
STUD 
IN 

NEWZEALA ATURAL 

A thesis submitted in partial fulfilment 

of the requirements 

for the degree of 

Master of Science in Biochemistry 

at the 

University of Canterbury 

by 

Gillian M. Nicholas 

University of Canterbury 

Christchurch 

New Zealand 

1994 



THESq~ 
f'\\VS\Cr ... \. 

Abstract 

Two terrestrial organisms were explored for biologically active and/or novel 

components. 

The genus Paeonia has long been know to contain numerous components that 

display a vast array of biological activities. The extract of P. lutea showed 

significant antiviral activity. Using bioassay-guided separation techniques three 

previously known compounds, paeonol (11), paeoniflorigenone (10) and methyl 

gallate (16), were identified using mass spectrometry and NMR techniques. These 

components showed varying biological activities and constituted the majority of the 

bioactivity in P. lutea. 

The chemistry of the New Zealand fungus Favolaschia calocera had not previously 

been investigat~d. A crude extract showed significant cytotoxicity against the P388 

cell line and through bioassay-directed chromatography, 9-methoxystrobilurin L 

(33) was isolated as a novel cytotoxic compound. The structure was determined by 

MS and NMR techniques including HMBC, HMQC, COSY and nOe enhancements. 

Two closely related novel compounds were also characterised from the F. calocera 

extract. These were methyl-4,6-(E,E)-3-benzoyl-7-phenylheptadienoate (35) and 

the corresponding free carboxylic acid (36). Neither were found to have significant 

biological activity in the assays screened. 

A mixture of triglycerides (34) was also isolated and was analysed using NMR 

techniques followed by transesterification and GCMS analysis of the corresponding 

methyl esters. 
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Introduction 

1 What are natural products and why study them? 

Natural products are organic compounds of natural origin that are usually unique to 

an organism or group of closely related organisms because only they possess the 

required enzymes for their biosynthesis. In many instances natural products would 

appear to be non-essential components of the organism, without explanation, as yet, 

for their existence. Undoubtedly, part of the explanation must be to give a 

competitive advantage to the organisms that produce them. 1 The situation for 

natural products is in contrast to other organic compounds that are termed primary 

metabolites, for example sugars (glucose) and amino acids (glycine and tyrosine), 

which are essential and ubiquitous to all living organisms and must either be 

synthesised or acquired from the environment. 

Natural product resources provide excellent raw material for the discovery and 

development of novel biologically active compounds because of nature's seemingly 

limitless ability to synthesise a diverse range of them. Along with the discovery of 

new and active molecular entities, new mechanisms of action can be found enabling 

the development of innovative approaches for fighting diseases. 

2 Natural products as potential pharmaceuticals 

The discovery of a new biologically active natural product is only the first step in a 

long process in the development of a potential pharmaceutical. 

The natural product is only valuable if the biological activity exhibited is selective. 

This selectivity enables the natural product to influence specific cells or processes 

within these cells without affecting surrounding ones. 2 
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2 Work done at Canterbury 

The natural product chemistry group at Canterbury has in the past concentrated 

predominantly on the isolation and structural elucidation of marine natural products 

with antitumour or antiviral activity. 

To date the most significant discoveries include a series of compounds called the 

discorhabdins and a sponge of the Lissodendoryx genus which is a high yielding 

source of the series of compounds called the halichondrins. Discorhabdins (eg 

discorhabdin C (1)) have been isolated from various Latrunculia species of sponge, 

some of which show potent cytotoxicity. The halichondrin of particular interest to 

the National Cancer Institute is halichondrin B (2), that is currently the subject of in 

vivo testing against a series of human tumours in small animals.3 

OR 
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Even though the marine environment represents the largest unexplored area with 

respect to natural product chemistry, there are still organisms in the terrestrial 

environment that have yet to be explored, or may warrant re-exploration using a 

different approach. 
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3 Bioassays currently in use at Canterbury 

Antimicrobial assays 

A zone of inhibition assay is used to test for antimicrobial activity. The compounds 

of interest are pipetted onto paper disks which are placed on a seeded agar plate of 

the organism of interest and the zone of inhibition around the disk is measured (mm) 

after an incubation period. 

The six organisms currently tested against are: 

Bacteria; Escherichia coli Pseudomonas aeruginosa Bacillus subtilis 

Fungi; Candida albicans Trichophyton mentagrophytes Cladosporium resinae 

B. subtilis and T. mentagrophytes are the most sensitive organisms. A 

microorganism of particular interest from a pharmaceutical point of view IS 

P. aeruginosa due to the limitations of present antibiotics against this virulent 

organism. P. aeruginosa infections occur most frequently in immune deficient 

patients from for example either AIDS or the effects of post-organ transplant drugs. 

Antibiotics presently used to treat systemic infection of C. albicans as with other 

systemic fungal infections also have limitations with very unpleasant side effects. 

Antiviral assay 

The antiviral assay used African Green monkey kidney cells (BSC-l), grown on the 

surface of plastic wells, as hosts for the test virus. The viruses tested against are the 

membrane encased RNA virus Polio type 1 (Pfiser vaccine strain) and the non

membrane encased DNA virus Herpes simplex type 1 (ATC VR 733). 

The following scale is used to record the antiviral and cytotoxicity zones surrounding 

the disks onto which the sample of interest was pipetted: 

ND no discernible antiviral or cytotoxic effects 

± minor effects located under the disk 
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+ antiviral or cytotoxic zone 1-2 mm excess radius from the disc (25%) 

2+ antiviral or cytotoxic zone 2-4 mm excess radius from the disc (50%) 

3+ antiviral or cytotoxic zone 4-6 mm excess radius from the disc (75%) 

4+ antiviral or cytotoxic zone over the whole well (100%) 

+ * light cytotoxicity throughout the whole well 

? unable to determine level of antiviral activity due to the strong 

cytotoxicity. Needs to be reassayed at a lower concentration 

Along with the antiviral activity a visual interpretation of any changes to the host 

cells compared to control cells is scored as a measure of toxicity of the test 

compound. The type of cytotoxicity observed (i.e. shape and texture of the cells) can 

be useful in determining the mode of action of the compound. The following 

numbers are used to represent different forms of cytotoxicity: 

1 Defined nuclei cells tightly packed, very small and round, pronounced nuclei 

2 Stringy affected cells very elongated 

3 Scruffy cells of different shapes, more often a mixture of rounded and 

elongated cells, scruffy appearance 

4 Rounded 

5 Clumped 

6 Blown up 

7 Granular 

*7 Misty 

8 

9 Ragged 

10 Dots 

11 Mosaic 

12 

cells small, rounded usually separate from each other 

cells rounded, often occur in very distinct' grape' like clumps 

cells greatly increased in size, wide range of shapes, often 

scattered through whole disk 

cells are slightly elongated appear granular 

indistinct individual cells, cells have light misty appearance 

affected cells elongated with pronounced nuclei similar to type 

1, except for the elongation and not tightly packed 

cells, rounded ragged edges, two prominent nuclei 

affected cells very small, appear as dots 

cell enlarged with square ends pack together in mosaic pattern 

very large version of type 3 cytotoxicity 
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The interpretation of the results can be difficult where both cytotoxic and antiviral 

effects are present because strong cytotoxicity will mask any antiviral activity (Fig. 

3.1). 

Figure 3.1 Interpretation of antiviral assays 

Disk ® Cytotoxicity Virus :: .. 

