 

 

                                                                 reserpine (47) 

Fig. 13: First generation P-gp inhibitors continued (Tsuruo et. al., 1981). 
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All the first generation drugs failed clinical trials for toxicity reasons traceable to the 

pharmacological basis of the therapeutic activities for which the drugs were originally 

marketed (Ferry et al., 1996). The second generation drugs were based on the first generation 

drugs but were designed specially to reduce the side effects of the latter by eliminating their 

non-MDR pharmacological activities. Notable in this category is the R-enantiomer of 

verapamil, R- verapamil, a much weaker calcium channel blocker but nearly equally effective 

as the L-isomer in blocking P-gp. Unfortunately however, these drugs also suffered the same 

fate as their first generation counterparts. The third generation drugs were developed 

specifically to have high affinity for P-gp, allowing effective inhibition at nanomolar 

concentrations in in vitro P-gp models. Though several such compounds have passed through 

clinical trials while a number of them are still at different levels of the same, results so far 

have shown that they have inherent problems of pharmacokinetic interactions with anticancer 

agents, and inhibition of several non-MDR transporters (Sonneveld and Wiemer, 1997; Van 

Zuylen et al., 2000). 

One of the non-conventional approaches being explored to inhibit MDR transporters is the 

suppression or downregulation of P-gp and other MDR transporters expression using 

antisense oligonucleotides (Bouffard et al., 1996). Other novel approaches being tried include 

the development of anticancer agents that are poor substrates of MDR transporters; and the 

development of angiogenetic therapeutic strategies which targets vascular endothelia cells 

rather than tumour cells themselves, believing that this would be able to control both MDR 

and non-MDR cancers.(Folkman, 1995; Pierre et al., 1998;  Folkman, 2001). 
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2.2    Privileged Structures. 

The phenomenon whereby certain organic structural moieties demonstrate inherent ability to 

interact with diverse macromolecular entities (mostly proteins and nucleic acids) was first 

noted and reported by Ariens and co-workers (1979). However, it was Evans and co-workers, 

working with benzodiazepines (48) which Ariens and co-workers earlier worked with, that 

first coined the term privileged structures to describe molecular species exibiting this 

phenomenon (Evans et al., 1998; DeSimone et al., 2004; Constanlino and Barlocco,  2006). 

 

 

 

 

                                                         

                                                          benzodiazepines (48) 

Fig. 14: Benzodiazepine privileged structure (Silverman, 2004). 

This phenomenon which, in its own rights, is a whole concept of rational drug discovery, led 

to the observation of the commonality of molecular features in a variety of drugs, giving a 

shocking revelation that only 32 scaffolds describe half of all known drugs (Bemis and 

Murcko, 1996). Similar studies carried out on side chains also revealed that a small number 

of moieties account for a large majority of the side chains found in drugs (Bemis and 

Murcko, 1999). These observations formed the template giving rise to the same phenomenon 

that led to the evolution of the concept of drug-likeness, from which many data bases and 

structural parameters have emanated which can be used to compute which molecules should 
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be selected for screening in any discovery programme, akin to the early Cowin Hansch‟s 

analysis (Sadowski and Kubinyi, 1998). 

 

2.2.1     Privileged Structures and Natural Drug Discovery 

As lofty as the concept of privileged structures is, its applications so far in the area of natural 

product chemistry appear to be in the early stages. Three basic principles could be 

conjectured to govern the rational concept of privileged structures in natural drug discovery:  

Firstly, natural compounds can be structurally examined for the presence of part or whole 

molecules of established privileged structures and on this basis classified as privileged. For 

instance the indole structural moiety (49) is an established privileged structure (Patchett and 

Nargund, 2000). Its presence therefore in a lot of naturally occurring compounds cutting 

across plants, animals, microbial, terrestrial and marine biodiversities, is enough bases for 

classifying such natural compounds as privileged. 

 

 

 

                                                                   

                                                            indole (49) 

Fig. 15: Indole privileged structure (Silverman, 2004). 
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Secondly, natural compounds can be structurally examined for similarities with part or whole 

structures of endogenous chemical mediators that have been pharmacologically established to 

be involved in mediating multiple physiological and/or behavioural activities usually via 

multiple receptor- and/or enzyme-interactive activities. Such compounds would most likely 

have some binding affinities with most if not all of such receptors and enzymes eliciting 

diverse kinds of biological activities that would be interpretable as modulating the activities 

of the endogenous chemical mediator in question.  

Based on these principles, the privileged attributes of the indole group could in part be 

attributed to its being the main pharmacophoric group of serotonin (50), a structurally simple 

endogenous indole-containing chemical mediator regulating a diverse array of physiological 

and behavioural activities in man and other mammals via its multiple receptor subtypes. The 

structural similarity of indoles (i.e. indole-containing compounds) with serotonin exemplifies 

natural compounds with similar biogenetic ancestry, meaning they have passed through and 

interacted with similar enzymes and other macromolecular structures during the course of 

their biosyntheses. On the basis of this biochemical background, one expects indole-

containing structures to be capable of interacting with one or more of the diverse serotonin 

(also known as 5-hydroxytryptamine or 5-HT) receptors and other 5-HT – interacting 

macromolecules, especially enzymes involved in 5-HT metabolism and protein – pumps 

associated with serotonin‟s active transport across cell membranes. Moreover, while 

serotonergic transmission has not been confirmed in microbial homeostasis, the recent 

observation of the interference of some 5-HT targets – interactive agents with microbial 

metabolism and the discovery that some typical 4-aminoquinolines are 5-HT3 antagonists 

provide ample evidence for using this principles in rationalizing the chemotherapeutic 

properties of indoles (Munoz-Bellido et al., 2000; Thompson et al., 2009). These submissions 
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are indeed supported by the fact that indole-based natural products have demonstrated a 

diverse range of biological activities including antihypertensive, antihelminthic, anticancer, 

etc., activities (Wang and Ng, 1999; Oh et al., 2006). The non-steroidal anti-inflammatory 

(NSAID) drug, indomethacin (51) is an indole acetic acid derivative and it is not impossible 

that its anti-inflammatory activity is predicated on the serotonin/indole template (Silverman, 

2004).  

 

 

 

 

                  serotonin (50)                                                           indomethacin (51)                     

Fig. 16: Indole privileged structure in an endogenous chemical mediator and a 

xenobiotic (Silverman, 2004). 

Triterpenoids are another example of natural products sharing similar structural 

characteristics with endogenous chemical mediators, i.e., Steroidal hormones. They are 

biogenetically and structurally related to endogenous steroidal hormones, having rigid 

tetracyclic or pentacyclic skeletons similar to the steroidal nucleus common to all natural 

steroidal hormones and thus suitably positioning them to interact with steroidal hormone 

targets. They tend to modulate any signalling system where steroidal hormones also play 

pivotal roles as modulators including cancer cell signalling systems (Karp, 1996). Given 

myriad signalling systems that endogenous steroidal hormones mediate either directly or 

indirectly, the enormous biological activities available to triterpenoids cannot just be fully 
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imagined. The diverse biological activities reported for triterpenoids are thus not a surprise 

(Dzubak et al, 2006).  

The third possible principle of extending the rational concept of privileged structures to 

natural drug discovery is by merely targeting natural products that have been reported to have 

diverse biological activities. Such natural products might not necessarily have structural 

moieties alludable to established privileged structures or structural features in any chemical 

mediator or enzyme substrates. This is because the only way such bioactivity diversity can be 

rationalized is their interaction with diverse macromolecular targets, which by definition 

makes them privileged structures. Iridoids are a group of phytochemicals with such attributes 

(Tundis et al., 2008).    

  

2.2.2      Monoterpenoid Indolealkaloids (MTIAs) As Privileged Structures of Potential  

              Cancer MDR Inhibitory Activities.   

       
One of the transduction signallings of serotonin is its interaction with a membrane transporter 

protein which ensures its ATP-dependent reuptake into pre-synaptic serotonergic neuronal 

endings after a release into the synaptic cleft following an action potential (Ganong, 1999). 

By all standards, this is an indication that indole-based compounds like serotonin have the 

potential to bind or interact with membrane transporters and modulate their activities. The 

fact that some fundamental functional differences and hence structural differences would 

exist between serotonin membrane transporters and MDR-associated transporters is well 

known: For instance serotonin transporters are influx transporters while MDR–associated 

transporters are basically efflux transporters. This notwithstanding, the fact that both are 

ATP-dependent membrane transporters indicates the presence of common structural features 

and hence ability to interact with similar ligands. Now the fact that MDR-associated 
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membrane transporters are also found in deleterious prokaryotes and are by no means 

exclusive to malignant eukaryotes (Levy, 1992), and probably because microbes are much 

easier to work with than cancer cells, studies on bacterial and protozoal MDR-associated 

transporters and their possible modulation by selective serotonine reuptake inhibitors (SSRIs) 

have been undertaken: For instance it has been  found that fluoxetine (an SSRI) potentiated 

the activities of Chloroquine and Mefloquine against MDR-Plasmodium falciparum, on the 

food vacuole of which earlier research had shown the presence of a P-gp homologue, 

Pgh1(Price et al., 2004). This and other similar researches (Mahamoud et al., 2007; 

Kristiansen et al., 2007) investigating serotonin reuptake pump inhibitors as possible 

modulators of MDR-associated protein targets in prokaryotes can be extrapolated to the 

possible cancer MDR inhibition by potential serotonin reuptake pump interactives, amongst  

which MTIAs are a notable group based on the indole moiety (49) they share with serotonin 

(50). Searching for cancer MDR-associated membrane transporter inhibitors from MTIA-

containing plant species is thus not out-of-place. MTIAs are widely distributed in plant 

species of the Apocynaceae, Loganiaceae and Rubiaceae families (Herbert, 1983). 

 

2.2.3     Triterpenoids and Iridoids – Putative Privileged Structures in MTIAs Sources.  

A careful consideration of the biosynthetic pathway of the MTIAs fortuitously reveals the 

possible presence of at least two potential natural privileged structure groups in addition to 

the MTIAs as follows: The biosynthesis of MTIAs involves the condensation of two 

structural subunits, an indole moiety derived from tryptamine (52) and a C9 or C10 unit 

derived from the secoiridoid secologanin (53), to form the universal MTIA precursor – 

strictosidine (54). Rearrangements in the C9/C10 unit give rise to the structural diversity seen 

in MTIAs. 
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Secologanin (53) is an example of irregular monoterpenoids known as of iridoids: Iridoids 

are formed by the fusion of two isoprene units in a fashion which, though not yet fully 

understood, is quite different from the conventional head-to-tail fashion to form a 

characteristic cyclopentano[c]pyran ring system known as the iridane skeleton (55) that is 

more or less common to all iridoids (Dewick, 2001). The presence of one iridoid is an 

indication of the presence of many more as it is contrary in nature‟s antecedence to annex 

biosynthetic intermediates to produce just one member of a rather large chemical group. 

 

 

    

 

                    tryptamine (52)                                                 secologanin (53) 

Fig. 17: Key intermediates of the monoterpenoid indolealk aloid biosynthetic pathway 

(Herbert, 1983). 

 

                 

 

                

                                                              strictosidine (54)                                                                                

Fig. 18: Monoterpenoid indolealk aloids universal precursor (Herbert, 1983). 
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                                                             iridane (55)    

Fig. 19: The heterocyclic back bone of iridoids (Dewick , 2001). 

In the same vein, the presence of iridoids, though irregular monoterpenes, is an indication of 

the presence of the terpene building unit i.e. isoprene (Bhart et. al., 2005). Now if irregular 

terpenoid products of the isoprene units condensation can be present how much more should 

the regular ones of varying complexity including monoterpenoids, diterpenoids, 

sesquiterpenoids, triterpenoids, etc., be expected? Therefore, MTIA-containing plant species 

should be expected to be rich in iridoids and triterpenoids, literature documentations 

notwithstanding. The advantage of this awareness is the ability to simultaneously explore a 

source for these three privileged structure groups, more or less increasing the scope of 

potential bioactive compounds realisable from any biological assay. 
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2.3       The Plant Hunteria umbellata  

Hunteria umbellata is a small glabrous tree measuring about 12m and 1m in height and girth 

repectively. It shares phylogenetic similarities with Picralima nitida, Stapf. Picralima elliotii 

Stapf., Hunteria eburnea Pichon and Hunteria elliotii Pichon, but has the distinguishing 

features of having smaller flowers and fruits (Falodun et al ., 2006). In South West Nigeria, 

where the plant is commonly refered to as abere,  it is reputed for ethnomedicinal uses 

ranging from antihelminthic, antiimflammatory, antidiabetic, antilipidaemic, antimicrobial 

and uterotonic uses (Falodun et al.,  2006;  Adeneye and Adeyemi,  2009). 

 

 

 

 

 

Fig. 20:  Herbarium sample of the Leaves and seeds of Hunteria umbellata. 

Previous phytochemical investigations have shown H. umbellata to be rich in alkaloids, 

tannins, phlobatanins, anthraquinones, cardiac glycosides and saponins (Adeneye and 

Adeyemi, 2009). Definitive isolation have given some 20 indole alkaloids from the plant and 

these include: Corymine (56), acetylcorymine (57) eburnamine (58), eburnamonine (59), 

vincamine (60) and the abereamines (61) (Bevan et al., 1967; Adegoke and Alo, 1986; 

Adeneye  et al., 2010). To the best of our knowledge there are no specific records of isolation 

of triterpenoids and iridoids from H. umbellata.  
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                             R = H    corymine (56)                                               eburnamine (58) 

                             R = Ac   acetylcorymine (57) 

 

 

 

 

 

 

                          

                                    eburnamonine (59)                                                vincamine (60) 

 

 

 

 

 

 

 

                                 

                                                  

                                               four isomeric abereamines (61)   

Fig. 21: Structures of some indolealk aloids from Hunteria  umbellata (Bevan  et al., 

1967; Adegok e and Alo,1986).  
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Though Hunteria umbellata is not known for iridoids and triterpenoids, the establishment of 

its monoterpenoid indolealkaloid content is an indication that Hunteria umbellata is also a 

possible source of iridoids and triterpenoids based on the ealier-shown interdependency of the 

biosynthetic routes of the three phytochemical groups (section 2.2.3.). 

 

2.4     Concluding Remark s 

The adoption of a structure-guided approach to natural drug discovery, as opposed to the 

traditional activity-guided approach, would not only remove the problem of HTS-

incompatibility, it would also enable  the incorporation of elements of rationality to the 

discovery process as compounds of particular structure and hence of predictable biological 

activities can be targeted. 

In this experiment, 1H NMR profiling is adopted as the main structural guide to the isolation 

of indole, iridoid and triterpenoid phytochemical groups as putative P-gp interactives. This is, 

to a large extent, aided by the extraction procedure which enabled the preconcentration of the 

targeted chemical groups to particular fractions, indoles to the organic subfractions of the 

basified aqueous acid fraction, terpenoids to the aqueous acid insolubles fraction and iridoids 

to the alkaline aqueous left- over subfraction of the extracted basified aqueous acid fraction 

(section 3.4). 
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                                                     CHAPTER THREE              

                                                      METHODOLOGY 

 

3.1     General Experimental Procedures 

Optical rotations were measured on a JASCO P-1010 polarimeter with a 10 cm length cell. 

UV spectra were obtained on a Cary 50 UV – Visible spectrometer with 1cm pathway cell. 

NMR experiments were performed on a Bruker Avance DR 600 spectrometer and referenced 

to residual 1H signals in the deuterated solvents. ESIMS experiments were carried out on an 

Agilent 1100 series LC/MSD instrument. HR-ESIMS data were acquired on a Bruker 

micrOTOF mass spectrometer by direct infusion on MeCN at 3μl/min using sodium formate 

clusters as an internal standard. All HPLC analyses and purifications were performed on 

Agilent 1100 series LC instruments with corresponding detectors, collectors and software 

inclusively. 

Human colon carcinoma parental cell line (SW620) was obtained from the United States of 

America‟s National Cancer institute (NCI) and a MDR subline (SW620 AD300), selected at 

300ng/ml adriamycin (Lai et al., 1991), obtained from it and maintained in a customised 

tissue culture medium accompanying the parental line kit. 

