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Abstract:

For this thesis, two ethnopharmacorogicalry important prants, sphaeranthus

índícus and Buxus hyrcana were phytochemically investigated and their chemicar

constituents tested for antibacteriar activity using the Minimum Inhibitory

Concentration (MIC) procedure.

Biotransformation experiments on three naturar products, scrareor (rr0),
sclareolide (111), and colchicine (112), were also carried out.

A summary of the findings of this research work is described berow:

1) 7o-hydroxyfru'anolide (54),7a-hydroxyeudesmanoride(56),and

dihydrocholesteror (70) were isorated from the sphaeranthus indicusextract.

synthetic modification of 54 resurted in the semi-synthesis of 4,5_epoxy_7o,_

hydroxyfrullanolide (71), which was generated to examine the structure Activity
Relationship (sAR) of 54. The MIC results indicated that 54 possess strong

antibacterial activity (Gram-positive), while 56 and Tlhadprogressively decreasing

activity. Compound 70 didnot possess any activity.

2) N¿-dimethylcycroxobuxoviricine (ss) and Buxamine B (99) were
isolated from the Buxus hyrcanaextract. The MIC resurts indicated that both

compounds possess no antibacterial activity.

3) The scrareoride - penic,rium crustosum (ATCC#*0147)

biotransformation resurted in the isoration of 3-ketoscrareoride (13r) and 3B_



hydroxysclareolide (132). Tyrosol (151), a fungal natural product from candída

albicans (ATCC#90028), was isolated during the sclareolide - Candída albicans

biotransformation experiment. MIC testing indicated that l5l possessed intermediate

antibacterial activity (Gram-positive), whereas r31 and r32 did not.
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Chapterl.0 Introduction

1.1 The Origin of Natural products

Natural products can be defined as secondary metabolites, that is to say

metabolites that are not the result of primary metaborism, such as amino acids,

saccharides, and fats, which are essential for fi.rnctioning and are found in all

organisms' Instead, these metabolites are produced through altemative biochemical

pathways þolyketide, shikimic, etc.) and can be genus- or species-specific. Although

the presence of these compounds is not vital to the functioning of the organism (as

evidenced by the production of non-expressing mutants), these products can greatry

aid in the ecological survival of the relevant species. This can be accomplished in
several ways' such as providing various toxic defenses against predators, attraction of
mates, luring prey, mutuaristic attraction (eg. polrination), and so on.

The reason why natural products exist at all can be explained when evolution,

or rather coevolution, is examined'l one organism's genotype produces variations on

proteins as a result of mutation, and eventually this may resurt in a new.,gene

product" (possibly an enzyme or receptor). If this imparts an advantage to this

organism which competes with other populations, it would seem logical that from

these other populations a compound that binds to, and acts against, this protein

þossibly an enzyme or receptor) may be produced, i.e. self-defense.r

If the natural product functions in successfirlly sabotaging this protein, it will
¡esult in more expressing organisms when the organism reproduces. In this case,

genetic changes for expression of the relevant gene(s) or increasing an enzyme,s

efficiency are selected for over time. The former choice is more common.rHowever,



convergent evolution has been proven to occur also.l This line of reasoning can also

explain the specificity of a natural product (often to the genus or species) since every

species encounters different environmental factors.

Thus it can be said that the natural products that survive are inherently able to

penetrate biological barriers, bind to their biological target, and exert their effect with

remarkable specificity. This has been described as "existing biological validation,, or

chemical relevance.2

This scenario involving natural selection can be referred to as ,,microbial

warfare".2 It provides a splendid example of why treatment involving natural product

administration is tremendously effective against infectious diseases.

There is a bit of controversy concerning natural products as to the

effectiveness of secondary metabolites when the issue of therapeutic use against other

diseases arises. This is a matter of practicality. This is particularly relevant in cases

when the biological activities being sought are against ailments with which the host

organism would not be susceptible. An example of this would be investigating

phytochemicals for compounds treating schizophrenia, Diabetes mellitus, or

Alzheimer's disease. This is a logical question to ask. Why would such a naturai

product be useful for a molecular target of a human disease? After all, why should it?

The organism did not encounter such an obstacle during its evolution.

Although this may be the case, it is important to take into consideration that

there is great conservatism in nature regarding proteins, especially the structures of

their domains' Many of the same errzymes that exist in humans exist in other animals



þarticularly mammals), hence the rationale for the use of animal models (and more

recently animal cell lines) for the study of disease. Even fungi, possess the same (or

slightly altered) enzymes such as P¿so oxidases.

Thus, it is quite probable that some natural product, through coevolution, has

been produced to act against a protein that is remarkably similar to the one relevant to

a human disease.

1.2 InvestigatingNaturalProducts

The question, then, is which organisms should be investigated? A random or

systematic selection would likely result in the same compounds being isolated

multiple times. It would not yield the novel structures that are a characteristic of this

type ofresearch.

often, interesting natural products can be discovered by examining the

chemistry of organisms that are the last remaining of their kind ("living fossils").2

Perhaps a chemical compound is responsible for facilitating the survival of these

species, while their non-expressing relatives have become extinct. An example

relating to this hypothesis is Ginkgo biloba.3

Another valuable starting point for choosing an organism (especially plants) to

investigate chemically is to consider if there are any ethnopharmacological ("folklore

medicine") data concerning its use. Within some cultures, particularly those of

Southeast Asia (China and India being major contributors), these systems of

therapeutic medicine are vastly complex and may involve a multitude of different

agents, of which the great majority are plants, but which may also include insects, and



even medicinal agents from higher animals, such as Cod liver oil, etc. Interpreting

these data can result in more efficient screening of initial samples; testing for

antibacterial activity in plants that have reported use in tonics for aiding wound

healing, testing anti-inflammatory activity in plants that are used for this purpose, etc.

1.3 The Importance of Natural products

The doubling of the average human's life span that occurred during the

twentieth century is mainly due to the use of secondary metabolites. They have been

used to reduce pain and suffering, and revolutionized medicine by allowing for the

transplantation of organs' Almost half of the best selling pharmaceutical agents are

secondary metabolites produced by microbial or plant products, or are closely related

to them.a Despite the pharmaceutical industry today being a multi-billion dollar

industry, there is no doubt that we have only begun to scratch the surface of the

potential for natural products. Slightly less than 50 000 natural products have been

identif,red, but the total number has been estimated at hundreds of thousands.l

In the case of antibiotics, there are three basic approaches used in isolating

new metabolites: 1) direct isolation from marine and soil microorganisms; 2)

production of higher-yield mutants by genetic modification; and 3) use of metabolic

pathway inhibitors to prevent downstream metabolite formation. The direct detection

from natural sources (1) has proven to be much more successful for the discovery of

novel, lead therapeutic compounds.5

Natural product chemistry focuses on the isolation of secondary metabolites,

the characterization of their structures, analysis of their biological activities, and the



semi-synthesis (derivatization) or total synthesis of these compounds, often for

potential medicinal impact.

1.4 The Rise and x'all and Rise Again of Natural products

A suitable place to begin an abridged history of natural products (with special

emphasis on antibiotics) would be the mid-19th century. It was during this time that

many potent natural producrs including morphine (1g04) (1), aspirin (lg2s) (2),

atropine (1831) (3), cocaine (1855) (a) and others were discovered. However, this

period ofresearch rose and fell.

n"'-T-)/O "^-fi.,o

(1) (4t

x'igure 1: Structures of morphine (1), aspirin (2), atropine (3), and cocaine (4)

It was not until 1929 that Alexander Fleming published an unheard of

observation, a yellow colony of unidentified Penicillium resulted in inhibition and

lysis of a bacterial culfure of Staphytococcus oureus . 
o' 6' t Its active agent was

isolated from the later identified Penicillium notatum and,named penicillin, penicillin

G (5) to be precise. This was the f,rrst successful antibiotic, a chemotherapeutic agent

produced by a microbe. The term "antibiotic" was coined by Waksman, another

extremely important scientist responsible for the discovery of streptomycin.s It was

not until much later, in 1940,that isolation of stable penicilline, and subsequent

oYot

0-"Y'*

(3)(21



production was successful.4 This was the beginning of the "Antibiotic era". Today,

these compounds are ubiquitous and it is diffîcult to imagine a world without them.

Despite its tremendous therapeutic ability (which lead to it and other

penicillins being called "wonder drugs"), penicillin G has several properties which

limited its use. Penicillin G has excellent activity against Gram-positive bacteria, but

is ineffective against Gram-negative bacteria. Additionally, it is acid-labile; i.e. it was

administered by injection as it cannot tolerate the hydrochloric acid in the stomach.

rn 1957, the active nucleus of penicillin G (including the active

pharmacophore: the 4-membered heteroatomic B-lactam ring), 6-aminopenicillanic

acid (6-APA) (6) was isolated.r0 Synthetic derivatizationof this intermediate

produced a wide number of new antibiotics such as methicillin (7), ampicillin (8), and

amoxicillin (9), among many others. These derivatives are notable for their

improvement in activity. Ampicillin (developed in i961) was the first penicillin

effective against Gram-negative bacteria. 7'r0 Methicillin (developed in 1960) was the

lrrst penicillinase-resistant penicillin. Amoxicillin (developed in 1972) is currently the

most commonly prescribed antibiotic in United States.
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Figure 2: strucfures of penicillin G (Ð, 6-aminopenicillanic acid (6-ApA) (6),
psfþisillin (7), ampicillin (8) and amoxicittin (9)

Since then, many antibiotic natural products classes have been discovered and

developed into effective medicines: penicillins, cephalosporins, tetracyclins,

aminoglycosides, macrolides, statins, etc.

In addition, a multitude of natural products have been isolated for numerous

other therapeutic areas besides combating microbial pathogens, such as (l)

immunosuppression, eg.) mycophenolic acid; (2) antiparasitic agents, eg.) artimisinin

fqinghaosu]; (3) antitumor agents, eg.) taxol [paclitaxel]; (4) biopesticides, etc.

Discoveries in natural product chemistry have certainly given no indication

that all the major discoveries worth noting have already occurred, despite this being a

common misconception.3 Greater than 95Yo of all soil microorganisms are still

unculturable,3 thus tremendous developments in natural product chemistry are still

coming. This is not the end, but the beginning.

The results of a scholarly survey indicate that during the period of 1981 -
2002,877 small molecule compounds were introduced as drugs, of which 61%owere



in some way derived from natural products (including natural products themselves,

derivatives, and synthetic mimics). The success rate of antibacterial drug and

anticancer drug subgroups of this total are even higher [than 61%], coffesponding to

7 8%o and 7 4%o, respectively. I I

However, in the early r990's, there was a trend in big pharmaceuticar

companies that drug discovery programs moved their resources away from - or

eliminated completely - natural products as a source3 (exceptions being Bayer,

Merck, and wyeth) and embraced anew system: combinatorial chemistry.2

Combinatorial chemistry as a method for drug development involves the

creation of enormous groups of similar compounds called "libraries". These libraries

are produced by reacting precursors in differing orders. A greatly simplified analogy

would be creating alibrary using three reagents. In this analogy, one reaction would

involve compound "A" with "8", and then subsequently with "c". If the synthetic

reaction order is changed ("4" with "C", then "8") it results in two distinct, yet

similar compounds. Screening is then done for detectable biological activity. In

actuality, libraries are generated by using a combination of thousands of precursors.

The trend of shifting away from natural products was due to practical reasons.

In the early 1990's, molecular biology experienced an explosion with its breakneck

pace in identifying biological targets. At this time, natural product chemistry was

unable to fill the need for a multitude of compounds to screen against these newly

available targets.2'3

A short srunmary of drug development and approval should be included at this

point. After the initial point of discovering a new therapeutic compound, its structure



is determined and its bioactivity and mechanism of action are determined using in

vitro methods. Next, its structure-activity relationship ISAR] is examined by making

structural modifications to hopefully improve its properties, which can include its

biological activity, toxicity, and in vivo stability. Next, animal models are used to

determine initial in vivo efficacy and safety of the proposed agent and comparing to

similar approved drugs. This step is necessary as Ìn vitro activily does not always, or

even frequently, correspond to in vivo activity.l0 Quite often the problem with the

proposed drug is it inactivates important liver enzymes. Next are the three clinical

trials, performed in humans. Phase I clinical trials test the safety of the proposed

agent in healthy subjects, Phase II clinical trials test the safety of the agent in afflicted

subjects, and Phase III clinical trials test the efflrcacy ofthe agent for each intended

use; eg. different bacteria, different cancers.'0

How does the modern drug discovery procedure relate to the findings of

combinatorial chemistry? What was observed was that combinatorial chemistry,s

productivity from initial screening "hits" until the isolation of "lead" compounds was

faster, more cost effective, and had a higher rate of success than with natural

products. However, if productivity is measured from hit to lead to approved drug,

combinatorial chemistry has been monumentally unsuccessful to date. Thus, the

screening results of the combinatorial products were more successful in the initial

steps of development, but unsuccessful in the later stages.

During the period of 1981 -2002, no approved drugs have been developed

using combinatorial chemistry. It would seem that a multitude of new compounds

have been produced, but none which successfully - and safely - binds to a molecular



target (usually a protein).rr In other words, their selectivity for the target over host is

insufficient' It would seem that there are certain intricacies for how a compound

interacts with its in vivo environment to reach its target that have not been grasped

with combinatorial chemistry.

This hugely dissimilar output between the two methods is due to a number of
differences' on average, natural products have higher formula weights; incorporate

fewer nitrogen, harogen, and surphur atoms; incorporate more oxygen atoms; possess

more rings (both fused and bridged) and chiral centers (steric complexity); and have

larger dissimilarity between themselves. r 2

The last reason is an important one as the screening process for testing activity
(whatever that activity may be) reries on a diverse group of anar¡es to detect the

infrequent occltrÏence of binding to a molecular target. A comparative study was done

in2003 comparing natural products, combinatorial compounds, and drugs in the

market using statisticalry defined chemical space, i.e. morecules are points in a

statistical plot defined by their descriptors. These statistical plots reveal that there

exists a greater similarity between compounds using combinatorial chemistry than

which exists with natural products or drugs in the market. combinatorial chemistry,

it would seem, evidently has not,.cast a wide-enough net,, to date. Arso, with regard

to distributions of chemical space there is a greater correlation between natural

products and drugs than with combinatoriar compounds and drugs (see Figure 3).12

l0



Figure 3: A comparative Statistic analysis of Combinatorial Compounds (a),Natural Producrs e) ana Drugs in the ivrarket (.t;; their occupancy instatistically defined chemical sp"c"

with the lack of success to date of combinatorial chemistry, it has been

suggested that it may serve a better rore as away of producing natural product

derivatives or analogues (that retain or augment their activity) than as a method to

discover new drugs.1l In this approach, combinatorial synthesis is performed on

biologically active pharmacophores, i.e. modification around a core structure, such as

the macrolide core of erythromycin. Given that numerous compounds with the core

structure are successful in binding to receptors and enzymes, this results in the

desirable traits of the natural product being incorporated while facilitating the

specificity and potency for cellular targets.r3

There are indications that interest in natural product research for drug

development is increasing again.2 The three main reasons for this are (as mentioned

above) combinatorial chemistry's performance being (to date) below expectation,

tremendous improvements in natural product chemistry's isolation methodologies due

to technology, and the argument that natural products may be intrinsically better-

suited for drug leads (as explained above).

11



1'5 Antibiotics and AntibÍotic Resistance: An Escalating problem

As hypothesized by Alexander Freming, evolution on the pa,t of

microorganisms would allow them to develop adaptations to resist antibiotics.

Indeed, by 1948,50%o of Staphylococci strains in hospitals were resistant.la

The origin of antibiotic-resistance is unclear. One theory is that the genes

responsible for resistance were fluke mutations which propagated due to the natural

advantage it bestowed to the organisms ls involved when coevolving with natural

antibiotic-producing soil bacteria.r6 Regardless of its origin, the ability and speed that

bacteria gain resistance to antibiotics is most disconcerting. Resistance can be gained

by chance mutation, inheritance from previous generations, or exchange of genetic

material, especially plasmids.ls' l7' Resistance mechanisms can be due to (r)

impermeability of the drug, the most common method; (2) alteration of the cellular

target, eg. penicillin-binding proteins; (3) alteration of the drug structure, eg.

hydrolysis of the lactam amide bond by B-lactamase; and (4) disabling efflux pumps

that discharge drugs before binding to their intercellular targets occurs.rr, ,6

Antibiotics are effective because they inhibit bacterial growth, thus allowing

the host's immune system to overwhelm and arurihilate the remaining pathogens. This

has an unfortunate side-effect of stressing microbial ecology, since the most resistant

cells will inevitably out-complete all others. This is turn significantly alters the kinds

and proportions of bacteria, resulting in antibiotics promoting the survival and

proliferation of resistant strains.