Cytotoxicity: ND 

Virus inhibition: ND 

ND 

4t-

ND 

2+ 

Explanation: 

Cytotoxicity: 

No cytotoxicity 

No viral inhibition 

+* 

No cytotoxicity No cytotoxicity 

100% viral inhibition 50% viral inhibition 

Virus inhibition: 4t-

2+ 

ND 

2+ 

3+ 

Explanation: 

Cytotoxicity: 

Light cytotoxicity 50% cytotoxicity 50% cytotoxicity 

throughout well 

100% virus 

inhibition 

4t-

No viral inhibition As there is no virus 

immediately around this 

zone there probably is 

2+ 

not any in thecytotoxic 

zone 75% virus inhibition 

Virus inhibition: ') ?* 

Explanation: 100% cytotoxc zone 

Unable to tell is there is any 

virus in the well due to the 

cytotoxicity present Reassay 

at a lower concentration 

50% cytotoxic zone No anti vial 

activity as virus is growing right 

up to cytotoxic zone 
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Antitumour assay (P388) 

The antitumour assay is the most sensitive assay for cytotoxicity, being up to 100 

times more sensitive than the BSC-l cells used in the antiviral assay. 

The concentration of sample required to reduce the P388' cell growth by 50% 

(comparative to control cells) is termed the IC50 and is determined using the 

absorbance values (540 nm) obtained when the yellow dye MTT tetrazolium is 

reduced in the mitochondria of viable leukaemia cells to the purple coloured MTT 

formazan (Fig. 3.2). The resultant IC50 is expressed in ng/mL if the concentration 

of the sample is known or as a dilution factor ( * 10-6) if it is not. Results containing a 

< or > sign indicate the sample was too concentrated or not concentrated enough 

respectively to be on scale and would need to be assayed at a lower or higher 

concentration. 

Figure 3.2 Reduction of MTT to fonnazan by viable leukaemia cells 
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In the extraction and chromatography of cytotoxic extracts the relative concentration 

of activity or unit activity (mass of sample/ICso of sample) is used to indicate which 

fractions contain the majority of the activity and should therefore be targeted for 

further chromatography to isolate the active components. 

A more detailed explanation of the actual procedure can be found in the 

EXPERIMENTAL: Biological Assays. 
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PART I: 

Paeonia iutea 



Chapter 1 

Introduction: Paeonia lutea 

1.1 Plants as a source of medicines 

The human race has used the plant kingdom extensively throughout history as the 

source of medicines. The use of plants for medicinal purposes has been well 

documented for a large array of ailments from general pain and discomfort to the 

most serious fatal illnesses. Many pharmaceutical drugs used today have their 

origins in the plant kingdom. One of the more well known plant derived drugs, first 

isolated in the early 1800's and used extensively in modem medicine as an analgesic 

for severe pain, would be morphine, found only in two species of poppy, Papaver 

somniferum and P. setigerum. Natural products with varied pharmaceutical uses are 

still being isolated from plants, highlighted by taxol, isolated from the bark of the 

yew tree and only recently introduced for the treatment of recurrent ovarian cancer. 

1.2 Paeonia genus 

One plant that has been used for centuries for its medicinal properties is the Paeony 

(Paeonia). It is a native plant of China where it is still used in traditional Chinese 

herbal medicine. Two main species of paeony are used for medicinal purposes. The 

tuber (root) of Paeonia lactiflora (syn. radix and albiflora) Pallas (Paeoniaceae) is 

known in China as "shao-yao" and is used for illnesses including stomach problems. 4 

The tuber and bark of Paeonia moutan (syn suffruticosa). is known as "mu-tan" and 

is used as an analgesic, sedativeS and antiinflammatory.6 The medicinal folklore of 

an ancient civilisation is often an excellent basis for an investigation of biologically 

active natural products because their use of a particular plant frequently has a 

chemical foundation. There are two distinct types of paeony. First is the herbaceous 
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perennial which dies down in autumn to a dormant tuber and reappears in spring to 

flower. An example of this is P. lactiflora, the original Chinese native herbaceous 

species. The tree paeony is the other type of paeony which develops rough-barked 

woody sterns and continues to grow year-round to form a bush (rather than a tree) 

with P. moutan being an example of this type. 

1.3 Literature review of the Paeonia genus 

The chemistry of the Paeonia genus was first explored in the 1950's and has 

continued through to the present day. The two species that have attracted a 

significant proportion of the interest are those species traditionally used in Chinese 

herbal medicine, P. albiflora and P. mouton. 

All species of Paeonia investigated have been found to contain an array of unique 

monoterpenoid compounds of the pinane class. The majority are glycosidyl and 

benzoyl derivatives of paeoniflorin (4) a major component of P. lactiflora. 7 These 

include oxypaeoniflorin (5), benzoylpaeoniflorin (6) and benzoyloxypaeoniflorin 

(7).8,9 

(4): 

(5): 

(6): 

(7): 

R1=R2=H 

R1=H R2=OH , 

R 1= -CO-Ar, R2=H 

R1= -CO-Ar, R2=OH 

~
rn2~~, 

" rn 

" \ 
OR R rn 

OR I 
o : 0 

OR """"" ~~ 3 0 

d l .... rn2 OR 

I 0 

2 ~ 
R 
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Many of the therapeutic effects of P. lactiflora root coincide with those observed for 

its main component paeoniflorin (4), including antispasmodic and antiinflammatory 

activity. 4 

Other compounds of monoterpenoid biosynthetic origin that have been isolated from 

Paeonia species include albiflorin (8) 10, lactiflorin (9) 11 and paeoniflorigenone 

(10).12 

Paeoniflorigenone (10) was found to produce a blocking effect on the 

neuromuscular junction in phrenic nerve diaphragm preparations of mice. ~3 

The root and bark of P. moutan is used in oriental medicine as an analgesic,4 

sedative,S antiinflammatory6 and antibacterial agent. 14 The main component of P. 

moutan root and bark is the compound paeonol (11) that has been found to be 

responsible for some of these pharmacological effects including the 

antiinflammatory6 and antibacterial activity.14 Other biological effects of paeonol 

(11) include antioxytocic activity on isolated rat uterus and prevention of stress 

induced gastric erosion in mice.6 P. moutan also contains glycosides of paeonol 

(11) at the 2-position, paeonoside (12) and paeonolide (13).15 
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(11): R=H 

(12): R=~-D-glucose 

(13): R=~-D-glucose6_L-arabinose 

1,2,3,4,6~pentaganoylglucose (14) was isolated form P. moutan and was found to 

have in vitro antiviral activity against Herpes simplex type 1 virus. 16 

©: 
0-Q-°H II -

-c ~ !J OH 

OH 

(14) 

A potent inhibitor of 3 a-hydroxy dehydrogenase has been isolated from P. albiflora 

and identified as a terpenoid compound palbinone (15).17 

OH 

° 

HO 

(15) 

Other typical plant natural products have also been isolated from Paeonia sp., 

including flavanoids (e.g. quercentin and kaempferol glycosides) 18 and steroids (e.g. 

~-sitosterol).19 
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1.4 Aim of this project 

The aim of this project was to investigate the biological activity of the chemical 

constituents of New Zealand strains of P. lutea using the assays available at 

Canterbury and attempt to isolate the active components, especially new compounds 

with antiviral properties. 
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Chapter 2 

Isolation: Paeonia lutea 

2.1 Introduction 

P. lutea (Appendix I) was targeted for investigation based on bioassays of a crude 

extract which showed mild cytotoxicity, antiviral and broad spectrum antimicrobial 

activity. 

2.2 Extraction 

Extraction of P. lutea tubers (200 g), provided by Lady Elworthy of Craigmore, 

South Canterbury, with MeOH and CH2Cl2 (3: 1) yielded a thick brown oil. This 

organic extract was partitioned between EtOAc and H20 to remove the salts etc 

which conventionally have little biological activity. The assay results confirmed this 

with the EtOAc partition containing all the biological activity. 

