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ABSTRACT
This thesis describes phytochemical studies on Buxus macowanii, a
medicinal plant collected from South Africa and the fungal transformation of
glycyrrhetinic acid (71), a triterpenoid found in Glycyrrhiza plants.

The crude methanolic extract of B. macowanii was active in the
acetylcholinesterase inhibition assay (IC50 = 30 µg/mL). Chemical investigation of
its alkaline dichloromethane extract afforded five novel triterpenoidal alkaloids,
31-hydroxybuxatrienone (56), macowanioxazine (57), 16α-hydroxymacowanitriene (58), macowanitriene (59), and macowamine (60), along with two
known Buxus bases, Nb-demethylpapillotrienine (61) and moenjodaramine (62).
Compounds 56, 57, and 61 exhibited different level of AChE inhibitory activities
with compound 56 being significantly active (IC50 = 8.0 µM).

Glycyrrhetinic acid (71) was incubated with Curvularia lunata (ATCC 12017)
for ten days to afford one metabolite which was characterized by NMR spectral
data as known biotransformed product, 3-oxo-glycyrrhetinic acid (85). This
metabolite was previously obtained through biotransformation of 71 by using
other fungi.
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GLOSSARY
[M++H]

Molecular ion peak: exact mass of a molecular plus the mass of
a hydrogen atom.

13

Carbon nuclear magnetic resonance: absorption spectroscopy
that provides information on the electronic environment of
13
C-nuclei.

1

Proton nuclear magnetic resonance: absorption spectroscopy
that provides information on the electronic environment of
1
H-nuclei.

Acetone-d6

Deuterated acetone: solvent used for NMR spectroscopy.

ACh

Acetylcholine: neurotransmitters in central nervous system.

AChE

Acetylcholinesterase: protein that catalyze the degradation of
acetylcholine.

AD

Alzhemier’s disease: progressive degenerative disorder, a form
of dementia.

APT

Attached proton test: used to differentiate methyl, methylene,
and methine carbons.

CD3OD

Deuterated methanol: solvent used for NMR spectroscopy.

CDCl3

Deuterated chloroform: solvent used for NMR spectroscopy.

COSY

Correlation spectroscopy: provides vicinal and geminal coupling
of protons.

DEPT

Distortionless enhancement by polarization transfer experiment:
used to differentiate methyl, methylene, methine, and
quaternary carbons.

C-NMR

H-NMR

xi

HMBC

Heteronuclear multiple-bond correlation: shows heteronuclear
correlation over 2 to 4 bonds.

HR-TOF-MS

High-resolution time-of-flight mass spectroscopy: determine an
ion’s mass-to-charge ratio by time measurement, provides the
exact mass of a molecule.

HSQC

Heteronuclear single-quantum correlation: shows geminal
coupling of proton to carbon.

IC50

Concentration required inhibiting 50% of the enzyme activity.

IR spectrum

Infra-red spectrum: absorption spectroscopy that provide
information of functional groups.

LR-EI-MS

Low-resolution electron-impact mass spectroscopy: provides the
mass of a molecule.

NOE

Nuclear Overhauser Effect: shows proton-proton correlations
through-space proximity.

NOESY

Nuclear Overhauser effect spectroscopy.

TLC

Thin-layer chromatography

TOCSY

Total correlation spectroscopy: shows proton-proton correlations
within a spin system

UV spectrum Ultra-violet spectrum: absorption spectroscopy that provides
information on chromophores.
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CHAPTER 1
Natural Product Chemistry

1.1 GENERAL INTRODUCTION
For centuries, mankind has used various parts of plants such as roots, barks,
and leaves, to treat various ailments1. Advances in technology allow the
identification of the pure bioactive principle(s) responsible for pharmaceutical
activity from these traditional medicinal plants. These principles are known as
natural products. Natural products, also known as secondary metabolites, are
organic compounds produced from primary metabolites as precursor by a
particular species or genus in response to stimuli. These secondary metabolites,
in contrast to primary metabolites, are not the building blocks of life. In other
words, they are not involved in growth, development, and reproduction of an
organism2. Organisms often utilize secondary metabolites for defense; for
instance allelopathy in plants3. The literature has documented that natural
products extracted from plants, microbes, and marine organisms and their
derivatives display various biological activities including anti-fungal, anti-bacterial,
anti-allergic, anti-viral, and anti-cancer activities etc4. These fascinating biological
activities along with the structural diversity of natural products make them an ideal
choice to identify lead bioactive compounds in drug discovery programs.
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1.1.1 HISTORY OF NATURAL PRODUCTS
Throughout the history of mankind, nature provides us with the basic needs
such as food, shelters, and medicines. Sophisticated traditional medicinal
systems have been in existence in many civilizations for thousands of years. The
Egyptian’s ‘Ebers Papyrus’, one of the earliest written records which dates back to
1500 B.C., has documented over 700 drugs which comprises mostly plant-derived
drugs5.

For instance, it describes how a mixture of opium and another material

could soothe crying babies6. The Chinese Materia Medica has occurred over the
centuries with the first record Wu Shi Er Bing Fang dating back to 1100 B.C. while
Indians developed Ayurvedic system from before 1000 B.C. The Greeks and the
Romans also have records of herbal drugs around 100 A.D.

By the nineteenth century, morphine (1), an isoquinoline alkaloid, which has
been used for centuries to relieve pain, was successfully isolated from crude
opium by a German pharmacist, Friedrich Serturner7. It was subsequently
manufactured by Merck in 1826 and became the first commercial pure natural
product produced as a pharmaceutical7,8. This alkaloid still is one of the most
common choices of drug for moderate to severe pain treatment. The strong
connection between plants and health was once again being recognized through
the commercial production of aspirin (2) by Bayer in 1899. Aspirin, acetylsalicylic
acid, is a semi-synthetic drug based on the active component salicin (3), found in
2

willow bark that was used as a remedy for aches and fevers9. These two major
discoveries along with the importance of traditional medicines resulted in the birth
of natural product chemistry. Since then this branch of chemistry continue to play
a significant role by contributing lead drug candidates to drug discovery programs.

(1)

(2)

(3)

Previously, a vast number of leads have been discovered from plants,
microbes, and marine organisms. In the case of plants, it is estimated that there
are approximately over 300,000 species of higher plants, and 3% of which have
documented for their use in folk medicines. However, only 5 - 15% of the higher
plants have been chemically investigated for potential drug leads. Also, the
majority of the microbes and marine organisms remain untapped10. Thus, there
are potential medically important natural products present in nature awaiting
discoveries1,10. Currently, there are about 200,000 known natural products which
is believed to be only a small part of the natural product reservoir11.

3

Apart from plants, natural products have also been isolated from microbes
and marine organisms. One noted example is the discovery of penicillin (4) from
the fungus, Penicillium notatum, by Fleming in 1929. Other notable examples
include cephalosporin C (5) from Cephalosporium acremonium, and mevastatin
(6) from Penicilium species12. Moreover, several marine natural products are
under clinical trials; for instance, dolastatin-10 (7) isolated from the marine
shell-less mollusk Dolabela auricularia, has shown microtubule-inhibitory and
apoptotic effects13.

(4)

(6)

(5)

(7)

4

Nowadays, chemical and pharmaceutical research has expanded greatly.
Taking advantage of the advancement in synthetic organic chemistry, natural
products now also serve as templates for drug development to synthesize drugs
with enhanced pharmacological properties5. For instance, oleanolic acid (OA) (8),
a pentacyclic triterpenoid widely found in plant kingdom. It has been isolated from
more than 120 plant species, and it is found to be the bioactive component for
hepatoprotection,

anti-fungal,

anti-inflammation14,

anti-HIV

activity15,

and

anti-tumor activity5. The Sporn Laboratory is involved in the synthesis of OA
derivatives to enhance its activity as an anti-inflammatory agent, as measured by
their ability to block the cellular synthesis of the enzyme inducible nitric oxide
synthase (iNOS) in activated macrophages16. The synthetic plan was to modify
three chemically active sites present in OA; namely, the C-3 hydroxyl, the double
bond between C-12 and C-13, and lastly the C-28 carboxylic acid. These efforts
afforded

an

analogue,

2-cyano-3,12-dioxooleanal,9(11)-diene-28-oic

acid

(CDDO) (9), that was approximately 400,000 times more potent compared to OA
in the iNOS assay with an IC50 less than 1 nM. It is also important to mention that
CDDO-Me (10), one of the precursors of CDDO, is currently under clinical
investigation for chronic kidney disease16. It is only one of the many examples in
which drug is designed based on natural products. Nevertheless, natural products
indeed have a real connection with human health.

5

(8)

(9)

(10)

1.1.2 THE TREND OF NATURAL PRODUCTS IN DRUG DISCOVERY
Natural products are known for their structural diversity, novel scaffold
architectures, their relatively small dimensions (< 2000 Daltons), and their ability
to be more readily absorbed and metabolized when compared to synthetic
drugs17. However, a decline in interest in natural product based drugs from the
pharmaceutical industry was observed in the 1990’s. It could be explained by
firstly the technical difficulties in natural product based drug development, and
secondly the introduction of high-throughput screening (HTS) and combinatorial
6

chemistry (CC).

The drug discovery process of a natural product usually begins with the
extraction of an organism, followed by bioassay-guided functional fractionation,
isolation, structure characterization, hit-to-lead development, and finally lead
optimization18. Obstacles may arise in the course of discovery process. Firstly, the
purification process lacks efficiency and is not cost-effective. Next, an in-vitro
bioassay in general may provide misleading results due to the interaction of
components in a complex extract. Also, it is time-consuming to isolate and to
structurally characterize a natural product9. When a hit is identified, a vast quantity
of the source material is required for development and clinical trials. McChesney
et al. once estimated that when the bioactive compound is only 0.001% of the
plant biomass, 200,000 kg of the dry plant biomass would be required from
isolation to clinical trials. Nevertheless, the biochemical profiles of plants vary
greatly depending on the harvest times and locations which decrease the
reproducibility of plant extracts9. These obstacles hinder natural product based
drug development.

In the late 1990’s, interest was shifted to CC and HTS because these two new
technologies showed a great potential in searching for leads in less time and at a
reasonable cost. CC is computer assisted technology used to generate the
7

libraries of structurally diverse compounds (hundreds of molecules per week) for
screening of bioactivities19,20, while HTS is the process of assaying a large
number of potential leads against desired targets (20,000 compounds per
week)21. Unfortunately, over the past twenty years there is only one Food and
Drug Administration (FDA)-approved drug resulted from CC and HTS - sunitinib
maleate for treating renal carcinoma approved in 200622. As the research in the
aforementioned area has not provided sufficient structural diversity required for
drug discovery, there has been a renewed interest in natural product chemistry.
This branch of chemistry has contributed more than 60% of the 1024 small
molecules to the pharmaceutical industry between 1981 and 200822.

In order to improve the efficiency in natural product in drug development,
several methodologies have been developed to facilitate the purification process;
for example, medium-pressure liquid chromatography, centrifugal partition
chromatography, and high-performance centrifugal partition chromatography17.
Additionally, CC and HTS also supplement natural product at lead discovery and
optimization.

1.1.3 NATURAL PRODUCTS AS PHARMACEUTICALS ON THE MARKET
Nature remains to be the prime source for drug leads for its high chemical
diversity. Natural products are biochemical specific. They interact with a variety of
8

biological receptors for specific purposes. For example, the anti-malarial agent
artemisinin (11) targets hemin while the antihypertensive/sedative agent
reserpine (12) targets neurotransmitter vesicles23.

(11)

(12)

It is found that 63% of the new chemical entities filed from 1981 to 2008 are
natural products, their semi-synthetic analogues, or synthetic compounds based
on natural product pharmacophores which may or may not have any resemblance
to the original natural products22. In 1999, twenty of the best-selling
natural-product derived drugs alone accounted for more than US$16 billion of
sales. Examples of these drugs from the hypocholesterolemic category include
lovastatin (13), simvastatin (14), and atorvastatin (15). Not surprisingly, sales of
atorvastatin alone reached US$11 billion in 20048.

9

(13)

(14)

(15)
In addition to conventional medicines, the demand for herbal
supplements has escalated because the general public considers it as a
more natural and safe alternative to conventional synthetic drugs even
though there is little scientific evidence to support it. The annual sale of
herbal supplements was estimated to be over US$16 billion worldwide.
Particularly in US, the sales of these supplement increased from US$2 million
in 1988 to US$5.1 billion in 199824. As a result, more studies have been done
and new guidelines (the new drug application, NDA) for botanical drugs were
released in 2004 by the FDA. Unlike conventional medicines which generally
10

contain one pure chemical component which only targets one biological
target, botanical drugs are complex plant extracts used to treat diseases
which may contain one or more bioactive components and the bioactive
component(s) is/are not fully characterized25. It is documented in the
literature that the root extract of Tripterygium wilfordii is used to treat
rheumatoid arthritis in China9. Chemical investigation on the extract identified
triptolide (16) as the major bioactive component. A study has shown that
triptolide was toxic if it was not administrated as a part of the root extract. This
implies there are other unidentified compounds present in the extract that
could suppress its toxicity9. Triptolide also exhibits potent anticancer activity
but its toxicity hindered its clinical development5. Lastly, the first approved
drug based on the NDA is marketed as Veregen™, an extract of green tea
leaves containing a mixture of bioactive components, used to treat perianal
and genital condyloma26.

(16)
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1.2 TYPES OF NATURAL PRODUCTS
Natural products are obtained from plants, bacteria, fungi, marine organisms,
and even insects27. As a result, they exist in diverse chemical structures, including
flavonoids, terpenoids, alkaloids, simple heterocycles, polycyclic aromatics, and
so on.

1.2.1 FLAVONOIDS
Flavonoids are a large group of natural products widespread in the plant
kingdom,

particularly

in

higher

plants.

They

are

commonly found

in

photosynthesizing cells and in fruits, vegetables, and flowers. Studies have
shown this class of compound exhibits anti-inflammatory, estrogenic, enzyme
inhibition, anti-viral, anti-microbial, anti-allergic, anti-oxidant, vascular, and lastly
cytotoxic anti-tumor activities28,29.

The basic structure of flavonoids is 2-phenyl-benzo[α]pyrane (flavone) (17)
which comprises two benzene rings linked by a heterocyclic pyrane ring28. There
are fourteen classes of flavonoids based on the degree of oxidation on ring C, the
hydroxylation pattern throughout the ring structure and the substitution at C-3
position28,30. The six main classes of flavonoids include flavones, flavonols (18),
flavanones (19), chalcones (20), flavan-3-ols (21), and flavolans (22) 29.