All chemicals were purchased from Merck, Sigma-Aldrich or Fluka. Solvents used for 

general purposes were of at least analytical grade, and solvents used for HPLC were of HPLC 

grade. Agilent Zorbax SB-C18 (5μm, 4.6 x 150mm (analytical) and 9.4 x 250mm 

(semipreparative) columns were used for HPLC analyses and separations. Altech SPE 

catridges were also used in some of the separations. 
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3.2     Plant Collection and Taxonomy 

The seed, leaf, and stem bark materials of the plant Hunteria umbellata were collected from a 

cocoa plantation in Odofin Agbegi village, Ikire, under Irewole local government area of 

Osun state, Nigeria, in July 2007. Authentication of plant materials was done at the Forest 

Reserves Institute of Nigeria (FRIN), Aleshinloye, Ibadan, Oyo state, Nigeria, where a 

herbarium sample was also deposited with the registration number FHI 107776. 

3.3    Crude Extracts Preparation. 

The leaf, stem bark and seed materials were air – dried at room temperature and pulverised. 

1Kg each of the powdered materials was extracted with MeOH using a sohxlet extractor, 

yielding 65 g, 45 g and 78 g of the leaf, seed and stem bark crude extracts respectively. 

    

3.4    General Fractionation 

65g crude leaf extract was extracted with aqueous HCl (1N) yielding an aqueous acidic 

extract (fraction A) and an aqueous acid-insoluble fraction B (25g). Fraction A was basified 

with drop-wise addition of 5N NaOH and thereafter extracted with CHCl3 to give fractions C 

(1.5 g) and D (2.0 g) obtained at pH 6.0 and pH10.0 respectively.  The alkaline fractions from 

the CHCl3 extractions were neutralized to pH 7 by acidification and freeze dried to yield 

fraction E (15 g). Each of the fractions C and D was triturated in succession with CH2Cl2 and 

MeOH. C gave fractions F (372 mg) and G (675 mg) while D gave H (54 mg) and I (1.8 g).  

Fraction E was triturated with n - butanol and H2O in succession to afford fractions J (0.1 g) 

and K (3.5 g). Fraction B was triturated with n-hexane, CH2Cl2, and MeOH in succession to 

yield fractions L (3.1 g), M (1.2 g) and N (3.8 g). These procedures were repeated for the 

methanolic crude extracts of the seed (45 g) and stem bark (78 g), yielding fractions A, B 
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(4.0g), C (6.0g), D (5.0g), E (18.0g), F (100mg), G (3.4g), H (2.8g), I (1.8g), J (700mg), K 

(5.9g), L (784mg), M (665mg) and N (2.4g) for the seed extract and fractions A, B (33.0g), 

C(5.0g), D(0), E(20g), F(623mg), G(1.7g), H(0), I(0), J(600mg), K(5.5g), L (1.4g), 

M(455mg) and N(7.3g) for the stem bark extract. 
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Scheme 1: General fractionation scheme. 
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3.5      1H NMR Profiling 

10mg of each of the fractions of the seed, leaf and stem bark extracts was subjected to 1H 

NMR spectroscopy at 600MHz using CDCl3 as solvent for CH2Cl2 and n-hexane fractions, 

and CD3OD for MeOH fractions.   

 

3.6       Isolation of Compounds 

3.6.1     Isolation of Compounds 2, 4 and 7 and 9 from the Leaf Extract. 

Compound 2: The leaf fraction M was left standing for 30 minutes to afford compound 2 

(20mg) by precipitation. 

Compounds 4 and 9:  A 15mg portion of the leaf fraction G was triturated in acetonirile. The 

acetonitrile insoluble fraction (8.2mg) taken up in MeOH was  subjected to HPLC 

purification using a Zorbax C18, 9.4mm x 250mm semipreparative column, 5m; 10% 

MeOH/H2O - 100% MeOH (0.01% TFA) in 15 min,  at 3.5ml /min. to afford  compounds 4 

(3.5mg) and 9 (2.6 mg) .  

Compound 7: In the same vein,  a  15mg portion of the leaf fraction I was triturated with 

acetonitrile, and the acetonitrile-insoluble fraction (7mg), taken up in MeOH was subjected to 

HPLC purification, using a Zorbax C18 9.4 x 250mm column 5m; 30% - 70%MeOH/H2O 

(0.01%TFA) in 15 min at 3ml/min to yield compound 7(1.2mg). 
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3.6.2       Isolation of Compounds 1and 3 from the Crude Seed Extract. 

Compound 1: 10.0mg of the seed fraction J was washed through a C18 SPE (5g) with water 

and 50% MeOH in succession. The 50% MeOH fraction was concentrated and further 

cleaned up by CH2Cl2 trituration leaving compound 1 (7mg) as CH2Cl2 – insoluble solid. 

Compound 3:  The seed fraction H (50mg) was recrystallized in MeOH/H2O (3:7). The 

mother liqueur (dry mass 42mg) was washed through a diol SPE (2g) cartridge with CH2Cl2 

and MeOH in succession to yield a MeOH-soluble fraction (35mg), 5mg of which was then 

purified using a Zorbax C8 XBD 9.4 x 250mm, 5m;  30 -70% MeOH/H2O in 15 at 3ml/min 

to afford compound 3 (2.0mg). 

 

3.6.3      Isolation of Compounds 5, 6 and 8 from the Crude Stem Bark  Extract. 

Compound 5:  

The stem bark fraction G (5mg) was purified using a Zorbax C8 column 9.4mm x 250mm, 

5m;  30 – 70% MeOH/H2O (0.01%TFA) in 15 min at 3ml/min to afford compound 5 

(2.4mg). 

Compounds 6 and 8:  10mg of the stem bark fraction J was washed through a diol SPE (2g) 

cartridge with CH2Cl2 and MeOH in succession. The MeOH elution was further purified 

using a Zorbax SB Aqua 9.4mm x 150mm column, 5m; 10 – 50% MeOH/H2O (0.01%TFA) 

in 10min at 3.5ml/min to afford compound 6 (2.8mg) and compound 8 (2.0mg). 
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3.7     Chemical Characterization of Compounds 

 UV scan of each compound was taken and absorption maxima and logε values carefully 

examined to determine the nature of the absorbing chromophore. Two 1D (1H and 13C)  NMR 

data  and three 2D NMR data  namely DEPT-edited 1H-13C HSQC, 1H-1H gCOSY and  1H-

13C  gHMBC were acquired  on a Bruker 600MHz spectrometer, processed with Topspin 2.0 

and interpreted to give the gross structure of each compound. CD3OD was used as solvent in 

each case with the exception of compound 2 for which pyridine-d5 was the solvent used. 

Coupling constant analysis in conjunction with the analysis of the cross peaks of an 

additional  2D (1H-1H ROESY) NMR spectrum was used to assign relative configurations 

about chiral centres and/or geometry about isolated double bonds  except with compound 1 

which has no such stereochemical issues. 

 

3.8    P-gp Inhibition Assay  

Standard P-gp inhibition assay procedures (Polli et al., 2001; Schwab et al., 2003; Rautio et 

al., 2006) were adopted with little modifications: 25μl of each of 1 μg/ml, 10 μg/ml, and 

100μg/ml solutions of each of the pure compounds in DMSO was put in a well in a 96-well 

u-bottom microplate. 25μl each of Phosphate buffer solution, (PBS), an MDR cell line culture 

(25 x 105 cells/ml) and DMSO were set as negative controls in separate wells just as  25μl 

800μM verapamil was as positive control. 50μl of the MDR cell line culture (25 x 105 

cells/ml) was then seeded in each of the wells already containing either a test compound or a 

control. This procedure was repeated using three additional plates followed by the incubation 

of the four ensuing plates at 370C for 15 minutes. Following this incubation, 25μl of 1μM 

calcein AM was dispensed into each well in the four plates and mixed well (making the 

effective concentration of each compound in the final mileu one-quarter of its initial 
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concentration) followed by further incubation at 370C for 15 minutes. After incubation, the 

microplates were centriguged for 5 minuites at 200 x g, the supernatants removed and the 

cells resuspended and washed in 100μl of cold (40C) tissue culture medium four times before 

being transferred to four 96-well flat bottom well plates. 

Fluoresence associated with calcein accumulation in the cells was then detected using a 

POLARstar omega plate reader at an excitation wavelength of 490nm and emission 

wavelength of 517nm. Modifications involved in setting conditions for hits selection included 

configuring the plate reader to set the highest RFU as pivot and the RFUs  less than 50% of 

the difference between the pivot and RFU of the least-value negative control at  values close 

to the latter. Hits were thus selected as samples (at particular concentrations) producing RFUs 

greater than 50% of the afore-mentioned difference, and the statistical significance of these 

values analysed with student-t test (Colton, 1974; McHugh, 2008). 
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                                             CHAPTER FOUR              

                                                     RESULTS 

4.1. Results of 1H NMR Profiling of Fractions (Section 3.5.) 

 

 

 

 

 

 

  Fig. 22:  Representative 1H NMR spectrum (600MHz, CD3OD) of indole-containing 

                 fractions. 

 

 

 

 

 

 

Fig. 23:  Representative 1H NMR (600MHz, CD3OD) spectrum of triterpenoid- 

                containing fractions.        
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 Fig. 24:  Representative 1H NMR spectrum (600MHz, CD3OD) of iridoid- 

                 containing fractions 

 

4.2.       Results of Chemical Charactirization of Compounds (section 3.7).  

4.2.1     Summary of Chemical Characterization Data 

Compound 1: Yellow crystalline solid; UV (MeOH) λmax (logε)  204nm (4.45), 223nm 

(4.39) 263nm (4.05), appendix 7;  1H, 13C  and other NMR data (CD3OD, 600MHz), 

appendices 2-6c, Table 1;  ESI(+)MS m/z 309 M+; HRESI(+)MS m/z  309.1607 M+ (calcd 

for C19H21N2O2 , 309.1598), appendix 1. 

Compound 2: Greyish amorphous solid; [α]22
D +64.9 (c 1.0, pyridine), UV (MeOH) λmax 

(logε)  204 nm (4.30), 289 nm (3.40), appendix 15;  1H, 13C and other NMR data (pyridine-d5, 

600MHz), appendices 9-14b, Table 2; ESI(+)MS m/z479 [M+Na]+, ESI(-)MS m/z 455 [M-

H]-;  HRESI(+)MS m/z  479.3475 [M+Na]+ (calcd for C30H48NaO3 ,  479.3496), appendix 8. 

Compound 3:  Colourless amorphous solid; [α]22
D -14.46  (c 0.1, MeOH ); UV (MeOH) λmax 

(logε)  203nm (4.40), 241nm (3.80) 310nm (3.40), appendix 23;  1H, 13C and other NMR data 
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(CD3OD, 600 MHz), appendices 17-22, Table 3;  ESI(+)MS m/z 431 M+;  HRESI(+)MS m/z  

431.1740 M+ (calcd for C23H28ClN2O4 , 431.1732), appendix 16. 

 Compound 4: Yellow amorphous solid; [α]22
D  +93.1  (c 0.15, MeOH ); UV (MeOH) λmax 

(logε)  206 nm (4.480), 251nm (4.38), 308nm (4.21), 364nm (3.54), appendix 31;  1H,  13C 

NMR data (CD3OD, 600MHz), appendices 25-30b,  Table 4; ESI(+)MS m/z 349 M+; 

HRESI(+)MS m/z  349.1557 M+ (calcd for C21H21N2O3,  349.1547), appendix 24. 

Compound 5:  Light brown  solid; [α]22
D  +30.1  (c 0.02, MeOH ); UV (MeOH) λmax (logε)  

209 nm (4.84), 272nm (3.99), 308nm (3.54), appendix 39;  1H, 13C and other NMR NMR 

data (CD3OD, 600MHz), appendices 33-38,  Table 5; ESI(+)MS m/z 327 M+; HRESI(+)MS 

m/z  327.2070 M+ (calcd for C20H27N2O2 , 327.2067), appendix 32. 

Compound 6:  Colourless amorphous solid; [α]22
D  -5.2  (c 0.05, MeOH ); UV (MeOH) λmax 

(logε)  207 nm (4.93),  250 nm (3.37) , 290 nm (3.34), appendix 47;  1H, 13C and other NMR 

data (CD3OD, 600MHz), appendices 41-46b,  Table 6; ESI(+)MS m/z 367 [M+H]+,  m/z 365 

[M-H]-;  HRESI(+)MS m/z  367.2009 [M+H]+ (calcd for C22H27N2O3 , 367.2016),  appendix 

40. 

Compound 7:  Colourless amorphous solid; [α]22
D  -177.7  (c 0.067, MeOH); UV (MeOH) 

λmax (logε)  208nm (4.96),  273nm (3.92), appendix 55; 1H, 13C and other NMR data (CD3OD, 

600MHz), appendices 49-54,  Table 7;  ESI(+)MS m/z 517 [M+H]+, m/z 515 [M-H]-;  

HRESI(+)MS m/z  517.2187 [M+H]+ (calcd for C26H23N2O9, 517.2181),  appendix 48. 

Compound 8: Grey amourphous solid; [α]22
D  -60.86  (c 0.0350, MeOH ); UV (MeOH) λmax 

(logε) 235nm (3.59), appendix 64;  1H ,  13C  and other NMR data (CD3OD, 600MHz), 

Appendices 58-63, Table 8; LRESI(+)MS m/z 359 [M+H]+, m/z 394 [M+H+MeOH]+, 

appendix 56, HRESIMS, pseudomolecular ion conspicuously absent, appendix 57. 
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Compound 9: Yellow crystalline solid; [α]22
D  -11.88 (c 0.0160, MeOH ); 1H , 13C  and other 

NMR data (CD3OD, 600MHz), appendices 66-69; HRESI(+)MS m/z 671.3248 [M+H]+ 

(calcd. for C41H43N4O5, 671.3228),  appendix 65. 
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4.2.2    NMR Assignment Tables  

Table 1. NMR (CD3OD, 600MHz) data for compound 1{N-[2-(2-carbomethoxy-3-

indolyl)ethyl]-3-ethylpyridinium} (appendices 2- 6c) 

 
a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

* missing with respect to the conventional numbering order of monoterpenoid     indolealkaloids 

 

 

 

No. C
a
 H (mult ., J in Hz) COSY HMBC

b
 (

1
H to 

13
C 

1 - - - - 

2 135.3 - - - 

3 143.2 8.66 (d, 8.0) H-14 C-5, C-14, C-21 

4 - - - - 

5 63.2 4.83 (t,  5.9) H-6 C-3, C-7 

6 26.9 3.36 (t,  5.9) H-5 C-2, C-5, C-7,C-8 

7 105.9 - - - 

8 130.0 - - - 

9 116.7 6.60 (d, 7.9) H-11 C-7, C-11, C-13 

10 119.8 6.67 (t,  7.6) H-11 C-8, C-12 

11 121.9 6.91 (t,  7.4) H-9, H-10, H-12 C-9, C-13 

12 111.9 7.22 (d, 8.01) H-11 C-8, C-10 

13 136.6 - - - 

14 128.2 7.68 (t,  6.8) H-3, H-15 C-3, C-20 

15 145.3 8.10 (d, 8.0) H-14 C-3, C-19, C-20 

16* - - - - 

17* - - - - 

18 14.3 0.88 (t,  7.6) H-19 C-19, C-20 

19 26.5 2.46 (q, 7.6) H-18 C-18, C-20 

20 145.7 - - - 

21 145.6 8.47 (s) - C-3, C-5, C-19 

2-CO2Me 177.8 - - - 

2-CO2Me 36.5 3.60 (s) - C-2, C-7, C-22 
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Table 2. NMR (600MHz, pyridine-d5) data for compound 2 (ursolic acid)(appendices 9-14b) 

 

a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

 
 

 
 

 

 

No. C
a
 H (mult ., J in Hz) HMBC

b
 (

1
H to 

13
C) ROESY 

1 39.4 
a 1.56 (m) C-2  

b 0.98 (m) C-9  

2 28.5 1.84 (m) C-1  

3 78.4 3.48 (dd, 9.5, 5.8) C-1, C-4,C-23, C-24  H-5, H-23, H-27, 

H-30 

4 39.7 - -  

5 56.2 0.88 (d, 11.8) C-3, C-4, C-7  

6 19.1 
a 1.62 (m) C-4, C-10  

b 1.49 (m) C-4, C-5  

7 33.9 
a 1.49 (m) C-3, C-6  

b 1.39 (m) C-9, C-15  

8 40.3 - -  

9 48.4 1.65 (m) C-1, C-8C-10  

10 37.6 - -  

11 24.0 1.95 (m) C-8, C-9,C-14  

12 126.0 5.52 (br s) C-8, C-11,C-14, C-18 H-11, H-18 

13 139.6 - -  

14 42.9 - -  

15 29.0 
a 2.35 (dt, 8.0, 4.3) C-3, C-8,C-14, C-16, C-19 H-27, H-29 

b 1.25(overlapped) -  

16 25.3 
a 2.14 (m) C-15, C-17, C-18, C-28  

b 2.02 (m) C-13, C-28  
17 48.4 - -  

18 53.9 2.67 (m) C-12, C-13, C-14, C-16, C-17, C-

19,C-20 

 