2.3 Chromatography of the EtOAc partition 

The EtOAc partition was sUbjected to normal phase flash chromatography on silica 

using a CH2C12IEtOAc gradient. The fractions that eluted with CH2Cb consisted 

predominantly of a single component identified as paeonol (11) by NMR 

spectroscopy (see PART I: Section 3.1). 

The 5-20% EtOAc fractions, from the above flash silica column, contained both the 

antiviral and cytotoxic activities seen in the EtOAc partition. These fractions were 

subjected to further normal phase chromatography on silica again using a 

CH 2C12IEtOAc gradient. 

15 



From this second silica column the antiviral activity and mild cytotoxicity was 

concentrated in the fractions that eluted with 5-10% EtOAc. Further purification of 

these fractions was by reverse phase (CIS) Lobar chromatography, initially 

equilibrated at MeOH/H20 (SO/20) then through a gradient to MeOH, to yield 

paeoniflorigenone (10), identified by MS and NMR spectroscopy (see PART I: 

Section 3.2). The antiviral activity of paeoniflorigenone (10) explained the antiviral 

activity and some of the cytotoxicity of the original EtOAc partition. 

The material with cytotoxic activity from the second silica column was concentrated 

in the fractions that eluted with 40% EtOAc. These fractions were also purified 

further by reverse phase (CIS) Lobar chromatography, equilibrated at MeOHIH20 

(SO/20) and eluted through a gradient to MeOH, then by reverse phase (CIS) HPLC 

(MeOH/H20; 30170) to yield a compound identified as methyl gallate (16) by MS 

and NMR spectroscopy (see PART I: Section 3.3). However this compound could 

not explain all the cytotoxicity of the fractions that eluted from the second silica' 

column with 40% EtOAc. As these fractions were mildly cytotoxic only and not 

antiviral they were not pursued further. 

The isolation procedure is summarised in Scheme 2.1, while a more detailed 

description of the procedure is given in the EXPERIMENTAL: Work described 

in Part I. 
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Scheme 2.1 Summary of Isolation Procedure 

Tubers (200 g) of P. lutea 

H20 partition 

(i) 3:1 MeOH:CHzClz 
extraction 

(ii) EtOAc!HzO partition 

EtOAc partition 

I Flash Silica Chromatography 

I 
100% CH 20 2 5-60% 100% EtOAc 

I EtOAc 1: 1 MeOHIEtOAc 

Paeonol (11) 
Silica Column (lx15 em) 

100%CH2C1 2 5-10% EtOAc 20% 30-50% 60-100% 

Lobar (CIS) I 
Paeoniflorigenone (10) 

EtOAc 

(i) Lobar (CIS) 

(ii) HPLC (CIS) 

Methyl gallate (16) 

10% 
MeOH 
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Chapter 3 

Structure Determination of Compounds Isolated 
from Paeonia lutea 

3.1 Paeonol (11) 

Paeonol (11) was identified as the major component present in the organic extract of 

P. lutea tubers. The structure of paeonol (11) was established as follows. The 1 H 

NMR spectrum (Fig. 3.1.2) revealed three aromatic protons indicating a 

trisubstituted benzene ring. Two methyl groups were assigned to the singlets at 8H 

3.84 and 2.56 ppm, which are consistent with an aromatic methoxy and a methyl 

ketone respectively. The presence of a ketonic carbonyl was confirmed with a 

resonance at 8c 202.6 ppm in the l3C NMR spectrum. 

As a result of searching the data compiled in the literature on the chemical 

constituents of Paeonia sp., compound (11) was identified as paeonol (11) (2'~ 

hydroxy-4'-methoxy-acetophenone) (Fig. 3.1.1). An EI mass spectrum confirmed 

a molecular formula of C9H 1003. Comparison of the standard Aldrich 20 1 H NMR 

spectrum for paeonol with the 1 H NMR spectrum (Fig. 3.1.2) confirmed this 

conclusion. 

Figure 3.1.1 

(11) 

o 

CH3 
2.56 
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3.2 Paeoniflorigenone (10) 

Paeoniflorigenone (10) was isolated by bioassay-directed (antiviral activity) 

purification and shown to be pure by reverse phase (C18) HPLC. 

HRCIMS gave a parent ion at m/z 319.1187 (MH) + giving a molecular formula of 

C17H 1806 and therefore nine degrees of unsaturation. Fragment ions were observed 

at m/z 122.0372 and 105.0352 determined by HREIMS to be C7H602 and C7HSO, 

which were assigned as benzoic acid and a benzoyl fragment respectively. In the 1H 

NMR spectrum (Fig. 3.2.6) several distinctive signals were observed including 

proton signals between DR 4-5 ppm, characteristic of protons attached to oxyenated 

carbons and the signals between DR 7.4-8.1 ppm, characteristic of a mono-substituted 

benzoyl system. From the molecular formula and taking into account the symmetry 

of the benzoyl system, there was one proton not accounted for in the 1 H NMR 

spectrum, (Fig. 3.2.6) which would indicate a hydroxyl group in the molecule. The 

l3C NMR spectrum revealed the presence of two carbonyl signals at Dc 166.1 and 

209.4 ppm, assignable to ester and ketonic carbons respectively. 

The first fragment to be assigned was the benzoyl system. The doublet at DR 8.03 

ppm was characteristic of an aromatic proton ortho to a carbonyl substituent, as in a 

benzoyl system. A COSY correlation observed from these ortho protons allowed the 

assignment of the meta (DH 7.44 ppm) and subsequently the para (DH 7.57 ppm) 

protons. HMQC correlations were then used to identify the carbons to which they 

were attached. The remaining aromatic carbon signal at Dc 129.7 ppm was assigned 

as the substituted carbon. The carbonyl involved in the benzoyl system was 

identified from the HMBC spectrum (Fig. 3.2.7) by a correlation from the ortho 

protons at DH 8.03 ppm to a foldback carbon signal at Dc 47.0 ppm that corresponded 

to a real carbon resonance of Dc 166.1 ppm (Fig. 3.2.1). Both HMBC and HMQC 

spectra are acquired with a selected spectral window, usually narrowed to increase 
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the signal to noise ratio. Any signals that occur outside this spectral window are 

folded back into it. With the real chemical shift of such signals calculated from the 

addition of the difference between the observed chemical shift in the spectrum and 

the upfield spectra window frequency (ppm), to the downfield spectra window 

frequency (ppm) . This carbonyl carbon (DC 166.1 ppm) also showed an HMBC 

correlation from the protons at DH 4.10/4.39 ppm. Since this CH2 appears as a 

doublet of quartets in the IH NMR spectrum (Fig. 3.2.6) the CH2 would be part of 

an AB system which is then further coupled to a methine. This supposition was 

confirmed by the observation of a COSY correlation from the AB system to a CH at 

DH 2.37 ppm (Fig. 3.2.1). 