This phenomenon is more important than may be initially suspected because

the benign, non-pathogenic bacteriathafexist as natural flora in / on our bodies (and

t2



ln our environment) compete with and limit the growth of pathogenic bacteria. The

antibiotic-resistant pathogens are not more virulent, but it is their cellular defenses

which make them more dangerous. Normally, antibiotic susceptible strains are more

likely to survive due to their metabolism not having to divert resources to producing

/maintaining resistance mechanisms, such as an the four listed onpage 12. ts

The two main factors which determine whether bacteria in a location gain

resistance to an antibiotic are: 1) the presence of resistance genes (which result in

modified bacterial phenotype) and2) the extent of antibiotic use. As antibiotic (and

antimicrobial) agents are self-limiting due to microbial evolution,ls they are in fact

"the architects of their own destruction".

During the i980's, major pharmaceutical companies severely reduced novel

antibacterial research. This is for the reason that during this period, resistant bacteria

that did not respond to a certain antibiotic treatment were easily annihilated by a

readily available alterative. l6

However, in the past 30 years, an alarming increase in resistance to antibiotics

and other antimicrobial agents has started occurring.ls'1e'20 Some experts state that it

is not antibiotic use but its misuse that is responsible for the expeditious spread of

antibiotic resistance. 't'tu Sorn. prominent factors include (1) lack of education /

regulation, particularly a concern in developing nations; (2) hospital-acquired

infections, (3) agricultural overuse, where low doses are given for growth promotion,

and (a) superfluous use of antibacterial comporurds in household products, eg.)

triclosan.l5'16
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Increasing antibiotic resistance has become a dire situation indeed due to the

emergence of vancomycin-resistant bacteria in the last decade. This is notable as

certain strains are already resistant to all other antibiotics except vancomycin.,6 It is

for this reason that vancomycin is often called "the last line of defense,,.8

One solution to the problem of bacterial resistance to antibiotics has been

structural modification to improve potency, such as the semi-synthesis around 6-ApA

(2)' Another solution has been to develop inhibitors of resistance mechanisms, such

as B-lactamase inhibitors and efflux pump inhibitors. However, these methods are

alike to a"patch" solution, they are temporary measures that will eventually be

exhausted. Combating antibiotic resistance cannot be viewed as a battle of attrition.

The future of antimicrobial compounds relies on discovering novel compounds and

natural products is likely the most promising source.

Despite the enormous progress that has been accomplished in the war against

pathogenic microorganisms, antimicrobial technology will need to continue to evolve.

In the future, 1) resistance mechanisms will undoubtedly multiply and intensi fv; Z)

new diseases are continuing to emerge at a distressing rate, such as AIDS, Ebola

virus, Hanta virus, etc. and 3) drugs with improved activity will be in continual

demand.l0 For reasons such as those listed above, the isolation and development of

new antimicrobial agents will be absolutely necessary for a long time to come. One

last note on this topic is that antimicrobial compounds cannot be the sole solution to a

permanent end to this ever-present dilemma. other changes in society will be

necessary.o
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1.6 Phfiochemical Sources of Biologica[y Active Natural products

The use of plant-based medicines for therapeutic use is as ancient and

ubiquitous as the practice of medicine itself. Until the beginning of the 20th century,

natural products have served as the mainstay of all medicines worldwide. According

to the World Health Organization, over 70Yo of theworld's population is still reliant

on herbal remedies for their healthcare needs.2l

Thus in the modern era, secondary metabolites produced by plants are a vast,

largely untapped source of bioactive substances. Recently, scientific interest in this

source has increased due to the search for new drugs of plant origin.22 There are a

multitude of plants that show therapeutic, medicinal application. Some examples are

St. John's Wort, aloes, cinnamon, garlic, etc.23

Plants are an important source to discover new compounds with novel

skeletons as well as a discovering new antibacterial compounds that can lead to a

better understanding of antibacterial activity. Currently, a multitude of plants

worldwide are being investigated to discover new biologically active compounds,

which includes compounds having antibacterial activity, as well as numerous other

types of activity. Often, compounds are isolated without any biological activity

testing being executed or no work is done concerning the active pharmacophore of

the isolated compound.

The next two chapters of this thesis describe the phytochemical examination

of two ethnopharmacologically-important plants, Sphaeranthus indícus and Btaus

hyrcana. The objectives of the study of each plant includes isolating natural products,
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determine their structure using spectroscopic methods, and assess their antibacterial

activity (if present) in the isolated compounds. Such information concerning the

compounds of the two plants mentioned above is sporadic at best and is well

deserving of a more in-depth investigation.
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Chapter 2.0 Sphaerønthus índícus

Sphaeranthus indicus Lirm., in the Order Compositae, is awidely branching

artnualza herbal plant2s, growing 30 - 60 cmtall,26 with sessile leaves and rounded

purple coloured flowers.2s'27 Itis quite fragrant,'6 but is bitter and sharp in taste.27

s. indicus is widely distributed, growing in tropical Asia, Afric a, and

Australia.23 It is known to grow quite commonly in China, Sri Lanka, and especially

India.21 In India (particularly southern 2s and northern India 26'2e' 30 although it can be

found throughout all of India 2s'31'32' 33¡, where its growth is most abundant in the

plains, it prefers damp environments 26 such as in rice fields (where it is considered a

weed) 34' 3s'36'37 andother marshy areas.'s The plant is also known as Gorakmundi in

Hindi. 26, 3t,33,3e,40

f igure 4z Sphøeranthus índícus
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Particularly in India, due to the therapeutic properties of Sphaeranthus indicus

the plant have found their way into several indigenous systems of medicine including

Alurveda, Unani, and Siddha.21,26'4t -46

Within these systems herbal medicines have been the basis of treatment and cure for

various diseases and physiological conditions.aT

An interesting note about S. indicus is that all parts of the plant have

medicinal uses in ethnopharmacology or "folklore medicine". The roots and seeds are

anthelmintic and stomachic, 2s'27' 3e and are useful for treatment of bronchitis,

jaundíce, nervous depression, and glandular swellings.as The flowers are highly

alterative, depurative, cooling, and tonic. It is also useful as a blood purifier in skin

diseases.aT'oe The leaves (prepared as dried and powdered, or the fresh juice) are

useful for treatment of chronic skin diseases, urethral discharges, jaundice,53 and for

alleviating cough.27 The juice (whole plant) is styptic and diuretic, and is useful in

treating liver and gastric disorders.s0

Additionally, the plant (unspecified portion) or its aqueous extract 27 has also

been reported to possess antiseptic, antitussive, tonic effects,sl laxative, anthelmintic,

diuretic, analgesic, antimicrobial, antifun gal,27 arfü-inflammatory, and antiallergic

activiry.s2't3 Sphoeranthus indicus is also reported to be therapeutic in treatment of

asthma, leucoderma, scabies,2T dysentery,3e rheumatic arthritis, and diabetes mellitus.

52,53

Concerning more modern research, the crude extract of S. indicus has been

investigated for antimicrobial activity and it has been reported that it contains

remarkable activity against a number of Gram-positive and Gram-negative bacteria23'
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sa including Escherichia coli and. Pseudomonas aeruginosa, two important Gram-

negative bacteria.aT However, Narasimha Rao and Nigam investigated the

antibacterial activity of the essential oil of S. indicus using the agar cup plate

diffusion technique and found that it is highly effective agent (i :1000 dilution)

against Staphylococcus aureus (a Gram positive bacteria), while totally ineffective

against Escherichia coli.ss

On a similar note Dubey et al. have investigated the antifungal activity of

aqueous and ethanolic extracts of S. indicus by including it as an ingredient in the

agar and then testing the inhibition against Alternaria solani (leaf pathogen),

Fusarium oxysporum fAgent Green] (causative agent of Fusarium Wilt disease), and

Penicillium pinophilum species and reported that it is extremely effective not only in

concentrate but in 1000x dilution at inhibiting the growth of these pathogenic fungi.27

S. indicus (diluted ethanolic extract) has also been investigated for antioxidant

activity (free radical scavenging potential) by testing against 4 compounds:

2,2-azinobis-(3 -ethylb enzothiazoline-6-sulphonate) IABTS], I , I -diphenyl, 2-picryl

hydrazyl (DPPH), superoxide dismutase, and nitric oxide radical. The extract

possessed strong antioxidant activiry.s6 This is of therapeutic interest because free

radicals are implicated in degenerative diseases.sT

Additionally, Sadaf et al. have investigated the wound-healing activity of the

ethanolic extract of the aerial portion of S. indicus by preparing a cream and testing

on Guinea pigs and discovered that it significantly accelerated both wound

contraction and falling of eschar (scab). This activity is comparable to neomycin, an
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approved d*g,t'which favourably indicates a possible use as an antiseptic, if not an

antimicrobial agent.

Furthermore, a methanolic extract of S. indicus has been investigate d for in

vitro maqofilaricidal activity on adult Setaria digitata, the bovine filarial woÍn

[nematode], by using the worm Motilify Test. It promises to be most useful

(complete inhibition of motility and subsequent mortality) in this area as there are few

chemotherapeutic agents to act against adult filarial nematodes.22

Also, a fraction of methanolic S. indicus extracthas been shown to stimulate

cell-mediated and humoral immunity, thus offering protection against

cyclophosphamide (CP), an immunosuppressant in mice.z8

Furthermore, the leaves of S. indicus have been investigated for sugar and

amino acid composition.3e

In view of the fact that a great deal of ethnopharmacological data exists about

this plant and its importance for its multiple uses, it is not surprising then that it has

been researched extensively for these uses. Additionally, due to its fragrant nature, it

has been investigated for its fragrant compounds.

2.1 Previously Reported Compounds from Sphøerønthus índícus

2.1.1 Essential OiI Components

To date, four research groups have investigated the essential oil of

Sphaeranthus índicus, and have been successful in identifring the chemical

compounds in highest yield therein. Analysis was carried out using GC/\4S 26,30's8'se

and in one case professional olfactory analysis.5e
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The analysis by Kaul et al. indicates that 38 compounds (84.0% of total) have

been identified from the oil. The compounds that were major contributors to the oil

include 2,5-dimethoxy-p-cymene (10) (r9.2%),a-agarofuran (11) (ll.g%), iO-epi-y-

eudesmol (12) (7.9%), and selin-11-en-4o-ol (13) (t2.7%).s8

The analysis by Lodha states that 15 compounds in the capitula (69.9% of

total) were identified including cadinene (14) (15.7%), o-terpinene (ls) (2.g%),

ocimene (16) (6.5%), geraniol (17) (8.0%), eugenol (lB) (7.9%), sphaeranrhol (19)

(13.0%),1-ionone (20), citral Ql) (6.0%), p-methoxy cinnamaldehyde e2) (7.g%),

and geranyl acetate Q3) (2.2%).26

Jirovetz et al. analyzed 
^S. 

indicus and found over 95 components from the

th¡ee selected parts studied (flowers, roots, and herb; stems with leaves). Major

components (and their location of highest yield) include 2,5-dimethoxy-p-cymene

(18) (28.3%; root), B-caryophyllene (24) (7.s%; flower), caryophyllene oxide (25)

(6.9%; flower), r-cadinol Q6) (7 .2%; flower), B-eudesmo I e7) (21. %;flower), and

o-eudesmol (2S) (7.0%; herb).5e

The article by Baslas mirrors these findings with cadinene (14) (12.s%),

ionone Q0) (16.25%), p-methoxycinnamaldehyde e2) (r1.88%), and esrragole

[methylchavicol] (29) (16.25%), as major components and terpinene (1s) (4.39%),

ocimene (16) (5%), geraniol (17) (4.3s%), sphaeranthol (19) (3J5%), a-citral el)
(5.63%), geranyl acetate Q3) (6.25%), sphaeranthene e0) (4.38%), indicusene (31)

(3.75%), and as minor components.3O
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Figure 5: Reported major chemical constituents of the essential oil of
Sphaeranthus índícus (10 - 31)

2.1.2 Sterols, Flavone glycosides, and Alkaloids from Sphøerønthus

índícus

S. indicus has also been investigated to a moderate degree for the presence of

sterols, flavone glycosides, and alkaloids in the search for novel structures.
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For sterols, stigmasterol (i2),24'2s p-sitosterol (33), and B-sitosterol-o-B-D-
glycoside (34). Additionally, though not a sterol, hentriacontane (35) has also been

isolated.2a

For flavone glycosides, two compounds have been isolated: 5,4'-dimethoxy-

3'-prenylbiochanin-7- O-þ-D-galactoside (36) " and 7-hydroxy-3, ,4, ,5,6-

tetramethoxy-fl avone 7 - O-þ-D-(I-4)-diglucoside (37) 3e

There are three isolated alkaloids from this plant: two unnamed alkaloids (38,

39) uo and sphaeranthinine (40)."
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2.1.3 Biosynthesis of Eudesmane Structure

The compounds that have received the most research interest from

Sphaeranthus indicus are the ones possessing the eudesmane structure. The

eudesmane structure is biosynthesized starting from E,E-famesyl diphoshate (or

pyrophosphate) [E,E-FPP] (41), which loses its oPP leaving group to become a

cation (or ion-pair) and then rearranges to the E,Z-farnesyl cation (42), which then

folds and rearranges into the nerolidyl cation (43), reananging again to form the E,E-

famesyl cation [E,E-FPP] (44). Cyclizationoccurs next due to electrophilic attack of

the cation (or ion-pair) onto a double bond, forming the germacryl cation (4S),

followed by a another cyclization resulting in the eudesmyl cation (4Q, and finally an

elimination reaction to form the tetrasubstituted 4,5-double bond structure,

eudesmane (47).u'

\z'-.'\€--rI
(451

- 
r^l-l\z\-V
Iil

(471

tât'rn
F'igure 7: Biosynthesis of the eudesmane structure (47) from ErE-['PP (41)
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2.1.4 Hydroxyeudesmanes, eudesmane acids, and eudesmanolides from

Sphøerønthus índicus

There are quite a variety of compounds with the basic eudesmane structure

present but with varying degrees of oxidation present in Sphaeranthus indicus.The

hydroxyeudesmanolides isolated so far include cryptomeridiol (48) epicryptomeridiol

(49),to 3-keto-B-eudesmol (50), and B-eudesmol (51).st 2u-hydroxycostic acid (52)

and Ilicic acid (53) are reported eudesmane acids.

(52) (53)

F'igure 8: Hydrorryeudesmanes (48 - 51) and eudesmane acids (52 - 53) isolated
from Sp høerønth us índìcus

However, the eudesmanolides (-olide being the standard suff,rx for lactones)

are the most significant chemical findings in,S. indicus. Most of the eudesmanolides

that have been isolated have novel skeletons. In total, there are 14 such sesquiterpenes

isolated thus far from this plant.

7a,-hydroxyfrullanolide (54) was the first to be isolated. There is some

discrepancy about the original isolation of this compound, whigh occurred in either

i985 by Gogtet and co-work"rs,o' in 1988 by Sohoni and co-workers,32 or by Atta-ur-

Rahman and co-workers in 1989.62 7B-hydroxyfrullanolide (5Ð and 7o-

(51)(50)(4s)
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hydroxyeudesmanolide (56) were also reported in 1985.42 Sphaeranthanolcide (5Ð, u'

11o,13-dihydro-3o,,7o,-dihydroxyfrullanolide uo (58), I to,13-dihydro-7o,I3-

dihydroxyfrullanolide (59), and 11ü,, 13-dihydro-7o-hydroxy-13-methoxyfrullanolide

(60) ot were discovered during rgg0 - 1991 by the shekhani+s,63 *¿ Ruangrunsi6a

groups, respectively. Rojatkar and co-workers isolated 3-keto-7ü,-

hydroxyeudesmanolide (61), and 4,5-dehydro-5a,7a-dihydroxyfrullanolide (62) in

1992.34rn1999,Pujar and co-workers reported 11a,13-dihydro-lu-acetoxy-38-

hydroxy-68-7-eudesm-4-enolide (63) and 1lo,l3-dihydro-3a,7a-dihydroxy-4,5-

epoxy-6B,7-eudesmanolide (ó4).51 Most recently, 2a-7u-dihydroxy-4-en-r 1,13-

dihydroeudesmen-6- 1 2-olide (65),ut 1 1 s, 1 3 -dihydro-3 o,,7o-dihydroxyeudesm-4-en-

6o,12-olide (66), and 4-en-68,7a-eudesmanolide (67) were reportedin2007.66
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Table I describes the extraction solvent, yield, and starting plant mass, where

possible, of previous examinations of these eudesmanolides that have been isolated

from Sphaeranthus indicus. This was done as away to better compare the current

examination with the previous examinations.