19 39.8 1.48 (m) C-21, C-30  

20 39.8 1.02 (overlapped) C-18  

21 31.4 
a 1.47 (m) C-22, C-30  

b 1.41 (m) -  
22 37.8 2.02 (m) C-16, C-20,C-21  

23 29.3 1.25 (s) C-3, C-4,C-5  

24 16.3 1.05 (s) C-3, C-4  

25 16.0 0.90 (s) C-10 Ha-6, Hb-7 

26 17.8 1.08 (s) C-8, C-14  

27 24.3 1.25 (s) C-8, C-16  

28 180.3 - -  

29 17.9 1.02 (d, 6.3) C-18, C-20  

30 21.8 0.91 (d, 6.1) C-21, C-22  
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Table 3. NMR (CD3OD,600MHz) data for compound 3:                                                             
             4-  chloromethylakuammineammonium ion (appendices 17- 22) 

 

 
a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

 

 

 

 

 

 

 

No. C
a 

H (mult ., J in Hz) COSY
 

HMBC
b
 (

1
H to 

13
C) 

 

ROESY 

1 - - - -  

2 103.6 - - -  

3 64.9 4.79 (s) Ha/b-14, H-15 C-2, C-14, C-15,  (N-4)-CH2- H-15 

4 - - - -  

5 58.1 
a 4.42 (m) Hb-5, Ha-6, Hb-6 C-6, C-21  

b 3.40 (dd, 12.0, 5.4) Ha-5, Ha-6 C-6, C-7, C-21 , (N-4)-CH2-  

6 28.4 
a 3.73 (dd, 15.5, 5.8) Ha/b-5, Hb-6 C-2, C-5, C-7, C-8, C-15  

b 1.88 (dd, 15.5, 5.4) Hb-5, Ha-6 C-7, C-8, C-16  

7 52.8 - - -  

8 138.9 - - -  

9 111.6 6.68 (br s) - C-8, C-10, C-13  

10 153.5 - - -  

11 115.6 6.65 (m) - C-10, C-13  

12 113.4 6.65 (m) - C-7, C-10, C-13  

13 144.6 - - -  

14 26.8 
a 2.69 (br d, 15.3) H-3, Hb-14, H-15 C-15, C-20  

b 2.33 (br d, 15.3) H-3, Ha-14, H15 C-2, C-3, C-20, C-21  

15 39.3 3.80 (br s) H-3, Ha/b-14, H-18, H-

19 

C-3, C-7, C-14, C-19, C-20, C-21 H-3 

16 58.3 - - -  

17 74.9 
a 4.14 (d, 8.2) Hb-17 C-2, C-7, C-15, C-16  

b 3.67 (8.0) Ha-17 C-2, C-7, C-16, C-20, 16-COOMe  

18 13.8 1.66 (d, 7.1) H-15, H-19, Ha/b-21 C-19, C-20 16-COOMe 

19 127.2 5.83 (q, 7.1) H-15, H-18, Ha-21 C-15, C-18, C-20, C-21  

20 131.1 - - -  

21 62.4 
a 4.48 (d, 15.1) H-18, H-19, Hb-21 C-5, C-20  

b 4.06 (d,15.1) H-18, Ha-21 C-3, C-5, C-14, C-15, C-19, C-20  

(N-1)-CH3  30.7 2.82 (s) - C-2, C-12, C-13  

(N-4)-CH2- 72.8 
a 5.41 (d, 9.8) Hb-(N-4)-CH2- C-3, C-5, C-21  

b 5.33 (d, 9.8) Ha-(N-4)-CH2- C-3, C-5, C-21  

16-COOMe 53.1 3.89 (s) - 16-COOMe H-18 

16-COOMe 171.9 - - -  
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Table 4. NMR (600 MHz, CD3OD) data for  compound 4:  serpentine (appendices 25- 30b). 

  
a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

 
 

 

 

 

 
 

 

 

No. C
a 

H (mult ., J in Hz) COSY
 

HMBC
b
 (

1
H to 

13
C) 

ROESY 

1 - - - -  

2 141.6 - - -  

3 133.6 - - -  

4 - - - -  

5 117.1 8.53 (d, 6.5) H-6 C-6 Ha/b-21 

6 134.1 8.47 (d, 6.5) H-5 C-2, C-3  

7 135.5 - - -  

8 121.7 - - -  

9 109.4 7.76 (ddd, 8.2, 2.0, 1.0) H-10 C-8, C-10  

10 123.3 7.47 (ddd, 7.0, 5.8, 1.0) H-11, H-12 C-11, C-12  

11 133.3 7.80, (ddd, 7.2, 5.8, 1.0) H-10 C-12  

12 124.3 8.39 (ddd, (8.2, 2.0, 1.1) H-11 C-11, C-13  

13 145.7 - - -  

14 30.2 

a 4.17 (dd, 17.7, 6.3) Hb-14, H-20 C-2, C-7, C-15, C-19  

b 3.38 (dd, 17.7,9.3) Ha-14, H-20 C-2, C-15, C-16  

15 27.8 3.22 (m) Ha-14, Hb-14, H-20 C-14, C-16, C-17, C-19, C-

20 

 

16 109.4 - - -  

17 157.3 7.74 (s) - 16-CO2Me  

18 18.7 1.49 (d, 6.3) H-19 C-19, C-20  

19 72.6 4.03 (qd, 6.0, 2.0) H-20 - H-20 

20 37.3 2.57 (m) H-15, H-19, Ha/b-21 - H-19 

21 55.8 

a 5.04 (dd, 14.3, 5.9) H-19, Hb-21 C-2, C-3, C-15, C-19, C-20 H-6, H-18, H-19, H-20 

b 4.70 (dd, 14.3, 10.3) H-19, Ha-21 C-2, C-3, C-15, C-19, C-20 H-6, H-18, H-19, H-20 

16-CO2Me 52.1 3.80 (s) - 16-CO2Me  

16-CO2Me 169.0 - - -  
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Table 5. NMR (600 MHz, CD3OD) data for compound 5:   4-Methylhuntrabrineammonium  
             ion (appendices 33 - 38)  

 

 
a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  
c       overlapped by MeOH signal 

 

 

No. C
a 

H (mult ., J in Hz) COSY
 

HMBC
b
 (

1
H to 

13
C) 

ROESY 

1 - - - -  

2 131.8 - - -  

3 29.7 4.65 (br s) Ha-14 - H-15 

4 - -  - -  

5  59.6 

a 3.88 (m) Hb-5, Ha-6 C-3, C-6, C-7, (N-4)-CH3   

b 3.86 (m) Ha-5, Ha-6 C-3, C-7, C-21  

6 16.9 

a 3.16 (m) Ha-5, Hb-6 C-2, C-5, C-7, C-13, C-21  

b 3.08 (m) Ha-5, Ha-6 C-2, C-7  

7 103.4 - - -  

8 126.8 - - -  

9 112.4 6.88 (d, 2.3) H-11, H-12 C-7, C-10, C-11, C-13  

10 150.8 - - -  

11 102.1 6.76 (dd, 8.7, 2.3) H-9, H-12 C-9, C-13  

12 111.5 7.21 (d, 8.7) H-9, H-11 C-8, C-10  

13 131.8 - - -  

14 29.7 

a 2.64 (m) H-3, Hb-14, H-15 -  

b 2.30 (m) H-3, Ha-14, H-15 C-15, C-16  

15 30.2 3.24 (dd, 14.5, 7.2) Ha-16, Hb-16 C-14, C-16 H-3 

16 35.3 

a 1.60 (m) H-15, Hb-16 C-14, C-17, C-20  

b 1.43 (m) H-15, Ha-16, H-17 C-14, C-17  

17 58.6 3.51 (m) Ha/b-16 C-15, C-16  

18 12.3 1.84 (dd, 7.0, 1.4) H-19, Ha-21 C-19, C-20 H-21 

19 131.8 5.98 (q, 7.0) H-18, Ha-21 C-15, C-18, C-21  

20 127.3 - - -  

21 62.5 

a 4.36 (d, 12.8) H-15, H-18, H-19, Hb-21 C-20, (N-4)-CH3  H-19 

b 3.69 Ha-21 C-2, C-3, C-15, C-20,  

(N-4)-CH3  

 

(N-4)-CH3  47.5 3.19 - C-3, C-5, C-21  
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Table 6. NM R (600 MHz, CD3OD) data for compound 6:  strictosidinic acid 
              (appendices 41 - 46b)             

a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

No. C
a 

H (mult ., J in Hz) COSY
 

HMBC
b
 (

1
H to 

13
C) 

ROESY 

1 - - - -  

2 109.5 - - -  

3 53.2 4.63 (br d, 11.8) Hb-14 C-2 Hb-5, Hb-6 

4 - - - -  

5 42.9 

a 3.75 (ddd(9.7, 5.6, 4.1) Hb-5, Ha-6 -  

b 3.41 (m) Ha-5, Ha-6 -  

6 19.7 

3.09 (m) Ha-5, Hb-5, Hb-6 -  

3.04 (m) Ha-5, Hb-5, Ha-6 -  

7 107.3 - - -  

8 127.6 - - -  

9 112.4 7.32 (d, 7.0) H10 C-10, C-11  

10 120.7 7.14 (dd, 8.0, 7.0) H-9, H-11 C-12, C-13  

11 123.7 7.05 (dd, 8.0, 7.0) H-10, H-12 C-8, C-9  

12 119.3 7.47 (d, 8.0) H-8, H-13 C-10, C-13  

13 138.3 - - -  

14 35.0 

a 2.36 (dddd, 17.7, 15.1, 12.5, 3.0) H-3, Hb-14, H-15 -  

b 2.22 (dddd, 18.4, 15.4, 12.1, 3.8) H-3, Ha-14, H-15 -  

15 32.7 3.05 (m) Ha/b-14, H-15, H-20 - H-20 

16 109.5 - - -  

17 157.3 7.84 (s) - C-15, C-16, C-21, C-22  

18 119.8 

a 5.36 (ddd, 17.4, 2.7, 1.3) Hb-18, H-19 C-19, C-20  

b 5.27 (ddd, 17.5, 11.0, 7.0) Ha-18, H-19   

19 135.6 5.86 (ddd(17.5, 11.0, 7.0) Ha/b-18   

20 45.5 2.76 (m) H-15, H-17, H-19 C-14, C-18, C-19, C-21 H-15 

21 97.4 5.86 (d, 9.0) H-16   

22 172.9 - -   

1 100.6 4.82 (m) H-2   

2 71.9 3.22 (m) H-1,  H-3   

3 78.9 3.38 (m) H-2,  H-4 C-2,  C-4  

4 74.8 3.24 (m) H-3,  H-5 C-5  

5 78.2 3.40 (m) Ha/b-6   

6 63.2 

a 3.99 (m) H-5,  Hb-6   

b 3.65 (m) H-5,  Ha-6   
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Table 7. NMR (600 MHz, CD3OD) data for compound 7:   Pseudoakuammigine 
             (appendices 49- 54)  

 

a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

No. C
a 

H (mult ., J in Hz) COSY
 

HMBC
b
 (

1
H to 

13
C) 

 

ROESY 

 

1 

 

- 

 

- 

 

- 

 

- 

 

- 

2 99.0 - - -  

3 55.9 4.62 (br s) Ha-14, Hb-14,H-15 -  

4 - - - -  

5 53.2 
a 3.95 (m) Hb-5,Ha-6, Hb-6 C-3, C-21  

b 3.22 (m) Ha-6, Hb-21 -  

6 28.7 
a 3.59 (d, 15.6) Ha-5, Hb-5, Hb-6 -  

b 1.77 (d, 15.9) Ha-5, Ha-6 -  

7 54.5 - - -  

8 151.0 - - -  

9 123.7 7.14 (d, 7.7) H-10 C-11, C-13  

10 122.6 6.86 (td, 7.8, 1.0) H-9, H-11 C-8, C-12  

11 129.7 7.21 (td, 7.7, 1.2) H-10, H-12 C-9, C-13  

12 112.5 6.81 (d, 7.9) H-11 C-8, C-10  

13 153.0 - - -  

14 27.2 
a 2.64 (dd16.8, 8.5) H-3, Hb-14, H-15 H-15  

b 2.31 (ddd, 16.5, 3.5,1.6) H-3, Ha-14, H-15 - H-3, H-15,  Ha-21 

15 40.4 3.8 (br s) H-3, Ha/b-14, H18 -  

16 59.0 - - -  

17 75.5 
a 4.13 (d, 7.8) Hb-17   

b 3.63 (d,7.5) Ha-17   

18 13.8 1.66 (dd, 7.1, 2.7) H-19, Ha-21, Hb-21 C-19  

19 132.0 5.81 (q, 7.0) H-18, Ha/b-21,  C-15, C-21  

20 139.0 - - -  

21 54.5 
a 4.37 (d, 15.6) H-18, H-19, Hb-21 - H-19 

b 3.70 (d, 15.6) Ha-21 C-3, C-6, C-15, C-19, C-20  

(N-1)-Me 29.9 2.86 (s) - C-2, C-13 H-12 

17-COOMe 172.3 - - -  

17-COOMe 51.2 3.80 (s) - 17-COOMe  
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Table 8: NMR (600MHz, CD3OD) data of compound 8:  1-glucopyranosyl-8-methyliridan-3-

en-4, 7-carbolactone (appendices 58- 63). 

 

a  1 3C experiments run at 150MHz,  and  1 3CNMR assignments supported by HSQC experiment;  
b  HMBC correlations optimised for 8 Hz.  

 

 

 

 

No C
a
 δH  m    JHz COSY HMBC

b
 (

1
H to 

13
C) ROESY(H-H) 

1 79.8 5.28 d (3.0) 9 - H-8, H-9, H-10, H-1' 

2 - - - -  

3 152.3 7.39  s - C-1, C-4, C-5, C-11  

4 114.3 - - -  

5 32.3 3.09  m Ha/b-6 , H-9 C-3, C-4 Ha-6 

6 34.9 

a 2.24 H-5, H-7 C-7, C-9 H-5 

b 1.66 H-5, H-7 C-4 H-7 

7 75.2 4.04 Ha/b-6, H-8  Hb-6, H-8 

8 42.3 1.88 H-7, H-9, H-10  H-1, H-7 

9 46.7 2.03 H-1, H-5, H-8  H-1 

10 13.6 1.09 H-8 C-7, C-8, C-9  

11 171.1 - -   

1' 100.2 4.85 d (9.8) H-2' C-1  

2' 74.9 3.20 H-1   
  
 ,  H-3' C-1   

  
 ,  C-5'  

3' 78.5 3.37 H-2',  H-4' C-5'  

4' 71.7 3.28 H-3',  H-5'   

5' 78.2 3.29 H-4',  Ha-6' 

Hb-6' 

C-3'  

6' 62.9 

a 3.90 H-5',  Hb-6'   

b 3.66 H-5',  Ha-6'   
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4.2.3       Structures of compounds. 

 

 

 

 

 

 

 

Fig. 25:  Compound 1: N- [2-(2-carbomethoxy-3-indolyl) ethyl]-3-ethylpyridinium, from 

the seed extract. 

 

 

 

 

 

 

Fig. 26: Compound 2: ursolic acid (Thanak icharoenpath and Theanphong, 2007), from 

the leaf extract.  
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Fig. 27: Compound 3: 4-chloromethylakuammineammonium ion (Ramirez and Garcia-

Rubio, 2003), from the seed extract. 

 

 

 

 

 

 

 

Fig. 28: Compound 4: Serpentine (Wachsmuth and Matusch, 2002), from the leaf 

extract. 
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Fig. 29:  Compound 5:  4-methylhuntrabrineammonium ion (Borris et al, 1983), from 

the stem bark  extract. 

 

 

 

 

 

 

 

 

Fig. 30: Compound 6: Strictosidinic acid (do Nascimento et al., 2006), from the stem 

bark  extract. 
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Fig. 31: Compound 7: Pseudoak uammigine (Ramirez and Garcia-Rubio, 2003), from 

the leaf extract.  