Figure 3.2.1 HMBC and COSY correlations that allowed the assignment of 

the benzoyl fragment 

H2.37 

HMBC~ 

COSY~ 

The next fragment to be characterised involved the AB system at DH 2.22/2.41 ppm 

and a methine proton at DH 2.92 ppm. In the COSY spectrum (Fig. 3.2.8) a 

correlation was observed between these protons that established them as being 

adjacent. The protons of this AB system also showed correlations in the HMBC 

spectrum to two quaternary carbons at DC 101.6 and 78.5 pm and to a fold back 

signal at DC 31.2 ppm, that corresponded to the real ketonic carbon resonance at DC 

209.4 ppm . The proton at DH 2.92 ppm showed no HMBC correlations but the 

structure of this fragment was further revealed with an isolated CH2 at DH 2.69 ppm 

(DC 46.5 ppm) showing the same HMBC correlations as the AB system at DH 

2.22/2.41 ppm (i.e. DC 209.4, 101.6 and 78.5 ppm). From the data a six-membered 
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cyclic structure was proposed for this fragment (Fig. 3.2.2). This system explained 

all the HMBC and HMQC correlations observed. A methyl group (DH 1.33 ppm) 

was also implicated in this system by virtue of the observed HMBC and HMQC 

correlations (Fig. 3.2.2). It was recognised that the carbon at DC 10 1.6 ppm was 

required to be dioxygenated and that at DC 78.5 ppm to be mono-oxygenated due to 

their respective chemical shifts. 

Figure 3.2.2 HMBC, HMQC and COSY correlations that allowed the 

connectivity through the six membered ring as assigned 

HMBC ~ 

COSY ~ 
HMQC~ 

The observation of HMBC correlations from the proton at DH 5.49 ppm to the 

quaternary carbons at DC 101.6 and 78.5 pm enabled this partial structure to be 

extended to a dioxolane structure (Fig. 3.2.3). 

Figure 3.2.3 The HMBC correlations that revealed a dioxolane ring 

o o 
_ / 78.5 

5.49 H-:7\. 
~o 

I 
J"'VVV' , 
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With the benzoyl system and the two rings assigned as above, eight out of the 

original nine degrees of unsaturation are accounted for. The remaining degree of 

unsaturation must be due to another ring as no carbonyl or olefinic carbons are 

unassigned. 

Further C-C connectivity was achieved from the dioxolane CH, at eSH 5.49 ppm. 

This proton showed HMBC correlations to the methine carbon at eSc 46.2 ppm (eSH 

2.37 ppm) to which the protons at eSH 4.10/4.39 ppm also showed HMBC 

correlations, thereby linking the benzoyl fragment (Fig. 3.2.1) with the dioxolane 

system (Fig. 3.2.3). The final aspects of C-C linkage were revealed in a 3JCH 

HMBC correlation observed from the dioxolane proton at eSH 5.49 ppm and the AB 

system at eSH 4.10/4.39 ppm to both the a-ketonic carbon at eSc 43.0 ppm and the 

methine carbon at eSc 46.2 ppm, which defined a tricyclic system (Fig. 3.2.4). 

Figure 3.2.4 The HMBC correlations that revealed the final ring 

At this point all proton and carbon signals in their respective NMR spectra had been 

assigned and all but one proton from the molecular formula had been defined. The 

oxygenated substituent on the carbon at resonance eSc 101.6 ppm was therefore 

determined to be a hydroxyl group. 
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The structure was therefore determined to be a known compound, 

paeoniflorigenone (10) (Fig. 3.2.5) with the published 1 Hand l3C NMR data found 

to be consistent with that obtained.1 2 The absolute stereochemistry of the isolated 

compound, as depicted in Fig. 3.2.5, was based on the similarity in the sign and 

magnitude of the optical rotation of the isolated compound with the published 

structure and absolute stereochemistry of paeoniflorigenone (10).12 

Figure 3.2.5 The full structure and absolute stereochemistry of 

paeoniflorigenone (10) 

o 

5 H 

Table 3.1 Proton and carbon chemical shifts for paeoniflorigenone (10) 

Position 13C (8cppm) IH (8HPpm) 

1 78.5 

2 46.5 2.69 (d) 

3 209.4 

4 43.0 2.92 (obs) 

5 35.0 2.2212.41 (dq) 

6 101.6 

7 46.2 2.37 . (d) 

8 62.5 4.10/4.39 (dq) 

9 99.7 5.49 (s) 

10 22.2 1.33 (s) 

11 166.1 

12 129.7 

13117 129.6 8.03 (d) 

14116 128.4 7.44 (t) 

15 133.2 7.57 (t) 

s=singlet d=doublet t=triplet dq=doublet of quartets obs=obsured 
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3.3 Methyl gallate (16) 

Methyl gallate (16) was isolated in the process of attempting to purify the cytotoxic 

components from an organic extract of P. lutea tubers. 

Only two proton resonances were observed in the 1H NMR spectrum (Fig. 3.3.4). 

These were an aromatic signal at 8H 7.03 ppm and a methoxy or methyl ester signal 

at 8H 3.80 ppm. As only 1.7 mg was available the protonated carbons were all that 

were expected to be seen in the 13C NMR spectrum. Three carbon signals were 

actually observed, a methyl signal at 8c 52.5 ppm and two aromatic carbons. Of the 

aromatic resonances one was a protonated carbon at 8c 110.3 ppm and the other a 

quaternary oxygenated carbon at 8c 146.8 ppm. On the basis of this data a 

trisubstituted benzoyl ring was proposed with a mirror plane of symmetry, 

explaining the number of carbon and proton signals observed in the respective NMR 

spectra. 

Gallic acid or 3,4,5-tdhydroxybenzoic acid (17) (Fig. 3.3.1) IS a commonly 

occurring component of many plants. 21 

RO 

Figure 3.3.1 

OR 

OR 

28 



and compound 16 was CH2. This lead to four possibilities, even though a gallic acid 

derivative was most plausible (Fig. 3.3.2). 

Figure 3.3.2 The four possible structures for compound 16 

(compounds 16, 20-22) 

(16) 
OR (21) C02CR3 

RO OR OR 
C02R 

RO 

OR 

(20) (22) 

OCR3 

The carbon and proton chemical shifts were calculated for each of the above 

structures which enabled the elimination of the 2,4,6-hydroxy benzoyl possibility 

(Fig. 3.3.2 (21 and 22)) structure and indicated that the methyl ester was more 

plausible than the methyl ether. Comparison with, data from the authentic methyl 

ester of gallic acid, methyl gallate (16) (Fig. 3.3.2) confirmed this analysis.21 

Methyl gallate (16) has previously been isolated from a species of Paeonia as a 

MeOH extraction artefact.21 

RO 

Figure 3.3.2 

OR 

OR 

OR 
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Chapter 4 

Biological Activity: Paeonia iutea 

4.1 Paeonol (11) 

Paeonol (11) was isolated as the major component of an extract of P. lutea. It was 

shown to exhibit broad spectrum antimicrobial activity (Table 4.1) with the most 

sensitive organism being T. mentagrophytes. No significant cytotoxic activity was 

observed for paeonol (11) in the P388 assay. The 1Cso was >125,000 ng/mL. No 

antiviral activity was detected for paeonol (11) against either test viruses, HeJpes 

simplex type 1 or Polio type 1, at a concentration of 400 Jlg/disk. 

Table 4.1 Antimicrobial activity for paeonol (11) and paeoniflorigenone 

(10) 

Compound 

(60 flg/disk) 

Antimicrobial zone of inhibition assays (mm) * 
. . 1** . ** AntIbactena AntIfungal 

E. co B. su P. ae C. al T. me C. re 

Paeonol (11) 2 

Paeoniflorigenone (10) 9 

4 

2 

ND 

2 

*see General Introduction: Biological Assays 

**E. co=Escherichia coli B. su=Bacillus subtilis 

3 5 
ND 5 

P. ae=Pseudomonas aeruginosa C. al=Candida albicans 

3 

1 

T. me= Trichophyton mentagrophytes C. re=Cladosporium resinae 
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The biological activity observed for paeonol (11) in these assays was consistent with 

the previously published data. 14 

4.2 Paeoniflorigenone (10) 

Paeoniflorigenone (10) was isolated as a component from an extract of the tubers of 

P. lutea by bioassay-directed chromatography, following antiviral activity against 

both the test viruses, Herpes simplex type 1 and Polio type 1. The purified 

paeoniflorigenone (10) showed significant antiviral activity, (Table 4.2) broad 

spectrum antimicrobial activity (Table 4.1) and mild cytotoxicity with an IC50 of 

14,125 nglmL against the P388 cell line. 