Table 1: extraction solvent, yield; and plant mass data of previous investigations
of eudesmanolides isolated Trom sphaerønthus ìndícus (s4 - 67)

Number

54

5ó

57
s8
59
60
6t
62
63
64
65
66
67

Extraction
Solvent

chloroform
acetone
ethanol

chloroform
chloroform

acetone
methanol
ethanol
ethanol
ethanol
acetone
acetone
acetone
acetone
acetone

)Qo-'' Þ
8.5 g

8.i g
t.7 e

18 mg
95 mg
35 mg
80 mg
10 mg
10 mg
12 mg
72 mg
13 mg
27 mg

20 Ks

1*t
20 Kg
20 Kg
2Ke

40 Kg
2Ke

40 Kg
40 Kg
2Kg
2Ke
1Kg
lKg

t_t0 *

Yield iåij Reference

42
3¿

62
42
42
34
63

64
48
48
34
34
51

51

6s
66
66

These structures are significant findings because sesquiterpene lactones

containing the unusual 7-hydroxy substituent are very rare in nature. Lactones such as

7-hydroxyfrullanolide (54)u'that possess an o,, B-unsaturated group are known to be

biologically active, such as with parthenolide (68), but often this activity is

cytotoxicitY i.e. non-selective toxicity. This is due to this functional group acting as a

powerful alkylating agent in a Michael-type addition of an appropriate nucleophile -
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such as a thiol group on a protein - onto the o, B-unsaturated lactone, binding

irreversibly (69).ut

R

H-S:
)

-
(68) (6e)

Figure 10: Michael-type addition of a thiol group onto parthenolide (68), an c,
p-unsaturated lactone and the resulting irreversibly-bonded species (69)

As was mentioned in the introduction (Section 1.6), there is scarce data

available on the antibacterial constituents of S. indicus. Previous examinations

(mostly of crude extracts) are indicative of constituent compounds with strong

antibacterial activity. Thus, this warrants a new investigation with the means to

measure the antibacterial activity of these pure, isolated compounds, relative to each

another. Such an investigation has not been done in any comprehensive fashion to

date.
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2.2

General

Sp høerønthus índícus Experimental

Anal¡ical thin layer chromatography was conducted on Merck pre-coated,

aluminum-backed, 250 pm layer, 20 cmx 20 cm silica gel G Fzs+ plates. Column

chromatography was performed on Aldrich silica gel, 200 _400 mesh. Preparative

thin layer chromatography was conducted on Merck pre-coated, glass-backed, 1000

¡rm layer, 20 cmx20 cm UVzs+ silica gel plates. TLC UV-visualization was done by

using a Entela multiband (Jv-2561366 nm) Moder uvGL-58 Mineralight@ Lamp.

95o/o ethanol was supplied by Les Alcools de Commerce Inc. All other solvents (non-

deuterated) were ACS reagent grade and purchased from Anachemia. cDCl3 was

supplied by CDN Isotopes.

Mueller - Hinton broth (powder) was purchased from EM science.

Bacteria

The following bacterial strains were obtained from the University of

Winnipeg Department of Biology: Escherichia coli (ATCC #25922), Staphylococcus

aureus (ATCC #25923), streptococcus agalactiae (ATCC #i3gl3), and

Pseudomonas aeruginosa (ATCC #27853). The E. coli, S. ouretts)and P. aeruginosa

cultures were periodically replated onto tryptic soy agar, whereas the S. agalactiae

was replated onto blood agar to facilitate its slow growth. Replating of the stock

cultures was executed once a week and cultures were maintained at 4"C.

Spectroscopy

All l3C NMR spectra were obtained using a Varian Gemini 200MHznuclear

magnetic resonance (NMR) spectrometer at the University of Winnipeg, operating at
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50.28 MHz using cDCl3 as solvent. A[ rH NMR and2DNMR spectra (cosy,

HSQC, HMBC, and NOESY) of the purified products were obtained using a Bruker

Avance 300 MHz NMR spectrometer at the University of Manitoba, operating at

300.13 MHz for tH and 75.47 MHz for 13C, using CDCI3 as solvent. In all cases for

NMR spectra, referencing was done to the residual peak of CHCI¡ at õ 7.26 and,77.0

for lH and l3C, respectively.

IR spectra were obtained using a Bomem Hartmann & Braun MB series

spectrophotometer as a CCla film. UV spectra were obtained using a Shimadzu UV-

2501PC UV/ Vis spectrophotometer or an Agilent Technologies 8453 E Dual-Array

UV spectrometer in methanol.

High Per{ormance Liquid Chromatography (IIPLC)

A Waters HPLC system was used, equipped with the following: a Model

1525 Binary Pump, a Vy'aters In-Line Degasser AF, a Model 2996 photodiode anay

detector, and a Waters Nova-Pak 4pm3.9 x 150 mm C18 stainless steel cartridge

column. The separation was isocratic at ambient temperature and the mobile phase

used was either a mixture of acetonitrlle I 80% water, 20o/o methartol or methanol /

80Yo w ater, 20Yo methano l.

Plant Collection and Extraction

The roots and leaves of a Sphaeranthus indicus plant were collected by

Dr. Radhika Samerasekera, Natural Products Institute, Sri Lanka. The plant was

extracted with methanol and the solvent was evaporated under reduced pressure to

prepare a dark green gum. This gum (20.6 g) was then shipped to the University of

Winnipeg.
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Isolation of Natural Products

The gum-like crude plant extract was dissolved in ethyt acetate and was

adhered onto silica gel by evaporating the solvent under reduced pressure until the

texture was a crumbly solid. This silica gel/extract solid was then loaded (dry) onto a

silica gel chromatography column.

Column chromatography was then performed on the extract, following a

stepwise gradient elution using hexanes I ethyl acetate, followed by ethyl acetate I

methanol. The volume for each mobile phase was 150 mL and the gradient for

subsequent mobile phases was 5%o; i.e. 100 o/o hexanes --- 95%;o hexanes I 5Yo ethyl

acetate, etc. The 42 fractions were then examined using anal¡ical TLC with the

mobile phase, 50% hexan es I Slo/oethyl acetate, which was determined to be the

optimum for this analysis. Fractions that exhibited similar chromatographic prof,rles

on analytical TLC were combined to reduce the total number of þooled] fractions. lH

NMR spectroscopy was then used to inspect the fractions for relative purity and

quantity of the anal¡es contained within, thus further reducing the number of

fractions for fuither analysis. Results were generated from two of these pooled

fractions: fraction 33 - 36 and fraction 52 - 56.

Pooled fraction 33 - 36 displayed evidence of containing significant quantity

of UV-inactive compounds on analytical TLC. This fraction was subjected to

preparative TLC using 70o/ohexanes 130%o ethyl acetate and aluminum-backed TLC

plates that enabled the ends to be removed and subjected to charring treatment

(spraying the TLC plate with 10% sulphric acid (1.8 M), then chaning with aheat

gun) until the "end-bands" became visible. In total, five plates were used. One of the
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bands (R¡: 0.86) was observed to be darkened more than the other five. This band's

silica gel was scratched off the pTLC plates, and extracted (DCM, 5 x 30 mL) to yield

dihydrocholesterol (70) (33.0 mg).

Pooled fraction 52 - 56 was subjected to secondary column chromatography

using 30.0 g silica. Again, a stepwise gradient was used using hexanes I ethyl acetate,

and followed by ethyl acetate / methanol mixtures. The volume of each mobile phase

was 100 mL and the gradient for subsequent mobile phase was 5%o increments from

hexanes to ethyl acelafe,then25o/o increments from ethyl acetatefo 50o/o ethyl acetate

/ 50% methanol, and finally 50o% increments from 50Yo ethyl acetate I 50% methanol

to lll%methanol. There were 115 sub-fractions from this pooled fraction. Analytical

TLC analysis of these fractions and subsequent rH NMR spectroscopy were used to

screen for pure compounds (in sufficient yield), as had been done previously with the

primary column chromatography. Sub-fractions27 - 29 afforded

7o-hydroxyfrullanolide (54) (78.6 mg), while sub-fractions32- 33 yielded a slightly

impure compound. It was decided to attempt to purify this analyte by HPLC.

HPLC separation of sub-sample 32 - 33 (from pooled fraction 52 - 56) was

executed by using the following operating parameters: 50% methanol I 50%

acetonitrile isocratic mobile phase, 15 min run time, 50 pL injection volume, I

ml/min flow rate, and254 nm detection (scan 210 - 380 nm). The principal

compound was isolated by collecting the eluent from Rr 2.40 - 3.40 min in 20

collection runs, resulting in a white powder, identified as 7o-hydroxyeudesmanolide

(56) (2.6 mg). The other major constituent of this fraction, detected from R1 1.50 -

2.00 though isolated, had insufficient quantity for structure determination.
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X'igure 11: HPLC Chromatogram of column chromatography sub-fraction 32-
33 of the methanolic Sphøeranthus índicus exfract (with peak of interest selected)

Dihydrocholesterol 70; white powdery solid; 33.0 mg; fraction33-36; UV Àn.,u*

(MeOH) : terminal; IR (CCl4) :3354,2933,1075 cm-r; 'H NMR (CDCI3, 300.13

MHz) : see Table 2;ttCNMR (CDCI3, 75.47 MHz) : see Table 2; EI-MS : m/2388

(M+).

7o,-hydroxyfrullanolide 54; white powdery solid, 78.6 mg; fraction 52 - 56; UV l,-"*

(MeOH) :241nm; IR (CCl4) :3453,2932, 1771,1750, 1683, 1744 cm't; 'H NMR

(CDCI3, 300.13 MHz): see Table 3; "C NMR (CDCI3, 75.47 MHz): see Table 3,

EI-MS : m/2248, 233,215, 187, I78, 109, 81, 55, 41.
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7a,-hydroxyeudesmanolide 56; white powdery solid, 2.6 mg, fraction 52 - 56; UV

)"-u* (MeOH) : terminal; IR (CCl4) :3494,2930,1785, 1650 , l21g cm-r; rH NMR

(CDCI3, 300.13 MHz) : see Table 4;"C NMR (CDCI3, 75.47 MHz) = see Table 4,

EI-MS : m/2250,235, i89, i61, 60.

Structure Activity Relationship Anaþis (SAR)

In order to study the structure-activity relationship of compound 54, chemical

modification using semi-synthetic techniques was done to investigate what effect

alteration of certain functional groups would have on its biological activity, if any.

Due to the low quantity of 54, SAR studies were limited to the effect of the C-4/C-5

bond on antibacterial activity, though other modifications were attempted. To achieve

this objective, 54 was epoxidized using m-chloroperbenzoic acid. Compound 56 was

isolated in sufficient quantity for MIC testing, but not SAR studies.

1) Epoxidation of 7a-hydroxyfrullanolide (54)

l0 mg of 7o-hydroxyfrullanolide (54) was added to 4 mL of dry, distilled

DCM containing 4.5 mg of rn-chloroperbenzoic acid [mcpBA] (accountedfor 77%o

purity) in a25 mL roundbottom flask, and stirred for 4 hours at room temperature.

Reaction progress was checked by anal¡ical TLC (50% ethyl acetatel1}o/o hexanes

for mobile phase). At the end of the reaction time, 4 mL of saturated sodium

hydrogen carbonate solution was added to neutralize the side-product, meta-

chlorobenzoic acid. The organic layer was separated, pooled, and dried under reduced

pressure to yield 8.6 mg (86% yield) of 4, 5-epoxy-7o-hydroxyfrullanolide (71) as a
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white solid. lH and l3C NMR analysis confirmed that adiastereomeric structure of

epoxides was the result of the reaction.

2) Acetylation of 7a-hydroryfrullanolide (54)

3.1 mg of 7c,-hydroxyfrullanolide (54) was added to 5 mL of acetic anhydride

in pyridine (a mL) in a 10 mL roundbottom flask, and stirred for 16 h at room

temperature. After the reaction time,2 mL of water was added to allow extraction

using DCM (4x, 10 mL). The organic layer was separated, pooled, and dried under

reduced pressure. lH and t3C NMR analysis was done to inspect the structure,

initially.

The reaction was ultimately unsuccessful as evidenced by the absence of an

additional downfield acetyl methyl proton signal (- ô2.0) in the tH NMR spectrum,

and downfield acetyl carbonyl carbon signal (- õ170) and acetyl methyl carbon signal

(- õ24). This is most likely due to the tertiary (3o) nature of the C-7 hydroxyl

functionality, being less reactive than 1o or 2" hydroxyl groups.

4, 5-epoxy-7o- hydroxyfrullanolide 71; white powdery solid, 8.6 mg; UV l.n,'u*

(MeoH) :2J5 nm; IR (CCl4) = 3366,2934,1773 cm'l, !I2I cm-t; 'H NMR (CDCI¡,

300.i3 MHz) :õ 6.24 (s),5.82 (s),4.79 (s),3.90 (d), 1.40 (s), 1.05 (s); "CNMR

(CDCI3, 75.47 MHz): E 167.9,143.4,121.2,83.4,75.7,63.6,62.7,62.1,60.4,33.7,

32.2, 31 .9 , 30.9 , 29 .7 , 27 .7 , 2l .1 , 19 .8
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Minimum Inhibitory Concentration (MIC) Testin g

The following procedure was developed for executing the Minimum

Inhibitory Concentration (MIC) testing with consultation with Dr. Holloway and the

guidelines from the NCCLS document M7-436e. This was performed on the purified

natural products. Each pure compound was tested against the four bacteria available.

Along with the pure natural products two known antibacterial compounds,

penicillin G (5) and chloramphenicol (72) (as standards), were tested against the four

bacteria. These standards were selected due to their different activities: penicillin G

(5) is only antibacterial against Gram-positive bacteria and has an extremely low

reported MIC value [<1 ¡rg/ml-], whereas chloramphenicol (72) is antibacterial

against both Gram-positive and Gram-negative bacteria and has a higher reported

MIC value. These were obtained from Dr. Holloway, University of Winnipeg,

Department of Biology.

oar.'F#
(721

Figure 12: The structures of penicillin G (Ð and chloramphenicol (72)

An overnight culture (16 - 18 h) of each bacteria using Mueller - Hinton

broth þH adjusted to 7.3 using NaOH) was diluted to optically match the turbidity of

a McFarland 0.5 standard, equivalent to 1.5 x 108 CFU/mL. These diluted solutions

(5)

o
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were further diluted 150x (1 x 106 CFU/mL) into sterile broth, from which aI mL

aliquot of this bacterial solution was transferred to nine sterile 13 mm test tubes.

A stock solution of the "potential" antimicrobial compound to be tested was

prepared (2.56 mglml-) by using a minimum amount of 95%o ethanol to dissolve the

compound and then diluting with sterile distilled water. This stock solution was then

diluted 10x (254 ¡tglmL) with sterile water to produce a working solution.

A serial dilution of the "potential" antimicrobial compound was performed to

produce a concentration testing range of 128 ¡tglmL - 1 pglml,. This was performed

in the following manner: to the first test tube (for each bacteria) in the serial dilution, : i

1 mL of this working solution (256 p,g/mL) of compound was added, thus diluting the

bacteria to 5 x 10s CFU/mL and diluting the compound to a concentration of 128

¡:'glmL. A I mL aliquot of this solution was then transferred to the next tube (64

p'glmL), and this was continued until the concentration of "potential" antimicrobial

compound was i pglmL.

Additionally, a positive "growth" control and a negative "sterile" control were

prepared for each bacterium tested against a natural product (4 ofeach control per

compound) to determine whether the bacteria grew properly and if sterility was

maintained, respectively. The positive "growth" control was prepared by adding the

appropriate concentration of bacteria, but using sterile water instead of "potential"

antimicrobial agent, mixing, and then 1 mL was discarded, while the negative

"sterile" control was prepared by adding a I mL aliquot of working solution

f"potential" antimicrobial], but using sterile water instead of working bacterial

solution, mixing, and I mL was discarded
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After the serial dilution was completed, the tubes were incubated on a

gyrorotary shaker at37oc for 20 hours with 120 rpm. After incubation, the tubes were

examined optically; the tube with the lowest concentration of compound that inhibits

all growth of bacteria was determined to be the minimum inhibitory concentration

(expressed as < pg I mL). This analysis was performed in triplicate and the results

were averaged.
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2.3 Sphøerønthas indícus Results and I)iscussion

Dihydrocholesterol (70)

The UV spectrum of compound 70 showed only terminal absorption

indicating the lack of a conjugated system. It has been previously reported. The IR

spectrum of 70 displayed strong peaks at 3354 (OH), 2933 (CH} and 1075 (CO)

c,,,-t.