 

 

 

 

 

 

Fig. 32: Compound 8: 1-glucopyranosyl-8-methyliridan-3-en-4,7-carbolactone, from the 

stem bark  extract. 
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Fig. 33:  Compound 9: desmethylserpentinine (Irie et al., 1972), from the leaf extract. 
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4.3    Results of P-gp Inhibition Assay (section 3.8) 

Table 9: Calcein accumulation in MDR cells, measured as Relative flouresence units (RFUs), 

following incubation with calcein AM in the presence of compounds 1-8 and the controls. 

Compounds 

RFU±SD 

0.25μg/ml 2.5μg/ml 25μg/ml Controls 

1* 132473±2000 135125±4000 185456±5000 - 

2 130434±0 136000±0 132134±1000 - 

3 132000±0 129498±1240 130223±2500 - 

4* 126097±500 137355±467 230089±5630 - 

5 136000±980 135422±300 127000±3000 - 

6 130455±321 135000±1000 138429±167 - 

7 126466±2500 130568±1000 138541±130 - 

8 125002±800 130000±564 135000±4985 - 

PBS - - - 126334±1021 

MDR/DMSO - - - 127000±490 

MDR - - - 126579±0 

Verapamil - - - 130269±4200 
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                  * Hits (section 3.8):  25 μg/ml compounds 1 and 4 (P < 0.01)           

Table 10:  Calcein accumulation in MDR cells, measured as Relative flouresence units 

(RFUs), following incubation with calcein AM in the presence of the compounds except 
comounds 1 and 4. 

 

                

                  * Hits (section 3.8):  25 μg/ml compounds 6 and 7 (P < 0.01)            

Compounds 

RFU±SD 

     0.25μg/ml        2.5μg/ml      25μg/ml      Controls 

2 185332±500 174126±5076 18087±65 - 

3 175643±2500 183128±500 185721±4506 - 

5 186089±4030 185316±1000 180090±3000 - 

6* 174000±900 180000±50 225000±8540 - 

7* 180452±500 177225±1040 215000±300 - 

8 175432±300 176341±900 200220±3000 - 

PBS - - - 170389±2500 

MDR/DMSO - - - 175442±2530 

MDR/PBS - - - 176264±1500 

Verapamil 

(800μM) 

- - - 
224000±1080 
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Fig. 34: Bar charts showing, A: RFUs due to 0.25, 2.5, and 25 μg/ml of compounds 1-8, 

and B: RFUs due to the same concentrations in the absence of compounds 1and 4.  
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                                                         CHAPTER FIVE         
                                                             DISCUSSIONS 

 

 

  

5.1 General 

 
1H NMR profiling as a structural guide to isolating predetermined chemical groups simply 

depends on the ability to identify characteristic proton NMR spectral signals of such groups 

in the spectra of fractions containing or suspected to be containing them. Identifying fractions 

containing indoles, therefore, was roughly based on the presence of characteristic aromatic 

signals in the spectra of nitrogenous fractions of the general fractionation procedure (Fig. 22). 

The complex overlapping upfield methylene proton signals characteristic of triterpenoids 

(Bhart et al., 2005) was used to identify triterpenoid–containg fractions (Fig. 23).  Iridoid-

containing fractions were given out by their characteristic enolic proton singlet coupled with 

a cluster of hydroxylated methine/methylene proton resonances typical of sugars, bearing in 

mind that most iridoids are also glycosides (Fig. 24.) (Dewick, 2001).  The structure-guided 

isolation of the afore-mentioned privileged structures from the leaf, seed and stem bark 

extracts of Hunteria umbellata afforded nine compounds; one triterpenoid, seven 

monoterpenoid indole alkaloids and one lactone iridoid glucoside. This ratio in a way 

confirms the earlier series of phytochemical investigations on various species of the genus 

Hunteria which show alkaloid–dominated chemistry (section 2.3).  Four of these compounds 

(compounds 1, 3, 8 and 9) are new, compounds 1 and 8 being spectacularly new as they 

defined unprecedented scaffolds in their respective groups.   

 

 

 



77 

 

5.2   Structure Elucidations 

The structure elucidation of each of  the compounds  was achieved by an  integrative 

approach  to the interpretation of 1D (1H, 13C),  2D  homonuclear chemical shift correlation 

(1H – 1H  gCOSY  and 1H – 1H ROESY),   and 2D heteronuclear chemical shift  correlation 

(1H – 13C  HSQC, and 1H–13C HMBC) NMR  spectra (Breitmaier, 2002).  This was, in almost 

all of the cases, aided by molecular formula information obtained from a prior analysis of the 

High Resolution Electrospray Ionization Mass Spectrum (HRESIMS) of the compound, the 

only exception being compound 8 whose pseudomolecular ion was inferred to be unstable 

despite the soft ionization mode of the electrospray ionization technique (appendices 56 and 

57) (Mclaffety and Turecek, 1993). 

The two homonuclear correlation experiments used, i.e., gCOSY and ROESY are both         

1H – 1H chemical shift correlation experiments.  But while  gCOSY,  the  pulsed field 

gradient (PFG)-selected  version  of the traditional absolute-value  1H – 1H  correlation 

spectroscopy (simply referred to as COSY),  is a through-bond (or J coupling) correlation 

experiment,  ROESY, the Rotational  Overhauser Effect Correlation Spectroscopy, is a 2D 

experiment which measures the dipolar or through-space  interaction of coupling nuclear 

spins in a spin system (Jacobsen, 2007).   

The heteronuclear 2D chemical shift correlation experiments used [i.e. 1H – 13C   

Heteronuclear  Single  Quantum  Coherence (HSQC) and 1H–13C Heteronuclear  Multiple 

Bond Coherence (HMBC)] are the modern inverse or 1H-detected versions of the traditional 

13C-detected 1H–13C Heteronuclear Correlation experiments, i.e., CH Heteronuclear 

Correlation (HETCOR) and CH Correlation Over Long range Coupling (CH –COLOC) 

respectively, which are today getting out-of-favour because of the considerably longer time 

required for their acquisition. Both HSQC and HMBC are used to correlate 1H and 13C 



78 

 

chemical shifts; but while the former shows direct (one-bond) CH or 1J correlation, the latter 

is biased to showing long-range  CH correlations which are CH correlations over two, three 

or at times four bonds i.e.  2J, 3J or 4J (Simpson, 2008). 

The Distortionless Enhancement Polarization Transfer (DEPT)-edited version of  HSQC,  

which  in addition to its  single quantum coherence selection pulse sequence also incorporates 

pulse sequences that transform  the information of  CH signal multiplicity  and of spin-spin 

coupling  into phase relationships (i.e. positive and negative  amplitudes) of the  1H-13C cross  

peaks  was used throughout. This version of the HSQC experiment more or less combined 

two experiments in one, as two pieces of information were obtained simultaneously from 

each HSQC spectrum plotted: One, the correlation of 1H and 13C resonances and two, the 

multiplicity of each CH cross peak depicting methyl (CH3) and methine (CH) signals as 

positive amplitudes (shown as blue cross peaks) and methylene (CH2) signals as negative 

amplitudes (shown as red cross peaks) (Appendices 4a-4c, 11a-11b, 19a-19c,  27,  35,  43a-

43b,  51,  60a-60b and 68). 

The HMBC experiment used was the pulsed field gradient-selected version in which 

coherence selection was largely by field gradients as opposed to phase cycling in the phase-

sensitive DEPT-edited HSQC (Jacobsen, 2007).  

By and large, the first step in the process of translating the spectra of each of the compounds 

into its respective structure was the cross-matching and subsequent labelling of resonances in 

the 1H and 13C  spectra using the cross peaks in the HSQC spectrum which, by virtue of being 

DEPT-edited, also served as a means of identification of the multiplicity of each carbon 

resonance as primary, secondary, tertiary, thus more or less identifying every carbon– 

hydrogen bond in the molecule as well as the number of hydrogens attached at such bonds. 

Moreover, quaternary carbons were identified by counting the number of carbon resonances 
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that did not show cross peaks in the 2D DEPT-edited HSQC spectrum, and when such 

quaternary carbons signals were so weak that they were lost in the background noise, as it 

was the case for compound 7, long-range correlations shown to them in the gHMBC spectra 

by hydrogens on neighbouring non-quaternary carbons often let them out (appendices 51, and 

53) (Simpson, 2008). Both labelled 1D spectra (1H and 13C) were then thoroughly gleaned for 

as many structural fragments as they could possibly offer using chemical shifts, multiplicity, 

coupling constants (J) and integration/relative signal intensities as main instruments.  

Analysis of the gCOSY spectrum almost always followed, primarily to elucidate the geminal 

or vicinal relationships of signals in the proton spectra, in the process generating 

substructures or confirming those structural fragments earlier deciphered by the 1D 1H and 

13C spectral analyses.  

Piecing the fragments  together, to arrive at the gross structure of the compound, was a 

multifactorial step which relied on the consideration of the 1H and 13C shifts, muliplet 

patterns and coupling constants of the resonances at the joints, but much more on the analysis 

of long range CH  correlations obtained from the gHMBC spectra.  

Gross structures were in most of the cases double-checked with the molecular formulae and 

their attendant degrees of unsaturation. Where this was not applicable because the molecular 

formula could not be determined by the High Resolution Electrospray Ionization Mass 

Spectrum (HRESIMS), molecular weight information from the Low Resolution ESIMS was 

very informative, e.g. compound 8 (section 5.2.8). 

Finally, 1H-1H ROESY was used in conjunction with coupling constants analysis, where 

applicable, to assign relative configurations at points where geometric orientations of atoms 

or groups were consequential, particularly at chiral centres and isolated carbon-carbon double 
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bonds. In case the 1H-1H ROESY cross peaks were antiphase and were as such not in any 

way better than gCOSY cross peaks, making them unreliable for assigning such 

stereochemical orientations,  coupling constants analysis alone was used and found to be as 

good as using a combination of the two methods, e.g., compound 4 (section 5.2.4). 

 The NMR Assignment Table for compound 9 could not be prepared because its set of NMR 

data acquired in CD3OD were not sufficient to exclusively assign its proton and carbon-13 

resonances, as there were a lot of overlaps in the proton spectrum that even the HSQC 

spectrum could not resolve, hence the conspicuous absence of its table of NMR data in the 

results.  Acquiring the NMR spectra in other deuterated solvents like CDCl3 and C5D5N 

would most probably have helped but time and financial constraints precluded this. 

Notwithstanding, a systematic (refined scifinder) data base search based on its  molecular 

formula determined by  HRESIMS analysis suggested its structure to be a monomethylester 

analogue of the dimethylester natural product serpentinine, the assignment of which carboxyl 

group was the  methylester  made easy  with HMBC correlations analysis (appendix 69). 
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5.2.1 Structure Elucidation of Compound 1 (appendices 1-7). 

 

 

 

 

 

 

 

 

     Compound 1: N- [2-(2-carbomethoxy-3-indolyl)ethyl]-3-ethylpyridinium (Fig. 25). 

The molecular formula of Compound 1 was obtained on the basis of the analysis of the 

molecular ion [M]+  peak  at m/z 309.1607 in the positive mode of its HRESIMS (appendix 1)   

as C19H21N2O2. The calculated mass based on this formula was 309.1598 giving a ppm error    

of -2.9. The 13C spectrum (appendix 3) showed 19 distinct resonances in agreement with the 

molecular formula. No spectrum was obtained in the negative mode of the HRESIMS 

probably for inability of the compound to form negative ions readily, more or less bringing 

suspicions of a positively charged compound. The suspicion that the compound was a 

positively charged compound was riveted by the non-integer degree of unsaturation (10.5) 

calculated from the molecular formula, a feature very commonly encountered with even 

electron cations (Mclaferty and Turecek, 1993). 
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The proton NMR spectrum (appendix 2) was perfectly first order. Analysis of coupling 

patterns, coupling constants, chemical shifts and relative integrals of this proton spectrum  

together with chemical shifts and relative intensities of the resonances in the  13C  

spectrum(appendix 3) revealed five structural fragments namely; an  ethyl – ,  a dimethylene 

chain – , a  methoxy– , an  ortho – disubstituted benzene ring and a pyridinium moiety. 

 

 

 

 

 

 

 

 

 

 

Fig. 35:  Molecular fragments of compound 1. 

The ethyl group was assigned based on the triplet at δH 0.88ppm (J = 7.6Hz) and quartet at δH 

2.46ppm (J = 7.6Hz) with respective relative integrals of 3 and 2. The dimethylene chain was 

assigned based on the two triplets at δH 3.62ppm (J = 5.9 Hz) and 4.83ppm (J = 5.9 Hz), each 

with a relative integral of 2.  The three-proton  singlet  at δH 3.62ppm was unequivocally a 
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methoxy  group and was assigned as the methoxy of  a carboxyl  carbonyl resonance seen at 

δC 177.8ppm of the 13C  shift scale based on its distinct long range correlation to the latter in 

the gHMBC  spectrum (appendix 6a), and thereby resulting in a carboxymethyl fragment. 

The eight resonances in the aromatic region (of the proton spectrum) integrating to eight 

protons suggested that there were at least two aromatic rings in the molecule. The chemical 

shift (8.66ppm) and the coupling constant (5.6 Hz) of the doublet most down-field of these 

aromatic resonances are typical of the β – proton of the π – electron deficient heteroaromatic 

pyridine (Breitmaier, 2002). The aromatic resonances at δH = 7.68ppm, 8.10ppm, 8.47ppm, 

and 8.66ppm were thus ascribed to a pyridine ring, and analysis of their coupling patterns and 

coupling constants  revealed that the pyridine ring was a meta – substituted one.  The fact that 

the pyridine ring was attached to the molecule at some point placed the point of attachment 

on the ring nitrogen as there is no way it could have been at any other part of the ring without 

violating the coupling pattern  seen in the proton spectrum.  This of a necessity made the ring 

become positively charged, i.e., pyridinium, hence confirming the earlier suspicion that the 

molecule was positively charged. The coupling patterns and coupling constants of the 

remaining four aromatic resonances up-field to the pyridinium protons resonances i.e. the two 

doublets at δH6.61ppm (J = 7.9Hz) and δH 7.22ppm (J = 8.0 Hz), and the two pseudotriplets 

at δH 6.67ppm (J = 7.6 Hz) and δH 6.91ppm (J = 7.4 Hz) were certainly typical of an ortho – 

disubstituted benzene ring,  one of the substituents being a +M electron-donating species, 

most likely an O– or N– heteroatom. The fact that the total number of oxygen atoms in the 

molecular formula had been accounted for in the carboxymethyl group and that there was yet 

one nitrogen to be accounted for, unequivocally made this substituent a nitrogen atom, and 

since the UV spectrum (appendix 7) showed a characteristic indole absorption maxima, all 

this put together were enough evidence that second aromatic ring was actually a 2, 3 – 
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disubstituted indole ring. Coming back to the meta– substituted pyridinium ring, the 

substituent at the meta– position was assigned as the ethyl group as the chemical shift of the 

protons of the  methylene end of the ethyl group (δH 2.46ppm) showed that it was attached to 

an sp2 carbon: The indole and pyridinium moieties were the only sources of sp2 – hybridized 

carbon that the ethyl group could be attached to satisfy this chemical shift value, and since it 

couldn‟t have been on the indole without distrupting the coupling pattern already established, 

the only possible position of its attachment in  the molecule was a meta– position on the 

pyridinium ring. The possibility of the dimethylene chain being the pyridinium meta– 

substituent was ruled out as the former‟s chemical shifts, δH 4.83ppm and δH 3.63ppm, fit that 

of a linker of the pyridinium ring at the ring nitrogen at one end and the indole at the other. 

The long range correlations shown by both the ethyl‟s methylene (δH 2.46ppm, q, J = 7.6 Hz, 

2H) and methyl (δH 0.88ppm, t, J = 7.6 Hz, 3H) signals to the pyridine ring meta- carbon (δC 

= 145.9ppm) confirmed this.   

All these put together reduced our working substructures to four:  a 2, 3 – disubstituted indole 

group, a 3– ethylpyridinium moiety, a carboxymethyl group and a dimethylene chain. The 2D 

COSY spectrum confirmed these spin systems. Further  analysis of the 2D gHMBC spectrum 

showed that the methylene protons at one end of the dimethylene chain, δH = 3.36ppm, t (5.9 

Hz) 2H, showed long range correlations to the indole‟s 3– and 4– positions corresponding to 

positions 7 and 8 in the numbering order of the molecule (i.e. δC = 105.9ppm and δC = 130.0 

repectively). In a like manner, the methylene protons at the other end of the chain, δH = 

4.83ppm, t (5.9 Hz) 2H, showed long range correlations to the two β-carbons of the pyridine 

ring, i.e., δC = 143.2ppm and δC = 145.7ppm. 
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                 dimethylene chain                                                   carboxymethyl 

 

 

 

 

 

            2, 3- disubstituted indole                                              3- ethylpyridinium 

Fig. 36: Further simplified molecular fragments or substructures of compound 1. 