Table 4.2 Antiviral activity for paeoniflorigenone (10) 

Massi Antiviral activity and cytotoxicity * 

disk 

(Jlg/disk) HSV CYTffYP PV CYTffYP** 

400 4 ND 4 ND 

250 4 ND 4 ND 

40 2 ND 3 ND 

20 ND ND ND ND 

*see General Introduction: Biological Assays 

**HSV=Herpes simlex type 1 virus PV=Polio virus 

CYT=level of cytotoxicity TYP=type of cytotoxicity 

The observed biological activity of paeoniflorigenone (10) in particular the antiviral 

activity has not been commented on previously. In the literature paeoniflorigenone 

(10) is known for its blocking effect on neuromuscular junctions. 13 

32 



4.3 Methyl gallate (16) 

Methyl gallate (16) was isolated in the process of attempting to purify a cytotoxic 

component of the P. lurea extract, but methyl gallate itself did no show significant 

biological activity in the assays screened. 
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Chapter 5 

Concluding Remarks 

The aim of the first part of this thesis was to investigate the components responsible 

for the biological activity, especially the antiviral activity, observed for the crude 

extracts of P. lutea tubers. 

The antiviral activity observed for the crude extract was followed by bioassay

directed purification to yield paeoniflorigenone (10) as the active component. Two 

other known components were also isolated with paeonol (11) being responsible for 

some of the broad spectrum antimicrobial activity of the crude extract and methyl 

gallate (16) having no significant biological activity in the assays available. The 

structures of these compounds were determined by the use of MS and various NMR 

techniques. 

There was evidence in the bioassay results from other fractions for the presence of 

other mildly cytotoxic components present in very small amounts. An extraction on 

a larger scale and bioassay-directed chromatography could be used to isolate these. 

Even though these isolated compounds (10, 11, 16) were previously known, the 

antiviral activity of paeoniflorigenone (10) has not previously been mentioned. The 

discovery of new biological activity for previously known compounds is just as 

important as isolating biologically active novel compounds. 
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PART II: 

Favolaschia calocera 



Chapter 1 

Introduction: F avolaschia calocera 

1.1 Fungi as a source of medicines 

Introduction 

The fungi are a large and diverse group of organisms, presently estimated at around 

100,000 species with more new species described each year. 23 This diversity not 

only includes their morphology, from the unicellular yeasts, e.g. Saccharomyces 

cerevisiae to the fungi that form large solid fruiting bodies typified by the 

conspicuous red Amanita muscaria, but also their biochemical machinery. This 

machinery has been exploited by humans for centuries in the brewing of wine, beer 

and the bread making industries. Within this century we have found other uses for 

the diverse biochemical properties of fungi. The first of the ~-lactam antibiotics, e.g. 

penicillin G (23), were discovered in the early 1940's, isolated from a mould fungus 

Penicillium notatum, followed by cephalosporin C (24), first described in 1956 and 

isolated from Cephalosporium acremonium. 24 In the four decades that have 

followed the first clinical trials of these antibacterial antibiotics, and others from 

microbial sources, they have been the basis of major advancement in the practice of 

medicine. Furthermore natural products from microorganisms are now not only seen 

in the realm of the control of infectious diseases, but also as therapeutic agents for a 

wide range of other human and animal diseases. 
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Two examples that illustrate the diverse applications of fungal natural products 

include cyclosporin A (Sandimmune) (25), isolated from a filamentous fungus 

Trichoderma po lysporium , used to suppress immune rejection in patients who have 

had organ transplants, and mevinolin (Lovastatin) (26) an inhibitor of HMG eoA 

reductase (3-hydroxy-3-methyl glutaryl coenzyme A reductase), isolated from 

Aspergillus terreus and used in the control of cholesterol biosynthesis in humans and 

therefore hypercholesterolemia. 25 

HO 0 

(26) 
o 

(25) H3C ~ 
CH3 CH3 

o CH3 R' o 

New Zealand fungi 

The chemical constituents of New Zealand fungi have not been well studied. These 

organisms therefore represent an excellent target for the screening of crude extracts 

for novel and biologically active natural products. 
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1.2 Fungal taxonomy 

Traditionally fungi were included by biologists in the Plant Kingdom. However this 

is now thought to be unsatisfactory because fungi are fundamentally different from 

most green plants in their lack of chlorophyll. Fungi are therefore unable to 

photosynthesise their own organic food from water and carbon dioxide and are 

forced to live either as saprophytes on dead organic matter or as parasites on other 

living organisms. 26 The cell-wall that encases the cytoplasm of the most fungi at 

some stage in the life cycle is also fundamentally different to that of the green plant. 

Most fungal cell-walls are comprised of chitin and not cellulose as in the green plant. 

Fungal taxonomy is based predominantly on morphological criteria, especially on the 

developmental features of their sexual and asexual reproductive structures. In the 

classification of fungi it is important initially to distinguish between the wall-less 

fungi (Myxomycota) and the true, walled fungi (Eumycota). The wall-less or slime 

mould fungi are distinct from the true, walled fungi in that they have no hyphal 

stage, but all have a vegetative stage very much like a multiple amoeba. The 

Eumycota or true fungi are subsequently divided into five main groups, termed 

Mastigomycotina, Zygomycotina, Ascomycotina, Basidiomycotina and 

Deuteromycotina. 

Mastigomycotina are fungi that produce motile asexual spores termed zoospores. 

This is not a "natural" taxonomic grouping and within this group there are two 

distinct classes which are more natural, the Chytridiomycetes and the Oomycetes. 

They are fundamentally different in the number and position of the flagella on their 

spores and the Oomycetes are unique in that their cell-wall is a cellulose-like 

polymer instead of chitin as for the rest of the fungi. The Oomycetes must have a 

different evolutionary origin to the other major groups of fungi. 
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Zygomycotina are usually mycelial and produce non-motile asexual spores but in 

older texts were grouped with the Mastigomycotina and termed phycomycetes 

(lower fungi) because their asexual spores are all formed by cytoplasmic cleavage 

within a cell called a sporangium, considered a primitive feature. 

The Ascomycotina is a natural taxonomic grouping typified with the development of 

sexual spores in a cell termed an ascus. The asexual spores are not formed in a 

sporangium but directly from the hyphae in a variety of ways. 

The Deuteromycotina or imperfect fungi is a group used mainly for convenience, 

because they are similar to Ascomycotina in all respects except they seldom, if ever 

produce sexual stages. These include fungi of the well known genuses Aspergillus 

and Penicillium. 

Finally the Basidiomycotina is a group where asexual spores are either absent or 

produced like the Ascomycotina and sexual spores are formed in a special cell 

termed a basidium. This group includes the toadstool and mushroom producers, for 

example the genus Agaricus, but also two very important plant pathogens the rust 

and smut fungi which are entirely microscopic.27 

38 



1.3 F avolaschia genus 

The Favolaschia genus is classified in the Polyporaceae family (pore-bearing fungi), 

Aphyllophorales order ( non-gilled fungi), Homobasidiomycetidae subclass and the 

Basidiomycetes class (sexual spores formed in a basidium). 