12

(17)

(18)

(19)

(20)

(21)

(22) R= 0: oligomer R= 1: polymer

The starting unit of flavonoids in plants is shikimic acid metabolites such as
cinnamic acid (23, Scheme 1.1). It is first activated by acetyl CoA to give
4-hydroxycinnamoyl-CoA, followed by three malonyl CoA chain extensions. This
intermediate undergoes a Claisen-type cyclization in the presence of chalcone
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synthase to form chalcone, which is the precursor of a variety of flavonoids in
plants. Lastly, a Michael-type nucleophilic attack of a phenol group on to the
α,β-unsaturated ketone gives a flavanone. When the 3-malonyl CoA intermediate
is reduced by NADPH, a different flavanone is formed. These flavanones contain
the basic skeleton which can give rise to other classes of flavonoids; such as
flavones, flavonols, and flavan-3-ol31.

Flavonoids have been used to treat human diseases for centuries in folk
medicines. For example, an Argentine folk medicinal plant Tagetes minuta which
contains quercetagetin-7-arabinosyl-galactoside, is used to treat infectious
disease28. Some naturally occurring flavonoids such as isobavachalcone (24) and
bartericin A (25) exhibit potent anti-microbial activity against both gram-positive
and gram-negative bacteria (Table 1.1) 32,33. Cushnie et al. considered that MICs

≤ 100 µg/mL are ‘noteworthy’ and MICs ≤ 10 µg/mL are ‘very interesting’ 29.

(24)

(25)

14

Scheme 1.1. Biosynthesis of flavanone from cinnamic acid.
15

Table 1.1. Minimum inhibitory concentration of naturally occurring flavonoids
Minimum inhibitory concentration (µg/mL)
Isobavachalcone
Bartericin A
Gram-positive
Streptococcus faecalis
Staphylococcus
aureus
Gram-negative
Enterobacter cloacae
Shigella flexneri

0.3

0.6

0.3

0.6

0.3
0.6

1.2
1.2

1.2.2 TERPENOIDS AND STEROIDS
Terpenes generally refer to all the volatile oily compounds that are insoluble in
water and have resiny smells from plants. They have a wide range of applications
ranging from fragrances and flavors to various pharmacological activities such as
anti-bacterial activity, anti-viral activity, and cytotoxic activity34,35.

Terpenoids are made of isoprene units (26) that are joining in a head-to-tail
fashion. Thus, this class of compounds is comprised of (C5)n carbon atoms.
Monoterpenoids

(C10),

sesquiterpenoids

(C15),

diterpenoids

(C20),

and

triterpenoids (C30) are examples of some subclasses of terpenoids. Triterpenoids
constitute the largest group of natural products and have been found primarily in
plant kingdom. They usually exist as free compounds or as esters or glycosides34.

16

(26)

The isoprene unit is produced naturally and is involved in the biosynthesis of
squalene (27), a precursor involved in biosynthesis of triterpenoids. Squalene is
produced by reacting two molecules of farnesyl pyrophosphate (FPP) tail to tail.
The squalene is then epoxidized to give squalene oxide. If it is positioned suitably,
a series of cyclizations occurs to produce the polycyclic triterpene structure, the
protosteryl cation. Next, this cation undergoes a sequence of Wagner-Meerwein
migrations of hydrides and methyls to give lanosterol (28) in animals and fungi
and cycloartenol (29) in plants (Scheme 1.2)31. Steroids (30) are modified
triterpenoids containing a lanosterol ring system with the absence of three methyl
groups at C-4 and C-14.

17

Scheme 1.2. Biosynthesis of triterpenoids.

(30)

18

1.2.3 ALKALOIDS
Alkaloids refer to a large group of nitrogen-containing natural products
associated with a ring system. This class of compounds range in structural
complexity from simple to enormously complex and are found in plants, microbes,
and animals. One or more nitrogen atoms are present in the form of primary,
secondary, or tertiary amines. Alkaloids are categorized in accordance to the
nature of the nitrogen-containing structure. For example, pyrrolidine (31) is a
secondary amine in a five-member heterocycle, quinoline (32) is a heterocyclic
aromatic compound, and indole (33) is heterocyclic aromatic with a benzene ring
fused to a pyrrole ring. For centuries, alkaloids have been used as poison,
narcotics, stimulants, and medicines. Some plant-originated examples include
caffeine (34), quinine (35), cocaine (36), and morphine (1)31,36.

(31)

(32)

(33)

19

(34)

(35)

(36)

A relatively small portion of alkaloids are derived from amino acids. In this
case, the carbon skeleton of the particular amino acid precursor is retained while
the carboxylic acid functionality is often lost. Most of the other alkaloids are
biosynthesized from non-amino acid precursors and nitrogen atoms are
incorporated at late stage via amination. For instance, the alkaloid coniine (37) is
derived from octanoic acid, followed by successive oxidation and reduction steps
to

afford

a

ketoaldehyde

intermediate.

This

intermediate

undergoes

transamination with L-alanine to eventually produce coniine (Scheme 1.3) 31.

Scheme 1.3. Biosynthesis of coniine by transamination.
20

1.3 ALKALOIDS IN CLINCIAL USE
The alkaloid are a diverse group of compounds which possess a wide variety
of pharmacological activities. In this thesis, their use as anti-cancer and
anti-Alzheimer’s agents is discussed.

1.3.1 ALKALOIDS AS ANTI-CANCER AGENTS
Cancer refers to the uncontrolled cell division resulting in abnormal tissue
growth and is one of the leading causes of death nowadays. Cancer can be
treated with surgical intervention, radiotherapy, and chemotherapy depending on
the nature and stage of cancer. Although current drugs are relatively effective for
many forms of cancer, researchers have been working on producing drugs that
are able to destroy cancer cells while minimizing the toxicity to healthy cells12.

There are four major classes of clinically used plant-derived alkaloidal
anti-cancer agents which are the vinca alkaloids, the epipodophyllotoxins, the
taxanes, and the camptothecins. The vinca alkaloids vinblastine (38) and
vincristine (39) were isolated from the Madagascar periwinkle (Catharanthus
roseus), a traditionally used plant, and were the first agents in clinical use for
treating leukemia, lymphomas, advanced testicular cancer etc5, 37. Vinblastine can
treat a wider spectrum of cancers than vincristine due to one functional group
difference in their structure. The former has an N-methyl group while the latter has
21

an N-CHO group12. Other plant-derived anti-cancer alkaloids include paclitaxel
(Taxol®) (40) (Taxus brevifolia), and S-(+)-camptothecin (41) (Camptotheca
acuminate) respectively.

(38)

(40)

(39)

(41)

22

1.3.2 ALKALOIDS AS ANTI-ALZHEIMER’S AGENTS
Alzheimer’s disease (AD) was first identified by a German neuropathologist
Alois Alzheimer in 1907. AD is a progressive degenerative disorder of the cerebral
cortex which causes both cognitive and functional impairments; for instance, loss
of memory and cognitive reasoning, and inability to communicate. Biochemical
studies on the brain have revealed two characteristic neuropathological features
of AD. The first one is the presence of neuritic plaques resulting from clumps of
β-amyloid protein outside neurons, particularly in the hippocampus, amygdale,
and frontal cortex. The other characteristic feature is the presence of
neurofibrillary tangles which are fibres composed of hyperphosphorylated tau
protein inside damaged neurons38,39. However, the etiology of AD is not fully
understood.

Currently, there are two hypotheses on the cause of AD, the amyloid cascade
hypothesis and the cholinergic hypothesis39. The former suggests that the
aggregation and accumulation of β-amyloid triggers a cascade of neurotoxic
reactions which leads to neuronal degeneration. Currently, more than 40% of the
anti-AD drug candidates in clinical trials target β-amyloid formation, aggregation,
clearance, or metabolism. Alternatively, the cholinergic hypothesis addresses the
deficiency of neurotransmitters, particularly acetylcholine (ACh) (42), in the
central nervous system39. ACh is responsible for signal transduction between
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neurons. Its deficiency is believed to be due to the excessive degradation by
acetylcholinesterase (AChE). Thus, the use of AChE inhibitors is considered to be
one of the most promising approaches in treating AD40.

AChE is a 76-kD protein that belongs to the α/β hydrolase fold family which
can be found mainly in cholinergic synapses in the central nervous system and
periphery. It is very effective in catalyzing the hydrolysis of ACh into choline (43)
and acetic acid (44) (Scheme 1.4) in the cholinergic synapses which results in
ACh deficiency41. The three-dimensional structure of AChE revealed that it has an
esteratic subsite located at the bottom of a narrow gorge and is lined with 14
amino-acid residues. This subsite consists of serine, histidine, and glutamic acid,
which interacts with the ester carbonyl carbon of ACh causing its hydrolysis41.

Scheme 1.4. Catalytic hydrolysis of acetylcholine by acetylcholinesterase.

There are currently five approved alkaloidal anti-AD drugs in the market. With
the exception of memantine, the rest are AChE inhibitors (Figure 1.1)39. Tacrine,
donepezil, and galantamine are reversible inhibitors while rivastigmine is a

24

pseudo-reversible inhibitor. A number of adverse effects such as nausea,
vomiting, diarrhoea, and dizziness have been observed in patients treated with
these anti-AD drugs41. Therefore, there is a need to find new AChE inhibitors that
would pose less adverse effects on patients and provide better inhibition.

Figure 1.1. Approved anti-AD drugs.

A variety of plants have been reported to exhibit AChE inhibitory activity40,42.
Further chemical investigation of these plants has led to the isolation of bioactive
compounds which include alkaloids, glycosides, flavonoids, and others. So far,
more than 35 alkaloids, mostly steroidal and indole alkaloids, have been reported
to exhibit AChE inhibitory activity42. Table 1.2 lists some steroidal alkaloids that
demonstrate AChE inhibitory activity42,43.
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Table 1.2. Steroidal alkaloids showing AChE inhibitory activity.
Alkaloid
Assoanine
Sanguinine
Sarsalignone
Vaganine

Plant
Narcissus assoanus
Eucharis grandiflora
Sarcococca saligna
S. saligna

IC50 (µM)
3.9
0.1
7.0
8.6
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CHAPTER 2
Phytochemical Studies on Buxus macowanii

2.1 INTRODUCTION
The genus Buxus is a rich source of triterpenoidal alkaloids, and plants of this
genus are widely distributed throughout Eurasia, Africa and North America. The
plants of genus Buxus are used in indigenous medicines to treat various ailments
such as malaria, rheumatism, and skin infection1. For instance, B. microphylla is
used as a folk medicine to treat acute myocardial ischemia2. More importantly, the
ethanolic crude extract of B. sempervirens is reported to be active against the
human immunodeficiency virus (HIV)1. Previous phytochemical studies on B.
sempervirens, B. papillosa, B. microphylla, B. hyrcana, B. natalensis, and others
have resulted in the isolation of more than 200 triterpenoidal alkaloids2.

Buxus alkaloids are reported to exhibit various biological activities including
anti-microbial, anti-tuberculosis, and anti-acetylcholinesterase activities2-8. For
example, 17-oxo-3-benzoylbuxadine (45) and buxhyrcamine (46) from B.
hyrcana5, O2-natafuranamine (47) and O10-natafuranamine (48) from B.
natalensis6, and (-)-buxakashmiramine (49) from B. papillosa4 have shown
promising anti-AChE activities as shown in the Table 2.1.
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Table 2.1. In vitro inhibition of AChE by Buxus alkaloids.
Buxus alkaloids
45
46
47
48
49

IC50 (µM)
17.6
18.2
3.0
8.5
25.4

The Buxus alkaloids are a unique class of steroidal-triterpenoidal alkaloids
which comprise a pregnane-type basic skeleton with the C-4β methyl, 9β,
10β,-cycloartenol system and a degraded C-20 side chain8. In general, Buxus
alkaloids have three types of structures; (i) 9β, 10β-19-cyclopropyl system (50),
(ii) 9(1019) abeo diene system (51), and (iii) 9(1019) abeo triene system (52).
R1 and R2 represent either amino or keto functionalities8. Only three
representatives of type (iii), 539, 549, and 5510, have been reported in the
literature. Additionally, Buxus alkaloids have been reported to have oxidations at
C-2, C-6, C-11, and C-168.
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(50)

(51)

(52)

R = Me (53), R = H (54)

(55)
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These three classes of Buxus alkaloids can be identified by 1H-NMR spectral
data. Generally, alkaloids having the backbone of 50 exhibit a set of AB doublets
in the up-field region, usually between δ 0.1-0.5 (J = 4.0 Hz)8, due to the C-19
cyclopropyl methylene protons. Alkaloids of 9(1019) abeo diene system (51)
exhibit methine signals for C-11 and C-19 in the olefinic range8. Additionally,
these alkaloids exhibit absorption maxima at 238 and 245 nm with shoulders at
228 and 252 nm in the UV spectrum8. Similarly, Buxus alkaloids with 9(1019)
abeo triene skeleton (52) show four signals due to the vinylic C-1, C-2, C-11, and
C-19 methine protons in the olefinic range in the 1H-NMR spectrum9. The UV
spectra of these compounds showed absorption maxima at 289 nm due to the
presence of the conjugated triene system9.

B. macowanii is a small and slow growing tree, usually found in colonies in the
coastal region in South Africa. It is used for making clay-modeling tools, musical
instruments, and wood engraving blocks and as garden plants. No previous
phytochemical study of this plant has been reported in the literature. Our lab is
involved in performing phytochemical studies on ethno-medicinally important
plants. The water extract of B. macowanii is used to treat pain, wounds, and to
enhance memory in elderly people by traditional healers in South Africa. This
ethno-medicinal information prompted us to screen the crude methanolic extract
of this plant in our anti-AChE assay. The crude methanolic extract of this plant
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was found to be active in our AChE inhibitor assay with an IC50 value of 30 µg/mL.
The observed bioactivity prompted us to perform a detailed phytochemical study
on the crude methanolic extract of B. macowanii and to screen isolates for their
AChE inhibitory potentials. This chapter describes the purification, structure
elucidation, and bioactivity of the isolated alkaloids.

2.2 RESULTS AND DISCUSSION
Buxus macowanii was collected from Umtamvuna Nature Reserve in South
Africa. The crude methanolic extract of B. macowanii exhibited AChE inhibitory
activity with an IC50 of 30 µg/mL. The crude extract was re-dissolved in 80%
methanol in water to make an aqueous-alcoholic extract that was extracted with
dichloromethane at pH 7.0, 3.5, and 9.5. The dichloromethane extract obtained at
pH 9.5 was found to be active in AChE inhibition assay with an IC50 value of 22.0
µg/mL. Chemical investigation of this dichloromethane extract afforded five novel
alkaloids, 56-60, and two known, 61-62, Buxus alkaloids. This section describes
the structure elucidation of compounds 56-62.