(70)

The rH NMR spectrum of compound 70 showed the presence of a downfield

multiplet at ð 3.59, which was assigned to the methine geminal to the hydroxyl group.

Two methyl groups resonated as singlets at ô 0.65 and 0.80, and were assigned to C-

18 and C-l9, respectively. There were additionally three methyl groups as doublets at

ô 0.90, 0.87, and 0.85, which were assigned to the C-21, C-26, and C-27,

respectively. Beyond this, there was no fuither evidence of any downfield peaks. The

tH NMR spectral data suggested a cholestane-type sterol structure.

The Attached Proton Test (APT) spectrum of 70 revealed the presence of all

27 carbon signals in 70 and was used to determine their multipliticity. The APT

showed the presence of f,rve CH3, twelv e CiHz,eight CH, and two quaternary (4')
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carbons. The negative phase signal at õ 7I.4 was assigned to the hydroxyl-bearing

c-3. The negative phase signals at ô 12.1 ,12.3,18.6,22.8, and22.6 were assigned to

the C- 1 8, C- 19, C-21, C-26, and C-27 methyl carbons, respectively. This spectrum

was remarkably similar to the relevant spectrum of cholesterol, although missing its

two sp2-hydridized carbon peaks responsible for the endocyclic 4/5 doubte bond.

The Conelation Spectroscopy (COSY) spectrum of 70 displayed vicinal and

geminal coupling between protons. Most importantly, the signal at ô 3.58 showed

coupling with the signals at 1.56 and I.29, assigned to the C-3 methine proton and the

C-4 methylene protons.

The Heteronuclear Single Quantum Coherence (HSQC) spectrum of 70

displayed direct coupling between a carbon atom and its attached protons. The HSQC

spectrum was used to find the 1H/r3C chemical shift assignments of 70 (see Table 2).

The Heteronuclear Multiple Bond Coherence (HMBC) spectrum of 70

displayed long-range coupling between protons and proximal (but not vicinal)

carbons. This spectrum is used to confirm the lFVl3C chemical shift assignments. It is

especially useful for quatemary carbons. In this spectrum, the C-14 methine proton (E

1.07) showed cross-peaks with C-12 (40.0), and C-13 (42.6). The C-l7 methine

proton (ô 0.65) showed coupling withC-12 (40.0). The C-i methylene protons

(ô1.73, 1.69) had cross-peaks with the hydroxylated carbon, C-3 (71.4). The C-4

methylene protons (ô1.56, 1.29) showed coupling with C-2 (31.5). The C-6

methylene protons (ô1.30, 1.27) showed HMBC interaction with C-5 (44.8). C-7

methylene protons (ô1.69, 1.64) showed long-range heteronuclear coupling with C-5

(44.8) and C-8 (35.4). The C-l2 methylenes (ô 1.99, 1.95) had cross-peaks with C-9
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(54'3), c-11 (2t.2), and c-r3 (42.6). The c-1g merhyl prorons (ð 0.65) showed

coupling withc-12 (40.0), c-13 (42.6), and c-r7 (56.2). The c-19 methyl protons (õ

0.80) showed HMBC inreracrion with c-5 (44.g)and c-9 (54.3).The c_2t merhyl

protons (ô 0.88) showed cross-peaks with C_17 (56.2) and C_20 (35.S). Lastly, both

c-26 and c-27 methyl protons (ô 0.g7 and 0.g5, respectively) showed coupling with

C-24 (39'5) and C-25 (28.0). Important HMBC interactions of 70 are displayed in

Figure 14.

Additionally, r3c NMR and rFVr3c HSec data matched very closely with

literature values, thus the structure is concluded to be dihydrocholesterol (70).ro

(70)

Figure 14: rmportant rrMBC rnteractions observed in 70
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Tabte 2zr3c llMR chemical shift Assignments and lrvr3c one-Bond shift
Correlations of 70 as determined from its HSeC Spectra

Carbon
+ ,I-I 0 .rGZ) rt ¡

37.0

31.5

7t.4

38.2

44.8

28.7

32.1

35.4
54.3

3 5.5

21.2

i; 4oo

42.6
s6.5

24.2

28.2

56.2
12.t
12.3

3s.8
6.5 18.6

36.1

23.8

39.5

28.0
t.2 22.8
1.2 22.6

70

t2

3

4

5

6

I
9
l0
11

l3
14

15

25
26
27

o 1.73 (m)

B l.6e (m)

B 1.81 (m)
u 1.40 (m)
a 3.58 (m)
a 1.56 (m)

B 1.29 (m)
1.13 (m)

B 1.30 (m)
a t.27 (m)
o 1.69 (m)
p 1.6a (m)

B L3a (m)
a 0.65 (m)

I 1.ae (m)
o 1.29 (m)
o L99 (t)

B 1.e5 (t)

o 1.07 (m)

Þ 1.57 (m)
a 1.02 (m)
o 1.84 (m)

Ê 1.82 (m)
o 0.65 (m)

F 0.6s (s)

Þ 0.80 (s)

B 0.88 (m)
o 0.90 (d)
a 1.02 (m)

F 0.e7 (m)

Þ 1.3a (m)
o 1.14 (m)
a 1.15 (m)

B 1.12 (m)

B l.s3 (m)
0.87 (dd)
0.85 (dd)

t6

l7
18

t9
20
21

22

23

24
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7o-hydroxyfrullanolide (5a)

The uv spectrum of compound 54 disprayed absorptions at24r wn,

indicating a conjugated system. It has been previously reported.32'42,6, The IR

spectrum of 54 displayed strong peaks at3453 cm-i (oH),2932 (cH), l77r (ester

C:O), 1750 (five-membered lactone), 1683 (C:C), and i 144 (CO) cm-t.

The rH NMR spectrum of 54 showed the presence of two 3H singlets at ô 1.10

and 1.80, assigned to the C-14 and C-15 methyl groups, respectively. The signal at ô

4.90 was assigned to the C-6 methine proton; its downf,ield value indicated the

presence of a geminal oxygen functionality. The signals at õ 6.21 and, 5 .79 were due

to the C-13 olefinic protons.

The l3C NMR spectrum of 54 showed the resonances of all 15 carbon atoms.

The signal at ð 168.0 was assigned to the C-12 carbonyl carbon. The assignment of

the four sp2-hybridized carbons (ô 144.7, 140.5, 126.7, 121.1) were confirmed by the

Heteronuclear single Quantum coherence (HSQC) spectrum, with c-4, c-5, and c-

11 being assigned to the last three signals. These signals were determined to be

quatemary, as they did not exhibit rfVl3c one-bond correlations for these carbons.

o

(54)
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The COSY spectrum of 54 showed cross-peaks between two olefinic proton

signals at ô 5.80 and 6.30, due to geminal coupling between the exocyclic double

bond of C-11, as indicated in the HSQC spectrum, which showed r[I/r3C one-bond

shift correlation with C-13 (ô 121.1). Additionally, there was geminal coupling

between the signals at ô 1.48 and 1.39, assigned to the C-1 methylene protons and

vicinal coupling between both the aforementioned signals and the signals at 1169 and

I.64,the C-2 methylene protons, which showed further coupling with the signals at

2.11 and 2.09, belonging to C-3. Also evident in the COSY spectrum was geminal

coupling between the signals at ô 2.01 and 1.66, the C-8 methylene protons, and

vicinal coupling between the aforementioned signals and the signals at ô 1.51 and

l.42,the C-9 methylene protons.

The HSQC spectrum of 54 was used to find the lFVr3C chemical shift

assignments of 54 (see Table 3).

In the HMBC spectrum of 54 both C-13 olefinic protons (õ6.21and 5.79)

showed long-range heteroatomic coupling with C-1I (144.7) and C-8 (3I.4), while

there was also coupling between one of the C-13 methylene protons (6.21) with C-7

(7 5.9). The C-6 methine proton (ô 5.02) displayed coupling with C-7 (7 5.9) and C- I 1

(144.7). This lead to the assignment of C-7 and C-11 and the suggested existence of a

lactone. Finally the methyl protons of C-14 (ôi.05) showed cross-peaks with C-1

(38.8). Important HMBC interactions of 54 are displayed in Figure 15.

The stereochemistry of the C-14 methyl group (B), the C-6 methine proton (B),

and the C-7 hydroxyl group (o) was decided by comparing the rH and t3C NMR
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chemical shifts with the reported chemical shifts in the literature. This spectral data

helped to characterize this compound as 7o,-hydroxyfrullanolide (54).63

Figure 15: Important HMBC Interactions Obserued in 54

Table 3: r3C NMR Chemical Shift Assignments and lIVr3C One-Bond Shift
Correlations of 54, as determined from its HSQC Spectra

Carbon
# 'Hô t'c 

ô

3

4
5

6

7

8

9

10

11

I2
t3

o 1.48 (m)

I l.3e (m)

B 1.6e (m)
a 1.64 (m)
o 2.11 (m)

B 2.0e (m)

Þ s.02 (s)

p z.ol tm)
a 1.66 (m)
a 1.51 (m)

þ t.a2 (m)

o.zr ro
s.79 (s)

B 1.0s (s)
1.75 (s)

38.8

18.2

33.1

140.5
126.7
81.4
75.9

31.4

34.9

32.7
144.7
169.0

lzt.t
26.1
19.4

t4
15
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7a-hydroryeudesmanolide (56)

The UV spectrum of compound 56 showed only terminal absorption

indicating the presence ofan o,B-unsaturated carbonyl group. It has been previously

reported.3a'a2 The IR spectrum of 56 displayed strong peaks at3494 (OH), 2930

(CH), 1785 (ester C:O), 1650 (C:C), and 1219 (CO) cm-l.

The lH NMR spectrum of 56 showed the presence of many of the same

signals as the previous compound but unlike 54 there was no evidence of a sp2-

hybridized methylene carbon peak and also the resonance of a upfield doublet (ô

1.32), belonging to C-13 suggested the presence of a methyl group.

The r3C NMR spectrum of 56 had many similarities to the corresponding

spectra of 54, such as the signal at ô 178 being assigned Io a C-12 carbonyl carbon.

The sp2-hybridized quatemary carbons at ô 140.6 and 126 were assigned to C-4 and

C-5, in a similar manner as was done in the assignment of 7a,-hydroxyfrullanolide

(s4).

Most importantly, the COSY spectrum of 56 showed cross-peaks between the

signal atE2.47 and the signal atõ 1.32, corresponding to the C-l1 methine proton

o

(56)
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and the C-13 methyl protons, respectively. Additionally, there was geminal coupling

between the signals ô i.46 and 1.37, assigned to the C-1 methylene protons and

vicinal coupling between the aforementioned signals with 1 .67 and 1.65, the C-2

methylene protons, respectively, which showed further coupling with the signals at ô

2.ll and2.09,the C-3 methylene protons. Also evident in the COSY spectrum was

geminal coupling between the signals at ô 1.99 and r.66, belonging to the c-g

methylene protons and vicinal coupling between the aforementioned signals with 1.49

and 1.43, the C-9 methylenes.

The HSQC spectrum of s6 was used to find the tH/13c chemical shift

assignments of 56 (see Table 4).

In the HMBC spectrum of 56, the c-6 methine proton (ô 5.07) displayed

cross-peaks with c-4 (140.6), c-7 (75.3) and c-l0 (33.2), conversely the c-l I

methine proton (2.47) showed coupling with c-6 (7s.9) and c-r2 (17g.0). The

methylene protons of C-9 (ô 1.48, and 1.43) displayed cross-peaks with C-5 (126.0)

and c-7 (7 5.3). The methylene protons of c-3 (ô 2.1 1, ô2.09) showed coupling with

c-l (39.5) and c-4 (140.6). The methyl protons of c-l3 (ð 1.32) showed

heteroatomic coupling wirh C-7 (75.3), C-13 (47.5), and C-12 (t79.0). Additionally,

the methyl protons of c-14 (ð 1.08) showed coupling with c-l (39.5) and C-5

(126.0). Lastly, the methyl protons of c-I5 (ô 1 .79)hadcross-peaks with c-3 (33.5),

C-4 (140.6), and C-5 (126.0). Important HMBC interactions of 56 are displayed in

Figure 16.

The NOESY spectrum of 56 was used to establish the stereochemistry for 56.

The signal at ô 5.07 showed NOE with another signal at (1.32), corresponding to the
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C-6p methine proton and the C- 13 methyl protons, which led to the assignment of B-

stereochemistry for the C-13 methyl group. Furthermore, it has been reported in the

literature that H-6 has B-orientation in this class of compounds. 32'34,3s'42,48,sl,62,6s,66

The stereochemistry of the c-14 methyl group (0), and the c-7 hydroxyl

group (o) were decided based on very close matching with the literature values of the

rH and t3C NMR chemical shifts (< ô0.1) of the reported compound. This spectral

data helped to characterize this compound as 7a-hydroxyeudesmanolide (s6).0'

(56)

Figure 16: Important HMBC Interactions Obselved in 56

5l

f,,tOH



Table 4zr3c I\[MR chemical shift Assignments and lrvr3c one,Bond shift
Correlations 56 as DetermÍned from its HSQC Spectra

# 'Hô J(Hz) "Cô

39.s

18.1

33.5

140.6
126.0
78.9
7 5.3

31.4

3s.4

33.2
47.5
178.0
r0.7
25.5
19.5

J

4
5

6

7

8

9

10

l1
t2
13

t4
l5

o 1.46 (m)

Ê 1.37 (m)

B 1.67 (m)
c 1.65 (m)
a 2.11 (m)

B 2.0e (m)

F s.07 (s)

B r.qe fml
a 1.66 (m)
o 1.48 (m)

B l.a3 (m)

a2.47 (q)

þ t.iz ra>

B 1.08 (s)
1.79 (s)

7.7

7.7

4, 5-epo4y-7c- hydroxyfrullanolide (71)

The UV spectrum of compound 71 showed an absorbance maximm at226

nm, indicating a conjugated system. The IR spectrum of 71 displayed strong peaks at

3366 (OH),2934 (CH), 1773 (ester C=O), and,lI2I (CO) cm-'.
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TherH NMR spectrum of 71 displayed additional signals at ô 3.9 (m) and 2.8

(t,1.2 Hz), due to the C-4 and C-5 methine protons, that resulted from the

epoxidation reaction.

Ther3C NMR spectrum of 71 also showed an upfield shift for C-4 and C-5 at

õ 64 - 60 suggested the presence of an epoxides atC-4lC-5. The presence of four

peaks in the aforementioned range indicated that two diastereomeric epoxides were

formed from 54: the 4a, 5o,-epoxy-7o- hydroxyfrullanolide and the 4B, 5B-epoxy-7a-

hydroxyfrullanolide The endocyclic olefinic group (C-4lC-5) is more reactive than

the exocyclic olefinic group (C-11/C-13) due to the latter being a,, B-unsaturated with

the carbonyl carbon, C-12, while the former has more electron-donating groups on

L_L-.

Numerous attempts (preparative TLC and RP-HPLC) to isolate the mixture of

71 were made, but were unsuccessful. It was therefore decided to evaluate this

mixture of epoxides for antibacterial activity.

Minimum Inhibitory Concentration (MIC) Assay

All positive (growth) controls and negative (sterile) controls were satisfactory

(not shown). The MIC values for the standards, penicillin G (5) and chloramphenicol

(72) were in agreement with the published values for those agents.6e

The MIC results indicated that dihydrocholesterol (70) possesses very weak to

no antimicrobial activity as there was no activity detected in the concentration range

tested. Regarding the eudesmanolides and eudesmanolide derivative, 7o-

hydroxyfrullano lide (54), 4, 5 -epoxy-7 o- hydroxyfrullanolide (7 l), and 7 a-
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hydroxyeudesmanolide (5O, there was potent (54) to intermediate (56) antibacterial

activity for the Gram-positive bacteria, Stophylococcus oureus and Streptococcus

agalactiae, whereas there was no Gram-negative antibacterial activity (in the

concentration range tested). (see Table 5)

This result was in agreement with the results of the crude extract by

Narasimha Rao and Nigam ss, but contrary to the findings by sadaf 23 andNaqvi sa

which state that both Gram-positive and Gram-negative antimicrobial activity were

evident in the crude extract.

A probable explanation of this discrepancy is that other compounds in the

crude extract possess the Gram-negative antibacterial activity.