These correlations established the dimethylene chain as the linker of the indole and pyridine 

aromatic fragments of the molecule. 

The  13C chemical shift of  the –OMe  group  which  is more  upfield than expected (δC = 

36.5ppm as against 50 – 55ppm expected for such a carbon) (Breitmaier, 2002) can be 

explained by its spatial proximity to the lone pair on the indole ring nitrogen; its  long range 

correlations to the carboxyl carbon (δC = 177.8ppm)  as well as to the indole moiety‟s  2-  and 

3–  positions  corresponding to 2– and 7– positions in the numbering order of the molecule 
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(i.e. δC = 135.3ppm and 105.9ppm) confirmed not only that it was a carboxyl  – OMe but also  

the point of attachment  of the  carboxymethyl group  to the indole ring (Fig. 37). 

 

 

  

 

 

 

 

 

 

 

 

 Fig. 37:  Important 1H-13C HMBC correlations in compound 1. 
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5.2.2   Structure Elucidation of Compound 2 (appendices 8-15) 

 

 

 

 

 

 

 

 

 

                                      Compound 2: ursolic acid (Fig. 26). 

  

Molecular formula was determined as C30H48O3 based on the analysis of the [M+Na]+ 

pseudomolecular ion at m/z 479.3475 in the positive High Resolution ElectroSpray Ionization 

Mass Spectrum (HRESIMS) of the compound. The calculated molecular mass based on this 

formula was 479.3496 giving a ppm error of 4.41. The 13C spectrum at a glance showed 29 

carbon resonances but after a careful analysis of the relative intensities of the resonances the 

accidental isochrony (Simpson, 2008) of two carbons resonating at δC = 48.4ppm became 

obvious, bringing the number of carbons to 30 and in agreement with the molecular formula, 

ruling out symmetry in the molecule. The molecular formula suggested seven degrees of 

unsaturation, two of which were easily accounted for by a C-C double bond (revealed by the 

signals at δH = 5.52ppm, br s; δC = 126.0ppm and δC = 139.6ppm of the 1H and 13C chemical 

shift scales) and a carboxyl double bond assigned to the resonance at δC = 180.3ppm in the 

13C spectrum. The remaining five unsaturations could only be accounted for by rings, and 

thus a molecule containing five rings was assumed. 
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The complicated nature of the proton spectrum upfield  is typical of terpenoids and the 

identification of five tertiary methyl signals (also known as angular methyls in steroid and 

triterpenoid chemistry) (Bhart et al; 2005), coupled with the five rings earlier suggested by 

the molecular formula was a strong indication that the molecule was most probably a 

pentacyclic triterpenoid.  So an initial assumption of a pentacyclic triterpenoid skeleton was 

made. The characteristic triterpenoid five tertiary methyls (δH = 0.90ppm, 1.05ppm, 1.08ppm, 

1.25ppm, 1.26ppm) and two secondary methyl signals (δH = 0.91ppm and 1.02ppm)  

observed in the 1H spectrum (appendix 9) confirmed that the molecule is  a pentacyclic  

triterpenoid of the ursane skeleton. The assignments of these methyl groups were confimrmed 

by HMBC correlations (appendices 13a-13c). The position of the carboxylic acid group was 

assigned based on the HMBC correlations between Ha/b-16 (δH 2.14ppm, m, and 2.02ppm, 

m) and the carboxyl carbon, C-28 (δC 180.3ppm). In the same vein the position of the double 

bond was assigned based on the HMBC correlations H-12 showed to C-8, C-11, C-14 and C-

18. The 3-OH group was assigned based on the HSQC correlation between a proton (H-3) (δH 

3.48ppm, dd, J = 9.5, 5.8 Hz) and an oxygenated carbon (δC 78.4ppm), vis-a-vis the 

molecular formula. H-3 axial orientation was deduced by the large coupling constant (9.5Hz) 

it shows with one of the H-2 protons with which it is in a 1-2 diaxial trans coupling.  This 

more or less confirmed the equatorial orientation of the 3-OH group and hence the β – 

orientation assignment of its relative configuration.  The α-orientation assignments  of  H-23 

(and hence the β-orientation of H-24), H-27 and H-30  were  based on  the strong 1H-1H 

ROESY correlation each of them showed to  H-3 whose α-orientation had earlier been 

established.  
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Other relative configurations including that of the carboxyl group were largely assumed as 

the [α]D agreed with literature value for ursolic acid (Thanakicharoenpath and Theanphong, 

2007) 

 

 

 

 

 

 

 

 

 

       

   Fig. 38:   Important 1H-13C HMBC and 1H-1H ROESY correlations in compound 2. 
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5.2.3       Structure Elucidation of Compound 3 (appendices 16-23) 

 

 

 

 

 

 

 

                      Compound 3:  4-chloromethylak uammineammonium ion (Fig. 27). 

Analysis of the M+ peak (suggestive of a positively charged compound) at m/z 431.1740 of 

the positive HRESIMS of compound 3 showed that it had an isotopic peak two atomic mass 

units heavier but one-third of its intensity, which was diagnostic of the presence of a 

covalently bonded chlorine atom in the molecule (McLafferty and Turecek, 1993). The 

molecular formula based on this peak, taking the presence of one chlorine atom into 

consideration, was C23H28N2O4Cl. The calculated mass based on this formula was 431.1732, 

giving a ppm error of -1.94.  The {1H}-13C NMR spectrum showed 23 distinct resonances in 

agreement with this molecular formula, ruling out symmetry in the molecule. Further analysis 

of the 13C spectrum showed a carboxyl carbonyl resonance, δC 171.9ppm, which was 

attributed to a carboxymethyl moiety (fragment A) based on the  long range  correlation peak  

an  O – Me  proton signal (δH = 3.80, s, 3H)  showed to it in the  gHMBC spectrum.  
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Fig. 39: Molecular fragment ‘A’ for compound 3. 

The proton NMR spectrum revealed two resonances integrating to 3 protons in the aromatic 

region of the shift scale. A careful analysis of these rather shielded aromatic resonances  

revealed that they were  two superimposed pseudotriplets  (δH 6.65ppm) and a broad singlet 

(δH  6.68ppm) – a  coupling pattern in agreement with  a 1, 2, 4– tri– substituted benzene ring.  

Further analysis of the proton spectrum revealed an N –Me (δH = 2.82ppm, s, 3H) whose 

gHMBC long range CH correlation to a quaternary aromatic carbon-13 resonance (δC = 

144.6ppm) showed that it was a substituent on the aromatic ring. Another quaternary 

aromatic 13C  resonance δC = 153.5ppm was unequivocally phenolic, and a  further analysis 

of the gHMBC  long range correlations of the aromatic protons  established the para relative 

positioning of the  OH and the N–Me aromatic substituents (table 3). The N-Me protons yet 

showed another HMBC correlation to a non-aromatic quaternary carbon (C-2) whose 13C 

shift, δC=103.2ppm (in the range of sugar‟s anomeric cabon resonance) suggested it was 

sandwiched between two electron withdrawing heteroatoms, one of which has been 

established to be the N–Me nitrogen, the other being most likely oxygen as another nitrogen 

wouldn‟t have caused that much deshielding. The attachement of the Cl atom here was ruled 

out as there were other HMBC correlations to this carbon which wouldn‟t have been possible 

if the terminal Cl were the substituent. The partial structure (fragment B) emerging from the 
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aromatic ring was thus suggestive of an indoline ring in which the position-2 carbon is 

oxygenated. This suspicion was corroborated by the UV absorption pattern λmax (logε) 

203nm (4.40), 241nm (3.80) 310nm (3.40) which quite supported the presence of an indoline 

chromophore (Wu et al., 2010).  

 

 

 

 

                                                             

                                                                   B 

 Fig. 40: Molecular fragment ‘B’ for compound 3.                                                                              

The two doublets at δH 5.41 ppm (J = 9.8 Hz) and δH 5.33ppm (J = 9.8 Hz) were, on the bases 

of chemical shift and 1H – 1H coupling constants alone, erroneously suggestive of a cis 

double bond (appendix 17). A careful analysis of the DEPT-edited HSQC spectrum however 

showed   them to be the resonances of a pair of heterotopic methylene protons with their 

carbon resonating at δC 72.8ppm on the 13C shift scale. This 13C  shift  initially suggested 

mono-oxygenation, but the fact that mono-oxygenated methylene protons would ordinarily 

not  be deshielded to resonate as downfield as in  the olefinic region of  the proton shift scale 

gave room for the consideration of  the possible attachment of the earlier spotted  Cl atom 

(with a higher  -I effect) at this point. However, because one chlorine atom also wouldn‟t 

have caused this much deshielding either, and there was a nitrogen yet to be accounted for in 

the molecular formula, this methylene was assigned as attached to nitrogen and to a chlorine 
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atom (fragment C), and thereby accounting for its highly deshielded protons and carbon as 

well as their very low  ethane  coupling constant referred to above.  It also accounted for  

the improper  phasing of  their DEPT-edited  HSQC cross peaks (appendix 19a),  as  the 

DEPT‟s transformation of CH multiplicities into a phase relationship, i.e., positive (blue cross 

peaks) for ethane and methyl carbons, and negative (red cross peaks) for methylene carbons,  

is also basically  a J coupling affair (Breitmaier, 2002). Further analysis of the DEPT-edited 

HSQC spectrum revealed six more methylene groups (five of which were heterotopic pairs 

on the F2 axis of the spectrum), and two methines in addition to the aromatic and ethylidene 

methines earlier established.   

 Further analysis of the proton spectrum revealed an ethylidene moiety based on the H-19 

quartet at δH 5.83ppm (J = 7.1 Hz) integrating to 2 protons and the secondary methyl  signal 

(H-18) at δH 1.66ppm (J = 7.1 Hz). The ethylidene (H-19) showed three 4J COSY 

correlations; two, to the two heterotopic metylene protons  Ha/b -21  (δH  = 4.48ppm, d, J = 

15.1Hz and δH = 4.06ppm, d, J = 15.1Hz) and  the third, to H-15 (δH =3.80ppm, br s),  which 

in turn  showed strong COSY correlations to the Ha/b -14, δH = 2.69 ppm, d, (15.3 Hz), and 

δH 2.34 ppm, d, (15.3 Hz), which themselves showed strong COSY  correlations to the H-

3( ethane )signal, δH = 4.79, br s, leading to fragment D. Further analysis of the COSY 

spectrum revealed the isolated vicinal interactions of H-5 methylene protons, δH = 4.42ppm, 

ᴪt, (13.2 Hz), δH = 3.40, dd, (12.0, 5.4 Hz), and H-6 methylene protons, δH = 3.37ppm, dd, 

(15.5, 5.8 Hz), δH=1.88ppm, dd, 15.5, 5.4 Hz), i.e., fragment E.  The 13C  shift of  17– 

methylene  group (δC  74.9ppm) revealed oxygenation and the fact that its  protons showed no 

COSY correlations  outside the ethane interactions they showed to each other pointed to the 

fact that it was attached to an oxygen atom and a quaternary carbon, hence  fragment F.  The 
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structural interpretation of all these HSQC and COSY correlations are as shown in the partial 

structures shown in fig. 41 below:  

 

 

 

 

 

 

 

 

 

 

Fig. 41: Molecular fragments ‘C’, ‘D’, ‘E’ and ‘F’ of compound 3. 

The 13C shifts of C-3, C-5 and C-21 (δC  64.9ppm, 58.1ppm snf 62.4ppm respectively) 

suggested attachment to strong –I heteroatoms. The fact that all the heteroatoms in the 

molecular formula have however been accounted for strongly suggested the attachment of the 

trio to a common heteroatom and the only heteroatom that could satisfy this condition was 

the fragment B nitrogen which became essentially quaternized hence accounting for the more 

deshielded chemical shifts of the attached carbons than would have ordinarily been expected 

for non-quaternary nitrogen attachment. This also in principles explained the suspicion of a 
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positively charged molecule from the HRESIMS. Thus putting fragments C, D and E together 

in this fashion gave fragment G. 

 

 

 

 

 

                                                            

                                                                    G   

Fig. 42: Substructure resulting from piecing fragments ‘C’, ‘D’ and ‘E’ of compound 3 

together. 

The HMBC correlations of the ethane H-3, methylene H-6 and ethane H-15 (see table 3, and 

appendices 21a-c) supported piecing fragments A, F, and G together to arrive at the suggested 

gross structure. The α-orientation of H-15 was assumed for biosynthetic reasons 

(Wachsmuth, et. al., 2002), and the α-orientation of H-3 based on the correlation of H-15 to 

H-3 in the 1H-1H ROESY spectrum. The geometry of the ethylidene side chain was assigned 

as (E) based on the ROESY correlation between the ethylidene (H-19) and the axial 

methylene proton at position -6 (i.e. Hb-6), which could not have been possible with (Z) 

configuration.  All these spectral data show that Compound 3 is an N4-chloromethyl analogue 

of the known natural product akuammine (Ramirez and Garcia-Rubio, 2003).  
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Fig. 43: Important 1H-13C HMBC and 1H-1H ROESY correlations in compound 3. 
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5.2.4      Structure Elucidation of Compound 4 (appendices 24-31) 

 

 

 

 

 

 

           

                                                 Compound 4: serpentine (Fig. 28). 

The molecular formula of compound 4 was determined as C21H21N2O3 based on the analysis 

of the molecular ion [M]+ peak  at m/z 349.1557 of its HRESIMS (appendix 24).  The 

calculated mass based on this formula was 349.1547, giving a ppm error of -3.09. The 13C 

spectrum (appendix 26) showed 21 distinct resonances in agreement with the molecular 

formula, indicating lack of symmetry.  Analysis of the aromatic region of the proton spectrum 

(appendix 25) revealed seven resonances integrating to seven protons.  The carbon – 13 shift 

(δC 157.3ppm) corresponding to of one of these protons (δH7.74ppm) in the DEPT-edited 

HSQC spectrum (appendix 27) was quite too downfield for such an unsubstituted aromatic 

carbon: A phenolic carbon that could probably be as deshielded would essentially be 

quaternary, casting doubt on the aromatic nature of this proton but strongly suggesting an 

enol or enol ether double bond proton. (Fragment A). Lack of characteristic vinyl ABM 

system or any coupling partner in the olefinic region of the proton spectrum strongly 

suggested the quaternary nature of the second double bond carbon.  
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                                           A:     enol                     or                   enol ether 

Fig. 44: Molecular fragment ‘A’ of compound 4. 

Further analysis of the aromatic region of the proton shift scale revealed coupling patterns 

and coupling constants (δH 8.39, ddd, ppm,d,  J = 8.2, 2.0, 1.1 Hz,  δH  7.80ppm, ddd, J = 7.2, 

5.8, 1.0 Hz, δH 7.76ppm, ddd,  J = 8.2, 2.0, 1.0 Hz, and   δH  7.47ppm, d, J = 7.0, 5.8, 1.0) that 

agreed with an ortho-disubstituted benzene ring, which together with the characteristic  

aromatic AB spin system (δH 8.53ppm, d,  J = 6.5, δH  8.47ppm, d, J = 6.5) is typical of the β-

carbolinium ring system of which the UV spectral data [UV (MeOH) λmax (logε) 206nm 

(4.480), 251nm (4.38), 308nm (4.21), 364nm (3.54)] was also characteristic (Wachsmuth et. 

al., 2002), and hence the arrival at  fragment  B.  

 

  

                                                      

                                                       B:  β – carbolinium 

Fig. 45: Molecular fragment ‘B’ of compound 4.  
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The gCOSY spectrum revealed the methyl doublet at δH 1.49ppm (H-18) as showing a strong 

COSY correlation to the H-19 methine (δH 4.03, qd, J = 6.0, 2.0Hz). The latter showed 

correlation to the H-20 methine proton (δH 2.57ppm, m) which in turn showed three distinct 

strong correlations; two to the H-21 heterotopic methylene protons (δH 5.04,  dd, J = 14.3, 5.9 

Hz;  δH 4.70, dd,  J = 14.3, 5.2 Hz) and the third to  the H-15 methine proton  (δH 3.22, m) 

which on another hand  showed strong geminal correlations to the heterotopic  H-14 pair (δH 

4.17, dd,  J = 14.3, 6.3 Hz;  δH 3.38, dd,  J = 17.7, 9.3).  The chemical shift (δH 1.49ppm) of 

the H-18 methyl doublet was indicative of attachment to an oxygenated carbon. This 

suspicion was confirmed by both the 13C and 1H shifts (72.6ppm and 4.03ppm respectively) 

of the 19-methine group to which it is attached. This series of COSY correlations were thus 

structurally translated into the partial structure (fragment C) in fig.46. 