2.2.1 31-Hydroxybuxatrienone (56)
31-Hydroxbuxatrienone (56) was isolated as a white amorphous solid. Its UV
spectrum showed absorption maxima at 332 and 234 nm suggesting the
presence of a 9(1019) abeo triene system in conjugation with C-3 carbonyl
group. The IR spectrum displayed absorption bands at 3337 (OH), 2945 (CH),
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and 1653 (C=O) cm-1. The high-resolution time-of-flight mass spectrum
(HR-TOF-MS) of 56 showed the molecular ion peak [M++H] at m/z 398.3004
which was in agreement with the molecular formula C26H39NO2

(calcd.

397.2981). The molecular formula suggested the presence of eight degrees of
unsaturation in compound 56. Rings A, B, C, and D accounted for four of these
degrees of unsaturation and three double bonds in ring A, B, and C accounted for
three degrees of unsaturation. The remaining one degree of unsaturation was due
to the carbonyl functionality.
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(56)

The 1H-NMR spectrum (CDCl3, 400MHz) of 56 showed the resonances of
three three-proton singlets at δ 0.76, 0.84, and 0.90 that were assigned to the
protons of the three tertiary methyl groups (C-32, C-18, and C-30) substituted at
C-14, C-13, and C-4 quaternary carbons, respectively. A three-proton doublet
centered at δ 1.33 (J = 5.8 Hz) was ascribed to the C-21 secondary methyl
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protons. The two three-proton singlets at δ 2.70 and 2.90 were due to the
N-N-dimethyl protons. These two singlets collapsed to a six-proton singlet when
1

H-NMR spectrum was recorded in acetone-d6. Two AB doublets at δ 3.52 and

4.06 (J = 11.7 Hz), integrating for one proton each, were due to the C-31
methylene protons. The downfield chemical shift of these protons was indicative
of the presence of a geminal oxygen functionality. The oxygen functionality was in
the form of a hydroxyl group as inferred from the IR absorption band at 3337 cm-1.
Four one-proton signals, a doublet at δ 5.81 (J = 9.9 Hz), a broad singlet at δ 5.95,
a singlet at δ 6.49, and a doublet at δ 6.96 (J = 9.4 Hz) were ascribed to the C-2,
C-11, C-19, and C-1 protons respectively. A combination of the UV spectrum and
these four sp2 resonances in the 1H-NMR spectrum confirmed the presence of a
9(1019) abeo triene system in 56.

A combination of COSY-45o and TOCSY spectra revealed the presence of
two isolated spin systems, 56(a), 56(b), and 56(c) in 56 as shown in Figure 2.1.
The first spin system 56(a) was traced by the vinylic coupling between C-1 (δ
6.96) and C-2 (δ 5.81) methine protons. The former showed vinylic coupling with
C-19 proton (δ 6.49) that in turn showed a cross-peak with the C-11 proton (δ
5.95). H-11 exhibited vicinal couplings with the C-12 methylene (δ 2.17 and 2.30)
and C-8 methine (δ 2.20) protons. This C-8 proton also showed cross-peaks with
the C-7 methylene protons (δ 1.41, 1.82) which in turn showed 1H-1H spin
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correlation with C-6 methylene protons (δ 1.49). The C-19 methine proton also
showed allylic coupling with C-5 methine proton (δ 2.98) which further exhibited
cross-peaks with the C-6 methylene protons. The second spin system 56(b) was
traced by the COSY-45o interaction of C-21 methyl (δ 1.33) and C-20 methine (δ
3.27) proton. H-20 also showed cross-peaks with C-17 methine proton (δ 2.03)
which further displayed vicinal coupling with C-16 methylene protons (δ 2.06).
The latter exhibited COSY-45o interaction with the C-15 methylene protons (δ
1.64). The last spin system 56(c) was traced by COSY-45o interaction of the
H2-31 methylene protons (δ 3.52 and 4.06), representing geminal coupling
between them.

H

56(a)

56(b)

56(c)

Figure 2.1. Spin systems determined by COSY and TOCSY spectra of 56.

The 13C-NMR APT spectrum (CDCl3, 100 MHz) of 56 showed the resonances
of 25 carbon atoms and revealed the presence of 5 methyl, 6 methylene, 8
methine, and 6 quaternary carbons in this compound. The HSQC spectrum of 56
was used to establish 1H/13C one-bond correlation of all protonated carbons.
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Complete 1H and

13

C chemical shift assignments and HSQC data are presented

in Table 2.2.

The HMBC spectrum of 56 was helpful in connecting these partial structures
56(a), 56(b), and 56(c) to build a gross structure 56. H-1 (δ 6.96) showed
cross-peak with C-3 (δ 204.8). H-5 (δ 2.98) exhibited long-range heteronuclear
couplings with C-3 and C-4 (δ 50.7). The C-30 methyl (δ 0.90) and C-31
methylene (δ 4.06) protons also showed HMBC interactions with C-3 and C-4.
Based on these HMBC observations, C-1 was connected with C-3 and C-5 was
bonded to C-3 through quaternary C-4 which was substituted with C-30 methyl
and C-31 methylene groups. The C-18 methyl protons (δ 0.84) showed
cross-peaks with C-12 (δ 38.9) as well as two quaternary C-13/14 (δ 44.7 and
48.3) while C-32 methyl protons (δ 0.76) showed HMBC interactions with C-15 (δ
33.1) and C-8 (δ 48.5). Based of these HMBC spectral data, C-15 was connected
to C-8 through C-14 quaternary carbon. C-14 was bonded with C-13. C-12 was
connected with C-13. The C-17 was connected with C-13 to satisfy the eighth
degree of unsaturation. In this way, gross structure 56 was established. Important
HMBC interactions are shown in Figure 2.2.
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Figure 2.2. Important HMBC correlations of 56.

The stereochemistry at all chiral centers was established with the aid of
NOESY spectrum. It has been documented in the literature that H-5 of Buxus
alkaloids is invariably α-oriented while H-8 is β-oriented11. H-8 (δ 2.20) showed
NOE with C-30 (δ 0.90) and C-18 (δ 0.84) methyl protons which in turn showed
cross-peak with C-20 methine proton (δ 3.49). These NOE data suggested a cis
relationship among these groups and thus β-orientation was assigned to H-8,
H3-18, H-20, and H3-30 protons. The C-17 methine proton (δ 2.03) exhibited
cross-peaks with H3-32 (δ 0.76) which in turn showed an NOE with H-5 (δ 2.98).
H2-31 also showed an NOE with H-5. As a result, α-stereochemistry was assigned
to H-5, H-17, H2-31, and H3-32. Based on these spectral data, structure of 56 was
assigned to this new alkaloid and named as 31-hydroxbuxatrienone.
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Table 2.2. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz respectively)
in CDCl3 for 56.
31-Hydroxybuxatrienone (56)
Position

δC

Multiplicity †

δH (J in Hz)

1
2
3
4
5
6

153.4
123.3
204.8
50.7
43.2
28.2

CH
CH
C
C
CH
CH2

6.96, d (9.4)
5.81, d (9.9)
2.98, m
1.49, m

7
8
9
10
11
12
13
14
15

26.2
48.5
133.4
139.0
137.0
38.9
44.7*
48.3*
33.1

CH2
CH
C
C
CH
CH2
C
C
CH2

1.41, m, 1.81, m
2.20, m
5.95, br, s
2.17, m, 2.30, m
1.64, m

16
17
18
19
20
21

27.0
47.3
15.9
143.8
65.3
12.4

CH2
CH
CH3
CH
CH
CH3

2.06, m
2.03, m
0.84, s
6.49, s
3.27, br, s
1.33, d (5.8)

30

15.8

CH3

0.90, s

31

63.9

CH2

3.52, d, 4.06, d (11.7)

32

17.0

CH3

0.76, s

Nb(CH3)2

36.0

CH3

2.70, s

† Multiplicity as determined by APT spectrum. * Chemical shift is interchangeable.
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2.2.2 Macowanioxazine (57)
Macowanioxazine (57) was isolated as a white amorphous solid. Its UV
spectrum showed maximum absorptions at 236 and 246 nm which were due to
the 9(1019) abeo diene system8. The IR spectrum displayed absorption bands
at 3276 (OH), 2946 (CH), and 1099 (C-O) cm-1. The HR-TOF-MS of 57 showed a
molecular ion peak [M++H] at m/z 443.3566 which was in agreement with the
molecular formula C28H46N2O2 (calcd. 442.3559). The molecular formula
suggested the presence of seven degrees of unsaturation in compound 57. Rings
A, B, C, D, and E accounted for five of these degrees of unsaturation, and the
remaining two degrees of unsaturation were due to the presence of two double
bonds in rings B and C.

(57)
The 1H-NMR spectrum (CDCl3, 400MHz) of 57 showed the resonances of
three three-proton singlets at δ 0.65, 0.94, and 1.02 that were assigned to the
protons of the three tertiary methyl groups (C-32, C-18, and C-30) substituted at
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C-14, C-13, and C-4 quaternary carbons, respectively. A three-proton doublet
centered at δ 1.20 (J = 6.5 Hz) was ascribed to the C-21 secondary methyl
protons. A singlet integrated for six protons appeared at δ 2.64 was assigned to
the N-N-dimethyl protons. A multiplet at δ 4.65 was ascribed to the C-16 methine
proton. The downfield chemical shift of H-16 suggested the presence of a geminal
oxygen functionality. This oxygen functionality was in the form of a hydroxyl group
as suggested by the IR absorption band at 3276 cm-1. A broad singlet resonating
at δ 5.50 was ascribed to the C-11 proton while another singlet appeared at δ 5.95
was due to the C-19 methine proton. A combination of the UV and these two sp2
resonances in the 1H-NMR spectral data revealed the presence of a 9(1019)
abeo diene system in 57. A set of AB doublets, integrated for one proton each,
resonated at δ 3.25 and 3.82 (J = 10.4 Hz) were assigned to the C-31 methylene
protons while another set of AB doublets, integrated for one proton each,
resonated at δ 3.57 and 4.42 (J = 7.6 Hz) were assigned to the C-33 methylene
protons. The downfield chemical shift values of H2-33 suggested that these
methylene protons are flanked between oxygen and nitrogen moiety. A
three-proton singlet at δ 2.10 was assigned to the Na-Me protons of the
tetrahydrooxazine rings. These 1H-NMR spectral data were distinctly similar to
those of the reported Buxus alkaloids containing a tetrahydrooxazine ring moiety
at ring A4 indicating that compound 57 also contained a tetrahydrooxazine moiety
(ring E) in it.
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A combination of COSY-45o and TOCSY spectra revealed the presence of
four isolated spin systems, 57(a), 57(b), 57(c), and 57(d) in 57 as shown in
Figure 2.3. The first spin system, 57(a), was traced by the vinylic coupling
between C-19 (δ 5.95) and C-11 (δ 5.50) methine protons. The former also
showed allylic coupling with C-1 methylene (δ 2.25) and C-5 methine (δ 1.97)
protons. The C-1 methylene protons exhibited COSY-45o interaction with C-2
methylene protons (δ 1.43) which in turn exhibited vicinal correlation with the C-3
methine proton (δ 1.91). The C-11 methine proton exhibited vicinal coupling with
one of the C-12 methylene protons (δ 1.96) and allylic coupling with the C-8
methine proton (δ 2.15). H-8 exhibited COSY-45o interaction with H2-7 (δ 1.21,
1.50) which were further coupled to the C-6 methylene protons (δ 1.37 and 1.87).
The second spin system, 57(b), was traced by the vicinal couplings of C-16
methine proton (δ 4.65) with C-15 methylene (δ 1.60 and 2.10) and C-17 methine
(δ 1.94) protons. H-17 in turn showed vicinal coupling with the C-20 methine
proton (δ 3.49). H-20 also showed a cross-peak with the C-21 methyl protons (δ
1.20). The COSY-45o spectrum also showed the presence of two isolated
methylene groups representing spin systems 57(c) and 57(d). These methylene
protons showed geminal couplings in the COSY-45o spectrum. For instance, the
COSY-45o spectrum of 57 displayed cross-peaks between H-31a (δ 3.25) and
H-31b (δ 3.82). Similarly, cross-peaks between H-33a (δ 3.57) and H-33b (δ 4.42)
were also observed. These protons did not exhibit any further coupling with any
45

other protons, indicating that both of these protons are flanked by quaternary
carbons or heteroatoms. This type of methylene signals are exhibited by the
Buxus alkaloids containing a tetrahydrooxazine moiety. The chemical shift values
of H2-31 (δ 3.25 and 3.82) and H2-33 (δ 3.57 and 4.42) were also nearly identical
to those of tetrahydrooxazine moiety present in Buxus alkaloids9. This spectral
evidence led us to assume the presence of a tetrahydrooxazine moiety in 57.

H

OH

57(a)

57(b)

N
O

57(c)

O

57(d)

Figure 2.3. Spin systems determined by COSY and TOCSY spectra of 57.