Additionally, regarding the eudesmanolides and eudesmanolides derivative, 7a-

hydroxyfrul lano I ide (5 4), 7 a-hydroxyeude smano lide (5Q, and 4, 5 - ep oxy -7 a-

hydroxyfrullanolide (71) there was evidenced a2-fold increase in MIC (i.e. less

activity) for the Gram-positive bacteria. Comparative SAR analysis of utilizing the

MICs of the three compounds indicated that the excellent antibacterial activity (in the

range of clinically-used antimicrobial agents, including antibiotics) of 54 was due in

large part to its exocyclic (C-11/C-13) and endocyclic (C-4lC-5) double bonds, with

the endocyclic C-4lC-5 tetra-substituted double bond having perhaps more

importance. The further reduced compounds (56 and 71) exhibited less activity.

The activity of 54 may be due to its exocyclic C-l IlC-13 double bond binding

irreversibly to a bacterial protein in a Michael addition, disabling it. The endocyclic
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C-4lC-5 double bond may be crucial for an optimal arrangement in the active site of

the protein.

Table 5: MIC Assay for Compounds 70, 54r71, and 56

Bacteria

S. aureus

S. agalactiae

E. coli

P. aeruginosa

Compounds

54 7t

<32 <t28

<32 <128

>128 >r2g

>128 >t2g

Standards

<1 :2

<32 s4

>t28 <64

5670 72

>129

>l2g

>t2g

>129

<64

<64

>t2g

>128

*Values are expressed as concentrafion of analyte (pglml)
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Chapter 3.0 Buxus hyrcanø

3.1 The Buxus genus and Buxus hyrcanø

Buxus hyrcana Pojark (Buxaceae) is a tree-like shrubTl' 72 thatis abundant and

widely distributed in lran.7l't3 The plants of the genus Buxus (and their extracts) are

found extensively in the indigenous system of medicine, used for treatment of a

number of disorders and diseases includingmalaria, rheumatism, and skin

infections.Ta

Figure l7z Buxus hyrcøna
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B. hyrcana has been investigated for the presence of certain chemical classes

and tested positive for saponins, alkaloids, and flavonoids, but not tannins.Ts The

Buxus steroidal alkaloids have received the most research interest as screening has

identified them as being accountable for the bioactivities listed above and others such

as antibacterial (including antimycobacterial), antiviral (HIV), anticholinesterase

activity,Tt and other enzyme inhibitory activities.T2Interesting to note is that Buxus

alkaloids were isolated as early as the first half of the 1 8th century, but structure

determination has only been pursued in the last half of the 20th century,76 due to

advances in structure determination brought about by NMR spectroscopy.

Buxus alkaloids have a unique triterpenoid-steroidal-pregnane-type skeleton

with C-4 methyl groups, a 9B,1OB-cycloartenol system, and a degraded side-chain.

Over 200 compounds of this class has been reported from this genusT7 and,26have

been isolated from Buxus hyrcana to date.

The genus Bttxus is well-known to be a rich source of steroidal/triterpenoidal

compounds, ffiffiy including novel structures, with over 200 such compounds isolated

from the genus and26 such compounds isolated from Buxus hyrcana to date.

3.2 Previously Reported Steroidal Alkaloids from Buxus hyrcanø

The first reported isolation of B. hyrcana steroidal alkaloids occurred with

Kurakina's group in 1974 with cyclomicrobuxine (73), cyclobuxine D (74), and 1/-3-

benzoylcyclooxobuxidine (75).78 Cycloprotobuxine C (76) was also reported that year

by Aliev.Te There was renewed interest in this area in the last decade with O-

hyrcanine (77)ro,and homomoenjodaramine (78), and moenjodaramine (79) *t being
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isolated in 1998 - lggg. Next, (+)_¡/_benzoylbuxahyrcanine (S0), (+)_¡/_

tigloylbuxahyrcanine (sl), (+)-¡/-isobutryroylbuxahyrcanine (g2) were isolated in
2003'82 The majority of steroidal alkaloids being isolated from B. hyrcanaoccurred in

2006 withhyrcanone (83), hyrcanol (g4), N¿-dimethylcyclobuxoviricine (gs),

hyrcatrienine (8e, buxabenzacinine (gz), hyrcamine (gg), buxidin (g9), buxandrine

(90), E-buxenone (91), buxippine-K (92) being isolared by choudhary and co_

workers,Tl while Ata and co-workers were successful in isorating (+)-ou-

buxafurandiene (93), (+)-7-deoxy-oó-buxafurandiene (94), (+)-buxapapilrinine (9s),

(+)-benzoylbuxidienine (96), (+)-buxaquamarine (97), and (+)-irehine (gg).r,

As was mentioned in the introduction (Section 1.6), there is almost no data

available on the antibacterial constituents of B. hyrcana.previous examinations

(mostly of crude extracts) are indicative of constituent compounds with some

antibacterial activity, but which compounds possess this activity has not been

determined. Thus, this warrants a new investigation with the means to measure the

antibacterial activity of these pure, isolated compounds, relative to each another. such

an investigation has not been done in any comprehensive fashion to date.
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3.3 Buxus hyrcanø Experimental

General experimental conditions used in this research were the same as those

discussed in section 2.2

Plant CollectÍon

The leaves of a Buxus hyrcana pojark plant were collected by Dr. Meshkata-

Psadat, on August 14,2004 in lran. This plant was identif,red by Professor Jahad

Sazandegi, Mazandaran State, Iran and a voucher speciment (#8530) was deposited

in the herbarium of the Shaheed Beheshti University, Tehran, Iran.

Extraction and Isolation

The leaves of B. hyrcana were dried and extracted with methanol (5 L) at

25"C. The solvent was evaporated under reduced pressure, resulting in a gummy

mixture (38.1g) This extract was then shipped to the University of Winnipeg.

The crude methanolic extract was loaded onto a silica gel column (200 g) and

eluted using a stepwise gradient elution using hexanes I ethylacetate (0 - I 00yo),

followed by ethyl acetate / methanol (0 - 100%). This afforded several fractions

which were pooled on the basis of similar Rr" on analytical TLC, resulting in 10

pooled fractions.

One of the fractions, fraction 20 -23 (4í%ohexanesl 55Yo ethyl acetate)

showed the presence of one major compound, along with several minor compounds

on anal¡ical TLC. Preparative TLC of this fraction using the mobile phase, 86.3%

hexanes I 13.6% acetone I 01% diethylamine, afforded N¿-

dimethylcycloxobuxoviricine (85) and six minor compounds. The minor compounds

were not isolated in sufficient quantities for spectral analysis.
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A second fraction 3I -34 (3lYohexanes I 65Yo ethyl acetate) also displayed

the presence of one major compound, with small impurities. Preparative TLC of this

fraction using the mobile phase, 49.9% hexanes I 49.9% diethyl ether I 0.2o/o

diethylamine, afforded buxamine B (99).

N¿-dimethylcycloxobuxoviricine 85; white powdery solid, 2.6 mg, fraction3l -34;

UV À,nu* (MeOH) :256 nm; IR (CCl4) :3453,2933,1673,1552, 1098, and l37I

cm-r; rH NMR (CDCI3, 300.13 MHz) : see Table 7;,}CNMR (CDCI3, 75.47 MHz) =

see Table 7; EI-MS =mJz 399 (M+),384,837,73,72.

Buxamine B 99; white powdery solid, 4.6 mg, fraction2} -23;tJy 1",,.* (MeOH):

246 nrn; IR (CCl4) :3453, 2933, 1 552, 1 098, and 137 I cm-r ; 
rH NMR (CDCI3,

300.13 MHz): see Table 6;"CNMR (CDCI3, 75.47 MHz): see Table 6; EI-MS =

m/2398 (M+), 393, 369, 355,353,253,94,71,59.
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3.4 Buxus hyrcøna Results and Discussion

N¿-dimethylcycloxobuxoviricine (85)

N¿-dimethylcycloxobuxoviricine (85) was isolated as a colourless, white solid.

It has been previously reported.Tr The UV spectrum of 85 displayed maximum

absorptions at247 and256 nm, indicating a conjugated system. The IR spectrum of

85 displayed strong peaks at3453 (OH), 2933 (CH),1673 (o,B-unsaturated C:O),

1552 (amine NH), 1098 (C-N2o), and 1371 (H-C:C) cm-l.

20

.,,t H

..,.tOH

H

The rH NMR spectrum of compound 85 displayed three upfield 3H singlets at

ô 0.96, 0.94, and 0.98, due to the protons of C-l8, C-30, andC-32 methyl groups,

respectively. Additionally, the downfield doublet at ô 1.84 and singlet at 1.10, were

assigned to the C-21 and C-31 methyl groups, respectively. Two AB doublets at ô

1 .3 1 and 0.75 were assigned to the C- 19 methylene protons, which indicated the

presence of a 98,1OB-cyclopropane group in the compound. The signal at ô 3.64 was

assigned to the C-16 methine proton, geminal to the hydroxyl group. Also evident

I
N

H

IJll
1J
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was two doublets at õ 6.76 and 5.95, assigned to C-1 and C-2, respectively. The large

singlet peak at õ 2.45 was assigned to the N¿-dimethyl protons.

The 13C NMR spectrum of 85 showed the resonance for all 26 carbonatoms.

The carbon signal at ô 205.1 was assigned to the C-3 ketone. The sp2-hybridized

carbon signal ar 6 126.8 was assigned to the C-2, an olefinic carbon vicinal to the C-3

ketone group, while the sp2-hybridized carbon signal at 153.4 was assigned to C-1.

The signal at ô 43.3 was assigned to the N¿-dimethyl carbons.

The COSY spectrum of 85 showed cross-peaks between the signals at ô 6.76

and 5.95, corresponding to the olef,rnic protons of C-1 andC-2. Another important

COSY interaction was the geminal coupling befween the signals at ô 0.75 and 1.31

corresponding to the C-19 methylene protons.

The HSQC spectrum of 85 was used to find the lFVr3C chemical shift

assignments of 85 (see Table 7).

In the HMBC spectrum of 85, there was long-range heteronuclear coupling

between the C-1 methine proton (õ 6.76) with C-3 (205.i). There was also coupling

between the C-30 methyl (ô0.96) and C-31 methyl (1.10) with C-3 (205.1),

confirming the ketone peak at C-3 and along with the previous statement, the location

of the double bond. Also, the C-31 methyl (ô 1.10) showed coupling with C-4 (46.7)

and C-30 (19.4), while the C-30 methyl (0.94) showed coupling with C-4 (46.7), and

C-5 (49.3). The C-17 methine (ð 1.84) showed long-range HMBC interaction with C-

13 (44.2) and C-14 (46.0). The C-l8 methyl (0.96) showed coupling with C-12

(32.2), C-13 (44.2), and C-14 (46.0). Important HMBC interactions of 85 are

displayed in Figure 20.
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The orientation of the C-16 hydroxyl group (B) was done based on very close

matching with literature values of similar compounds (S ô 0.5). Additionally, other

t3C NMR and rH/r3C 
one-bond shift correlations and literature spectra helped

conclude the structure as N¿-dimethylcycloxobuxoviricine (95).7r
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Figure 20: rmportant HMBC rnteractions obseryed in compound g5
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Table 6: r3c NMR chemical shift Assignments and 1ru13c one-Bond shift
Correlations of 85 as determined from its HSQC Spectra

,HE J (Hz\ "C õ

85Carbon
JJ
t+

I6
l7
18

19

20
2l
30
31

32
MezN¿

6.76 (d)
s.es (d)

u2.70
B 1.60 (m)
o L00 (m)
o 1.55 (m)

B 1.2s (m)

B 1.80 (m)

1.45 (m)
1.27 (m)
1.20 (m)

1.37 (m)
1.30 (m)

p 3.6a (m)
a 1.84 (d)

B 0.e6 (s)
(AB) r.3r
(AB) 0.7s
2.59 (br.s)

i.84 (d)

B O.ea (s)
u 1.10 (s)
o 0.98 (s)
2.45 (s\

r53.4
t26.8
205.t
46.7
49.3

27.6

28.9

39.0
23.2
29.8
27.0

32.2

44.2

46.0

34.4

77.2
31.1
19.1

29.7

74.1
13.0
19.4
21.4
18.6

43.3

1

2
J

4

5

6

I
9

10

11

t2

l3
t4
l5

10.1

10.0

7.5

4.6
4.7

7.5

Buxamine B (99)

Buxamine B (99) was isolated as a colourless, white solid. It has been

previously reported,s3 though not from Buxus hyrcana. The UV spectrum of 99

displayed absorptions at239, and246 nm, indicating the presence of a 9(i0---+19)
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obeo-diene system. The IR spectrum of 99 displayed strong peaks at3453 (oH),2933

(CH), 1552 (arrine NH), i098 (C-N2o) and 1371 (H-C:C) cm-r

H
H

N/
\

(se)

The rH NMR spectrum of compound 99 indicated three upfield 3H singlets at

õ 0.74,0.72,and 0.71, assigned to the methyl groups at C-l8, C-30, andC-32,

respectively. Additionally, two downfield signals at õ 0.89 and i.02 were assigned to

the C-2 I and C-3 1 methyl groups, respectively. The vinylic signals at ô 5.5 I and 5 .92,

were assigned to the C-11 and C-19 methines of the 9(10---+19) abeo-diene system,

respectively. The 6H peak at E 2.I1 was assigned to the No-dimethyl protons, while a

broad singlet at2.29 was due to the 3H N¿-methylamino proton. Finally the signal at

ô 5.30 was assigned to the exchangeable N-H of the N¿ group.

The r3C NMR spectrum of 99 showed the resonance of all27 carbon atoms.

The two quaternary sp'-hybtidized signals at õ 136.6 and 138.6 were indicative of C-

9 and C-10, respectively of the 9(10---+19) abeo-diene system. The two sp2-hydridized

carbon signals at õ 128.8 and 128.4, were assigned to the C-l1 and C-19 of the

9(10-+19) abeo-diene system, respectively. The peaks at õ 39.9 and 44.5 were

assigned to the Nometþl carbon and the N¿-dimethyl carbons, respectively.

\N

I
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The COSY spectrum of 99 was used to trace the lH - lH spin correlations.

The COSY spectrum showed cross-peaks between the signal at ô 5.51 and the signals

a|2.02 and 1.96, assigned to the c-11 olefinic proton and the c-12 methylene

protons, respectively. There were also cross-peaks between the signals at õ 1.46 and

l.4l and the signals 2.3r and 2.10, assigned to the c-15 and the c-16 methylene

protons, respectively, which showed fuither coupling with the signal at 1.88, the C-I7

methine protons. The signals atõL42 and 1.38 showed coupling with the signal at

2.13, assigned to the C-7 methylene protons and C-8 methine proton, respectively.

The HSQC spectrum of 99 was used to find the rfvr3c chemical shift

correlations of 99 (see Table 6).

In the HMBC spectrum of 99, the C-i9 olefinic proton (ô 5.92) showed long-

range coupling with C-5 (50.9), while the C-i 1 olefinic proton (5.51) showed

coupling with C-8 (48.6). The C-i methylene protons (õ 1.76,1.73) showed HMBC

interaction with C-3 (52.0). The C-31 methyl protons (1.02) showed coupling with C-

3 (52.0). The C- I 8 methyl protons (ô 0.74) showed interaction with C- I 3 (43.2), C-14

(49.5), andC-17 (49.2).The C-32 methyl protons (ô 0.71) showed coupling with C-

13 (43.2), C-14 (49.5), and C-15 (33.0). Important HMBC interactions of 99 are

displayed in Figure 21.