 

 

 

 

 

  

                                                                        C 

Fig. 46: Molecular fragment ‘C’ of compound 4. 

Further analysis of the proton spectrum revealed an unequivocal O-Me signal (δH  = 3.80ppm, 

s, 3H) which was attributed to a carboxymethyl group (fragment D), based on the carboxyl 
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carbonyl resonance, δC 169.0ppm, in the  broad band proton-decoupled 13C spectrum, and the 

long range correlation the methyl signal  in question showed to it in the gHMBC spectrum. 

                                                         

                                                    

 

 

                                                 D: carboxymethyl 

Fig. 47: Molecular fragment ‘D’ of compound 4.   

Further analysis of the gHMBC spectrum revealed the long range correlations of H-15 to a 

quaternary carbon (δC 109.4ppm) in the aromatic/olefinic region of the 13C shift scale, which  

without doubt was the quaternary double bond carbon of the earlier mentioned enol/enol 

ether fragment; another H-15 HMBC correlation to the enol carbon C-17 (δC 157.3ppm) 

confirmed this, while the remaining H-15 HMBC correlations to C-19 (δC 72.6ppm) and C-20 

(δC 37.3ppm) confirmed a ring system ruling out the possibility   fragment A  being an enol.  

The HMBC correlations of Ha/b -21 to C-6 (δC 134.1ppm) and Ha/b-14 to C-2 (δC 141.6ppm) 

confirmed the attachment position of fragment C to the β-carbolinium fragment. And hence 

the suggested gross structure of compound 4. 

The α-orientation of H-15 was assumed for biosynthetic reasons (Wachsmuth, et. al., 2002).  

Two large coupling constants observed for each of the  axial proton resonances of H-14 and 

H-21 (δH 17.7, 9.3Hz and 14.3, 10.3Hz respectively) showed their 1, 2 diaxial trans coupling 

with H-15 and H-20 respecitively which in turn showed that H-15 and H-20 are co-axial and 

hence mutually trans. 
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The small coupling constant (2.0Hz) of H-19 must be due to its coupling to H-20 (its larger 

coupling constant, 6.0Hz, haven been ascribed to its J-coupling to the H-18 methyl). This 

implies an equatorial-cis orientation of H-19 relative to H-20 which is axial, and hence the 

relative configuration of H-18 methyl. This could not be corroborated by the ROESY 

correlation between H-19 and H-20 which was antiphase (appendix 30a). The entire spectra 

data conformed to those of the known MTIA – serpentine (Wachsmuth et. al., 2002). 

 

 

 

 

 

 

 

 

 

 

Fig. 48: Important 1H-13C HMBC and 1H-1H ROESY correlations in compound 4. 
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5.2.5      Structure Elucidation of Compound 5 (appendices 32-39). 

 

 

 

 

 

 

 

 

                  Compound 5: 4-methylhuntrabrineammonium ion (Fig. 29). 

Molecular formula was determined on the basis of the molecular ion, [M]+, peak at m/z 

327.2070 of the High Resolution Electro-Spray Ionization Mass Spectrum (HRESIMS) as 

C20H27N2O2.  The calculated molecular mass based on this formula was 327.2067, giving a 

ppm error of -0.92.  Analysis of the 13C spectrum revealed 17 conspicuous resonances, three 

carbons short of the number of carbons in the molecular formula.  A closer look  at the 13C 

spectrum and the DEPT-edited HSQC spectrum accounted for the missing carbons as 

follows: C-13 and C-20 resonances were seen to be accidentally isochronous, resonating at δC 

131.8ppm in the 13C shift scale; C-21 (which though not a quaternary carbon, but 

nevertheless  had its 13C resonance  lost in the background noise for reasons not  unconnected 

to relaxation issues)  was revealed by  the HSQC spectrum to resonate  at δC = 62.5ppm; an  

N–Me carbon whose resonance was effectively overlapped by the solvent (MeOH) signal was 
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also revealed by the HSQC spectrum.   The coupling patterns of the aromatic signals of the 

1H NMR spectrum were reminiscent of a 1, 2, 4– trisubstituted benzene.  This aromatic 

substitution pattern coupled with the UV absorption pattern [UV spectrum (UV (MeOH) λmax 

(logε) 209nm (4.84), 272nm (3.99), 308nm (3.54)] which is approximately that of a 

tetrahydro-β-carboline chromophore (Wachsmuth, et. al., 2002) suggested the presence of 10-

substituted tetrahydro-β-carboline skeleton in the compound.   

The aromatic/olefinic carbon-13 resonance at δC=150.8ppm of the broad band proton 

decoupled 13C NMR spectrum was identified as phenolic, thus suggesting that the substituent 

on the aromatic ring of the tetrahydro-β-carboline ring system was a hydroxyl group.     

Further nalysis of the HSQC spectrum revealed two methine signals, two methyl signals (one 

of which was the N–Me mentioned above) and six methylene signals, five of which were 

heterotopic pairs. The gCOSY spectrum analysis showed two of the methylene groups (Ha/b-

5 and Ha/b-6) in an isolated spin system, a feature corroborating the presence of the  

tetrahydro-β-carboline ring system (Structural fragment  A), and  confirmed by the long range 

correlations of both the H-5 (δH 3.88ppm, m, δH 3.86ppm, m)  and H-6 (δH 3.16ppm, m,  δH 

3.08ppm, m) methylene proton  pairs  to C-3 (δC 29.7ppm) and C-7 (δC 103.4ppm). 
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                                                A: tetrahydro-β-carboline scaffold 

Fig. 49: Molecular fragment ‘A’ of compound 5.  

Analysis of the gCOSY spectrum showed H-3 methine (δH  4.65ppm, br s)   in strong COSY 

correlations to the H-14 heterotopic pair (Ha-14 δH 2.64 ppm,  m, and Hb-14 δH 2.30 ppm, 

m,) which in turn showed strong correlations to the H-15 methine (δH 3.24 ppm  dd, J  = 14.5, 

7.2 Hz)  which also showed strong COSY correlations to Ha/b-16 methylene protons  (δH 

1.60ppm, m,  and δH 1.43ppm, m, respectively), the latter also observed to be in vicinal 

correlations to the homotopic H-17 methylene protons (δH 3.51ppm, m), the 13C shift (δC 

58.6ppm) of which implied oxygenation  most likely by a hydroxyl group, more or less 

accounting for the second oxygen in the molecular formula.  On another hand, further 

analysis of the proton spectrum revealed an ethylidene moiety based on the H-19 olefinic 

quartet (δH 5.98ppm, J = 7.0 Hz) and the H-18 methyl double doublet (δH 1.84ppm, J = 7.0, 

1.4 Hz) signals.  The ethylidene methyl was found to show a strong COSY correlation to the 

olefinic quartet and a weaker 5J (long range COSY) correlation to Ha-21 (δH 4.36ppm, m). 

Structural translation of these series of COSY correlations resulted in the structural fragments 

B and C shown in fig. 50. 
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                                                                B                                               C    

Fig. 50: Molecular fragments ‘B’ and ‘C’ of compound 5.  

The  gHMBC spectrum analysis revealed the C-3 carbon to be the isolated carbon of the C-

ring of  fragment A, on the basis of the long range HC correlations between Ha/b-5  and 

Ha/b-6 and C-3,  and C-21 was shown to be attached to the tetrahydro- β- carboline fragment 

at the ring C nitrogen based on the long range correlations of Hb-21 to C-3 and  the  

quaternary aromatic carbon, C-2(δC 131.8ppm). Positions 15 and 20 respectively on 

fragments B and C were also fused based on the long range correlations of Hb-21 (δH 

3.69ppm, m) to C-20 (δC 127.8ppm) and C-15 (δC 30.2ppm), while the N-Me was assigned as 

on N-4 based on its protons‟ long range correlation with  C-3, C-5, and C-21, and hence the 

gross structure of compound 5. The α-orientation of H-15 was assumed for biosynthetic 

reasons. 
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Fig. 51:  Important 1H-13C HMBC correlations in compound 5. 

 

5.2.6     Structure Elucidation of Compound 6 (appendices 40-47) 

 

 

 

 

 

 

 

                                               Compound 6: Strictosidinic acid (Fig. 30). 

Obtained as a yellow crystalline substance, [α]D -177.7 (c 0.067, MeOH), compound 6 had  

the  molecular formula C26H32N2O9  (calcd mass  = 517.2181, err -1.32ppm), determined on 

the basis of the pseudomolecular ion [M+H]+ peak at m/z 517.2187 of its  positive High 
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Resolution  ESI Mass Spectrum.  Analysis of the DEPT-edited HSQC spectrum showed that 

the compound contained fifteen methine and five methylene groups.  In addition the proton 

broad band decoupled 13C spectrum revealed six quaternary carbons, including a carboxyl 

carbonyl carbon (COO–), all of which showed no correlations in the HSQC spectrum. 

The UV spectrum exhibited characteristic absorption maxima (λmax) at 273nm (logε = 3.9) 

and 208nm, (logε = 4.9) typical of the tetrahydro – β – carboline chromophore (Wachsmuth 

et al., 2002). The presence in the proton spectrum of  four  aromatic resonances (H-9 δH 

7.32ppm, d,  J = 7.0Hz;  H-10  δH 7.14 ppm, dd J = 8.0, 7.0Hz; H-11 δH 7.05 ppm, dd,  J = 

8.0, 7.0Hz; H-12  δH 7.47ppm, d,  J = 8.0Hz) assignable to an ortho-disubstituted benzene, 

coupled with two heterotopic pairs of  methylene protons (Hα-5  δH 33.75ppm  J = 9.7, 5.6, 

4.1 Hz, Hβ-5  δH 3.41ppm, m;   and Hα-6  δH 3.05 ppm, m;  Hβ-6  δH  3.04ppm, m) which the 

gCOSY spectrum showed to be in an isolated vicinal coupling, and the methine (H-3 δH 

3.05ppm, m) confirmed   the presence of a tetrahydro-β-carboline ring system substituted at 

the 3- position (Fig. 52) . 

 

 

 

 

                                                                    A     

Fig. 52: Molecular fragment ‘A’ of compound 6. 

The 13C shift (δC 157.3 ppm) of the remaining aromatic resonance in the proton spectrum was 

too downfield   for an unsubstituted aromatic carbon, more or less ruling out the possibility of 
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the signal being aromatic. Only a phenolic carbon could give a 13C aromatic resonance as 

deshielded, and at any rate it must essentially be quaternary. The signal must have therefore 

resulted from a proton attached to an oxygenated double bond carbon, thus suggesting the 

presence of an enol or enol ether fragment in the molecule. The fact that the enol methine 

proton was an isolated singlet and had no J coupling relationship especially to any signal in 

the olefinic region of the proton shift scale showed that its carbon was doubly bonded to a 

quaternary carbon thereby resulting in the fragment B (Fig. 53) below: 

 

 

                                                 

                                                         

                                                 B :   enol                    or               enol ether 

Fig. 53: Molecular fragment ‘B’ of compound 6.  

Moving up-field from the aromatic region of the proton shift scale were two superimposed 

methine signals (a doublet, J = 9.0Hz and a triple doublet, J = 17.5, 11.0, 7.0 Hz), resonating 

at δH = 5.86ppm. Analysis of the gCOSY spectrum revealed the triple doublet as resulting 

from the olefinic methine proton (H-19) of a vinyl (–CH=CH2) ABM spin system, the two 

triple doublets at δH 5.36ppm (J = 17.4, 2.4, 1.3 Hz) and δH 5.27ppm (J = 17.4, 2.4, 1.3 Hz) 

(Ha-18 and Hb-18 respectively) being the AB part of the system. The fact that there were 

three resolvable coupling constants in each of the three signals of the vinyl ABM spin system 

indicated that the vinyl group was attached to a methine carbon. This suspicion was 

confirmed by a futher  analysis of the gCOSY spectrum which showed the vinyl methine 

proton  in a strong correlation to another methine, H-20, (δH 2.76 ppm, m), which in spite of 
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its unresolvable coupling constants, was shown to have  two additional COSY correlations:  

one to  the H-15 methine (δH 3.05ppm, m) and the other to the H-21 methine doublet (δH 

5.86ppm, J = 9.0Hz) superimposed on  the vinyl methine signal, and whose 13C shift (δC 

97.2ppm) indicated it to be most probably an acetal carbon (Breitmaier, 2002) thus 

accounting for two out of the yet seven outstanding oxygens, and  giving a new outstanding 

of  H5O5.  The strong COSY correlations between H-15 methine and the Ha/b-14(δH 

2.36ppm, dddd, J = 17.7, 15.1, 12.5, 3.0 Hz, and δH 2.22ppm, dddd, J = 18.0, 15.4, 12.1, 3.8 

Hz) revealed the vicinal relationship of the H-15 with the H-14 geminal pair. The above 

series of COSY correlations were structurally translated into the fragment C as seen in fig. 

54. 

 

 

 

 

 

 

                      C 

Fig. 54: Molecular fragment ‘C’ of compound 6. 

 

Further analysis of the COSY spectrum which revealed the strong COSY correlations 

between H-3 and the H-14 pair established the link between fragments A and C via C-3 and 

C-14. Analysis of the gHMBC spectrum revealed that fragment  B was the link between       

C-15 and C-21 positions on fragment C via one of the acetal oxygens on the basis of the  
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strong  long range HC  correlations of H-17 to C-15, C-16, C20, C-21, which also confirmed 

that fragment A was an enol ether, ruling out a terminal enol.  In addition, H-17 showed 

another long range correlation to the carboxyl carbonyl carbon (16 –COO–), establishing the 

attachment of the latter to C-16. There was no other HMBC correlations to  the carboxyl 

carbonyl, neither was there any O–Me  or O– alkyl spin systems decipherable in the proton 

and/or 13C spectra to suggest an ester linkage to it, thereby confirming the carboxyl group as  

carboxylic acid. A further analysis of the proton spectrum showed that the methine resonance 

at δH 4.82ppm, br d, J = 11.2 Hz whose 13C shift (δC 100.6ppm) also indicated acetal linkage 

was typical of a sugar molecule anomeric proton. This was confirmed by tracing the coupling 

partner to an oxygenated methine multiplet at δH 3.02ppm using an expansion of the gCOSY 

spectrum.  All the remaining resonances to be assigned were in the region of the shift scale 

characteristic of typical sugars‟ hydroxylated methines and methylenes and the outstanding 

formula suggested a hexose sugar, the anomeric proton resonance exhibition of which 

confirmed it to be an aldopyranose.  The large coupling constant of the anomeric proton 

signal pointed to  a 1, 2 – diaxial trans relationship of the anomeric proton to the  sugar‟s H- 

2' proton, more or less confirming that the O – glucopyranosyl linkage was β as well as 

confirming the equatorial orientation of all the pyranose ring substituents – the hydroxyls and 

the 5' – hydroxymethyl (Jacobsen, 2007). Position C-21 as the glucopyranosyl linkage point 

was confirmed by the HC long correlation of the glucopyranose anomeric proton (H-1') to C-

21(δC 97.4ppm). 

The α-orientation of the H-15 methine was assumed for biosynthetic reasons. The large 

coupling constant (9 Hz) of H-21, a 1, 2- diaxial trans coupling constant in chair-locked 

cyclohexane /cyclohexene system, revealed that H-21 and H-20 were coaxial.  That H-15 was 

co-axial with them was revealed by the 1H – 1H ROESY correlation between H-21 and H-15, 
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confirming that H-15 was trans relative to H-20 but cis with respect to H-21.   H-3 also was 

assigned an α-orientation (i.e. cis to H-15) based on its correlation to H-15 in the 1H – 1H 

ROESY spectrum. The deduced structure is that of the known MTIA – strictosidinic acid (do 

Nacimento et al., 2006). 

 

 

 

 

 

 

 

Fig. 55: Important 1H-13C HMBC and 1H-1H ROESY correlations in compound 6. 
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5.2.7     Structure elucidation of compound 7 (appendices 48-55). 

 

 

 

 

 

 

 

                                  Compound 7: Pseudoak uammigine (Fig. 31). 