The 13C-NMR APT spectrum (CDCl3, 100 MHz) of 57 showed the resonances
of 26 carbon atoms and revealed the presence of 5 methyl, 8 methylene, 8
methine, and 5 quaternary carbon atoms in this compound. The HSQC spectrum
of 57 was used to establish 1H/13C one-bond correlation of all protonated carbons.
Complete 1H and

13

C chemical shift assignments and HSQC data are presented

in Table 2.3.
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The HMBC spectrum of 57 was helpful in connecting these partial structures,
57(a)-57(d), to build a gross structure of 57. H-33a (δ 4.42) showed cross peaks
with C-3 (δ 71.1) and C-31 (δ 77.9). H-31a (δ 3.82) exhibited long-range
heteronuclear coupling with C-3, C-4 (δ 39.2), and C-30 (δ 13.9). The C-30 methyl
protons (δ 1.02) showed HMBC interactions with C-5 (δ 48.4). Also, the Na-Me
protons (δ 2.10) exhibited cross-peaks with C-3 and C-33. Based on these HMBC
interactions, C-33 was connected with C-3 through Na-Me and with C-31. C-5 was
connected to C-3 through quaternary C-4 which was substituted with C-30 methyl
and C-31 methylene groups. The C-18 methyl protons (δ 0.93) showed
cross-peaks with C-12 (δ 38.4) as well as two quaternary C-13/14 (δ 43.7 and
46.5) while C-32 methyl protons (δ 0.65) showed HMBC interactions with C-8 (δ
49.3) and C-13/14. These HMBC spectral data further suggested that C-13 and
C-14 were bonded with each other. As a result, C-18 was bonded to quaternary
C-13 and C-32 was bonded to quaternary C-14. The molecular formula
C28H46N2O2 suggested the presence of seven degrees of unsaturation in 57. In
order to satisfy the seventh degree of unsaturation, C-17 was connected to C-12
through quaternary C-13 and C-15 was connected to C-8 through quaternary
C-14. These connections helped to build the gross structure 57 for this new Buxus
alkaloid. Important HMBC interactions are shown in Figure 2.4.
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Figure 2.4. Important HMBC correlations of 57.
The stereochemistry at all chiral centers was established with the aid of
NOESY spectrum. H-8 (δ 2.15) showed NOE with C-18 methyl protons (δ 0.94)
that in turn showed cross-peaks with the C-20 methine (δ 3.49) and C-30
methyl (δ 1.02) protons. H-8 also exhibited cross-peaks with H-16 (δ 4.65).
These NOE data suggested a cis relationship among these groups and thus
β-orientation is assigned to H-8, H-16, H3-18, H-20, and H3-30 protons. H-5 (δ
1.97) exhibited cross-peaks with H3-32 (δ 0.65) that in turn showed NOE with
the C-3 (δ 1.91) and C-17 methine (δ 1.94) proton. These NOE data led us to
assign α-stereochemistry to H-3, H-5, H-17, and H-32. It has been reported in
the literature that the α-oriented C-31 methyl group undergoes oxidation12.
Based on this, α-stereochemistry is assigned to C-31 methylene group and
β-stereochemistry to C-30 methyl group. These spectral data led us to establish
structure 57 for this novel alkaloid and named as macowanioxazine.
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Table 2.3. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz
respectively) in CDCl3 for 57.
Macowanioxazine (57)
Position

δC

Multiplicity †

δH (J in Hz)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

39.3
25.9
71.1
39.2
48.4
28.7
25.3
49.3
135.0
138.2
128.2
38.4
43.7*
46.5*
44.8

CH2
CH2
CH
C
CH
CH2
CH2
CH
C
C
CH
CH2
C
C
CH2

2.25, m
1.43, m, 1.89, m
1.91, m
1.97, m
1.37, m, 1.87, m
1.21, m, 1.50, m
2.15, m
5.50, br, s
1.96, m, 2.11, m
1.60, m, 2.09, m

16
17
18
19
20
21

69.4
51.4
16.7
129.7
60.1
10.8

CH2
CH
CH3
CH
CH
CH3

4.65, m
1.94 m,
0.94, s
5.95, s
3.49, m
1.20, d (6.5)

30

13.9

CH3

1.02, s

31

77.9

CH2

3.25, d, 3.82, d (10.4)

32

17.5

CH3

0.65, s

33

88.4

CH2

3.57, d ,4.42, d (7.6)

NaCH3

36.4

CH3

2.10, s

Nb(CH3)2

36.4

CH3

2.64, s

† Multiplicity as determined by APT spectrum. * Assignments are interchangeable
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2.2.3.16α-Hydroxymacowanitriene (58)
16α-Hydroxymacowanitriene (58) was isolated as a white amorphous solid.
Its UV spectrum showed the maximum absorption at 289 nm indicating the
presence of a 9(1019) abeo triene system9. The IR spectrum displayed
absorption bands at 3554 (OH), 2927 (CH), and 1168 (C-O) cm-1. The
HR-TOF-MS of 58 showed the molecular ion peak [M++H] at m/z 441.3972 which
was in agreement with the molecular formula C28H44N2O2 (calcd. 440.3403). The
molecular formula suggested the presence of eight degrees of unsaturation in
compound 58. Five of these degrees of unsaturation were due to ring A, B, C, D,
and E. The remaining three degrees of unsaturation were due to the presence of
three double bonds in ring A, B, and C.

(58)
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The 1H-NMR spectrum (CD3OD, 400MHz) of 58 showed the resonances of
three three-proton singlets at δ 0.80, 0.82, and 0.97 that were due to the C-32,
C-18, and C-30 methyl protons, respectively. The C-21 methyl protons appeared
as a doublet at δ 1.16 (J = 5.8 Hz). A singlet, integrated for six protons, resonated
at δ 2.56 was assigned to the N-N-dimethyl protons. A multiplet, integrating for
two protons, centered at δ 3.64 was due to both the H-16 and H-33a. This signal
showed 1H/13C one bond shift correlation with two carbons C-16 (δ 71.6) and C-33
(δ 89.0) in the HSQC spectrum. The downfield chemical shift of the H-16 (δ 3.64)
was due to the presence of a geminal hydroxyl group. H-33b resonated at δ 4.44
(J = 8.1 Hz). A set of AB doublets, integrating for one proton each, appeared at δ
3.33 and 3.88 (J = 10.6 Hz) were assigned to the C-31 methylene protons. A
one-proton doublet at δ 5.70 (J = 10.0 Hz) and a one-proton broad singlet at δ
5.77 were ascribed to the C-1 and C-11 olefinic protons respectively. A
one-proton double doublet centered at δ 6.08 (J = 10.2 Hz, J = 2.6 Hz) was
assigned to the C-2 olefinic proton whereas a one-proton singlet at δ 6.13 was
ascribed to the C-19 methine proton. These signals further supported the
presence of a 9(1019) abeo triene system in 58. A three-proton singlet at δ 2.22
was assigned to the Na-Me protons of the tetrahydrooxazine ring. These 1H-NMR
spectral data were distinctly similar to the previously discussed compound 57
containing a tetrahydrooxazine moiety.
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A combination of COSY-45o and TOCSY spectrum revealed the presence of
four isolated spin systems, 58(a), 58(b), 58(c), and 58(d) as shown in Figure 2.5.
In the first spin system, 58(a), the C-1 methine proton (δ 5.70) showed
cross-peaks with the C-2 (δ 6.08) and C-3 (δ 2.84) methine protons. H-2 showed
vinylic coupling with C-19 methine proton (δ 6.13) that in turn showed cross-peak
with the C-11 methine proton (δ 5.77). The latter showed allylic coupling with the
C-12 methylene (δ 2.29) and C-8 methine (δ 2.15) protons. H2-7 (δ 1.87) showed
COSY-45o interactions with the C-6 methylene protons (δ 1.30 and 1.78) that in
turn exhibited 1H-1H spin correlation with H-5 (δ 2.15). H-19 also exhibited allylic
coupling with H-5. These COSY-45o spectral data helped to establish partial
structure 58(a). In the second system, 58(b), the C-21 methyl protons (δ 1.16)
showed coupling with C-20 methine proton (δ 2.10) that further showed vicinal
coupling with C-17 methine proton (δ 2.10). The C-16 methine proton (δ 3.64)
exhibited cross-peaks between C-17 methine and C-15 methylene (δ 1.59)
protons. The third and fourth spin system, 58(c) and 58(d), consisted of C-31 (δ
3.33 and 3.88) and C-33 (δ 3.64 and 4.44) methylene protons respectively.
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Figure 2.5. Spin systems determined by COSY and TOCSY spectra of 58.

The

13

C-NMR APT spectrum (CD3OD, 100 MHz) of 58 showed the

resonances of 22 carbons and these signals were differentiated as 5 methyl, 6
methylene, 7 methine, and 4 quaternary carbons. The HSQC spectrum of 58 was
used to establish 1H/13C one-bond correlation of all protonated carbons. A
combination of HSQC and HMBC spectral data revealed that the N-N-dimethyl
carbons are overlapping with the Na-Me signal at δ 36.7. Similarly, the C-5 and
C-8 methine appeared as overlapping signal at δ 50.1 while the C-16 methine was
overlapping with C-3 at δ 71.6. C-17 and C-20 methine were overlapping at δ
49.9. Finally, the C-13 and C-14 quaternary carbon overlapped at δ 45.4.
Complete 1H and

13

C chemical shift assignments and HSQC data are presented

in Table 2.4.
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The HMBC spectrum of 58 was helpful in determining the overlapping of
carbon signals and connecting the partial structures, 58(a)-58(d), to build a gross
structure of 58. H-33 (δ 4.44) showed cross-peaks with C-3 (δ 71.6) and C-31 (δ
78.3). H-31 (δ 3.88) showed couplings with the C-3, C-4 (δ 39.1), and C-30 (δ
13.6). The C-30 (δ 0.97) methyl protons showed HMBC interactions with C-4 and
C-5 (δ 50.1). Also, the Na-Me protons (δ 2.22) exhibited cross-peaks with C-3 and
C-33. Based on these HMBC observations, C-33 was connected with C-3 through
Na-Me group and with C-31 through an oxygen atom. C-5 was bonded to C-3
through quaternary C-4 containing C-30 methyl and C-31 methylene groups. The
C-18 methyl protons (δ 0.82) showed cross-peaks with C-12 (δ 39.6), C-17 (δ
49.9), as well as two quaternary C-13/14 (δ 45.4) while C-32 methyl protons (δ
0.80) showed HMBC interactions with C-8 (δ 50.1), C-15 (δ 34.4), and C-13/14.

Figure 2.6. Important HMBC correlations of 58.
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The stereochemistry at all chiral centers was established with the aid of
NOESY spectrum. α-Stereochemistry was assigned to H-3, H-5, H-17, H2-31 and
H3-32 and β-stereochemistry was assigned to H-8, H-16, H3-18, H-20, and H3-30
as previously discussed for compound 57. Based on these spectral data, structure
58 was established for this new Buxus alkaloid, which was named as
16α-hydroxymacowanitriene.
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Table 2.4. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz respectively)
in CD3OD for 58.

16α-Hydroxymacowanitriene (58)
Position

δC

Multiplicity †

δH (J in Hz)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

124.0
137.3
71.6
39.1
50.1
28.4
29.2
50.1
135.0
140.2
134.4
39.6
45.4
45.4
34.4

CH
CH
CH
C
CH
CH2
CH2
CH
C
C
CH
CH2
C
C
CH2

5.70 d (10.0)
6.08, dd (10.2, 2.6)
2.84, m
2.15, m
1.30, m, 1.78, m
1.87, m
2.15, m
5.77, br, s
2.13, m, 2.29, m
1.59, m

16
17
18
19
20
21

71.6
49.9
16.2
137.8
49.9
11.2

CH
CH
CH3
CH
CH
CH3

3.64, m
2.10 m,
0.82, s
6.13, s
2.10, m
1.16, d (5.8)

30

13.6

CH3

0.97, s

31

78.3

CH2

3.33, s, 3.88, d (10.6)

32

17.9

CH3

0.80, s

33

89.0

CH2

3.64, d, 4.44, d (8.1)

NaCH3

36.7

CH3

2.22, s

Nb(CH3)2

36.7

CH3

2.56, s

† Multiplicity as determined by APT spectrum.
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2.2.4 Macowanitriene (59)
Macowanitriene (59) was isolated as a yellow amorphous solid. Its UV
spectrum showed the maximum absorption at 290 nm suggesting the presence of
a 9(1019) abeo triene system9. The IR spectrum displayed absorption bands at
2957 (CH), 1662 (C=C), and 1215 (C-O) cm-1. The HR-TOF-MS of 59 provided
the molecular ion peak [M++H] at m/z 425.3450 which was in agreement with the
molecular formula C28H44N2O (calcd. 424.3467). The molecular formula
suggested the presence of eight degrees of unsaturation in compound 59. Five of
these degrees of unsaturation were due to rings A, B, C, D, and E, and the
remaining three degrees of unsaturation were due to the presence of three double
bonds in rings A, B, and C.

(59)
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The 1H-NMR spectrum (CDCl3, 400MHz) of 59 showed the resonances of
three three-proton singlets at δ 0.73, 0.76, and 0.99 that were assigned to the
protons of the three tertiary methyl groups (C-32, C-18, and C-30) substituted at
C-14, C-13, and C-4 quaternary carbons, respectively. A three-proton doublet
centered at δ 1.03 (J = 6.1 Hz) was ascribed to the C-21 secondary methyl
protons. A singlet, integrating for six protons, resonated at δ 2.42 was assigned to
the N-N-methyl protons. A one-proton doublet at δ 5.67 (J = 10.1 Hz) and a
one-proton broad singlet at δ 5.72 were ascribed to the C-1 and C-11 olefinic
protons respectively. A one-proton double doublet centered at δ 6.04 (J = 10.1
Hz, J = 2.6 Hz) was assigned to the C-2 olefinic proton whereas a one-proton
singlet at δ 6.08 was ascribed to the C-19 methine proton. A combination of the
UV spectrum and these sp2 resonances in the 1H-NMR spectral data confirmed
the presence of a 9(1019) abeo triene system. A set of AB doublets, integrating
for one proton, resonating at δ 3.27 and 3.89 (J = 10.5 Hz) were assigned to the
C-31 methylene protons while the C-33 methylene protons resonated at δ 3.67
and 4.47 (J = 8.1 Hz). The chemical shift values of these protons suggested that
they are flanked by nitrogen and oxygen functionality. A three-proton singlet at δ
2.22 was assigned to the Na-Me protons of the tetrahydrooxazine ring. These
1

H-NMR spectral data were distinctly similar to those of the previously discussed
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compound 57 containing the tetrahydrooxazine moiety.

A combination of COSY-45o and TOCSY spectra revealed the presence of
four isolated spin systems, 59 (a), 59(b), 59(c), and 59(d) as shown in Figure 2.7.
In the first spin system, 59(a), the C-1 methine proton (δ 5.67) showed
cross-peaks with the C-2 (δ 6.04) and C-3 (δ 2.79) methine protons. H-2 showed
vinylic coupling with the C-19 methine proton (δ 6.08) that in turn showed
cross-peak with the C-11 methine proton (δ 5.72). The latter showed allylic
couplings with the C-12 methylene (δ 2.21) and C-8 methine (δ 1.94) protons.
H2-7 (δ 1.75 and 2.11) showed COSY-45o interactions with H-8 as well as the C-6
methylene protons (δ 1.75 and 2.11) that in turn exhibited 1H-1H spin correlation
with H-5 (δ 2.09). The COSY-45o spectrum also showed cross-peaks between
H-3 and H-31 (δ 3.27) representing long range w coupling. H-19 also exhibited
allylic coupling with H-5. These COSY-45o spectral data helped to establish partial
structure 59(a). In the second system, 59(b), the C-21 methyl protons (δ 1.03)
showed vicinal coupling with the C-20 methine proton (δ 1.94) which in turn
showed cross-peaks with the C-17 methine proton (δ 2.09). The C-16 methylene
proton (δ 1.82) exhibited cross-peaks between C-17 methine and C-15 methylene
(δ 1.52) protons. The third and fourth spin systems, 59(c) and 59(d), consisted of
H2-31 (δ 3.27 and 3.89) and H2-33 (δ 3.67 and 4.47) respectively.
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N
O
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Figure 2.7. Spin systems determined by COSY and TOCSY spectra of 59.