F avolaschia calocera is a small (5-15 mm diameter) bright orange fan-shaped 

fungus (Appendix II) that is native to New Zealand. The fruiting bodies appear on 

fallen logs in forested areas between February and June, variable from season to 

season, in the North Island and the north of the South Island. 

A crude ethanol extract of F. calocera showed cytotoxic activity in the P388 assay, 

as part of a routine screening of New Zealand fungi submitted by Dr Tony Cole 

(Plant and Microbial Science Department, University of Canterbury). A search in 

the Chemical Abstracts found no published work on the Favolaschia genus therefore 

this organism represented an excellent opportunity for the isolation of a novel 

cytotoxic compound(s) and other new natural products. 

Near the completion of this present work, a personal communication from Professor 

T. Anke (University of Kaiserslautern, Germany) revealed his investigations into an 

Ethiopian Favolaschia sp. which was found to contain numerous biologically active 

compounds from the strobilurin (27m 31) and oudemasin (32) classes. 28 These are 

natural products that contain a methoxyacryl functionality central to their biological 

activity that were first isolated from a mycelial culture of Oudemansiella mucida and 

subsequently a wide variety of basidiomycetes and one ascomycete, Bolinea lutea.29 
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Strobilurin C (29): 

Strobilurin A (27): 

Strobilurin B (28): X= CH3 Y=CI 
X ~ x=rO 

y 

(30) 

~ 

9·Methoxystrobilurin K (31) 
OCH3 

OudemansinA (32): X=Y=H 
gCH3 

x 

y 

1.4 The aims of this project 

The aim of this part of my project was to isolate and identify the chemical 

constituent(s) responsible for the cytotoxicity, in the P388 antitumour assay, of the 

crude extract of the New Zealand fungus F. calocera. The remainder of the extract 

would then be explored for novel and/or biologically active compound, in the other 

assays available at Canterbury. 
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Chapter 2 

Isolation: Favolaschia calocera 

2.1 Extraction 

The basidiocarp (fruiting bodies) of F. calocera (Appendix II) were collected near 

Frankton, with a voucher sample kept as a reference in the Chemistry Department, 

University of Canterbury. A CH2Cl2 extract was made from the freeze dried 

basidiocarp (80 g fresh) of F. calocera, to give a thick dark orange oil (3.7 g) with 

high cytotoxicity against the P388 cell line (ICso 658 ng/mL). A subsequent MeOH 

extraction gave a dark brown soli:d (2.23 g). The specific activity (massIICSo) of the 

MeOH extract was much lower than the CH2CI2, so further purification was 

continued with the CH2Cl2 extract only. 

2.2 Chromatography of the CH2Clz extract and'active fractions 

Diol was chosen as the solid phase for the initial chromatographic step based on trial 

separations using C18, Diol and LH-20. Diol gave the highest specific activity result 

(i.e. concentration of activity). The CH2Cb extract was split into three fractions 

with each separated on a Diol (60 g) column using a gradient eluent of pet. ether with 

increasing CH2CI2, followed by CH2Cb with increasing EtOAc, to give a 95% 

recovery of mass. The fractions from within each of the three columns were 

analysed by TLC on silica and appropriate combinations made. These combined 

fractions were submitted for P388 assay and the results along with the TLC profiles 

were used to combine the fractions from the three columns. The P388 activity was 

concentrated in one combined fraction 117.22-24 (103 mg; 1CSO <48.7 ng/mL), a 

dark orange solid. This is shown in the specific activity plot (Fig. 2.1). 
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Figure 2.1 Fraction number for the first Diol column plotted versus mass 

(mg) and specific activity (mass/IC50) 

Mass 
(mg) 

2 7 9 15 20 22 25 28 32 
Fraction no. (117.X) 

Mass (mg) 

[;] Spec. activity 
(mass/IC50) 

The active fractions 117.22-24 were rechromatographed on Dial using a gradient 

eluent from pet. ether through increasing CH2Ch then MeOH, again giving a good 

concentration of activity in two fractions, 118.10 (9.5 mg;ICSo 8.7 ng/mL) and 

118.12 (27.0 mg; 1Cso 6.5 ng/mL), (see specific activity plot Fig. 2.2). 

Figure 2.2 Fraction number for the second Diol column plotted versus mass 

(mg) and specific activity (mass/IC50) 

Mass 
(mg) 

4 5 8 10 12 17 20 26 28 

Fraction no. (118.X) 

II Mass (mg) 

Q Specific activity 
(mass/IC50) 
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At this point a peak in the reverse phase HPLC (CI8; 10% H20/90% MeOH) 

chromatograph of these active fractions had been identified as the active component, 

as the other peaks could be accounted for in surrounding inactive fractions. Fraction 

118.10 (9.5 mg) was purified initially using reverse phase (CI8) chromatography 

with gradient elution from H20 (60%) with increasing MeOH, followed by 

increasing CH2Ch. The rationale behind this preliminary column was to ensure that 

the activity was not lost after exposing the sample to MeOH and the C 18 material. 

After this was achieved, fraction 118.12 (27.0 mg) was subjected to the same 

separation procedure to give a small sample of the active compound. Fraction 125.5 

(0.8 mg;ICso <0.5 ng/mL) was pure by analytical reverse phase (CIS) HPLC (10% 

H20/90% MeOH). This sample was enough for initial NMR spectroscopy and MS 

spectrometry but at least 2 mg was required for the full 2-D NMR experiments such 

as HMQC and HMBC necessary for structural determination. All related bioactive 

fractions were examined by analytical reverse phase HPLC (C 18; 10% H 20/90% 

MeOH) and any fractions that contained the peak identified as the active component 

were combined. These combined fractions were rechromatographed on reverse 

phase (CI8) using the same gradient eluent as previously. Fractions were compared 

by analytical HPLC (CI8;10% H20/90% MeOH) and IH NMR spectroscopy. In 

this way a total mass of 2.0 mg was obtained on which all the subsequent structural 

determination experiments were carried out for compound (33) (see PART II: 

Section 3.1). 

2.3 Chromatography of other fractions 

Fractions 117.2-6 (see Fig. 2.1) were combined due to their TLC profiles on silica, 

and identified as a mixture of very closely related compounds (34) (see PART II: 

Section 3.2). 
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Fractions 117.20~21 were an almost pure sample of compound 35, by reverse phase 

(C 18) HPLC, that enabled direct structure determination without further 

chromatography (see PART : Section 3.3). 

Compound 36, a closely related analogue of compound 35, was isolated from 

fraction 117.32 with subsequent structure determination (see PART II: Section 

3.4). 