The stereochemistry of the exchangeable NH (B); the C-30, C-31 methyl

groups (F a"d o, respectively); the H-5, H-8, H-I7, and H-20 methine protons (c, F, o,

and B respectively); and the C-l8 and C-32 methyl groups (F and o,, respectively)

were decided based on very close matching with literature values of chemical shifts

of similar compounds (S aO.l). Additionally, other r3C NMR and rFVr3C one-bond
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shift correlations and literature spectra helped conclude the structure as buxamine B

(99)."' 7e' 80' 8r

20

'rttlH

\N

(ss)

Figure 21: rmportant HMBC rnteractÍons obseryed in compound 99
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Tabte 7zr3c I\MR chemical shift Assignments and lrvr3c one-Bond shift
Correlations of 99 as determined from its HSQC Spectra

Carbon #
,Hô J (Hz) 'iC ô

99

J

4
5

6

a 1.76

þ r.73

þ r.27
a 1.24

a3.64

a 1.20

B l.6i (m)
o 1.59 (m)
a 1.42 (m)

B 1.38 (m)

B 2.13 (m)

5.s1 (m)
2.02
t.96

23.0

25.6

52.0
38.s
s0.9

27.0

30.1

48.6
l3 8.6
136.6
128.4

4t.2

43.2
49.s

33.0

42.8

49.2
15.7

128.8
61.5
9.5
15.0
24.9
17.1

44.5
39.9

8

9
10

i1
t2

13

14

15 1.46
1.4r

16 2.31
2.t0

T7

18

19

20
21

30
31

32
NH

MEHN¿

o 1.88 (d)

0 0.7a (s)
5.92 (s)

B 2.s6 (m)
0.8e (d)

B 0.72 (s)
o 1.02 (s)
o 0.71(s)
s.30 (s)
2.29 (s)

6.8

MezNo 2.11 (s)
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Minimum Inhibitory Concentration (MIC) Assay

All positive (growth) controls and negative (sterile) controls were satisfactory

(not shown). The MIC values for the standards, penicillin G (5) and chloramphenicol

(72) were in agreement with the published values for those agents.6e

The MIC results indicated that both N¿-dimetþlcycloxobuxoviricine (SS) and

buxamine B (99) possessed very weak to no antimicrobial activity as there was no

activity detected in the concentration range tested (see Table 8).

Table 8: MIC Assay for Compounds 85 and 99

Bacteria

S. aureus

S. agalactiae

E. coli

P. aeruginosa

Compounds

85 99

>t28 >128

>128 >128

>t28 >128

>128 >t28

Standards

72

s1

<1

<32

>t2g

<8

s2

<4

<64

*Values are expressed as concentration of anaþe (pglnl,)
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Chapter 4.0 Biotransfomations of Natural products

Microorganisms are ubiquitous and owe this to their ability to adapt to

virtually any ecosystem, even extremely hostile conditions. This adaptation is largely

due to evolution in their enzymatic systems which enable them to utilize diverse

substrates for their metabolism. so Microorganisms perform nearly every conceivable

type of oxidative or reductive reaction with suitable substrates.ss All nutrients such as

cellulose, amino acids, peptides, etc. undergo metabolic reactions. The metabolites

produced occur by the action of complementary enzyme systems of single and/or

mixed microbial populations. Thus, a logical step in the use of microorganisms as a

technology would be to hamess this colossal enzymaticpotential to produce desired

intermediates or metabolites.

Biotransformations can be defined as the enzymatic conversions of natural

and synthetic products into compounds having specifically modified structures. Most

often these enzymatic reactions are accomplished by using whole cell cultures of

microorganisms, mostly fungi, and some bacteria. These enzymatic reactions produce

new compounds (derivatives) that would be either most taxing or impossible via

synthetic techniques. The derivatives that are produced are generally more polar than

the original parent compound, so that they can be more readily excreted.s6 An

example of this is hydroxylation of a molecule at an inactivated methylene site, which

is a very com.mon biotransformation.sT This is a viable technology because the

enzymes associated with oxidative biotransformations appear to be promiscuous; they

exhibit a low degree of substrate specifrcity.s4' 88 
Jn general, the biotransformed

derivatives produced possess less biological activity I and or toxicity; however
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derivatives with enhanced activities or less toxicity have also been documented.8a,87

89, 90

An interesting fact to note is that a very prominent reason why only a few

antifungal compounds are available for therapy is that most fungi have an enzymatic

system that can hydroxylate most antibioticser, reducing their efficiency. An

additional, practical reason for the small number of antifungal agents is perhaps that

fungal infections were infrequent and non-life threatening, although both their

frequency and seriousness are increasing.

Biotransformations can accomplish a wide variety of organic reactions such as

synthesis or hydrolysis of esters (especially lactones), amides anhydrides, epoxides,

and nitriles; alkylation and dealkylation; halogenation and dehalogenation; oxidation

or reduction of alkanes, alkenes, alcohols, aldehydes, ketones, aromatics, sulphides,

and sulphoxides; addition-elimination of water, ammonia, and HCN;

isomerization, acylation, aldol condensation and Michael addition.e2

The first biotransformation was reported by Patterson and co-workers in 1952,

using the steroid progesterone (100) resulting in the conversion into l la-

hydroxyprogesterone (101), 68, I la-dihydroxyprogesterone (rüz),and 1 1o-

hydroxyallopregnane-3,20-dione (103) from progesterone using the fungi Rhízopus

ørrhizus.e3
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Figure 222 The first reported biotransformation: transfomation of
progesterone (100) into 1 la-hydroryprogesterone (101), 68, 1 la-
dihydro:yprogesterone (102), and 11a-hydroryallopregnane-310-dione (103)
using Rhìzopus arrhízus

This discovery began an extensive research effort to find more biocatalysts

(organisms) to produce a wide variety of steroid derivatives, and today with regard to

biotransformations, steroids are the most thoroughly studied class of natural products,

followed by the antibiotics. 8o'8t Today, any center in a steroid can be selectively

hydroxylated by choosing appropriate microorganisms. It can be easily said that

without the new technology of biotransformations, high-yielding steroid hormone

syntheses would not be at their current state of development. 8e'el
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Since then, biotransformations have been investigated on a multitude of

major natural product classes such as 1) sesquiterpenoids, such as nootkatone (10a);

2) diterpenoids, such as taxol falso known as paclitaxel] (10Ð ea; 3) triterpenoids (and

also steroids), such as withaferin-A (10Q;88 4; alkaloids, such as acronycine (107); 5)

aromatics, such as chromanone (108),es and 6) antibiotics, such as Viridicatumtoxin

(10e).
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Using biotransformations to produce derivatives has the advantages of

extremely mild reaction conditions and highly selective reactions (no requirement of

protecting groups). The disadvantages of using biotransformations can include

unwanted side-products and low yields.87

Although low yields can be encountered with biotransformation studies, there

has been great interest in this research area to find ways to maximize production, but

it should be understood that the initial isolation of a derivative is of key importance as

it reveals that it can be produced in the first place. Increases of 1000-fold in yield for

metabolites, including xenobiotics is often possible.a

There are several ways to maximize yield for biotransformations, as there is

great similarity for maximizing a natural metabolite or a xenobiotic. Screening for

related higher-yielding species or strains, and developing greater-expressing mutants

is an excellent way to accomplish this early in a research program. Additionally,

growth conditions such as pH, temperature, medium composition, aeration, and

inoculation (of substrate) conditions, etc. can have a profound effect on the yield.

Adding limiting precursors that inhibit steps in biosynthesis after the desired

metabolite is produced is another option. These steps can not only increase the yield

of the desired metabolite, but also work to improve the process by eliminating side-

products.

Biotransformations and their Role in Microbial Metabolite

Modeling

4.1
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Beginning in 1975, an additional reason for investigating biotransformations

began being explored, that of predicting mammalian metabolism (i.e. as a biomimetic

model). This was especially significant for drug metabolism,e6 as well as other

chemicals such as vitamins, hormones, pollutants,eT insecticides, amino acids,sT and

other classes ofnatural products.

Metabolism of xenobiotic chemicals has been and continues to be (with the

ne\il research field of Metabolomics) an aÍeaof intense interest.es This importance is

due to the fact that the vast majority of drugs or other foreign chemicals entering the

mammalian organism are chemically altered.st An example of this is that <10%o of

administered Taxol is excreted unchanged in urine; the prime metabolite is 6o-

hydroxytaxol.ee Before a drug is approved, its metabolites must be studied and their

structures elucidated, as well as possess sufÍicient quantity for toxicological testing.

These studies have historically been most taxing to accomplish due to several

obstacles: 1) development of suitable analytical methods for dealing with biological

media, 2) qualitative and quantitative differences in analy'tes produced using animal

models, 3) extremely low levels of metabolites that are recovered from such systems,

enough for complete structure determination and biological testing.sT

Of principle interest in biotransformations for drug metabolism are the

reactions 1) aromatic hydroxylation,2) N-dealkylation, 3) O-dealkylation, and 4) S-

oxidation.sT The enzymes most often responsible for hydroxylation of a substrate are

C¡ochrome P+so Oxidases (CYP), which exist in both microbial and mammalian

systems. In mammals they are mainly concentrated in the liver s5 and also to some

extent in the kidney, lung, small intestine, spleen, and steroidogenic organs.l00 It is
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these enzymes (or very similar enzymes) that are responsible for hydroxylations and

are believed to be responsible for reactions i) _ 4) above.

c¡ochrome P¿so monooxgenases' mechanism of action can be briefly

described as follows: the oxidized cytochrome p+so (Fer*) f,rrst complexes with a

substrate, near the iron site of the heme protein. This complex is rapidly reduced via

cytochrome P450 reductase to produce the Fe2* form. Next a morecular oxygen (oz) r

cytochrome / substrate complex is formed. The iron atom is then oxidized back to its

Fe3* form by reducing the oxygen to an oxide. Reduction (from an unknown source)

reduces the Pa56 enzyme to its Fe2+ form again. Finally a rearïangement occurs

involving the bond between the molecular oxygen bond cleaves resulting in one

oxygen being incorporated into the substrate while the other accepts two protons to

become water, and cytochrome pa56 is oxidized back to its Fe3+ nb-m.s7, e7

Þ'ós
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- drug Cytochrome

\.f p4sreductase
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Pouo 
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Po, z'-drug I
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Figure 24.. Cfiochrome pa5s 
'oonoo{ygenase 

mechanism on drugs

Their fungal Pa5s cormte{parts have been reported to yield parallel

transformations.
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Fungi are perhaps a better choice than bacteria for studying animal

metabolism because of greater similarities in their enzyme systems (since they are

both heterotrophic and eukaryotic), not to mention a greater number of enzymes.

Advantages of this approach include better cost efficiency, simple

maintenance of subjects, easy scale-up capabilities, and vastly increased yield of

metabolites (comparing pg to g) for detection of analytes.eT, r0r,102

Additionally, the selectivity of biotransformations can greatly aid in structure-

activity relationship (sAR) studies,sa particurarly with complex, polyfunctional

compounds. This is another way that biotransformations assist in the drug

development process.

Utilization of biotransformation for derivative production is known to work

best if the substrate is similar in structure to a known, successfully biotransformed

strucfure. As the scholarly literature on biotransformations becomes more extensive

and the certainty of a desired reaction is validated, biotransformations have begun to

be more widely used in organic synthesis tn (*d in some cases, total synthesisl03¡,

much the way that enzymatic reactions have found their way into the synthetic

chemist's repertoire.

This new research project was designed to investigate the biotransformations

ofthree nafural products: sclareol (110), sclareolide (111), and colchicine (ll2).
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Figure 25: Strucfures of the natural products for biotransformation: sclareol
(110), sclareolide (111), and colchicine (112)

These compounds were chosen most importantly due to their availability, but

also due to their relevance because they all possess some biological activity, and all

three have had (at least) some success having been a substrate for biotransformation

studies in the past.

4.2 Sclareol and its Reported Biotransformations

Sclareol [adb-14-en-13B-ol]t0a (110) is a labdane diterpenoid that is widely

distributed in naturel0s' t06 but was first isolated as a minor constituent from the leaves

of the plant, Salvia sclarea Linn (clary sage)107'108' 
r0e' rl0' lll in 1931.112It is also

quite abundant in Nicotiana,!þp. (tobacco).

It is commercially available ll3 *¿ is used in preparation of scented

compounds in perfumery,lla and as a flavoring agent in food, alcoholic, cosmetic, and

tobacco products.r05It is also used in folklore medicine.rrs It biological activity

includes cytotoxicity,rl6 herbicidal activity,rrT strong antibacterial activity,rrs and

fungal-growth regulation. I le
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Biotransformation experiments have previously been executed on sclareol

(110), beginning in 1982 (Hieda and co-workers).103 To summarize, 18 derivatives

have been charactefized using eight fungi and four bacteria to date. The reported

biotransformations of sclareol are summarized below.

Fermentation with the fungi, Mucor plumbeus has generated 18-

hydroxysclareol (113), 3B-hydroxysclareol (114), and the 6a,-hydroxysclareol

derivative (11Ð,toe while cunninghamellaspp. NRRL s6g5 t04 
and, Rhizopus

stolonifer106 were only capable of producing the first two (113, 114).

The 18-hydroxysclareol (113) and 3B-hydroxysclareol (114) derivatives have

also been produced by Cephalosporia aphidicola [along with the 2o-hydroxysclareol

derivative (115) and 18-acetoxysclareol (116)1, 112 while Cunninghamella eleganshas

also produced the 2o,-hydroxysclareol derivative (11Ð and l9-hydroxysclareol

(tt7)'o'

Bacillus cereus [which has additionally generated 18-hydroxysclareol (113)

3B-hydroxysclareol (ll4),2o-hydroxysclareol (115)1, 2o, I 8-dihydroxysclareol (118),

the sclareol 18-o-D-glycoside (119), the sclareol 2o-o-D-glycoside (120), and the

sclareol 3B-O-D-glycoside (l2l),104 whereas Bacillus sphaericus is limited to the 18-

hydroxy (113) and 3p-hydroxy (114) derivatives ofsclareol.r0T

3B-hydroxysclareol (113), 2a -hydroxysclareol (11Ð, 3-ketosclareol (122) are

biotransformation products using Septomyxa ffinis.t20 Botrytis cinereafermentation

results in two very unusual derivatives: epoxysclareol (123), and 8-deoxy-14, L5-

dihydro- 1 5 -chloro- i 4-hydroxy-8,9-dehydrosclareol (124).1 ts
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Finally, the Bacterium JTS - 162 has resulted in transformations into sclareol

18-carboxylic acid (125), sclareol 1 8-carboxylic acid methyl ester (12Q, sclareol 1 8-

aldehyde (L27),manool (Lz9),manoyl oxide (129),andthe l3-ketosclareol (130),103

whereas Soil Bacterium JTS - 131 was only capable of transforming the first two

(125,126).121
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4.3 Sclareolide and its Reported Biotransformations

Sclareolide (111) is a sesquiterpenoid lactone isolated from the plant, Arnica

angus tifolis,t22' t23 Sider itis nLúans, t23' t24 
atrrd Kyllinga er e cta I 2 s

Its biological activity includes phytotoxicity126 as well as anticancer activity,

specifically it posseses modest cytotoxicity against breast (MCF-7), colon (CKCO-1),

lung (H-1299), and skin (HT-144) human cancer cell lines.127 It is also commercially

available.l2s

Several previous biotransformation of sclareolide (111) have been reported in

the literature, beginning in 1991 (by Aranda and co-workers).10e As an overview,

sixteen derivatives have been characterized using 10 fungi as of the time of this

writing. The reported biotransformations are summarized below.

Fermentation with the fungi, Aspergillus nigerhas generated 3-ketosclareolide

(131),3p-hydroxysclareolide (132),and 1p-hydroxysclareolide (133).'23 Incubation

with Mucor plumbeus loe' lt0 
and Curvularia lunata 123 also results in the three

previously mentioned derivatives being produced (131 - 133), along with two other

dihydroxylated derivatives: 1B, 3B-dihydroxysclareolide (134), and 1o, 3p-

dihydroxysclareolide (135).

The genus Cunninghamella has been studied thoroughly for the ability to

transform sclareolide as a substrate.tzs' t27 Cunninghamella blakesleeana fermentation

has produced 3 -ketosclareolide (131), 3 B-hydroxysclareolide (132), 1 B, 3 B-

dihydroxysclareolide (134), Oó-sclareolide (136), 9-hydroxysclareolide (13Ð, and 3p,

6o-dihydroxysclareolide (138).r27 Cunninghamella echinulata as a biocatalyst has

resulted in 3p-hydroxysclareolide (132), 5-hydroxysclareolide (139) andTB-
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hydroxysclareolide (140) being produced.r2T Cunninghamella elegansproduces the

derivatives: 3-ketosclareolide (r31), 3B-hydroxysclareolide (132), la,3þ_

dihydroxyscl areol ide (135), 2a-hy dr oxys clareolide (r4r), 2a, 3 þ -

dihydroxysclareolide (142), and 3 B-hydroxy- g -episclareolide (143). r 25

Cephalosporium aphidicola fermentation results in 3-ketosclareolide (131),

3B-hydroxysclareolide (132), and 3B, 6B-dihydroxysclareoli ae ç144¡.12s zþ-

hydroxysclareolide (132),1-ketoscla¡eolide (145),38,14-dihydroxysclareolide (146)

were the fermentation products using the fungi, Botrytis cinerea.t3l Gibberella

fuj i kur o i i fermentati on produces 3 -keto s clareolide (1 3 1 ), 3 B -hydroxysclareo lide

(132), 1B-hydroxysclareolide (133), and 1a,3B-dihydroxysclareolide (135).r23 Lastly,

Fusarium liníbiotransformation products include 3B-hydroxysclareolide (132) and

1 o, 3p-dihydroxysclareolide (135). 123
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agent due to its ability of inhibiting mitosis by binding to tubulin. Cancer cells are

more susceptible since the rate of mitosis is significantly greater in cancer cells.