The 13C-NMR spectrum (CDCl3, 100 MHz) of 59 showed the resonances of 23
carbon atoms. A combination of

13

C-NMR broad-band decoupled and DEPT

spectral data revealed the presence of 5 methyl, 7 methylene, 6 methine, and 5
quaternary carbons in this compound. The HSQC spectrum of 59 was used to
establish 1H/13C one-bond correlation of all protonated carbons. A combination of
HSQC and HMBC spectral data revealed that the N-N-dimethyl carbons in the
13

C-NMR spectrum were overlapping with the Na-Me at δ 36.3. Similarly, the C-8,

C-17 and C-20 methine were overlapping at δ 48.4. Lastly, the C-13 and C-14
quaternary carbon overlapped at δ 44.1. Complete 1H and

13

C chemical shift

assignments and HSQC data are presented in Table 2.5.
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The HMBC spectrum of 59 was helpful in determining the overlapping of
carbon signals and connecting the partial structures, 59(a)-59(d), to build a gross
structure of 59. H-33 (δ 4.47) showed cross-peaks with C-3 (δ 69.9) and C-31 (δ
77.2). H-31 (δ 3.89) showed couplings with the C-3, C-4 (δ 38.0), and C-30 (δ
13.4). The C-30 methyl protons (δ 1.02) showed HMBC interactions with C-4 and
C-5 (δ 48.4). Also, the Na-Me protons (δ 2.25) exhibited cross-peaks with C-3 and
C-33. Based on these HMBC observations, C-33 was connected with C-3 through
Na-Me group and with C-31 through an oxygen atom. C-5 was bonded to C-3
through quaternary C-4 containing C-30 methyl and C-31 methylene groups. The
C-18 methyl protons (δ 0.76) showed cross-peaks with C-12 (δ 38.6) as well as
two quaternary C-13/14 (δ 44.1) while C-32 methyl protons (δ 0.65) showed
HMBC interactions with C-8 (δ 48.4), C-15 (δ 33.3), and C-13/14. These HMBC
spectral data further suggested that C-13 and C-14 were bonded with each other.
As a result, C-18 was connected to C-12 through quaternary C-13, and C-32 was
connected to C-8 through quaternary C-14. Important HMBC interactions are
shown in Figure 2.8.
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H
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Figure 2.8. Important HMBC correlations of 59.

The stereochemistry at all chiral centers was established with the aid of
NOESY spectrum. α-Stereochemistry was assigned to H-3, H-5, H-17, H2-31 and
H3-32 and β-stereochemistry was assigned to H-8, H3-18, H-20, and H3-30 as
previously discussed for compound 57. Based on these spectral data, structure
59 was established for this new Buxus alkaloid, which was named as
macowanitriene.

62

Table 2.5. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz respectively)
in CDCl3 for 59.
Macowanitriene (59)
Position

δC

Multiplicity †

δH (J in Hz)

1
2
3
4
5
6

123.9
135.6
69.9
38.0
48.6
27.0

CH
CH
CH
C
CH
CH2

5.67 d (10.1)
6.04, dd (10.1, 2.6)
2.79, s
2.09, m
1.75, m, 2.11, m

7
8
9
10
11
12
13
14
15

27.1
48.4
134.0
138.9
132.8
38.6
44.0
44.0
33.3

CH2
CH
C
C
CH
CH2
C
C
CH2

1.75, m, 2.11, m
1.94, m
5.72, br, s
2.06, m, 2.21, m
1.52, m

16
17
18
19
20
21

27.7
48.6
15.8
136.2
48.4
11.1

CH2
CH
CH3
CH
CH
CH3

1.28, m, 1.82, m
2.09, m
0.76, s
6.08, s
1.94, m
1.03, d (6.1)

30

13.4

CH3

0.99, s

31

77.2

CH2

3.27, s, 3.89, d (10.5)

32

17.3

CH3

0.73, s

33

88.1

CH2

3.67, d, 4.47, d (8.1)

NaCH3

36.3

CH3

2.22, s

Nb(CH3)2

36.3

CH3

2.42, s

† Multiplicity as determined by DEPT spectra.
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2.2.5 Macowamine (60)
Macowamine (60) was isolated as a white amorphous solid. Its UV spectrum
showed the maximum absorption at 218 nm indicating the presence of a
benzamide chromophore9. The IR spectrum displayed absorption bands at 3383
(OH), 2945 (CH), and 1702 (amide C=O) cm-1. The HR-TOF-MS of 60 provided a
molecular ion peak [M++H] at m/z 567.4105 which was in agreement with the
molecular formula C35H54N2O4 (calcd. 566.4084). This molecular formula
suggested the presence of ten degrees of unsaturation in compound 60. Five
double bond equivalents were accounted for the basic Buxus alkaloid skeleton
with a ∆9-11 double bond. The remaining five degrees of unsaturation were due to
the presence of a benzamide group at C-3.

(60)

The 1H-NMR spectrum (CDCl3, 400MHz) of 60 displayed three three-proton
singlets δ 0.48, 0.80, and 0.98 due to the protons of the three tertiary C-18, C-32,
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and C-30, methyl groups substituted at the C-3, C-14, and C-4 quaternary
carbons, respectively. A three-proton doublet centered at δ 0.83 (J = 6.5 Hz) was
ascribed to the C-21 secondary methyl protons. A singlet, integrating for six
protons, resonated at δ 2.23 was assigned to the Nb-dimethyl protons. Another
singlet, integrating for three protons, resonated at δ 2.58 was assigned to the
Na-methyl protons. A three-proton singlet at δ 3.91 was due to the methoxy
protons. A set of AB doublets, integrated for one proton each, resonated at δ 4.42
and 4.50 (J = 11.3 Hz), were assigned to the C-31 methylene protons. The
downfield chemical shift of H2-31 suggested the presence of a geminal hydroxyl
group. A one-proton doublet centered at δ 5.44 (J = 4.6 Hz) was ascribed to the
C-11 olefinic proton. Aromatic protons appeared as a one-proton doublet at δ 6.88
(J = 8.2 Hz), a one-proton doublet at δ 7.47 (J = 1.7 Hz), and a one-proton double
doublet at δ 7.49 (J = 8.2 and 1.7 Hz). This multiplicity pattern suggested the
presence of a tri-substituted benzene ring containing an amide group at C-1’, a
methoxy group at C-3’, and a hydroxyl group at C-4’.

A combination of COSY-45o and TOCSY spectra revealed the presence of
five isolated spin systems 60(a), 60(b), 60(c), 60(d), and 60(e) as shown in
Figure 2.9. In the first spin system, 60(a), the C-3 methine proton (δ 2.26) showed
cross-peaks with the C-2 methylene protons (δ 1.67) which in turn exhibited
COSY-45o interactions with the C-1 methylene proton (δ 1.45). The H2-1 also
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showed cross-peaks with C-10 methine proton (δ 1.19) which in turn exhibited
coupling with C-19 methylene (δ 2.26) and C-5 methine (δ 1.16) protons. H-5
showed cross-peaks with the H2-6 (δ 1.43 and 1.73) which in turn exhibited
COSY-45o interactions with the H2-7 (δ 1.27 and 2.30). H2-7 showed cross-peaks
with H-8 (δ 2.25). The second spin system, 60(b), was traced by the vicinal
coupling between the C-11 methine (δ 5.44) and the C-12 methylene (δ 1.84 and
2.16) protons. In the third spin system, 60(c), the C-21 methyl protons (δ 0.83)
showed cross-peaks with the C-20 methine proton (δ 2.48) which further exhibited
vicinal coupling with the C-17 methine proton (δ 1.86) that also showed
cross-peaks with the C-16 methylene protons (δ 1.56). H2-16 showed COSY-45o
interactions with the C-15 methylene protons (δ 1.37). The fourth spin system,
60(d), was traced by the COSY-45o interactions between the C-31 methylene
protons (δ 4.42 and 4.50) representing geminal coupling between them. In the last
spin system, 60(e), the C-5’ methine proton (δ 6.88) showed a cross-peak with the
C-6’ methine proton (δ 7.49). H-6’ also exhibited meta-coupling with H-2’ (δ 7.47).
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Figure 2.9. Spin systems obtained from the COSY and TOCSY spectra of 60.

The 13C-NMR APT spectrum (CDCl3, 100 MHz) of 60 showed the resonances
of 34 carbons and revealed the presence of 7 methyl, 9 methylene, 10 methine,
and 8 quaternary carbons in this compound. The HSQC spectrum of 60 was used
to establish 1H/13C one-bond correlation of all protonated carbons. Complete 1H
and 13C chemical shift assignments and HSQC data are presented in Table 2.6.

The HMBC spectrum of 60 was helpful in connecting these partial structures,
60(a)-60(e), to build a gross structure of 60. The amidic methyl Na-Me proton (δ
2.58) showed cross-peaks with C-3 (δ 69.2). Both H-10 (δ 1.19) and H3-30 (δ
0.98) showed cross-peaks with C-3, C-4 (δ 38.0), and C-5 (δ 54.3). Base on these
HMBC observations, C-3 was connected with C-5 through quaternary C-4 which
was substituted with the C-30 methyl group, and C-5 and bonded with C-10. The
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C-18 methyl protons (δ 0.48) showed cross-peaks with C-12 (δ 37.4) as well as
quaternary C-13/14 while C-32 methyl protons (δ 0.80) showed HMBC
interactions with C-15 (δ 54.3) and C-13/14. These HMBC spectral data further
suggested that C-13 and C-14 were bonded with each other. Additionally, C-11
methine proton (δ 5.44) exhibited cross-peaks with C-19 and C-12 which in turn
showed cross-peaks with quaternary C-9 (δ 141.3). Based on these HMBC
observations, C-18 was connected with C-12 through quaternary C-13. C-11 was
connected with C-19 through C-9. C-32 was connected with C-15 through C-14.
C-13 was connected with C-8 to satisfy the tenth degree of unsaturation.
However, the partial structure 60(d) did not show any HMBC interactions. Buxus
alkaloids contain two methyl groups (C-30 and C-31) at C-4 which resonated as a
quaternary carbon. These literature data help to assign C-31 (δ 62.6) as being
bonded with C-4. Lastly, the C-2’ (δ 7.47) and C-6’ (δ 7.49) showed HMBC
interaction with the carbonyl carbon (δ 166.1) and the methoxy protons showed
HMBC interaction with C-3’ (δ 146.3). These HMBC interaction helped to connect
C-2’ with C-6’ to amidic carbonyl carbon through quaternary C-1’. The methoxy
protons showed NOE with the C-2’ suggesting it was substituted at ortho C-3’.
Important HMBC interactions are shown in Figure 2.10
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Figure 2.10. Important HMBC correlations of 60.

The NOESY spectrum revealed the α-orientation of H-3, H-5, H-17, H2-31 and
H3-32 as discussed for previously described compounds (56-59). H-10 showed an
NOE with H-8 suggesting its β-orientation. This spectrum revealed the
β-orientation of H-8, H-10, H3-18, H-20, and H3-30. Based on these spectral data,
structure of 60 was established for this new Buxus alkaloid and was named as
macowamine.
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Table 2.6.. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz respectively)
in CDCl3 for 60.
Macowamine (60)
Position
δC
Multiplicity †
δH (J in Hz)
1
22.1
CH2
1.67, m, 1.96, m
2
27.7
CH2
1.45, m, 1.73, m
3
69.2
CH
2.26, m
4
38.0
C
5
54.3
CH
1.16, m
6
20.9
CH2
1.53, m, 1.79, m
1.27, m, 2.30, m
7
30.8
CH2
8
39.8
CH
2.25, m
9
141.3
C
10
28.7
CH
1.19, m
11
120.2
CH
5.44,d (4.6)
12
37.4
CH2
1.84, m, 2.16, m
13
42.9*
C
14
47.2*
C
15
33.6
CH2
1.37, m
16
26.9
CH2
1.56, m, 1.90, m
17
49.0
CH
1.86, m
18
14.6
CH3
0.48, s
19
43.4
CH2
2.26, m, 2.48, m
20
61.8
CH
2.48, m
21
9.98
CH3
0.83, d (6.5)
30
17.7
CH3
0.98, s
31
62.6
CH2
4.42, d, 4.50, d (11.3)
32
NaCH3
Nb(CH3)2
N-C=O
OCH3
1’

18.5
34.3
41.3
166.1
55.9
122.2

CH3
CH3
CH3
C
CH3
C

0.80, s
2.58, s
2.23, s
3.91, s
-

2’

111.8

CH

7.47, d (1.7)

3’

146.3

C

-

4’
5’
6’

150.3
114.1
124.0

C
CH
CH

6.88, d (8.2)
7.49, dd (8.2, 1.7)

† Multiplicity as determined by APT spectrum. * Chemical shifts are interchangeable.
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2.2.6 Nb-Demethylpapillotrienine (61)
Nb-Demethylpapillotrienine (61) was isolated as a yellow amorphous solid. Its
UV spectrum showed maximum absorption at 289 nm indicating the presence of
9(1019) abeo triene system9. The IR spectrum displayed intense absorption
bands at 3335 (NH) and 2945 (CH) cm-1. The low-resolution electron impact mass
spectrum (LR-EI-MS) of 61 showed a molecular ion peak [M]+ at m/z 382. A
combination of MS and

13

C-NMR spectral data provided its molecular formula

C26H42N2. The molecular formula suggested the presence of seven degrees of
unsaturation in compound 61. Four of these degrees of unsaturation were due to
rings A, B, C, and D. The remaining three degrees of unsaturation were due to the
presence of three double bonds in rings A, B, and C.

(61)

The 1H-NMR spectrum (CDCl3, 400MHz) of 61 showed the resonances of
three three-proton singlets at δ 0.72, 0.76, 0.87, and 1.29 due to the C-32, C-18,
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C-31, and C-30 methyl protons, respectively. The C-21 methyl protons appeared
as a doublet at δ 1.38 (J = 6.4 Hz). Two three-proton singlets resonated at δ 2.62
and 2.75 were assigned to Nb- and Na-Me protons respectively. A one-proton
doublet at δ 5.58 (J = 10.0 Hz) and a one-proton broad singlet at δ 5.73 were
ascribed to the C-1 and C-11 olefinic protons respectively. A one-proton singlet
centered at δ 6.09 was assigned to the C-19 olefinic proton whereas a one-proton
broad doublet centered at δ 6.22 (J = 10.0 Hz) was ascribed to the C-2 methine
proton. These signals further supported the presence of a 9(1019) abeo diene
system conjugated with a ∆1-2 double bond in 61.