 

The molecular formula of compound 7 was determined as C22H26N2O3 by the analysis of the 

[M+H]+ pseudomolecular ion peak in  its positive                                                                 

High Resolution Electro–Spray Ionization Mass Spectrum (HRESIMS).                                                                                                                             

The proton  broad band- decoupled 13C NMR spectrum  had a low signal to noise ratio raising 

the suspicion of possible loss of  Some signals  in the back ground noise  of  the spectrum 

which  was observed to show only 15 distinct signals compared to the 22 suggested by the 

molecular formula.  This suspicion was confirmed  by a careful inspection of  the gHMBC 

spectrum  which showed six correlation peaks at  F1 co-ordinates (δC = 59 ppm, 101 ppm, 

132ppm, 139ppm, 153ppm and 172ppm)  with no  visible 13C signals.  These were assigned 

to   six (C-16, C-2, C-20, C-8, C-16 and COO respectively) of the seven quaternary carbons 

in the compound on the basis of their chemical shifts and HMBC correlations to neighbouring 
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hydrogens. The seventh quaternary carbon, C-7, was shown to be accidentally isochronous 

with the C-21 13C resonance to which Ha-17 appeared to be showing long range correlation: 

A careful inspection of this cross peak showed that it was too intense for such a 5J HC 

correlation: Such an intense cross peak could have only resulted from a 3J correlation to C-7, 

showing that C-7 and C-21 were isochronous. The 1H NMR spectrum  showed four aromatic 

resonances (δH 7.21ppm, td  J = 7.7, 1.2 Hz;    δH 7.14ppm,  J = 7.7 Hz;  δH 6.86ppm, td  J = 

7.7, 1.2 Hz;  δH 6.81ppm, d  J = 7.7 Hz) assignable to an ortho di – substituted benzene ring, 

indicating that the suspect indoline ring system was unsubstituted at the benzene ring 

component part .    

Further analysis of the 1H and gHMBC spectra revealed the following fragments: An 

ethylidene moiety based on the olefinic quartet (H-19) at δH  5.81ppm, J = 7.0 Hz  and the 

methyl double doublet (C-18) at δH 1.66ppm, J = 7.0, 2.7 Hz;  an N–Me (δH  2.86, s, 3H) 

ascribed to N-1 based on HMBC correlations  shown to C-13;  and an O–Me (δH  3.80ppm, s, 

3H) ascribed to a carboxymethyl based on HMBC correlation shown to the carboxyl carbonyl 

resonance at δC 172.3ppm. The gCOSY spectrum showed the ethylidene‟s double bond 

proton (H-19) in  long range (4J) correlations(made possible by the intervening double bond) 

to  Ha-21(δH  4.73, d,  J = 15.6 Hz) and H-15 methine (δH 3.80ppm, br s) which on another  

hand showed  strong correlations to the two H-14 heterotopic pair (δH  2.64, dd,  J = 16.8, 5.0 

Hz , and  δH  2.31, ddd,  J = 16.5, 3.5, 1.6 Hz) ,and which in turn showed strong correlations 

to the H-3 methine (δH  4.62ppm, br s).  The isolated vicinal correlations of two pairs of 

heterotopic methylene protons, Ha/b -5 and Ha/b -6, was also revealed by the gCOSY 

spectrum analysis. With the consideration of one more nitrogen to be accounted for, having 

ascribed  the third oxygen in the  formula  to an ether linkage between C-17 and C-2, and 

considering the heteroatom attachment suggestion  of  both the proton and 13C shifts of 
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positions 3, 5, and 21, linking the fragments  to yield an akuammine skeleton (see Fig. 27) 

was  proposed and confirmed by HMBC correlations between Ha-5 and C-3  on the one hand, 

and Ha-5 and C-21 on the other.   

The α-orientation of H-15 which has always been assumed for biosynthetic reasons set the 

pivot for the relative configurations around the stereogenic centres at C-15, C-16 and C-7. 

The ethylidene side chain double bond geometry was assigned as (E) on the basis of the         

1H – 1H ROESY cross peak between H-19 and Ha-21 which couldn‟t have been possible if 

the geometry were (Z). This showed compounds 7 to be the known natural product 

pseudoakuammigine (Ramirez and Garcia-Rubio, 2003), and to be geometrically isomeric to 

compound 3 with respect to the ethylidene side chain orientation. 

 

 

 

 

 

 

 

Fig. 56:  Important 1H- 13C HMBC and 1H-1HROESY correlations in compound 7. 
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5.2.8       Structure Elucidation of Compound 8.  (appendices 56-64) 

 

 

 

 

 

 

        Compound 8: 1-glucopyranosyl-8-methyliridan-3-en-4, 7-carbolactone (Fig. 32). 

 

The low resolusion ESI mass spectrum showed low intensity [M+H]+ and [M+MeOH+H]+  

psuedomolecular ion peaks at m/z 359.1 and 394.1 respectively, portending unstable 

molecular ion which as a matter of fact failed to show up  at high resolution. The molecular 

formula of the compound could therefore not be determined by HRESIMS as done for the 

preceeding compounds.   

The {1H} – 13C spectrum showed16 resonances two of which are quaternary – due to an 

olefinic carbon and a carboxyl carbon resonating at δC 114.3ppm and 171.0ppm respectively. 

Analysis of the  DEPT-edited HSQC spectrum revealed that one  of the remaining 14 13C  

resonances was methyl, two were methylenes while 11 were methine carbons including the 

one at δC 152.3ppm which was quite unusual for an unsubstitued aromatic carbon as its 

corresponding proton (δH 7.39 ppm) resonance would have ordinarily suggested: Phenolic 

aromatic carbons that could resonate that downfield must essentially be quaternary,  
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suggesting this methine carbon to be  enolic and thereby indicating an enol or enol ether 

fragment in the molecule. The fact that the enol methine proton was a singlet also implied 

that the second double bond carbon of the enol fragment was essentially quaternary as shown 

Fig. 57. 

 

 

 

 

                                                 A:  enol ether               or                    enol  

Fig. 57: Molecular fragment ‘A’ of compound 8.   

The weak 13C signal at δC 40.5ppm which the DEPT–edited HSQC spectrum showed to 

correlate to an intense proton signal integrating to 3.5 in the proton spectrum was considered 

spurious, based on the fact that it was not in the proton spectrum of the immediate parental 

sample purified to yield compound 8, and the 2D spectra did not show it to be connected to 

the molecule anyway. It would most likely be due to a solvent contaminant e.g. acetone.  

The 13C shifs (δC 100.2ppm, 97.7ppm) of the two proton signals respectively at δH 5.27ppm 

and 4.65ppm were suggestive of the presence of two acetal linkages in the molecule (Fig. 38). 
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                                                            B                             C                                       

                                                           Two acetal moieties    

Fig. 58: Molecular fragment ‘B’ and ‘C’ of compound 8. 

The acetal proton at δH 4.65ppm was deciphered to be the anomeric proton of a sugar moiety 

on the basis of its COSY correlation to one resonance (δH 3.20ppm) in a cluster of 

oxygenated methine resonances in the region typical of sugar methines/methylenes. This was 

further confirmed by the analysis of an expanded gCOSY spectrum of this region which 

clearly revealed a glucopyranose fragment (fig. 59).  

 

 

 

                                                                                  D                            

Fig. 59: Molecular fragment ‘D’ of compound 8. 

Further analysis of the complete gCOSY spectrum revealed a tetra-substituted cyclopentane 

ring (fragment E), one of the substituents being unequivocally revealed as the methyl doublet 

at δH 1.10ppm, and another as the second acetal carbon.  The chemical shifts of the two other 

substituted positions revealed attachments to some sort of electron withdrawing substituents. 
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Both the proton and the carbon-13 shifts (δH = 4.04 ppm and δC =75.2 ppm) of one of them 

(C-7) clearly implied an oxygenated substituent, while the nature of the electron withdrawing 

substituent on the remaining substituted position could not be deciphered based merely on 

chemical shift arguments.  

 

 

 

 

 

                                   E:  Tetrasubstituted cyclopentane ring fragment 

 Fig. 60: Molecular fragment ‘E’ of compound 8. 

Analysis of the gHMBC spectrum showed that the cyclopentane ring was actually in fusion 

with a six-membered ring based on the long range correlation of the enolic methine proton to 

the acetal carbon substituent of the cyclohexane ring, and to the substituted carbon of the 

cyclopentane ring whose electron withdrawing substituent could not be deciphered earlier. 

This confirmed the attachement of the quaternary double bond carbon of the enol fragment as 

the unknown substituent on the cyclopentane ring as well as confirming an enol ether 

fragment instead of a terminal enol. Furthermore, the longrange correlation of the enol 

methine proton to the carboxyl carbon showed that the latter was attached to the quaternary 

carbon of the enol fragment, thereby reducing the working substructures to two main partial 

structures as shown in fig. 61 below: 
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                    Iridoidyl substructure                                        Glucopyranosyl substructure 

Fig. 61: Two main partial structures from the various fragments of compound 8.  

The long range correlation of the glucopyranosyl anomeric proton H-1' (δH 4.66ppm) to the 

iridoidyl‟s acetal carbon C-1 (δC 97.8ppm) established that the two acetal moieties shared one 

oxygen. Moreover, maintaining  five oxygens on the iridoidyl fragment put an excess of 16 , 

the mass of one oxygen atom on the molecule, also more or less showing that the carboxyl 

carbon group (via its singly bonded oxygen) was actually the oxygenated substituent on the 

cyclopentane ring, returning the gross structure of compound 8 as a  new lactone iridoid 

glucoside. 
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Fig. 62:  Important 1H-13C HMBC and 1H-1H ROESY Correlations in Compound 8.  

 

The large coupling constant (9.8Hz) of the glucopyranosyl anomeric proton showed its 1, 2 

diaxial relationship with the sugar‟s C-2' carbon, and by convention assigned the       

pyranosyl–O bond β-equatorial making the anomeric proton (H-1') α-axial. The strong 

ROESY correlation between H-1'and the iridoidyl acetal proton (H-1) was the basis for the α-

orientation of H-1 and hence the β-orientation of the glycosidic linkage to C-1. The              

α-orientation of H-9, and H-8 (with the consequent β –orientation of H-10) was based on the 

strong ROESY correlations H-1 showed to H-8 and H-9.  In the same vein the α-orientation 

of H-7 was based on its distinct ROESY correlation to H-8; and finally H-5 was assigned β – 

orientation based on its ROESY correlation to Ha-6 and not Hb-6 to which α-oriented H-7 

and H-8 showed distinct ROESY correlations. The small coupling constant of the iridoidyl‟s 

acetal proton wan indication that the neighbouring proton was cis to it.  
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5.2.9       Structure Elucidation of Compound 9 (appendices 64-69) 

 

 

 

 

 

 

 

 

 

 

                                Compound 9:  desmethylserpentinine (Fig. 33). 

 

The HRESIMS analysis gave the molecular formula as C41H43N4O5 based on the M+ peak at 

m/z 671.3248 of the spectrum. A systematic refined scifinder search based on this molecular 

mass suggested the above structure, a monomethylester analogue of the dimethylester natural 

product serpentinine. The set of NMR data acquired in CD3OD for the compound were not 

sufficient to exclusively assign the proton and carbon-13 resonances as there were a lot of 

overlaps in the proton spectrum that even the HSQC spectrum could not resolve. Acquiring 

the NMR data in another deuterated solvent like CDCl3 or C5D5N would most probably have 

helped but it was not done due to time constrains.  Notwithstanding, the assignment of the 

methylester carboxyl group was quite easy with HMBC correlations analysis. P-gp inhibition 

activity of Compound 9 is yet to be evaluated as it was not available as at the time the 

preceeding 8 compounds were being submitted for the P-gp inhibition assay. 
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  Fig. 63:  Important 1H-13C HMBC correlations in compound 9.   

 

 

5.3   Structural Uniqueness of Compound 1 

 

Compound 1 is an indolopyridinium alkaloid with traces of evidence of having passed 

through the MTIA biosynthetic pathway: The triptamine-derived unit of the molecule is 

conspicuous.  A careful examination of the remaining part of the molecule however shows 

subtle variations to the aspidosperma and iboga skeletons, the primary rearrangements that 

led to the current plethora of MTIAs with rearranged secologanin skeleton (Herbert, 1983; 

Ramirez and Garcia-Rubio, 2003). While it has structural relationship to 

dehydrosecodine(schemes 2 and 3), the biosynthetic precursor to all MTIAs with rearranged 

secologanin skeleton, the full dehydrogenation of the dihydropyridine ring of 

dehydrosecodine,  the conspicuously missing C -16 and C-17 units of the typical MTIA, and 

the unusual attachment of the carboxymethyl group to the 2-position of the MTIA skeleton 

imply enzymatic activities in a biosynthetic route from dehydrosecodine  quite different from 

those of the aspidosperma and iboga families of MTIAs (Scheme 2) (Herbert, 1983). 
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The probable biosynthetic route is hereby conjectured to most likely involve the following 

enzymatic steps: Full dehydrogenation of dehydrosecodine to secodine is mediated by 

reductases in the presence of NADP+ leading to the formation of NADPH. Hydrolysis by 

esterases leads to the formation of free carboxylic acid upon which decarboxylases act to 

yield a terminal alkene one carbon less than dehydrosecodine. This alkene undergoes 

oxidative cleavage to yield a free carboxyl group which gets esterified under the influence of 

esterases (Scheme 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2: compound 1 as a prototype of a possible biosynthetic terminus from 

dehydrosecodine. 
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Scheme 3: Possible biosynthetic pathway of compound 1 from dehydrosecodine. 

 

In addition to its biosynthetic uniqueness, compound 1 is a simple but unprecedented achiral 

indolopyridinium alkaloid with an excellent prospect for a simple chemical synthesis. Its 

common structural features to precursors of MTIAs with rearranged secologanin skeleton 

confers on it a biosynthetic heritage that cuts across historic therapeutic alkaloids – the 

antimalarial quinine, the anticancer vinca alkaloids, and the CNS toxin strychnine –  and thus 

a high prospect of becoming a synthetic intermediate in the total synthesis of a number of 

drugs in various therapeutic categories. 
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5.4   P-gp Inhibition Assay. 

P-gp inhibition is a measure of cancer multidrug resistance inhibition as P-gp has been highly 

implicated in the therapeutic failures of virtually all chemical classes of anticancer drugs via 

efflux from the cytoplasm (Gottesman, 1993; Gottesman, 2002).  

The assay was based on the ability of the test compounds to cause accumulation of calcein, a 

flourigenic dye, in the cancer cells cytoplasm after incubation with non-flouresing calcein- 

AM which is an established P-gp substrate capable of librating calcein in situ courtesy of 

cytoplasmic esterases (Polli et al., 2001, Schwab et al., 2003). In the absence of an inhibitor 

P-gp efflux calcein AM as soon as it enters the cell via an ATP- dependent active transport 

process.  Little or no fluorigenic calcein is thus formed producing little or no fluorescence.  

 

 

 

 

 Fig. 64:  Pictorial representation of an MDR cell, in the absence of a P-gp inhibitor. 

 

In the presence of a P-gp- inhibiting test compound, however, the efflux of calcein AM out of 

the cytoplasm via the P-gp is significantly reduced, in the process enabling  cytoplasmic 

esterases to act on calcein AM to liberate and accumulate calcein, a fluorescent compound, in 

the cytoplasm. Calcein fluoresces between 510 and 520 nm (Polli et al, 2001). Fluoresence 

(measured as relative fluorescence units or RFU) was therefore monitored at this wavelength 
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region as indicative of P-gp inhibition; and the higher the fluorescence the higher the P-gp 

inhibitory activity. 

 

 

 

 

Fig. 65: Pictorial representation of a MDR cell following incubation with a P-gp 

inhibitor. 