Only a few biotransformed derivatives of colchicine have been reported

despite fairly extensive screening of this natural product. Fermentation with the fungi,

steptomyces griseus and streptomyces spectrabilís have both generated. d-
demethylcolchicine (147) and O3-demethylcolchicine (148) as derivatives of

colchicine (ll2). The soil bacterium, Arthobocter colchovorumhasbeen reported to

produce 7-deacetylcolchicine (149) and 7 -deacetamino-7-ketocolchicine (150).
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4.5 Biotransformation Experimental

General

Sclareol (95%) and Colchicine were purchased from Aldrich. Sclareolide

(97%) was purchased from Fluka. Lo Fat Soy Flour was purchased from Canasoy,

DIFCO BACTOTM yeast extract was purchased from Becton Dickinson, NaCl was

supplied by BDH, KzHPO¿ and dextrose were purchased from EM Science. Potato

dextrose agar and Sabouraud dextrose agar þowders) were supplied by Becton

Dickinson.

General experimental conditions used in this research were the same as those

discussed in section 2.2

X'ungi

The following fungal strains were purchased from the American Type Culture

Collection (ATCC): Aspergillus niger (ATCC#9142), Mucor plumbeus

(ATCC#4740), Penicillium uustosum (ATCC#90147), and Candida albicans (ATCC

#14053 e.#90028). A. niger and P. crustosum stock cultures were replated onto

potato dextrose agar, while the C. albicans stock cultures were replated onto

Sabouraud dextrose agar. Replating of these stock cultures was executed once a

month and the cultures were maintained af 4C.

Broth Media

The ingredients and proportions used in the preparation of the soy broth media

were as follows: soybean flour (20 g/L), dextrose (5 g/L), yeast extract (5 g/L),

sodium chloride (SglL), and dipotassium hydrogen phosphate [K2HPOa] (5 g/L). This

was a slight modification of the media suggested by Smith and Rosazza.l3a The broth
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was portioned into 50 mL aliquots in250 mL Erlenmeyer flasks and the pH was

adjusted to 7.0 using NaOH before sterilization in a steam autoclave.

Screening Experiment - Incubation Procedure

The initial step in the conducted biotransformation studies was to perform a

screening experiment, the objective of which was to perform a fermentation of the

natural product substrate on a small scale using several fungi, to efficiently determine

the presence of biotransformed products.

Biotransformation experiments were performed in shake culture flasks by a

two-stage fermentation procedure to ensure experimental reproducibility and produce

suff,rcient biomass.sa''t8 For the preparation of stage I cultures, a25 mmz (1 inch2)

square from the fungal stock cultures was transferred to an Erlenmeyer flask

containing 50 mL aliquot of sterile soy broth. Incubation of the stage I cultures was

carried out on a gyrorotary shaker at room temperature (-25"C) for 72 hours at-220

rpm.

Stage II cultures were prepared by 5 mL each of the stage I broth being

transferred into five new flasks containing sterile broth. Incubation of the stage II

cultures was permitted for 24 hours (under similar conditions as mentioned above)

before inoculation with the natural product substrate solution. After this time, the

natural product substrate (400 mg sclareol (110), sclareolide (111), or colchicine

(ll2), respectively) was then transferred to the five flasks of a stage II culture (95%

ethanol solution for sclareol (110) and sclareolide (111), or aqueous solution for

colchicine (112) [100 mg/ml]). Final titer of substrate after addition to the stage II
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cultures was 0.4 mg/ml. Incubation was then resumed for 10 days under similar

conditions.

Two types of controls were utilized as well to ensure proper interpretation of

the data. A positive "growth" control was prepared in which the fungi were subjected

to identical conditions but without any substrate. A negative "media" control was

prepared in which the substrate was added to the broth media but without any fungi.

After the final incubation, the flasks (both samples and controls) were

removed and their contents gravity- filtered using a Whatman #5 filter. The mycelia

were vigorously pressed to maximize the filtrate. The f,rltrates (-250 mL) were

extracted with ethyl acetate (3x, equal volume) and dried, which resulted in light

brown extracts.

Screening biotransformation experiments were carried out on all three

substrates (sclareol (110), sclareolide (111), colchicine (112) using the f,rve fungi

listed above.

Screening Experiment - Extract Analysis

The extracts were dissolved in dichloromethane and tested for evidence of

biotransformation on analytical thin layer chromatography, along with the growth and

media controls. An optimum mobile phase for separation in each case was determined

U00% ethyl acetate for sclareol (110), 7}Yo ethyl acetalel3}o/o hexanes for sclareolide

(111), and I00o/o methanol for colchicine (112)1. Visualization was done by the

charring treatment for sclareol (110) or sclareolide (111) analysis or by examination

under UV light at256 nm for colchicine (ll2) analysis. During the TLC analysis, the
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pwe parent compound (sclareol (110), sclareolide (ll1), and colchicine (112),

respectively) were also spotted on the same TLC plate

Biotransformed derivatives were detected by samples having spots with

similar but lower (more polar) retention factors (R¡) values than the parent compound

on TLC, which are not present in the controls. TLC spots in both samples and the

positive (growth) control indicates the presence of natural fungal metabolites, such as

tyro sol [(2,4 -hy dr oxyphenyl)- ethanol] (1 51).

Scale-Up Experiment -Incubation Procedure

Following a screening experiment with confirmation that one or several of the

fungi that were screened were capable of metabolizing the natural product substrate

(usually in miniscule quantity), the next step in the biotransformation study was a

scale-up experiment, the purpose of which was to perform a fermentation of the

natural product substrate on a larger scale using only one fungus (20 fungal soy broth

cultures, instead of 5), which was more suitable for collection and further analysis of

the biotransformed products. This is because the detection limit on analytical TLC is

lower than the quantity necessary for structure determination.

To this end, the procedure and all other parameters for scale-up

biotransformation experiments (media composition, incubation time, etc.) were

identical to a screening experiment.

After stage II incubation is complete, the 20 flasks were pooled, vacuum-

filtered, and the filtrate (- 1 L) extracted with ethyl acetate (3x, equal volume) and

dried, resulting in a light brown extract.
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Scale-up biotransformation experiments were carried out on sciareol (110)

using Penicillium crustosum;on sclareolide (111) using Penicillium crustosum and

Candida albicans; and on colchicine (ll2) using Mucor plumbeus due to their

screening experiment results, indicating possible derivatives. The fungi were chosen

based on previous biotransformations in the literature.

Scale-Up - Extract Separation

The dried, light brown scale-up extracts were each dissolved in a minimum

amount of dichloromethane and then loaded onto a 30 cm x 100 cm chromatography

column (wet addition) containing 30.0 g of silica gel.

Column chromatography was carried out on the extracts, following a stepwise

gradient elution using hexanes/ethyl acetate, followed by ethyl acetatelmethanol (50

mL fractions) in the following manner: for the mobile phases from 100%

hexanes/0olo ethyl acetate to 100%o ethyl acetatel\%o methanol (fractions 1-2i), the

gradient was l0o/o; i.e. 100 oá hexanes --- 90o/o hexanes/lOYo ethyl acetate, etc., for the

mobile phases from 100% ethyl acetat el\o/o methanol to I}}%methanol (fractions

22-38), the gradient for subsequent mobile phases was 20%o.

For each biotransformation scale-up extract, 38 fractions were collected and

examined using analytical TLC. The fractions that showed well-isolated species were

pooled with others that showed similar Retention Factor (R) values.

4.6.I Sclareol - Penícíllíum crustosum Scale-Up Experiment

Column chromatography of the Scale-Up extract resulted in no

biotransformed products that could be isolated in sufficient yield for structure
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determination, but elution with the mobile phase, 80% ethyl acetatel2}Yomethanol

[fraction 22] afforded the parent compound, sclareol (110) (45.0 mg, 1 1.25% yield).

4.6.2 Sclareolide - Penìcìllium crustosum ScaIe-Up Experiment

During column chromatography of the Scale-Up extract, elution withT}Yo

ethyl acetatel 30o/o hexanes ffractions 15 - i6] afforded the parent compound,

sclareolide (111) (40.1 mg). Elution with 100% ethyl acetare [fractions 20-2ll

resulted in elution of 3-ketosclareolide (l3l) (42.6 mg,10.65%o yield). While elution

with 60% ethyl acetatel4}%o methanol [fractions 25 -29] afforded 3B-

hydro xys clarolide (132) (23 .9 mg, 5 .9 8% yield).

3-ketosclareolide 131; white powdery solid, 42.6 mg, fraction20-2I; UV l,n,,a*

(MeOH) :256 nm; IR (CCl4) :3370,2930, 1784, 1704, and I 112 cm't; tH NMR

(CDC13,300.13 MHz): see Table 10; 13C NMR (CDCI3, 75.47 MHz): see Table 10;

EI-MS : m/2264 (M+),24g

3p-hydroxysclarolide 132; white powdery solid, 23.9 mg, fraction25 -29;tJY Ìu^u*

(MeOH) : terminal; IR (CCl4) : 3380 cm'',2933,1775, and.l 120 cm-r; tH NMR

(CDCI3, 300.13 MHz) : see Table 1 l; r3C NMR (CDCI3, 75.47 MHz) : see Table I l;

EI-MS : mJz 266 (M+), 251, 233, 207, 55

4.6.3 Sclareolide- Cøndìda albìcøns Scale-Up Experiment
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The parent compound, sclareolide (111), was not isorated during column

chromatography, nor were any fractions upon 'H NMR analysis indicating

biotransformed derivatives. However, elution with 80% ethyl acetate 12}%ohexanes

(fraction 18) afforded a slightly impure aromatic compound.

HPLC separation of the 4 predominant compounds in this sample was

executed by using the following operating parameters: 80% H2Ol20% acetonitrile

isocratic mobile phase, 12 min run time, 50 ¡rL injection volume, 1 ml/min flow rate,

and254 nm detection (scan 2I0 - 380 nm). The principal compound was isolated by

collecting the eluent from Rr 1.56 - 2.06 min in 10 collection runs, a white,

crystalline solid was afforded, identified as tyrosol (l5l) (2.7 mg). The other three

constituents of this fraction, though isolated, had insufficient quantity for structure

determination.

Ðr
li

Candida albica¡s ethyl acetate exlract
Column cb¡omatography Èaction l 8
August 29, 2007 Jordan Betteridge
Method 4: If gh W : 20Yo acetonitrtle / 800/o water / me
I mL / min 254 nm

24".

rc 
_

:

6'-

ç.00
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Figure 292 HPLC chromatogram of collection Run for column
chromatography Fraction #18 of sclareolide - cøndìdø ølbícans scale up
extract (with peak of interest selected)

Tyrosol 151; white powdery solid, 2.7 mg, fraction lg; uv À-u* (MeoH) = 223 nm;

IR (ccl4) =2932, 3394.6, 2926, r 65 5, I 545, r 453, 1246, and,75 g cm-r. ;'H NMR

(cDCl3, 300.13 MHz): see Table rz;t3cNMR (cDCl3, 75.47 MHz): see Table 12;

EI-MS : m/z 138 (M+)

4.6.4 Colchicine - Mucor plumbeus Scate-Up Experiment

column chromatography of the Scale-up extract resulted in no

biotransformed products isolated in sufficient yield for structure determination, but

elution with the mobile phase, 100% methanol [fraction 35] afforded the parent

compound, colchicine (ll2) (30.5 mg, 7.63% yield).
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4.6 Biotransformation Results and Discussion

3-ketosclareolide (131)

The UV spectrum of compound 131 showed only terminal absorption with no

significant absorbance maximum, indicating the lack of a conjugatedn system. It has

been previously report€d,t0e'110' 123' t2s't27' 12e though not as a derivative of penicillium

crustosum The IR spectrum of 131 displayed strong peaks at 3370 (oH), zg30 (CH),

1784 (ester C:O), 1704 (ketone C=O), and 1112 (CO) cm-r.

The rH NMR spectrum of compound 131 was similar to the respective spectra

for the parent compound, sclareolide (111) with no appreciable differences and some

minor downfield chemical shifts.

Ther3C NMR spectrum of 131 displayed all 16 carbon signals. A downfield

signal at E 215.4 confirmed the presence of the C-3 ketonic carbon. Due to only two

known keto-derivatives (3-keto or 1-keto) of this compound being reported, the

literature values of both were examined and it was found that the chemical shifts were

near equivalent (< ô0.1) with the published values for 3-ketosclareolide (131) t26't28

(see Table 10). These spectroscopic conclusions led to the establishment of structure

131 for this derivative.

H

6

15
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Table 9: lH and r3C ltMR Chemical Shift Assignments of 131

Carbon # 131
,Hô J (Hz) "C ô

2

J

4

5

6

7

8

9
10

11

t2
13

14

15

l6

a 1.70 (m)

B 1.s8 (m)

þ 2.s2 (m)
a2.49 (m)

l.62 (dd)
o 1.85 (m)
p 1.80 (m)

B 2.1s (m)
o 2.06 (m)

o 1.98 (m)

þz.qi faat
u2.28 (dd)

I 1.35 (s)

B 1.00 (s)

B i.03 (s)

ß f.i0 (s)

15. i
6.4

37.7

33.4

215.4
47.3
54.3

21.4

37.7

85.6
58. i
35.5

28.6

175.9
21.t
t4.5
20.7
26.6

3 B-hydroxysclareolide (132)

The UV spectrum of compoundl.S2 showed only terminal absorption

indicating the lack of a conjugatednsystem. It has been previously reported,l0e' tto'

123'12s'127'12e' 130 though not as a derivative of Penicillium crustosum.The IR spectrum

of 132 displayed strong peaks at 3380 (OH), 2933 (CH), 1775 (C:O), and 1 120 (CO)

cm-t.
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Htt,,,,

HO

15

(132)

The lH NMR spectmm of compound,l32 showed the presence of an

additional downfield peak at E 3.25 (m), indicative of this derivative containing a

hydroxyl group. The multiplicity of this signal suggested that the hydroxyl group may

be at C-3.

The l3C NMR spectrum of 132 showed the resonance of all sixteen carbon

atoms. A downfield signal atï 78.6 confirmed the presence of the C-3 hydroxylated

carbon.

The COSY spectrum of 132 showed cross-peaks between the proton signal of

C-3 (ô 3.25), and the C-2 methylene protons (1.69 and 1.62), which showed further

coupling with the signals at 1.45 and 1 . 18, the C- 1 methylene protons. This spin

system aided to reduce the site of hydroxylation to half the possibilities. Cross-peaks

were evident between the proton signal, ô 1.03, the C-5 methine, and the signals at

1.92 and 1.87, the C-6 methylene protons, which showed further coupling with the

signals at2.08 and 1.68, the C-7 methylene protons. Lastly, the COSY spectrum

revealed cross-peaks between the signal atõ 7.94, the C-9 methine, and the signals at

2.41,2.22), the C-11 methylene protons.

The HSQC spectrum of 132 was used to frnd the rFV13C chemical shift

assignments of 132 (see Table I 1).

H

6

99



In the HMBC spectrum of 132, heteronucleff cross-peaks existed between the

C-3 methine (ô 3.25) and C-15 (15.1). Along with the COSY coupling dara, this facr

unambiguously confirmed the site of hydroxylation as C-3. Cross-peaks were also

evident between the C-6 methylene protons (ô 1.92, l.g7) and C-g methine (g6.1),

while the c-7 methylene protons (ô 2.08, 1.68) showed coupling with c-9 methine

(58.8). Also, the c-11 methylene protons (ô 2.41, 2.22) showed coupling with c-9

methine (58.8) and C-12 (176.5). Long range heteroatomic coupling also existed

between the C-13 methyl prorons (ô 1.33) with C-8 (86.1) and C-9 (5s.9). The C-14

methyl protons (ô 0.80) showed cross-peaks with C-5 (55.2). Lastly, The C-15 methyl

protons (ô 0.91) showed cross-peaks with C-5 (55.2), while the C-16 methyl protons

(1.00) showed cross-peaks with with c-4 (3s.8) and c-5 (55.2).Imporranr HMBC

interactions of 132 are displayed in Figure 31.