The 13C-NMR spectrum (CDCl3, 100 MHz) of 61 showed the resonances of 25
carbons and APT spectrum differentiated these signals as 7 methyl, 4 methylene,
9 methine, and 5 quaternary carbons. The HSQC spectrum of 61 was used to
establish 1H/13C one-bond correlation of all protonated carbons. Complete 1H and
13

C chemical shift assignments and HSQC data are presented in Table 2.7.

Important HMBC interactions are shown in Figure 2.11

72

Figure 2.11. Important HMBC correlations of 61.

The stereochemistry at all chiral centers was established with the aid of
NOESY spectrum. α-Stereochemistry was assigned to H-3, H-5, H-17, H2-31 and
H3-32 and β-stereochemistry was assigned H-8, H3-18, H-20, and H3-30 as
previously discussed for compound 57. The 1H-NMR,

13

C-NMR, MS, UV, and IR

spectral data of 61 matched nicely with those of Nb-demethylpapillotrienine
reported in the literature9. These led to the characterization of 61 as
Nb-demethylpapillotrienine9. This compound was previously isolated from the root
of B. papiilosa9.

73

Table 2.7. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz respectively)
in CDCl3 for 61.
Nb-Demethylpapillotrienine (61)
Position

δC

Multiplicity †

δH (J in Hz)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

118.3
139.2
68.1
38.2
49.5
26.2*
26.7*
49.5
131.9
138.3
133.5
38.0
44.1**
48.4**
33.1

CH
CH
CH
C
CH
CH2
CH2
CH
C
C
CH
CH2
C
C
CH2

5.58 d (10.0)
6.22, br, d (10.0)
3.32, m
2.09, m
1.72, m
2.18, m
2.09, m
5.73, br, s
2.07, m, 2.24, m
2.78, m

16
17
18
19
20
21

26.7
47.4
15.9
137.4
58.3
15.3

CH2
CH
CH3
CH
CH
CH3

2.18 m
2.16, m,
0.76, s
6.09, s
3.15, m
1.38, d (6.4)

30

25.0

CH3

1.29, s

31

14.3

CH2

0.87, s

32

17.2

CH3

0.72, s

NaCH3

33.2

CH3

2.75 s

NbCH3

28.4

CH3

2.62, s

† Multiplicity as determined by APT spectrum. *, ** Assignments are interchangeable.
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2.2.7 Moenjodaramine (62)
Moenjodaramine (62) was isolated as a yellow amorphous solid. Its UV
spectrum showed maximum absorptions at 246 and 238 nm indicating the
presence of 9(1019) abeo diene system8. The IR spectrum displayed intense
absorption bands at 2945 (CH) and 1244 (C-O) cm-1.

(62)

The 1H-NMR spectrum (CDCl3, 400MHz) of 62 showed the resonances of
three three-proton singlets at δ 0.69, 0.73, and 1.01 were due to the C-18, C-32,
and C-30 methyl protons respectively. The C-21 methyl protons appeared as a
doublet at δ 0.93 (J = 6.4 Hz). A three-proton singlet resonated at δ 2.08 was
assigned to the Na-Me protons while a six-proton singlet at δ 2.29 was assigned to
the N-N-dimethyl protons. A one-proton broad singlet at δ 5.53 and a one-proton
singlet at δ 5.96 were ascribed to the C-11 and C-19 olefinic protons respectively.
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These signals further supported the presence of a 9(1019) abeo diene system
in 62. A set of AB doublets, integrated for one proton each, resonated at δ 3.22
and 3.77 (J = 10.6 Hz) were assigned to the C-31 methylene protons while
another set of AB doublets, integrated for one proton each, resonated at δ 3.57
and 4.40 (J = 7.2 Hz) were assigned to the C-33 methylene protons. These
1

H-NMR spectral data were distinctly similar to the previously discussed

compound 57 containing tetrahydrooxazine moiety.

The 13C-NMR spectrum (CDCl3, 100 MHz) of 62 showed the resonances of 26
carbons and a combination of

13

C-NMR broad-band and DEPT spectral data

differentiated these signals as 6 methyl, 9 methylene, 7 methine, and 4
quaternary carbons. The HSQC spectrum of 62 was used to establish 1H/13C
one-bond correlation of all protonated carbons. Complete 1H and

13

C chemical

shift assignments and HSQC data are presented in Table 2.8. Important HMBC
interactions are shown in Figure 2.12.
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H
N

N
O

Figure 2.12. Important HMBC correlations of 62.

The 1H-NMR,
of

13

C-NMR, and IR spectral data of 62 matched nicely with those

moenjodaramine

reported

in

the

literature5,13,14.

These

led

to

the

characterization of 62 as moenjodaramine. This compound was previously
isolated from B. papiilosa13, B. hyrcana5, and B. hildebrandtii14.
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Table 2.8. 1H and 13C NMR Spectroscopic Data (400 and 100 MHz respectively)
in CDCl3 for 62.
Moenjodaramine (62)
Position

δC

Multiplicity †

δH (J in Hz)

1
2
3
4
5
6

39.1
25.3
71.1
39.2
48.4
28.8

CH2
CH2
CH
C
CH
CH2

2.22, m
1.20, m, 1.93, m
1.93, m
1.93, m
1.32, m, 1.83, m

7
8
9
10
11
12
13
14
15

25.9
49.5
134.9
138.1
128.9
38.4
43.5
43.5
33.0

CH2
CH
C
C
CH
CH2
C
C
CH2

1.80, m
2.03, m
5.53, br, s
1.97, m, 2.15, m
1.53, m

16
17
18
19
20
21

27.0
48.3
17.2
129.7
63.3
10.7

CH2
CH
CH3
CH
CH
CH3

1.91, m, 2.18, m
1.93, m,
0.69, s
5.96, s
3.19, m
0.93, d (6.4)

30

13.8

CH3

1.01, s

31

78.0

CH2

3.22, d, 3.77, d (10.6)

32

15.8

CH3

0.73, s

33

88.4

CH2

3.57, d ,4.40, d (7.2)

NaCH3

36.3

CH3

2.08, s

Nb(CH3)2

39.7

CH3

2.29, s

† Multiplicity as determined by DEPT spectrum
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2.2.8 Acetylcholinesterase Inhibitory Activity
Compounds 56, 57, and 61 were evaluated for their potential AChE inhibitory
activity and all of these compounds were active in the assay. The bioactivity
results are shown in Table 2.9. Compound 56 exhibited significantly higher AChE
inhibitory activity compared to compound 57 and 61.The higher potency of 56
might be due to the presence of the α-β unsaturated carbonyl functionality.
Compound 57 showed enhanced bioactivity over moenjodaramine (62) (50.8 µM)
as reported in the literature8. This enhanced activity might be due to the presence
of a hydroxyl group at C-16 in 57. Other compounds, 58-60, are being evaluated
by our collaborator Dr. Ilkay Orhan.

Table 2.9. AChE inhibition assay results for 56, 57, and 61. Activities reported as
IC50 (µM).
Compound
56
57
61
Galantamine

AChE IC50 (µM)
8.0
18.0
20.0
0.75
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2.3 EXPERIMENTAL
2.3.1 General
The UV spectra were recorded in methanol on a Shimadzu UV-2501 PC
spectrophotometer. IR spectra were acquired on a Varian 1000 FT-IR (Scimitar
Series) in methanol or dichloromethane. All 1D-NMR (1H, APT, and DEPT) and
2D-NMR (COSY-45o, HSQC, HMBC, NOESY, and TOCSY) spectra were
recorded on a

400 MHz Bruker Avance III

spectrometer.

Thin-layer

chromatography was performed on EMD silica gel 60 F254 pre-coated plates or
Macherey-Nagel ALUGRAM SIL G/UV254 pre-coated plates. Silica gel 60 (40-63
microns)

was

purchased

from

Caledon

and

was

used

for

column

chromatography. All solvents used in this research were of ACS reagent grade
and were purchased from Caledon. The NMR solvents were purchased from CDN
Isotopes. Anisaldehyde 98% and bismuth (III) nitrate were purchased from
Alfa-Aesar. Anisaldehyde and Dragendorff reagent were used to develop TLCs.
Handheld UV-lamp used was UVGL-58 254/365 nm to monitor TLCs.

2.3.2 Plant Material
The bark of B. macowanii was collected in September 2007 from Umtamvuna
Nature Reserve in South Africa in collaboration by Robert Gengan, Department of
Chemistry, Durban University, South Africa. The plant was identified by Mkhipheni
A Ngwenya, Scientific Officer, South Africa National Biodiversity Institute, South
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Africa. A voucher specimen (NH132295-0) was deposited in the South Africa
National Biodiversity Institute, Durban, South Africa.

2.3.3 Extraction and Isolation of Compounds 56-62
The bark of B. macowanii (9.6 kg) was dried and extracted with methanol for
three times at room temperature by Abin James, a PhD student at Durban
University of Technology in South Africa. The extract (1.4 kg) was shipped to the
Natural Product Chemistry Lab at University of Winnipeg. This crude extract
exhibited anti-AChE activity with an IC50 value of 30 µg/mL. This methanolic
extract was defatted by hexanes and was extracted with dichloromethane at pH
3.5 and pH 9.5.

The dichloromethane extract (112 g) obtained was loaded onto a silica gel
column (primary column) and was eluted with hexane-dichloromethane
(0%-100%) and dichloromethane-methanol (0%-100%). It afforded 252 fractions
which were pooled on the basis of similar Rf values on analytical TLCs. This
yielded 38 fractions.

Fraction BM45 (2.5 g) obtained on elution of the primary silica gel column was
loaded onto another silica gel column (secondary column). This column was
eluted with hexane-ethyl acetate (0%-100%) and followed by acetone-methanol
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(0% - 100%) and afforded a fraction BM45-116 (210 mg). This fraction was
subjected to preparative TLC using hexane-acetone-diethylamine (95:5:0.2) as
the mobile phase to purify 31-hydroxy-buxatrienone (56) (3.1 mg).

Fraction BM141 (3.7 g) obtained on elution of the primary silica gel column
was loaded onto another silica gel column (secondary column). This column was
eluted with hexane-acetone (0%-100%) and followed by acetone-methanol (0% 100%). BM141-103 (59 mg) was subjected to preparative TLC using
hexane-diethylamine (100:0.2) as the mobile phase to purify macowanioxazine
(57) (14 mg). BM141-190 (12.8 mg) was purified by preparative TLC using
hexane-diethylamine

(100:0.2)

as

mobile

phase

to

afford

Nb-demethylpapillotrienine (61) (9.7 mg). BM141-199 (300 mg) was subjected to
preparative TLC using ethyl acetate-acetone-diethylamine (80:20:0.2) to afford
macowamine (60) (22 mg).

Fraction BM89 (0.9 g) obtained on elution of the primary silica gel column was
loaded onto another silica gel column (secondary column). This column was
eluted

with

hexane-dichloromethane

(0%-100%)

and

followed

by

dichloromethane-methanol (0%-100%) and afforded a fraction BM89-246 (40
mg).

This

fraction

was

subjected

to preparative TLC

using

hexane-

dichloromethane-diethylamine (80:20:0.2) as the mobile phase to purify
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16α-hydroxymacowanitriene (58) (2.2 mg).

Fraction BM138 (25.5 g) obtained on elution of the primary silica gel column
was loaded onto another silica gel column (secondary column). This column was
eluted with hexane-acetone (0%-100%) and followed by acetone-methanol
(0%-100%) and afforded a fraction BM138-44 (138 mg). This fraction was
subjected to preparative TLC using hexane-acetone-diethylamine (90:10:0.1) as
the mobile phase to purify macowanitriene (59) (27 mg) and moenjodaramine (62)
(11 mg).

31-Hydroxybuxatrienone (56): white amorphous solid 3.1 mg; UV (MeOH) λmax
332 and 234 nm; IR (CH2Cl2): 3337, 2945 and 1653 cm-1; 1H-NMR (CDCl3, 400
MHz) and

13

C-NMR APT (CDCl3, 100 MHz), δ: see Table 2.2; HR-TOF-MS

[M++H] m/z 398.3004 (calcd. C26H39NO2, 397.2981).

Macowanioxazine (57): white amorphous solid 14 mg; UV (MeOH) λmax 246 and
236 nm; IR (CH2Cl2): 3276, 2946, and 1099 cm-1; 1H-NMR (CDCl3, 400 MHz) and
13

C-NMR APT (CDCl3, 100 MHz), δ: see Table 2.3; HR-TOF-MS [M++H] m/z

443.3566 (calcd. C28H46N2O2, 442.3559).
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16α-Hydroxymacowanitriene (58): white amorphous solid 2.2 mg; UV (MeOH)
λmax 289 nm; IR (CH2Cl2): 3554, 2927, and 1168 cm-1; 1H-NMR (CD3OD, 400
MHz) and

13

C-NMR APT (CD3OD, 100 MHz), δ: see Table 2.4; HR-TOF-MS

[M++H] m/z 441.3972 (calcd. C28H44N2O2, 440.3403).

Macowanitriene (59): yellow amorphous solid 27 mg; UV (MeOH) λmax 290 nm; IR
(CH2Cl2): 2957, 1662, and 1215 cm-1; 1H-NMR (CDCl3, 400 MHz) and

13

C-NMR

APT (CDCl3, 100 MHz), δ: see Table 2.5; HR-TOF-MS [M++H] m/z 425.3450
(calcd. C28H44N2O, 424.3467).

Macowamine (60): white amorphous solid 22 mg; UV (MeOH) λmax 218 nm; IR
(CH2Cl2): 3383, 2945, and 1702 cm-1; 1H-NMR (CDCl3, 400 MHz) and

13

C-NMR

APT (CDCl3, 100 MHz), δ: see Table 2.6; HR-TOF-MS [M++H] m/z 567.4105
(calcd. C35H54N2O4, 566.4084).