A more detailed explanation of the isolation procedure can be found in the 

EXPERIMENTAL and summary of the isolation procedure can be seen below in 

Scheme 2.1 for the active component, compound 33 and compounds 34-36. 
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Scheme 2.1 Summary of Isolation Method 

80 grams of Favolaschia calocera basidiocarp 
was extracted with CH2C12 to give (3.7 g) a dark 
orange oil (IC 50658 ng/mL) 

3 DIOL (60 g) COLUMNS 
COMBINED BY ASSAY 

PET. ETHER 10% 20% 30% 

117.1 2-6 7-8 9-14 15-19 20-21 22-24 25-27 28-31 32 Sample# 

17.7 1425.8 307.4 246.2 688.7 58.3 103.4 182.2 170.5 324.3 Weight (mg) 

(yellow oil) >6250 

I <0.11 

Compound 34 

304 
0.19 

I 

<48.7 2852 
2.12 0.06 

4675 IC50 (ng/mL) 

0.04 Unit Activity 
(mass/IC50) 

(dark orange 
Compound 35 solid) Compound 36 

DIOL (12 g) COLUMN 

PET. ETHER 15% CH2C12 

118.1-3 4 5-7 8-9 10-11 12-16 17-19 20-25 26-27 28 

2.0 1.3 1.9 4.4 9.5 27.0 25.8 24.3 2.5 7.5 

>625 >625 >625 277 8.7 6.5 196 >625 323 >625 
0.00 0.00 0.00 0.02 1.09 4.15 0.13 <0.04 <0.01 <0.01 

H2O C18 (4 g) COLUMN 10% 
60% MeOH CHiC12 CH2Clz 

45 

120.1 2 3 4 5 6 7 8 9 10 11 12 13 14 
0.5 0.1 0.6 0.4 0.8 0.4 0.9. 0.2 1.1 1.8 

>125 26.6 4.2 10.2 114 >125 

C18 (4 g) COLUMN 

0.00 0.02 0.1 0.1 0.00 0.00 
Combinations 
based on .--_________ ..1..----1._--' 

IHnmr 

10% 

MeOH CH2C12 CH2CI2 

spectra 125.1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 
0.1 0.1 0.1 0.5 0.8 0.1 0.1 3.1 1.7 1.7 0.2 0.3 0.8 0.2 4.1 5.3 3.7 2.9 0.5 

>125 43.9 <0.97 <0.5 <0.97 <0.97 13 
0.00 0.00 >0.5 > 1.6 >0.1 >0.1 0.24 

I I Combinations 

CI8 (4 g) COLUMN based on 

65%MeOH 70% 75% 80% 85% 90% 95% MeOH CH2CI2 
IHnmr 

spectra 

126.1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

0.1 0.2 0.1 0.2 0.6 0.2 0.1 0.2 0.3 
>62.5 2.1 0.6 3.6 5.9 7.7 
<0.00 0.05 0.33 0.16 0.03 0.01 

Compound 33 (2.0 mg) 



Chapter 3 

Structure Determination of Compounds from 
Favolaschia calocera 

3.1 9m Methoxystrobilurin L (33) 

9m Methoxystrobilurin L (33) was isolated from the CH2Cl2 extract of F. calocera 

using a range of chromatographic methods including normal phase chromatography 

on Diol and reverse phase chromatography on C18 (PART II: Scheme 2.1) by 

following the P388 anti tumour activity. The structural determination of 9m 

methoxystrobHurin L (33) was achieved on a mass of just 2 mg, which was the 

total available. 

The molecular formula of 9 m methoxystrobilurin L (33) was determined to be 

C27H3007 by HREIMS, corresponding to ten double bond equivalents, a highly 

unsaturated system. The FTIR spectrum revealed a single carbonyl stretching 

frequency at 1709 cm- I, possibly a conjugated ester system, which accounted for at 

least one of the oxygens. No O-H stretching frequency was observed in the FTIR 

spectrum revealing the other oxygens in the molecular formula could not be involved 

in hydroxy groups, but rather in ether linkages. The IH NMR spectrum (Fig. 3.1.7) 

revealed three methoxy signals between OR 3.66 and 3.81 ppm, that accounted for 

three more of the oxygens in the molecular formula. The 1 H NMR spectrum also 

showed five methyl groups, between oR 1.23 and 1.89 ppm, all singlets so all 

attached to quaternary carbons, with two of them equivalent (OR 1.32 ppm), and a 

cluster of aromatic or olefinic protons between OR 5.17 and 7.39 ppm. The protons 

with a resonance at OR 5.17 ppm were thought to be a vinyl CH2. A l3C NlVIR 

spectrum was not obtainable with the mass available, so all the carbon chemical 

shifts were obtained from the HMQC and HMBC spectra (Fig. 3.1.8 and 3.1.9 
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respectively). HMQC correlations were used to obtain the all the one-bond C-H 

connectivities. 

Two fragments of isoprenoid biosynthetic origin were determined first. The starting 

point was in the COSY spectrum (Fig. 3.1.10) with a correlation observed from the 

vinyl protons at bH 5.17 ppm to a CH at bH 5.87 ppm. From both these protons 

HMBC correlations were seen to a quaternary oxygenated carbon at be 76.1 ppm, 

which also showed correlations from two equivalent methyl groups at bH 1.32 ppm, 

thus assigning the first isoprene unit (Fig. 3.1.1). To confirm this assignment, the 

proton at bH 5.87 ppm was irradiated and an nOe enhancement was observed for the 

methyl protons at bH 1.32 ppm, indicating their close proximity in space. 

Figure 3.1.1 COSY, HMBC correlations and nOe enhancements that 

helped to assign the first isoprene unit 

The connectivity through to the second isoprene unit was determined by an HMBC 

correlation from an obscured CH proton at bH 3.68 ppm to the quaternary 

oxygenated carbon, of the first isoprene unit, at be 76 .1 ppm. Also an nOe 

enhancement was observed at bH 3.68 ppm, attached to the carbon at be 76.1 ppm, 

when the equivalent methyl groups, at bH 1.32 ppm, were irradiated . The HMQC 

spectrum (Fig. 3.1.8) revealed that this proton at bH 3.68 ppm correlated to the 

carbon at be 75.2 ppm. The two isoprenoid units therefore had to be joined by an 

oxygen between the carbons with resonances at be 76.1 and 75.2 ppm (Fig. 3.1.2). 
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The connectivity through the second isoprene unit was achieved by the observation 

of a COSY correlation between the proton at bH 3.68 ppm and an AB system at bH 

3.98/4.22 ppm, assigned as a CH2 with non-equivalent protons , and HMBC 

correlations from these protons to a quaternary oxygenated carbon at be 81.6 ppm. 

An HMBC correlation was also seen to the carbon at be 81.6 ppm from two non

equivalent methyl groups at bH 1.23 and 1.43 ppm, giving the assignment of the two 

connected isoprenoid units (Fig. 3.1.2) . 

Figure 3.1.2 The HMBC cOlTelations and nOe enhancements that gave the 

connectivity through to the second isoprene unit 

HMBC~ 

nOe ~ 

The protons in the AB system at bH 3.98/4.22 ppm also showed an HMBC 

correlation to an aromatic oxygenated carbon at be 150.6 ppm. The nature of the 

aromatic system was next explored. HMQC correlations from a multiplet at bH 6.93 

ppm to two carbons at be 122.4 and 121.6 ppm , revealed the presence of two protons 

at this chemical shift, confirmed by the integral in the IH NMR spectrum. A COSY 

correlation was observed between one of the aromatic protons at bH 6.93 ppm and 

the proton at bH 6.82 ppm that led to their assignment as being adjacent on the 

aromatic ring, with the other proton at bH 6.93 ppm being isolated. HMBC 

correlations from the protons at bH 6.82 and 6.93 ppm to quaternary carbons at be 

132.7, 146.5 and 150.6 ppm permitted assignment of the substituted carbons in the 
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aromatic flng. As the carbon at DC 150.6 ppm was also implicated with the 

isoprenoid system (vide supra) this allowed attachment of one end of the CIO 

terpenoid fragment to the aromatic ring through oxygen. Furthermore it was 

proposed that the other end of this ClO fragment was also attached through oxygen to 

the aromatic carbon at DC 146.5 ppm, to make a seven membered ring . No direct 

NMR evidence supports this latter connection, but as the compound does not contain 

any free hydroxyl groups (rR) or exchangeable hydrogens (NMR) this was a 

reasonable postulate (Fig. 3.1.3). 