The NOESY spectrum of 132 was used to establish the stereochemistry at C-

3/oH. The c-3 methine proton (ô 3.25) showed an NoE with the c-16 methyl

protons (1.00) indicative of a cis relationship between them. H-3 showed an NOE

with H-16. H-3 did not show an NOE with H:-14, which indicated the u,-orientation

of H-3 and thus B-stereochemistry for C-3/OH. These spectroscopic conclusions led

to the establishment of structure 132 for this derivative.

Additionally, the r3C chemical shifts showed impressive correlation (S ô0.1)

with the published values for 132.126' 
r28 Accordingly,lS2 was assigned as the

proposed structure for this compound.
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Figure 30: Important HMBC Interactions Obsened in 132

Table 10: 13c NMR chemical shift Assignments and rH/r3c one-Bond shift
Correlations of 132 as determined from its HSQC Spectra

Carbon #

'H ð J (Hz) t,c 
ð

2

J

4
5

6

7

I
9

10

o 1.45 (m)

B 1.18 (m)

B 1.6e (m)
o 1.62 (m)
a 3.2s (dd)

r.az (m)
o 1.92 (m)

Ê 1.87 (m)

Þ 2.08 (m)
u 1.68 (m)

a 1.94 (m)

B z.+ì laa¡
a2.22 (dd)

F 1.33 (s)

Ê 0.80 (s)
p 0.e1 (Ð

Ê 1.00 (s)

37.6

26.8

5.3,5.4 79.6
3 8.8
55.2

20.2

3 8.3

86.1

58.8
35.7

15.1

6.4 
'¿8.'/

176.s
2t.5
15.0

15.1

27.8

11

t2
13

t4
15

t6
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Comment on Sclareolide - Cøndídø øIbicøns Scate-Up Experiment

The anomalous result of sclareolide (111) not being retrieved from the extract

may indicate that sclareolide was utilized as a source of carbon by C. atbicans - since

it is a chemoorganotrophic heterotroph - and completely metabolized.

Tyrosol (151)

The UV spectrum of compound 151 displayed two absorbance maximums

tÀ-*) at223 and278 nm, indicative of conjugation.t35 It has been previously

reported.136'r37 The IR spectrum of 151 displayed strong peaks at293z(cH), 3394.6

(oH); 2926 (cH); 1655, 1545,1453 (aromatic); 1246 (co); and 758 (aromaric) cm-r.

(r5r)

The rH NMR spectrum of compound 151 showed two aromatic doublet

signals centered at ô 7.09 and 6.78,respectively, which suggested a disubstituted

aromatic ring withpara-positioning, assigned to C-4l8 and C-517 methine protons.

Two triplets are integrating for 2H each, at õ 3.82 and 2.80 indicated two methylene

groups each coupling to two protons, and were assigned to the protons of C-1 and C-

2. C-2 was determined to be vicinal to the hydroxyl-bearing C-l due to its downfield

chemical shift in the appropriate range. The broad singlet at õ 4.70 indicated a

phenolic hydrogen, and was assigned to the phenol group of C-6.
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The l3C NMR spectrum of 151 showed resonances for all 8 carbon atoms, and

their multiplicities determined with the aid of APT spectrum. positive-sign peaks at ô

63.8 and 38.2 were assigned to 2o methylene carbons C-i and C-2, respectively. The

negative-sign peaks at õ 130.2 and 1 15.4 were assigned to the aromatic carbons, C-

418 and C-517, respectively. The quatemary aromatic signals of C-3 and C-6 were not

visible in the 13c spectrum, but their coupling was evident in the HMBC spectrum

(see Table 12).

The COSY spectrum of 151 depicted vicinal coupling between the two

aromatic doublets at ô 7.09 and 6.78, corresponding to the C-418 and C-5/7 methines,

respectively, which confirmedpara-substitution. Additionally, the triplets at ô 3.82

and2.80, also exhibited cross-peaks, further indicative of vicinal coupling between C-

I and C-2 triplets, respectively

The HMBC spectrum of 151 most importantly indicated coupling between the

aromaticmethineprotons of C-4/8andC-517 (ô7.09 and6.78),andthephenolicC-6

(ô 155.5). Additionally, coupling was evidenced between the 4" C-3 (ô 130.2) and the

methylene protons of c-l and c-2 (ô 7.09 and 6.78, respectively). cross-peaks

showed the long-range heteroatomic coupling betweenC-4lg (ô 130.4) and the

aromatic methine protons of C-517 (ð 6.7S). Additionally, cross-peaks indicated long-

range coupling between C-2 (ô 38.2) and the methylene protons of C-l (ð 3.g2). The

literature values of the NMR chemical shifts for tyrosol were compared to the

experimental values and close correlation was found between the two (S ô0.3 i for lH

NMR, < ô0.8 for r3c NMR ) with the published NMR values for tyrosol (151),

performed in DMSo-d6 and D2o.r3a Important HMBC interactions of 151 are
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displayed in Figure 32. consequently, the structure 151 was assigned to this

compound.

(r5r)

X'igure 31: Important HMBC Interactions Observed in 151

Table 11: rH and 13C llMR Chemical Shift Assignments of 151

Carbon
tr
]+

1s1
'Hô J (Hz) "C ô

1

2
J

4,8
5,7

6

OH

6.4
6.4

8.3
8.4

63.8
38.2
r30.2
130.4
tt5.4
155.5

3.82 (t)
2.80 (t)

7.0e (d)
6.78 (d)

4.70 (br.s)

Tyrosol (151), a previously reported compound, is produced when the amino

acid tyrosine undergoes hydrolytic decarboxylation.l36 Tyrosol is known for being an

important metabolite produced by CandÌda ølbicans, used as a quorum (threshold

population) sensor and is important in biofilm development, a major factor in its

virulence.r37 It is also a component of table olives (along with other phenolics) and is

significantly responsible for their intrinsic antioxidant activity and antibacterial

activity.l38, l3e

í\
\-"¿
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4.6.5 Minimum Inhibitory Concentration (MIC) Assay

All positive (growth) controls and negative (sterile) controls were satisfactory

(not shown). The MIC values for the standards, penicillin G (5) and Chloramphenicol

(72) were in agreement with the published values for those agents.6e

The MIC results indicated that sclareolide (111) and its biotransformed

derivatives possessed very weak to no antimicrobial activity as there was no activity

detected in the concentration range tested.

However, tyrosol (151), the Candida albicans metabolite displayed

intermediate activity towards the Gram-positive bacteria, Staphylococcus aureus and

Streptococcus agalactiae (see Table 13). This activity may, in part, explain the

virulence of this pathogen, which is the causative agent of Candidiasis, often called

Thrush (oral infection). This may greatly aid in annihilating the indigenous skin

bacteria (which is mostly Gram-positive S. epidermidis and some S. aureus and

possibly Lactobacillus spp.); the competing microbial populations, during infection.

Table 12: MIC Assay for Compounds 131, 132, and 151

Compounds Standards

Bacteria 72

S. aureus

S. agalactiae

E. coli

P. aeruginosa

>tzg

>r2g

>128

>t28

>128

>r28

>r28

>tzg

>128

>128

>129

>128

<64

<?)

>t28

>128

<1 <8

<1 <2

<32 <4

>128 <64

10s

111 131 132 151

*Values are expressed as concentration of analyte (pglml,)



Chapter 5.0: Conclusions

In summary, an examination of the constituent compounds from a methanolic

Sphaeranthus indicus extract resulted in the isolation of dihydrocholesterol (70),7a-

hydroxyfrullanolide (54), and 7o-hydroxyeudesmanolide (56). Structural elucidation

for these compounds was done using spectroscopic methods. Chemical derivatization

of 54 was done for Structure Activity Relationship (SAR) studies, resulting in the

semi-synthesis of 71. Minimum Inhibitory Concentration (MIC) testing was exeouted

to determine/quantify their antibacterial activity. This is the first study to characterize

the antibacterial activity of individual constituents of this plant. The SAR results

indicated that54 has strong antibacterial activify against Gram-positive bacteria

(Støphylococcus aureus and Streptococcus agalactiae) but not Gram-negative

bacteria (Escheríchia coli and Pseudomonas aeruginosa), while 56 and /lhad,

progressively decreasing, respectively. Compound 70 possessed no antibacterial

activity in the concentration range tested.

Additionally, a methanolic extract of Buxus hyrcana resulted in the isolation

of N¿-dimethylcycloxobuxoviricine (SÐ and buxamine B (99), and two previously

reported steroidal alkaloids. N6-dimethylcycloxobuxoviricine (85) has been isolated

before, but the correct assignment for this compound was done here. Buxamine B

(99) has not been isolated from this species of Buxus before. Structural elucidation for

these compounds was also done using spectroscopic methods. MIC testing indicated

that they possess no antibacterial activity in the concentration range tested.
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Lastly, biotransformation experiments were carried out on three natural

products, sclareol (110), sclareolide (111), and colchicine (112) using different fungi.

The sclareol - PenÌcillium crustosum (ATCC#g}r47) and colchic ine - Mucor

plumbeus (ATCC#4740) biotransformation experiments resulted in insuffrcient

quantity of derivatives for structure elucidation. The sclareolide - penicillium

crustosum (ATCC#90147) biotransformation experiment resulted in two previously

reported derivatives: 3-ketosclareolide (131), and 3B-hydroxysclareolide (132). The

sclareolide - C andi da al b i c ans (ATCC#9002 8) biotransformation experiment resulted

in the isolation of a non-xenobiotic, important fungal natural product, tyrosol (151).

Structural elucidation for these compounds was also done using spectroscopic

methods. MIC testing on 111, 131, and 132 indicated no antibacterial activity in the

concentration range tested, whereas 151 possessed intermediate activity for Gram-

positive bacteria (5. aureus, S. agalactiae), possibly relevant to the organism,s role as

a human pathogen of growing concern.
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Appendix A: IR Spectra

Figure A-l: UV spectra of dihydrocholesterol (70)

Figure A-2:UY spectra of 7o-hydroxyfrullanolide (54)

Figure A-3: UV spectra of 7o,-hydroxyeudesmanolide (5Q

Figure A-4: UV spectra of 4,5-epoxy-7a- hydroxyfrullanolide (71)

Figure A-5: UV spectra of Buxamine B (99)

Figure A-6: UV spectra of N¿-dimethylcycloxobuxoviricine (8Ð

Figure A-7 UV spectra of 3-ketosclareolide (131)

Figure A-8 UV spectra of 3B-hydroxysclareotide (132)

Figure A-9 UV spectra of tyrosol (151)
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Appendix B: NMR spectra of Sphøerønthus índícus compounds

Figure B-l: rH NMR of dihydrocholesterol (70)

Figure B-2: APT 1'3C¡ NVn of dihydrocholesrerol (70)

Figure B-3: COSY spectrum of dihydrocholesterol (70)

Figure B-4: HSQC spectrum of dihydrocholesterol (70)

Figure B-5: HMBC spectrum of dihydrocholesterol (70)

Figure B-6: NOESY spectrum of dihydrocholesterol (70)

Figure B-7: rH NMR of 7o-hydroxyfrullanolide (54)

Figure B-8: r3C NMR of 7o-hydroxyfrullanolide (54)

Figure B-9: COSY spectrum of 7a-hydroxyfrullanolide (54)

Figure B-10: HSQC spectrum of 7o-hydroxyfrullanolide (54)

Figure B-11: HMBC spectrum of 7u,-hydroxyfrullanolide (54)

Figure B-12:lH NMR of 7o-hydroxyeudesmanolide (5e

Figure B-13: t3C NMR of 7o-hydroxyeudesmanolide (Se

Figure B-14: COSY spectrum of 7o-hydroxyeudesmanolide (5e

Figure B-15: HSQC spectrum of 7o-hydroxyeudesmanolide (56)

Figure 8-16: HMBC spectrum of 7o-hydroxyeudesmanolide (5e

Figure B-17: NOESY spectrum of 7a-hydroxyeudesmanolide (5e

Figure B-18: tH NMR of 4,5-epoxy-7s- hydroxyfrullanolide (71)

Figure B-19: t'C NMR of 4,5-epox y-7u-hydroxyfrullanolide (71)
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Spinworks 2.4: dihydrocholesterot COSy

Figure B-3: COSy spectrum of dihydrocholesterol (70)
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Spinworks 2.4: dihydrocholesterol HSQC
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F'igure B-4: HSQC spectrum of dihydrocholesterol (70)
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Spinworks 2.4: dihydfocholesterol NOESy

X'igure 8-6: NOESY spectrum of dihydrocholesterol (70)
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F'igure B-7: lH NMR of 7c-hydroryfrullanolide (54)
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x'igure E-9: cosY spectrum of 7c-hydroxyfrurlanolide (54)
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figure E-10: HSQC spectrum of 7c-hydroryfrulanolide (54)
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Figure B-11: rrMBC spectn¡m of 7c-hydroxyfrullanolide (54)
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Í'igure ts-13: r3C NIlß. of 7a-hydro4yeudesmanotide (5e
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Spinworks 2.4: EmS #2 32-33 collect 2
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SpinWorks 2.4: 7a-hydroryeudesmanol¡de HSQC
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Sp¡nworks 2.4: 7a-hydroxyeudesmanotide HMBC
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Spinworks 2.4: 7a-hydroryeudesmanolide NOESY
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Appendix C: NMR spectra of Buxus hyrcanøcompounds

Figure C-l: rH NMR of buxamine B (99)

Figure C-2: t3C NMR of buxamine B (99)

Figure C-3: COSy spectrum of buxamine B (99)

Figure C-4: HSeC spectrum of buxamine B (99)

Figure C-5: HMBC spectrum of buxamine B (99)

Figure c-6: rH NMR of N¿-dimethylcycloxobuxoviricine (s5)

Figure C-7 : 13 
C NMR of N¿-dimethylcycloxobuxoviricine (SÐ

Figure c-8 : coSY spectrum of N¿-dimethylcycloxobuxoviricine (sÐ

Figure c-9: HSQC spectrum of N¿-dimethylcycloxobuxoviricine (s5)

Figure c-l 0: HMBC spectrum of N¿-dimethyrcycroxobuxoviricine (sÐ
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Spinworks 2.4: bu)€mine B COSY
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Figure C-trðöSï spectrum of buxamine B (99)
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Spinworks 2.4: bu{amine B HSQC
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Figure C-4: IISeC spectrum of buxamine B (99)
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SpinW ks 2.5 2D:2O - 1 pTLC HMBC rhagnification 1
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Figure C-5: HMBC spectrum of buxamine B (99)
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Spinworks 2.4: NHimethlcydoþbeliricjFlH
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Figure c-6: rrr IYMR of Nadimethylcycloxobuxoviricine (ss)
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X'igure C-7: 13C NMR of N6dimethylcycloxobuxoviricine (SS)
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Figure c-8: cosY spectrum of Nadimethylcycloxobuxoviricine (gs)
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SpinWorks 2.4: Nb¡imethylcycto)obDoviric¡ne HSeC
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x'igure c-10: HMBC spectrum of N¿-dimethylcycloxobuxoviricine (ss)
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Appendix D: llMR spectra of Biotransformation compounds

Figure D-1: rH NMR of 3-ketosclareolide (131)

Figure D-2: t3C NMR of 3-ketosclareolide (131)

Figure D-3: rH NMR of 3B-hydroxysclareolide (132)

, figure D-4: t3C NMR of 3B-hydroxysclareolide (132)

Figure D-5: COSY spectrum of 3B-hydroxysclareolide (132)

, Figure D-6: HSQC spectrum of 3B-hydroxysclareolide (132)

: Figure D-7: HMBC spectrum of 3p-hydroxysclareolide (132)

, Figure D-8: NOESY spectrum of 3B-hydroxysclareolide (132)
..

',

l

Pigure D-9: tH NMR of tyrosol (l5l)

i 
Figure D-10: "C NMR of ryrosol (151)

, figure D-l1: COSY spectrum of tyrosol (1S1)

, Figure D-12: HMBC spectrum of tyrosol (151)
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Spinworks 2.4: 3ÞhydpxysclaÞl¡de 13C

I tl
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Spinworks 2.4: 3b-hydroxysclareolide COSY
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Spinworks 2.4: 3&.hydroxysclareolide HSQC
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Spinworks 2.4: 3&hydroxysclareot¡de HMBC
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X'igure D-7: HMBC spectrum of 3p-hydrorysclareolide (132)
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Spinworks 2.4: 3Þhydroxysclareolide NOESY
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Spinworks 2.4: Tyrcel, prctm NMR
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Spinworks 2.4t Tyrcsol, 'l3C
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Spinworks 2.4: Tyrosol, COSY
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SpinWorks 2.4: Tyrosol, HMBC
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X'igure D-12 HMBC spectrum of tyrosol (151)
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