Nb-Demethylpapillotrienine (61): yellow amorphous solid 9.7 mg; UV (MeOH) λmax
289 nm; IR (CH2Cl2): 3335 and 2945 cm-1; 1H-NMR (CDCl3, 400 MHz) and
13

C-NMR APT (CDCl3, 100 MHz), δ: see Table 2.7; LR-EI-MS [M]+ m/z 382;

C26H42N2.
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Moenjodaramine (62): yellow amorphous solid 9.7 mg; UV (MeOH) λmax 246 and
238 nm; IR (CH2Cl2): 2945 and 1244 cm-1; 1H-NMR (CDCl3, 400 MHz) and
13

C-NMR APT (CDCl3, 100 MHz), δ: see Table 2.8.

2.3.4 Acetylcholinesterase Inhibition Assay
The method used for the AChE inhibitory assay was based on Ellman’s15
method with slight modifications. This assay measures the enzyme activity by
monitoring the formation of thiocholine-DTNB adduct resulting from the
conjugation of thiocholine with DTNB (5,5’-Dithio-bis-(2-nitrobenzoic Acid). The
resulting adduct has a distinct absorbance maximum at 406 nm. The percent
inhibition was calculated by (Ao – A1/Ao) x 100, where Ao denoted the absorbance
value of the blank and A1 denoted the average absorbance values of the test
compounds. The IC50 values were determined from the concentration - response
curve. Various concentrations of the test compounds were first incubated with the
enzyme (2.5 mU/mL) in 126 µL of 100 mM phosphate buffer (pH 8.0) along with
50 µL of 0.01 M DTNB at room temperature for 30 minutes. The formation of the
thiocholine-DTNB adduct was initiated by the addition of 20 µL of 0.075 M
acetylthiocholine. The formation of thiocholine-DTNB adduct was measured at
406 nm 3 minutes after the addition of acetylthiocholine.
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CHAPTER 3
Biotransformation Studies on Glycyrrhetinic Acid

3.1 INTRODUCTION
Biotransformation has become an important tool in the area of synthetic
organic chemistry and its application is continuously growing in pharmaceutical
and chemical industries1,2,3. It can provide a method of performing chemical
reactions on an inaccessible site of organic compounds in a regio- and
stereo-selective manner to generate derivatives that may be difficult to obtain by
traditional organic synthesis. Biotransformation can be defined as the chemical
modification of either natural or synthetic compounds by biological systems.
Enzymes present in these biological systems are responsible for performing such
chemical reactions. Biotransformation reactions can be divided into two classes
which include (i) pure enzyme-catalyzed reactions and (ii) microbial reactions.
Microbial reactions can be further classified into xenobiotic transformation and
analogue biosynthesis. The former transformation involves relatively low
substrate-specific but highly regiospecific enzyme systems that are often
characteristic of an individual organism. Typically, this transformation involves
one or two enzymatic steps. One example of a xenobiotic transformation is the
hydroxylations of steroids4. In analogue biosynthetic biotransformations, the
substrate is an analogue of a biosynthetic intermediate and relies on the existing
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biosynthetic pathways of an organism which involves a series of steps5. This type
of biotransformation has posed positive impact in biosynthetic studies; e.g.
biosynthesis of penicillin6. Some common biotransformation reactions include
hydroxylations, hydrolysis, oxidations, reductions, additions and eliminations7,8.

Over the past two decades, great interest has been drawn to the
biotransformation of terpenes. Terpenes are secondary metabolites of plants and
are good precursors for synthesis of industrially or medically important
compounds. Simple terpenes, such as mono- and sesqui-terpenes, are the major
constituents of essentials oils used in the fragrance and flavor industry.
Biotransformation allows the production of regio- and enantio-specific terpenes
under mild conditions which is crucial for these industries. Moreover, the resulting
compounds can still be legally labeled as ‘natural’3,10. Similarly, some di- and
tri-terpenes, present in plant gums and resins, possess pharmacological activities
including anti-viral, anti-bacterial, and cytotoxic properties. The biotransformation
of bioactive compounds may produce molecules with improved pharmacological
properties which will enrich the chemical entity library and ideally enable their
application as pharmaceuticals3. For instance, the aglycone of ginsenosides,
20(S)-protopanaxatriol (63) has shown cytotoxicity towards HL-60 cell lines
(human leukemia cells) with an IC50 of 16.0 µM10. Interestingly, its
biotransformation by the fungus Mucor spinosus (AS 3. 3450) afforded four new
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metabolites, 12-oxo-15α-hydroxyl-20(S)-protopanaxatriol (64), 27-hydroxyl-20(S)protopanaxatriol (65), 12-oxo-26-hydroxyl-20(S)-protopanaxatriol (66), and
12-oxo-27-hydroxyl-20(S)-protopanaxatriol (67). Compounds 64-67 showed
cyctotoxicity against HL-60 cell lines with IC50 values of 15.0, 12.3, 10.8, and 16.3
µM, respectively (Figure 3.1)10. Compounds 64, 65, and 66 were found to be
more potent compared to the parent compound 63.
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Figure 3.1 Novel metabolites of 63 produced by Mucor spinosus.

3.1.1 ADVANTAGES OF BIOTRANSFORMATION
Biotransformation is considered economically and ecologically competitive in
the search for new chemical entites for the pharmaceutical and chemical
industries11. This approach to structural modification is growing because the
reaction conditions are mild with respect to temperature, pressure, and pH. Also,
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the waste produced is less toxic and less costly to dispose. Furthermore,
protection of other reactive functional groups generally is not necessary since
enzymatic reactions are highly stereoselective and regioselective. Lastly,
enzymes can perform a wide range of reactions and allow reactions at inactivated
sites of substrate which are difficult or impossible to achieve by traditional
chemical synthetic methodology3,7,11,12.

3.1.2 CHOICE OF BIOLOGICAL SYSTEMS
Biotransformations of terpenes are usually carried out by whole cells of
bacteria, cyanobacteria, yeasts, microalgae, fungi, and plants or isolated
enzymes13. According to de Carvalho and Fonseca13, nearly two-thirds of the
papers published on the biotransformation of terpenes between 1995 and 2005
are based on whole-cell transformations, with the majority of studies on bacterial
and fungal transformations, while isolated enzymatic transformations are only
responsible for 7% of the publications.

These two approaches have advantages and disadvantages. First of all,
whole

cell

transformations

are

economical

as

purifying

enzymes

is

time-consuming and expensive. Secondly, whole cells provide protection to
enzymes from shear forces, which might extend enzymes’ activity half-life.
However, removal of a membrane-bound enzyme from a cell might result in loss
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of activity. On the other hand, the cell membrane of an intact cell might prevent
substrate or product permeation. In such cases, isolated enzyme transformation
may be advantageous. Thirdly, recycling of enzymes and co-factors are possible
in whole cells while co-factors may have to be supplied in isolated enzyme
transformation if needed. In addition, side reactions within a cell might interfere
with the desired products while an isolated enzymes transformation is highly
specific for desired reactions. Finally, co-solvents used to dissolve the substrate
can disrupt membrane bound enzymes or even be lethal to microorganisms.
Conversely, isolated enzymes are more tolerant to co-solvents. Lastly, isolated
enzyme transformation has a higher productivity and easier workup compared
with whole cell transformation1,7,12.

3.1.3 Roles of Fungal Biotransformation in Drug Metabolism
3.1.3.1 Fungal Transformation
In the field of steroid biotransformation, fungal hydroxylation has been
extensively studied. The first application of fungal transformation of a steroid was
demonstrated by Murray and Peterson in 1950 when progesterone (68) was
metabolized by Rhizopus arrhizus into its 11α-hydroxy derivative (69) in high yield
(Figure 3.2) 4. This biotransformation inspired researchers to explore the use of
fungi for hydroxylation reactions and to utilize fungi as models for drug
metabolism14.
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Figure 3.2 Rhizopus arrhizus hydrolyzed progesterone at C-11.

Among filamentous fungi, the genus Cunninghamella (comprised of fourteen
known species thus far) has been found to be capable of metabolizing xenobiotics
in a regio- and stereo-selective manner. These fungal transformations are similar
to those performed by mammalian enzyme systems. To date, over ninety different
drugs have been metabolized by these species14.

3.1.3.2 Drug Metabolism
Extensive studies are required to evaluate a drug’s efficacy and safety before
it can be approved for use in humans. One of the studies is to elucidate the fate of
a drug. The metabolism of a drug could be a ‘detoxification’ reaction leading to a
more polar/water soluble substance which could be easily excreted in the urine or
bile of an organism, or an ‘activation’ reaction which could result in a more active
substance or toxic metabolite. In the study of drug metabolism, ‘detoxification’ is
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involved. It follows two types of transformations, namely functionalization and
conjugation reactions. Functionalization refers to the alternation of functional
groups that includes oxidation, reduction, and hydrolysis reactions. Conjugation
reactions involve the conjugation of the functionalized metabolites or the drug
itself with endogenous substances for excretion8,14.

Functionalization can be achieved by the cytochrome P450 enzymes. These
enzymes are found in both fungi and mammals. In mammals, these enzymes are
found predominantly in the liver, as well as the intestines, lungs, and other organs.
Traditionally, in vivo drug metabolism studies are carried out in whole animal
models including rats, guinea pigs, and rabbits. This method is limited due to the
cost of animals and their maintenance, as well as poor yields, and ethical issues.
The use of fungi, however, overcomes these limitations8,12,14.

3.1.3.3 Cytochrome P450 Enzyme System
Cytochrome P450 enzymes are heme-type multicomponent enzymes which
can be found in prokaryotes and eukaryotes4. Fungal cytochrome P450 enzymes
are membrane-bound and are found in the endoplasmic reticulum of eukaryotes.
These enzymes are divided into four classes depending on how electrons are
transferred to the heme center; for example, NAD(P)H to FAD. However, it is
believed that all cytochrome P450 enzymes follow one common catalytic
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mechanism4.

3.2 GLYCYRRHETINIC ACID AND ITS BIOTRANSFORMED PRODUCTS
3.2.1 Introduction to the Genus Glycyrrhiza
Licorice is the root and rhizome of the Glycyrrhiza plant and has been used as
herbal medicine since ancient Egyptian times15. It was classified as the superior
class of drugs in the first century in China. Application of licorice was also
recorded in ancient Greece, Rome, and most parts of Asia15. These plants are
widely distributed over the dry region of the Eurasian continent, and seven
species from this genus are reported to produce medical and sweetening
agents15.

3.2.2 Glycyrrhizin and Glycyrrhetinic Acid
It was found that the major active ingredient in licorice extracts is the
triterpenoid saponin glycyrrhizin, (3β, 20β)-20-carboxy-11-oxo-30-norolean
-12-en-3-yl-2-O-β-D-glucopyranuronosyl-D-glucopyranosiduronic acid (GL, 70),
which accounts for 6–14% of its content. GL is comprised of one molecule of
glycyrrhetinic acid (GA, 71) and two molecules of glucuronic acid. It has been
marketed for treatment of chronic hepatitis, allergies, and inflammation16. In folk
medicines, licorice has been used as a laxative, emmenagogue, contraceptive,
galactagogue, anti-asthmatic, and anti-viral agent16. However, studies have
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shown prolonged usage and higher dosage of GL results in side effects such as
mineralocorticoid effects, hypertension, paraparesis, and quadriplegia etc17.

(70)

(71)

When orally ingested, GL is transformed to its active metabolite glycyrrhetinic
acid, GA (3β-hydroxy-11-oxo-olean-12-en-30-oic acid) in the intestine by bacterial
hydrolysis16. The bioactivity of the aglycon GA is found to be stronger than GL. In
a study of hepatoprotection in rats, pre-treating the rats with GA (10 mg/kg/day)
for three consecutive days produced a hepatoprotective effect against
retrorsine-induced damage18. Its counterpart GL, on the other hand, required a
twenty times higher dosage. A lower dosage of GA might lessen the side effects
caused by prolonged and high dosage of GL. Naturally, GA has become a
potential lead compound and interest has been drawn to chemical19,20 and
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biological21,22 syntheses of its derivatives in search of more potent drug leads.

3.2.2.1 Biotransformed Glycyrrhetinic Acid Derivatives
Literature research on biotransformation on GA between 1990 and 2011 has
found thirteen fungal transformed products, 72-84, which are shown in Figure 3.3.
Hydroxylations occurred at various unactivated carbon centers. Fungal strains
used in these microbial reactions include Absidia pseudoclinderospora,
Cunninghamella blakesleeana, C. echinulata, C. elegans, Fusarium lini,
Gliocladium virade, Mucor polymorphosporus, M. spinosus, and Sphingomonas
paucimobilis strain G521,22,23,24,25,26. Plant cultures, Panax ginseng27, Coffea
arabica, and Eucalypus perriniana28 also afforded nine transformed products. All
of these products are associated with sugars.
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Figure 3.3 Fungal metabolites of GA reported from 1990 to 2011.

99

3.3 RESULTS AND DISCUSSION
The screening biotransformation experiment was performed by incubating GA
in liquid cultures of Cunninghamella bainieri (ATCC 9244), Cunninghamella
blakesleena (ATCC 9245 and 8688A), Curvularia lunata (ATCC 12017),
Penicillum chrysogeneum (ATCC 9480), Penicillum crustosum (ATCC 90174)
and Fusarium sp. These microbial reactions were monitored on TLCs which
revealed the presence of biotransformed products. The Cunninghamella species
(C. blakesleeana21, C. echinulata22, and C. elegans23) are known to metabolize
GA in the literature and most of the biotransformed products appeared to have the
same Rf values. These observations led to a scale-up biotransformation
experiment using Curvularia lunata as no biotransformation of GA with this fungus
was reported in the literature.

A scale-up experiment was performed on C. lunata, and the resulting extract
was purified by column chromatography to afford 390 fractions. These fractions
were further purified by preparative TLCs to afford one potential biotransformed
product

(2.5

mg).

The

biotransformed

product

was

identified

as

3-oxo-glycyrrhetinic acid (85) with the aid of spectroscopic studies.

The 1H-NMR spectrum (CDCl3, 400 MHz) of 85 was very similar to that of the
substrate GA. However, the H-3 of GA resonating at δ 3.23 disappeared in the
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1

H-NMR spectrum of 85. Additionally, the H-1 (δ 1.41 and δ 2.97) and H-2 (δ 2.34

and δ 2.63) of 85 resonated downfield. 1H-NMR spectral data suggested the
hydroxyl group on C-3 had been oxidized to keto group.