 

Two hits (compounds 1 and 4, at 25μg/ml) were found in the first experiment based on the set 

conditions (section 3.4).  25μg/ml Compound 4, and not the positive control, was set as pivot 

as the RFU of the latter was even below the „hit‟ mark in the presence of this pivot to which 

compound 1‟s RFU was also comparable.  This is what necessitated the second experiment in 

which compounds 1 and 4 were withdrawn. Two more hits (compounds 6 and 7, at 25 μg/ml) 

were discovered but this time around with comparable activities to that of the positive control 

(verapamil). The t-values for the comparison of the RFUs of these hits (i.e. 25 μg/ml of 

compounds 1, 4, 6, and 7) with those of their corresponding least-value negative controls in a 

student t-test were 23.17, 36.27, 12.27 and 22.85 respectively, the t- value in each case being 

far above 2.58 standard errors if a 99% confidence limit was assumed (McHugh, 2008), i.e., 

P < 0.01. In summary therefore, four compounds were found showing highly significant P-gp 

inhibitory activities. 
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                                                            CHAPTER 6                

                                                            CONCLUSION 

 

6.1    Summary of Findings. 

 

Nine fractions were obtained per plant material from a pH differential-modified conventional 

alkaloid extraction of each of the leaf, seed and stem bark materials of Hunteria umbellata. It 

is worthy of note that the otherwise (conventionally) ignore alkaline aqueous left-over 

fraction of the alkaloidal extraction protocol incidentally yielded the two structurally most 

unique compounds; N-[2-(2-carbomethoxy-3-indolyl)ethyl]-3-ethylpyridinium and 1-

glucopyranosyl-8-methyliridan-3-en-4,7-carbolactone (i.e. compounds 1 and 8) obtained 

from this project. This fraction was therefore an unconventional source of novel scaffolds. 

1H NMR profiling was successfully used as a structural guide to the identification of fractions 

rich in indoles, triterpenoids, and iridoids, three biosynthetically interdependent 

phytochemical groups that are either established or conjectured privileged structures which 

by definition have high propensities of interacting with the P-gp, the indoles in particular 

presenting with biochemical rationales for putative P-gp interactive abilities.  This, in a way, 

showed that natural drug discovery should not necessarily be random and sagacity-dependent 

as its traditional activity-guided approach presupposes it to be.  It can actually be based on 

some scientifically testable hypotheses, and hence a rational process as done here, thereby 

reducing its time involvement and capital intensiveness. Moreover, the successful 

simultaneous targeting of three phytochemical groups from a plant source, the chemistry of 

which literature establishes as dominated by only one,  points to the fact that careful studies 

of the interdependence of various biosynthetic pathways vis-a-vis chemotaxonomy could lead 
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to the discovery of novel compounds, the chemical groups of which the source had never 

been noted for. 

A total of nine compounds were isolated and purified from the fractions with the afore-

mentioned interesting chemistries, four of which were found to be new,  and two of the new 

being as spectacully new as patentable.  It is also worthy of note that  this is by all means a 

high turn- out of new compounds, a feat alludable to the effectiveness of the adopted 

structure guided approach with its attendant hypotheses. In the same vein four, out of the 

tested  eight compounds in the  P-gp inhibition assay,  showed significant activities – another  

ratio indicating that the approach with its attendant hypotheses does not only have the 

potential for quick generation structurally novel compounds but actually those with inherent 

biological activities.  

Compounds 1, 4, 6 and 7, each at 25μg/ml, were found to display highly significant P-gp 

inhibitory activities (P < 0.01). They could be employed as leads in the design/developmet of 

clinical P-gP inhibitors administered as adjuncts with anticancer agents for effective cancer 

chemotherapy. 

 

6.2   Contributions to Knowledge. 

1.  The cancer multidrug resistance inhibition potentials, on the basis of P-gp inhibitory 

activities, of N-[2-(2-carbomethoxy-3-indolyl)ethyl]-3-ethylpyridinium (i.e.compound 

1), and, to the best of our knowledge, of serpentine, strictosidinic acid and 

pseudoakuammigine (i.e. compounds 4,6 and 7) are being reported for the first time. 

2.  N-[2-(2-carbomethoxy-3-indolyl)ethyl]-3-ethylpyridinium,                                                    

4-chloromethylakuammineammonium ion, 1-β-glucopyranosyl-8-methyliridan-3-en-
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4,7-carbolactone and desmethylserpentinine (i.e. compounds 1, 3, 8 and 9) are new 

compounds; their discovery, therefore, by this work is a definite expansion of the 

frontiers of natural product medicinal chemistry. In the same vein, this is the first 

time, to the best of our knowledge, that all the characterized compounds, with the 

exception of pseudoakuammigine (i.e. compound 7), would be isolated from the plant 

Hunteria umbellata and thus a definite expansion of the frontiers of the plant‟s 

chemistry.  

3. The structural uniqueness of N-[2-(2-carbomethoxy-3-indolyl)ethyl]-3-

ethylpyridinium, is suggestive of the existence of a yet –to-be reported biosynthetic 

subgroup terminus from the molecular junction that bifurcates to the two main arms 

of MTIAs with rearranged secologanin skeleton, making it the prototype of a new 

subclass of MTIAs.  

4. Moreover, N-[2-(2-carbomethoxy-3-indolyl)ethyl]-3-ethylpyridinium, being an 

unprecedented achiral indolopyridinium alkaloid, has an excellent prospect for a 

simple chemical synthesis: Its biosynthetic heritage that cuts across historic 

therapeutic alkaloids – the antimalarial quinine, the anticancer vinca alkaloids, and the 

CNS toxin strychnine – bestows on it a high prospect of becoming a synthetic 

intermediate in the total synthesis of a number of drugs in various therapeutic 

categories.     
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                       m/z 309.1607 [M]+( calcd. For C19H21N2O2,   305.1598).  Err.(ppm) 3.03 

Appendix 1: High Resolution ESI(+)MS of compound 1. 
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Appendix 2: 1H NMR spectrum (600MHz, CD3OD) of compound 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix  3:   {1H}-13C NMR spectrum (150MHz, CD3OD) of compound 1. 
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Appendix 4a: DEPT-edited 1H-13C HSQC spectrum (600MHz, CD3OD) of compound 1 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 4b: DEPT-edited 1H-13C  HSQC spectrum (600MHz, CD3OD) of compound 1 

                      (expansion 1) 
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Appendix 4c : DEPT-edited 1H-13C  HSQC spectrum (600MHz, CD3OD) of compound 1 

                      (expansion 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 5a:  1H- 1H gCOSY spectrum (600MHz, CD3OD) of compound 1  
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Appendix 5b:  1H- 1H gCOSY spectrum (600MHz, CD3OD) of compound 1 

                             (Upfield expansion)  

 

 

 

 

 

 

 

                  

 

 

 

Appendix 5c:  1H- 1H gCOSY spectrum (600MHz, CD3OD) of compound 1 

                             ( downfield expansion). 
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Appendix 6a:  1H- 13C gHMBC spectrum (600MHz, CD3OD) of compound 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 6b: 1H- 13C gHMBC spectrum (600MHz, CD3OD) of compound 1 

                           (Upfield expansion). 
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Appendix 6c: 1H- 13C gHMBC spectrum (600MHz, CD3OD) of compound 1 

                           (Downfield expansion) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 7:    UV spectrum (3.24 x 10-5M, MeOH) of compound 1   
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      m/z 479.3475 [M+Na]+ (calcd. for C30H48NaO3 ,  479.3496). Err.(ppm) 4.41 

Appendix 8: High Resolution ESI (+) MS of compound 2 
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Appendix 9: 1H NMR spectrum (600MHz, pyridine-d5) of compound 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 10: {1H}-13C NMR spectrum (150MHz,  pyridine-d5) of compound 2 
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Appendix 11a : DEPT-edited 1H-13C HSQC spectrum (600MHz, pyridine d5) of compound 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 11b: DEPT-edited 1H-13C HSQC spectrum (600MHz, pyridine d5) of compound 2 

                      (upfield expansion)    
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Appendix 12a: 1H-1H gCOSY spectrum (600MHz, pyridine d5 ) of compound 2 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 12b: 1H-1H gCOSY spectrum (600MHz, pyridine d5 ) of compound 2 

                          (upfield expansion)  
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Appendix 13a: 1H-13C gHMBC  spectrum (600MHz, pyridine d5 ) of compound 2 

 

 

 

                          

 

 

 

 

 

 

 

 

Appendix 13b: 1H-13C gHMBC  spectrum (600MHz, pyridine d5 ) of compound 2 

                          (upfield expansion 1) 
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Appendix 13c: 1H-13C gHMBC  spectrum (600MHz, pyridine d5 ) of compound 2 

                           (upfield expansion 2)      

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 14a :   1H -1H ROESY spectrum (pyridine-d5,  600MHz) of  compound 2 
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Appendix 14b :  1H -1H ROESY spectrum (pyridine-d5,  600MHz) of  compound 2 

                           (upfield expansion) 

 

 

 

 

 

 

 

 

 

 

 

Appendix 15: UV spectrum (4.39 x 10-5M,  MeOH) of compound 2 
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    m/z 431.1740 [M]+ (calcd. For C23H28ClN2O4, 431.1732). Err. (ppm) -1.94 

 

Appendix 16: High Resolution ESI (+) MS of compound 3 
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Appendix 17: 1H NMR spectrum (600MHz, CD3OD) of compound 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 18:   {1H}- 13C  NMR spectrum (150MHz, CD3OD) of compound 3 
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Appendix  19a: DEPT- edited 1H-13C  HSQC spectrum (600MHz, CD3OD) of compound 3 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix  19b:    DEPT- edited 1H-13C HSQC spectrum (CD3OD , 600MHz) of compound 3 

                               (expansion 1) 
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Appendix  19c:    DEPT- edited 1H-13C HSQC spectrum(CD3OD, 600MHz) of compound 3 

                               (expansion 2) 

 

 

                               

 

 

 

 

 

 

 

 

 

Appendix  20:   1H-1H gCOSY  spectrum (600MHz, CD3OD) of compound 3. 
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Appendix 21a:     1H-13C gHMBC spectrum  (600MHz, CD3OD))of compound 3. 

 

                               

 

 

 

 

 

 

 

 

 

 

Appendix 21b:  1H-13C gHMBCspectrum  (600MHz, CD3OD) of compound 3. 

                            (expansion 1)       

Comment [O4]:  

Comment [O5]:  
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Appendix 21c:     1H-13C gHMBC spectrum  (600MHz, CD3OD) of compound 3 

                              (expansion 2). 
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Appendix 22:   1H-1H ROESY spectrum (600MHz, CD3OD) of compound 3. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 23:  UV spectrum (3.48 x10-5 M, MeOH) of compound 3. 
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      m/z 349.1557 M+ (calcd. For C21H21N2O3 , 349.1547) Err.(ppm) -3.09. 

 

Appendix 24:   High Resolution ESI (+) MS of compound 4. 
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Appendix 25:  1H NMR spectrum(600MHz, CD3OD) of compound 4. 

 

  

 

 

 

 

 

 

 

 

 

 

 

Appendix 26:  {1H}-13C NMR spectrum (150MHz, CD3OD) of compound 4. 
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Appendix 27:  DEPT- edited  1H-13C  HSQC spectrum ( 600MHz, CD3OD)) of compound 4 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 28a:  1H-1H  gCOSY spectrum (600MHz, CD3OD) of compound 4 
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Appendix 28b:  1H-1H  gCOSY spectrum (600MHz, CD3OD) of compound 4 

                            (expansion).    

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 29a:  1H-13C  gHMBC spectrum (600MHz,  CD3OD) of compound 4. 
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Appendix 29b:  1H-13C  gHMBC spectrum  ( 600MHz, CD3OD) of compound 4 

                            (expansion). 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 30a  1H-1H ROESY spectrum  (600MHz, CD3OD) of compound 4. 
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Appendix 31: HRES(+)MS of compound 5 

 

 

 

 

Appendix 30b:   1H-1H ROESY spectrum  (600MHz, CD3OD) of compound 4 (expansion).    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 31:   UV spectrum (1.43 x 10-5M, MeOH) of compound 4. 



172 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       m/z 327.2070 M+ (calcd. For C20H27N2O2, 327.2067) Err. (ppm), -0.92 

 

 

Appendix 32: High Resolution ESI(+)MS of compound 5. 

 

 



173 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 33:  1H NMR spectrum(600MHz, CD3OD) of compound 5. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 34:  {1H}-13C NMR spectrum(150MHz, CD3OD) of compound 5. 
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Appendix 35: DEPT-edited 1H-13C HSQC spectrum(600MHz, CD3OD) of compound 5. 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

Appendix 36:   1H-1H gCOSY spectrum (600MHz, CD3OD) of compound 5. 
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Appendix 37:   1H-13C gHMBC spectrum (600MHz, CD3OD) of compound 5. 

 

 

 

 

        

 

 

 

 

 

 

 

 

 

Appendix 38: 1H-1H ROESY spectrum (600MHz, CD3OD) of compound 5. 
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Appendix 39:   UV spectrum (1.53 x10-5 M, MeOH) of compound 5. 

 

 

 

 

 



177 

 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     m/z 517.2187[ M+H]+ (calcd. for C26H33N2O9, 517.2181 ) Err.(ppm) -1.32  

 

Appendix 40:   High Resolution ESI(+)MS of compound 6. 
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Appendix 41:  1H NMR spectrum(600MHz, CD3OD) of compound 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 42:  {1H}-13C NMR spectrum(150MHz, CD3OD) of compound 6. 
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Appendix 43a: DEPT-edited 1H-13C HSQC spectrum (600MHz, CD3OD) of compound 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 43b:  DEPT-edited 1H-13C HSQC spectrum expansion (600MHz, CD3OD) of 

compound 6. 
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Appendix 44a: 1H-1H gCOSY spectrum  (600MHz, CD3OD) of compound 6. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 44b:   1H-1H gCOSY spectrum expansion (600MHz, CD3OD) of compound 6. 
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Appendix 45a:  1H-13C gHMBC spectrum  (600MHz, CD3OD) of compound 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 45b:  1H-13C gHMBC spectrum expansion (600MHz, CD3OD) of compound 6. 
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Appendix 46a: 1H-1H ROESY spectrum (600MHz, CD3OD) of compound 6. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 46b:  1H-1H ROESY spectrum expansion (600MHz, CD3OD) of compound 6. 
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Appendix 47:   UV spectrum (1.42 x 10-5 M, MeOH) of compound 6. 
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        m/z 367.2009 [M+H]+ (calcd. for  C22H27N2O3 , 367.2017), Err.(ppm) 1.82. 

 

 

 

Appendix 48:  High Resolution ESI(+)MS of compound 7. 
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Appendix 49:  1H NMR spectrum(600MHz, CD3OD) of compound 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 50:   {1H}-13C NMR spectrum (150MHz, CD3OD) of compound 7. 
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Appendix 51:   DEPT-edited 1H-13C HSQC spectrum (600MHz, CD3OD) of compound 7. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 52:   1H-1H gCOSY spectrum (600MHz, CD3OD) of compound 7. 
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Appendix 53:   1H-13C gHMBC spectrum (600MHz, CD3OD) of compound 7. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 54:   1H-1H ROESY spectrum (600MHz, CD3OD) of compound 7. 
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Appendix 55:  UV spectrum (2.0 x 10-5 M, MeOH) of compound 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 56: Low Resolution ESI(+)MS of compound 8. 
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  [M+H]+ pseudomolecular ion conspicuously absent (ref. Appendix 56) 

 

Appendix 57:   High Resolution ESI(+)MS of compound 8. 
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Appendix 58:  1H NMR spectrum(600MHz, CD3OD) of compound 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 59:  {1H}-13C NMR spectrum (150MHz, CD3OD) compound 8. 
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Appendix 60a:   DEPT-edited 1H-13C HSQC spectrum (600MHz, CD3OD) of compound 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 60b:   DEPT-edited 1H-13C HSQC spectrum expansion (600MHz, CD3OD) of 

compound 8. 
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Appendix 61a:    1H-1H gCOSY spectrum (600MHz, CD3OD) of compound 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 61b:  1H-1H gCOSY spectrum expansion (600MHz, CD3OD) of compound 8. 
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Appendix 62:  1H-13C  gHMBCspectrum (600MHz, CD3OD) of compound 8. 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 63:  1H-1H  ROESY  spectrum (600MHz, CD3OD) of compound 8. 
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  Appendix 64:   UV spectrum (1.60 x 10-5 M, MeOH) of compound 8. 
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            m/z 671.3248[ M+H]+ (calcd. for C41H43N4O5 ) Err.(ppm) -2.93 

 

 

Appendix 65:   High Resolution ESI(+)MS of compound 9.   
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Appendix 66:  1H NMR spectrum(600MHz, CD3OD) of compound 9. 

 

 

 

 

 

 

 

 

 

Appendix 67:  {1H}- 13C NMR spectrum (150MHz, CD3OD) of compound 9. 
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Appendix 68 : DEPT-edited 1H-13C HSQC  spectrum (600MHz, CD3OD) of compound 9. 

 

 

 

 

 

 

 

 

Appendix 69:   1H-13C  gHMBC  spectrum (600MHz, CD3OD) of compound 9. 