The

13

C-NMR APT spectrum (CDCl3, 100 MHz) of 85 displayed the

resonances for 30 carbons. This spectrum did not show the resonance of C-3 at δ
78.8. The signal recorded at δ 217.2 further confirmed the oxidation of C-3/OH to
C-3/C=O group. Chemical assignment of 85 was aided with HMBC and HSQC
spectral data. Complete 1H and

13

C NMR chemical shift assignments of 85 are

presented in Table 3.1. By comparing these assignments to literature data22, 85
was characterized as 3-oxo-glycyrrhetinic acid. This oxidized product was also
obtained from the microbial reaction of GA by Aspergillus niger29, A. oryzae29, A.
sojae29, A. tamariI29, Fusarium lini23, and Gliocladium viride22. Lastly, 85 showed
significantly enhanced cytotoxic activity against NTUB1 cells (human bladder
cancer cell line) with an IC50 value of 18.8 µM (GA, 27.3 µM)30.

(85)
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The result indicated the fungus C. lunata was capable of metabolizing GA to
its 3-oxo derivative, 85. Although this derivative can be synthesized chemically
with high yield19, biotransformation provides an alternative for this kind of
oxidation.
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Table 3.1. 1H and 13C NMR Spectroscopic data (400 and 100 MHz
respectively) in CDCl3 for GA and 85.

GA
Position

δC

Multiplicit
y
†

1

39.1

CH2

2

27.2

3
4

85
δC

Multiplicit
y
†

0.95, m,
2.75,d
(12.9)

39.7

CH2

CH2

1.61, m

34.2

CH2

78.9
39.1

CH
C

217.2
47.8

C
C

5

54.9

CH

55.4

CH

1.30, m

6

17.5

CH2

18.8

CH2

1.55, m

7

32.8

CH2

32.1

CH2

8

43.2

C

3.23, m
0.68, d
(11.0)
1.41, m
1.56, m
1.38, m
1.63, m
-

2.34, m,
2.63, m
-

43.8

C

1.47, m
1.70, m
-

9

61.8

CH

2.33, s

61.0

CH

2.44, s

10
11

37.0
200.5

C
C

36.7
199.6

C
C

12

128.5

CH

128.5

CH

13

169.5

C

169.6

C

-

14

45.5

C

43.3

C

-

15

26.4

CH2

29.7

CH2

16

26.5

CH2

26.5

CH2

17

31.9

C

31.9

C

18

48.2

CH

48.2

CH

19

41.0

CH2

40.9

CH2

20

43.8

C

43.7

C

δH
(J in Hz)

5.67, s
1.99, m
1.89, m
1.00, s
1.16, s
2.16, dd
(13.4,3.3)
1.59, m
1.90, m
-

δH
(J in Hz)
1.41, m,
2.97, m

5.70, s

1.26, s
1.85, m
2.02, m
2.20, dd
(13.6,4.4)
1.63, s
1.93, m
-
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1.35, s
2.00, m

21

30.9

CH2

1.31, m
1.97, m

22

37.2

CH2

1.38, m

37.7

CH2

1.26, s
1.42, m

23

28.6

CH3

0.81, s

26.3

CH3

1.10, s

24

15.6

CH3

0.79, s

21.4

CH3

1.07, s

25

16.4

CH3

1.12, s

15.7

CH3

1.27, s

26

18.7

CH3

1.11, s

18.5

CH3

1.17, s

27

23.4

CH3

1.35, s

23.3

CH3

1.38, s

28

28.1

CH3

0.99, s

28.5

CH3

0.85, s

29

28.5

CH3

1.19, s

28.4

CH3

1.23, s

30

181.8

C

180.4

C

-

30.9

CH2

-

† Multiplicity as determined by APT spectrum
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3.4 EXPERIMENTAL
3.4.1 General
Experimental condition for chromatography and spectroscopy was the same
as those described in Chapter 2 (section 2.3.1). GA was purchased from Indofine.
Biotransformation experiment was done in the Biology Department at the
University of Winnipeg.

3.4.2 Microorganisms
The following fungi were purchased from the American Type Culture
Collection (ATCC): Cunninghamella bainieri (ATCC 9244), C. blakesleena (ATCC
9245 and 8688A), Curvularia lunata (ATCC 12017), Penicillum chrysogeneum
(ATCC 9480), and P. crustosum (ATCC 90174). Fusarium sp. All fungi were
maintained on potato dextrose agar (PDA) and were stored at 4oC in the Biology
Department at the University of Winnipeg. All fungi were actively maintained on
PDA monthly.

3.4.3 Broth Media
The soy broth medium was prepared by mixing dextrose (20 g/L), yeast
extract (5 g/L), sodium chloride (5 g/L), potassium hydrogen phosphate (5 g/L),
and soy flour (5 g/L) for every liter of double distilled water. The medium was
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adjusted to pH 7.0 by adding either hydrochloric acid (3 N or 1 N) or sodium
hydroxide (3 N or 1 N) prior to autoclaving.

3.4.4 Analytical Screening Experiment – Incubation Procedure
To determine the ability of fungi to metabolize GA, an analytical screening
experiment was performed. In this preliminary screening experiment, seven
strains of fungi were used, namely, C. bainieri (ATCC 9244), C. blakesleena
(ATCC 9245 and 8688A), C. lunata (ATCC 12017), P. chrysogeneum (ATCC
9480), P. crustosum (ATCC 90174), and Fusarium sp. were used.

The screening experiment was performed by using a two-stage fermentation
procedure. Stage I is liquid culture preparation. This liquid culture was prepared
by adding approximately 2.25 cm2 fungal stock culture to 100 mL of sterile broth in
a 250 mL Erlenmeyer flask, which was then being incubated at 310C on a shaker
rotating at 130 RPM for 48 hours. In stage II, 3 mL of the broth from Stage I was
added 100 mL of fresh sterile broth. The resulting broth was incubated under the
same condition as in Stage I for 48 hours to ensure sufficient biomass. Next, 5 mg
of the GA dissolved in ethanol was incubated with these liquid cultures of
aforementioned fungi. These broths were then incubated for 10 days under the
same condition.
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Along with these biotransformation experiments, a culture control and a
substrate control were also used. A culture control contained only broth and
fungus culture to ensure proper fungal growth under identical conditions without
the presence of the substrate. A substrate control contained only broth and
substrate to show the stability of the substrate throughout the incubation period.
Microbial reaction was monitor by TLCs.

3.4.5 Preparative Screening Experiment - Extraction Procedure and
Products Analysis
The contents of all flasks, including controls, were gravity filtered to remove
microorganisms. The filtered culture media were then extracted with 100%
dichloromethane three times. These crude extracts were first dried by anhydrous
magnesium sulfate. Solvent was evaporated under reduced pressure.

These crude extracts obtained were subjected to analytical TLC using
hexane- ethyl acetate- acetic acid (60:40:0.2) as mobile phase. The developed
TLC plates were then sprayed with anisaldehyde to reveal the presence of the
biotransformed products. The Rf values of biotransformed products were found to
be different compared to GA. The analytical TLC of biotransformed products
revealed that all of the test fungi metabolized GA.
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3.4.6 Scale-up Experiment – Incubation Procedure
The analytical TLC result from the screening experiment confirmed that all
tested fungi were capable of metabolizing the substrate. A scale-up experiment
was performed using C. lunata (ATCC 12017) as a biocatalyst. The scale-up
experiment procedure was carried out the same way as the screening experiment
except only one kind of fungus C. lunata was inoculated to 18 flasks of broth along
with 22.2 mg of substrate per flask in order to obtain more metabolized products.

3.4.7 Scale-up Experiment – Extraction and Separation
The 18 flasks and the two controls (culture control and substrate control) were
extracted as described in Section 3.4.5. The products from the 18 flasks were
pooled and dried under reduced pressure. This light-brown extraction product
(313 mg) was loaded onto a silica gel column for purification. The column was
eluted with a mixture of hexane-ethyl acetate (0% -100%) followed by ethyl
acetate-methanol (0%-100%) and afforded 390 fractions. These fractions were
pooled based on the same Rf values on analytical TLCs. These pooled fractions
were further purified by preparative TLCs. The culture control showed no
anisaldehyde-active spot while the substrate control showed one major
anisaldehyde-active spot. This spot had the same Rf value as the original
substrate.
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3.4.8 Isolation of Biotransformation Products
3.4.8.1 3-oxo-glycyrrhetinic acid (85)
The crude extract (22 mg) was further purified by preparative TLC using
hexane-ethyl acetate-acetic acid (60:40:0.2) as developing solvent. This
anisaldehyde-active band was being extracted first with 100% ethyl acetate and
then with a mixture of ethyl acetate and methanol (50:50:0.2) to afford 85 (2.5
mg).

3-oxo-glycyrrhetinic acid (85): white amorphous solid, 2.5 mg; UV (MeOH) λmax
249 nm; IR (CH2Cl2): 2930, 1730, and 1703 cm-1; 1H-NMR (CDCl3, 400 MHz) and
13

C-NMR APT (CDCl3, 100 MHz), δ: see Table 3.1.
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CONCLUSION
In conclusion, phytochemical studies on the bark extract of B. macowanii
resulted in the isolation of five new alkaloids, 31-hydroxybuxatrienone (56),
macowanioxazine (57), 16α-hydroxymacowanitriene (58), macowanitriene (59),
macowamine (60), and two known Buxus bases, Nb-demethylpapillotrienine (61)
and moenjodaramine (62). Compound 56, 58, and 59 contain the 9(1019) abeo
triene skeleton of which only three Buxus alkaloids of this class have been
reported in the literature thus far. These structures suggest that this plant is a
source of ∆1,2 9(1019) abeo triene containing alkaloids. All of these compounds
may be produced in nature from 9(1019) abeo diene alkaloids containing a
hydroxyl group at C-2. The enzymatic dehydration reaction at C-1 and C-2 might
give rise to ∆1,2 9(1019) abeo triene system. A number of Buxus alkaloids
containing C-2 hydroxyl groups are reported in the literature. Additionally, these
plants also show the presence of tetrahydrooxazine containing alkaloids. It would
be interesting to investigate the biosynthetic origin of tetrahydrooxazine ring in
these alkaloids as there are no reports on the biosynthesis of this ring as well as
Buxus alkaloids in the literature. Furthermore, compound 56 displayed significant
activity in the AChE inhibitory assay (IC50 = 8.0 µM). Other isolated Buxus
alkaloids are being evaluated for their AChE inhibitory activity potentials.
Compound 56 has shown significant AChE inhibiting activity. Therefore,
113

structure-activity relationship studies on 56 are warranted in order to improve its
bioactivity.
In the fungal transformation experiment, Curvularia lunata (ATCC 12017)
was found to be capable of metabolizing glycyrrhetinic acid (71) into
3-oxo-glycyrrhetinic acid (85).
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A1. 1H-NMR spectrum of 56 in CDCl3.

APPENDIX
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A2. 1H-NMR spectrum of 56 in acetone-d6.
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A3. COSY-45o NMR spectrum of 56 in CDCl3.
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A4. TOCSY NMR spectrum of 56 in CDCl3.
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A5. 13C-NMR APT spectrum of 56 in CDCl3.
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A6. HSQC NMR spectrum of 56 in CDCl3.
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A7. HMBC NMR spectrum of 56 in CDCl3.
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A8. NOESY NMR spectrum of 56 in CDCl3.

123

A9. 1H-NMR spectrum of 57 in CDCl3.
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A10. COSY-45o NMR spectrum of 57 in CDCl3.
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A11. TOCSY NMR spectrum of 57 in CDCl3.
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A12. 13C-NMR APT spectrum of 57 in CDCl3.
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A13. HSQC NMR spectrum of 57 in CDCl3.
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A14. HMBC NMR spectrum of 57 in CDCl3.
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A15. NOESY NMR spectrum of 57 in CDCl3.

130

A16. 1H-NMR spectrum of 58 in CD3OD.
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A17. COSY-45o NMR spectrum of 58 in CD3OD.
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A18. TOCSY NMR spectrum of 58 in CD3OD.
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A19. 13C-NMR APT spectrum of 58 in CD3OD.
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A20. HSQC NMR spectrum of 58 in CD3OD.
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A21. HMBC NMR spectrum of 58 in CD3OD.
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A22. NOESY NMR spectrum of 58 in CD3OD.
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A23. 1H-NMR spectrum of 59 in CDCl3.
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A24. COSY-45o NMR spectrum of 59 in CDCl3.
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A25. TOCSY NMR spectrum of 59 in CDCl3.

140

A26. 13C-NMR spectrum of 59 in CDCl3.

141

A27. DEPT-135 NMR spectrum of 59 in CDCl3.

142

A28. HSQC NMR spectrum of 59 in CDCl3.

143

A29. HMBC NMR spectrum of 59 in CDCl3.

144

A30. NOESY NMR spectrum of 59 in CDCl3.

145

A31. 1H-NMR spectrum of 60 in CDCl3.

146

A32. COSY-45o NMR spectrum of 60 in CDCl3.

147

A33. TOCSY NMR spectrum of 60 in CDCl3.
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A34. 13C-NMR APT spectrum of 60 in CDCl3.

149

A35. HSQC NMR spectrum of 60 in CDCl3.

150

A36. HMBC NMR spectrum of 60 in CDCl3.
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A37. NOESY NMR spectrum of 60 in CDCl3.
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A38. 1H-NMR spectrum of 61 in CDCl3.

153

A39. COSY-45o NMR spectrum of 61 in CDCl3.
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A40. TOCSY NMR spectrum of 61 in CDCl3.
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A41. 13C-NMR APT spectrum of 61 in CDCl3.
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A42. HSQC NMR spectrum of 61 in CDCl3.

157

A43. HMBC NMR spectrum of 61 in CDCl3.

158

A44. NOESY NMR spectrum of 61 in CDCl3.

159

A45. 1H-NMR spectrum of 62 in CDCl3.

160

A46. COSY-45o NMR spectrum of 62 in CDCl3.

161

A47. TOCSY NMR spectrum of 62 in CDCl3.

162

A48. 13C-NMR spectrum of 62 in CDCl3.

163

A49. DEPT-135 NMR spectrum of 62 in CDCl3.

164

A50. HSQC NMR spectrum of 62 in CDCl3.

165

A51. HMBC NMR spectrum of 62 in CDCl3.

166

A52. NOESY NMR spectrum of 62 in CDCl3.
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A53. 1H-NMR spectrum of 71 in CDCl3.
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A54. 13C-NMR APT spectrum of 71 in CDCl3.

169

A55. HSQC NMR spectrum of 71 in CDCl3.

170

A56. HMBC NMR spectrum of 71 in CDCl3.

171

A57. 1H-NMR spectrum of 85 in CDCl3.

172

A58. 13C-NMR APT spectrum of 85 in CDCl3.

173

A59. HSQC NMR spectrum of 85 in CDCl3.

174

A60. HMBC NMR spectrum of 85 in CDCl3.