HMBC correlations were also observed to the carbon at DC 132.7 ppm from two 

olefinic protons at DH 6.36 and 6.58 ppm, that defined the start of a styryl system. A 

COSY correlation was observed between these protons at DH 6.36 and 6.58 ppm. An 

HMBC correlation from the olefinic proton at DH 6.58 ppm back to the ortho carbons 

(DC 122.4 and 121.6 ppm) of the aromatic ring allowed the assignment of the protons 

at DH 6.93 ppm as both ortho and the proton at DH 6.82 ppm as meta to the styry1 

substituent (Fig. 3.1.3) . 

Figure 3.1.3 HMBC and COSY correlations that enabled the assignment of 

the aromatic ring and styryl substituent 

HMBC~ 

COSY " 

~O 

H H 
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The carbons corresponding to the styryl protons at ()H 6.36 and 6.58 ppm were 

identified by HMQC as having resonances at ()c 126.8 and 120.9 ppm respectively. 

The stereochemistry of the styryl group was assigned the E configuration based on a 

3JHH coupling constant, extracted from the IH NMR spectrum, of 15 Hz between the 

protons at ()H 6.36 and 6.58 ppm. 

Out of the original 10 degrees of unsaturation, six had now been accounted for. 

From the IR spectrum there was a carbonyl yet to be assigned in the structure, 

leaving only three degrees of unsaturation. Therefore the remaining six carbons with 

chemical shifts between 110-160 ppm could not be part of a further aromatic ring. 

HMBC correlations from the olefinic protons at ()H 6.36 and 6.58 ppm to an 

oxygenated quaternary carbon at ()c 152.4 ppm were used to assign this carbon as 

being adjacent to the carbon at ()c 120.9 ppm (Fig. 3.1.4). In the HMBC spectrum 

(Fig. 3.1.9) a correlation from methoxy protons at () H 3.66 ppm enabled the 

assignment of the oxygenated substituent of the carbon at ()c 152.4 ppm as a 

methoxy ether (Fig. 3.1.4). 

Further C-C connectivity through this senes of conjugated double bonds was 

achieved with an HMBC correlation from the proton at ()H 6.36 ppm to a non

oxygenated quaternary olefinic carbon at ()c 118.0 ppm. The substituent on this 

carbon was assigned to the methyl group at ()H 1.89 ppm as HMBC correlations were 

observed from this methyl to carbons at ()c 118.0, 152.4 and 120.9 ppm. Eventhough 

this last correlation is a 4J CH the remaining correlations and an nOe observed 

between the methoxy ester at ()H 3.66 ppm and the methyl at ()H 1.89 ppm gives 

support to the proposed structure. This nOe enhancement also allows the assignment 

of the stereochemistry of the double bond as the E configuration (Fig. 3.1.4). 
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Figure 3.1.4 HMBC cOlTelations and an nOe enhancement used to assign 

the connectivity through this fragment of the olefinic substituent 

HMBC~ 

nOe ~ 

The next carbon in the chain was assigned by an HMBC correlation from the methyl 

protons at bH 1.89 ppm to a quaternary olefinic carbon at be 1l0A ppm, which also 

showed a correlation from the only remaining olefinic proton at bH 7.39 ppm (Fig. 

3.1.5) This remaining olefinic proton showed a series of HMBC correlations that 

allowed the definition of the remainder of the molecule. These were correlations to a 

carbonyl carbon at be 169.0 ppm, a methoxy carbon at be 61.6 ppm and back 

through the chain to the carbon at be 118.0 ppm. The only other HMBC correlation 

observed to the carbonyl at be 169.0 ppm was from methoxy protons at 8H 3.70 ppm 

with a carbon chemical shift of be 51.3 ppm from the HMQC spectrum (Fig. 3.1.8). 

This is consistent with a methoxy ester. Similarly, the protons of the methoxy 

carbon at be 61.6 ppm were assigned by an HMQC correlation to the singlet proton 

resonance at bH 3.81 ppm. The relationship between this methoxy group and the 

olefinic proton at bH 7.39 ppm was established (as indicated in Fig. 3.1.5) by nOe 

enhancements observed in both directions. 
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Figure 3.1.5 HMBC correlations and an nOe enhancement used to assign 

the remainder of the triene system 

HMBC " 
nOe r\ 

The stereochemistry of this final double bond could not be directly assigned because 

no nOe enhancements were observed for either the proton at bH 7.39 ppm (H12) or 

the methoxy protons at bH 3.81 ppm (HI5) when the methyl protons at bH 1.89 ppm 

(H14) were irradiated or vice versa . The proposed triene system linked to a 2,3-

substituted aromatic ring was recognised as being similar to a class of compounds 

called the strobilurins (PART II: Section 1.3). The overall structure (Fig. 3.1.6) of 

the active component of F. calocera was proposed from the extensive spectroscopic 

data, including NMR, IR and MS, detailed in this section. In particular HMBC 

correlations allowed the linking together of the two isoprenoid units, though the 

aromatic system and onto the highly substituted triene system. The structure 

identified (Fig. 3.1.6) was compared to all the known strobilurins and was found to 

be very similar to strobilurin G (30) (NMR data see EXPERIMENTAL: Work 

described in Part II: F. calocera) . In addition to the basic strobilurin structure 

both also contained a seven membered ring. The differences were in the orientation 

of the C22-C25 isoprene unit and the methoxy substituent at C9. This methoxy 

substituent does occur in other strobilurins, for example 9-methoxystobilurin K 

(31), the most recently characterised strobilurin. Therefore compound 33 was named 

9-methoxystrobilurin L. 
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Figure 3.1.6 Structure of 9-methoxystrobilurin L (33) with carbon and 

proton assignments as in Table 3.1. 

20 
OCR3 26 

0 
14 

CH3 

0 
8 

H3CO OCR3 

17 0 16 15 
4 

24 0 

Table 3.1 Proton and carbon chemical shifts for compound 33 

Position l3e (DC ppm) IH (DR ppm) 

1 122.4- 6.93 (m) 
2 146.5 
3 150.6 
4 120.1 6.82 (d) 
5 121.6 6.93 (m) 
6 132.7 
7 126.8 6.58 (d) 
8 120.9 6.36 (d) 
9 152.4 
10 118.0 
11 110.4 
12 159.7 7.39 (s) 
13 169.0 
14 18.0 1.89 (s) 
15 61.6 3.81 (s) 
16 51.3 3.70 (s) 
17 71.6 3.98/4.22 (dq) 
18 75.2 3.68 (m) 
19 81.6 
20 28.1 1.43 (s) 
21 21.6 1.23 (s) 
22 76.1 
23 143.6 5.87 (q) 
24 114.5 5.17 (dd) 
25a1b 26.1 1.32 (s) 
26 59.4- 3.66 (s) 

m=multiplet d=doublet s=singlet 

dd=doublet of doublets dq=doublet of quartets 
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3.2 Triglycerides (34) 

A mixture of triglycerides (34) was isolated as the major component of the CH2Cl2 

extract of F. calocera, in the early CH2Cl2 fractions from the first Diol column 

(PART II: Section 2.3 ). 

An EI mass spectrum of the sample gave approximately eight parent ions between 

rnJz 840 and 884 (Fig. 3.2.4). The IH spectrum (Fig. 3.2.5) revealed the presence of 

signals characteristic of unsaturated triglycerides, including a doublet of quartets at 

OR 4.1114.28 ppm, an intense signal at OR 1.25 ppm and the olefinic protons at OR 

5.24 ppm. The carbon signals in the 13C NMR spectrum at Oc 173.3 and 172.8 were 

consistent with ester carbonyls. From the MS and NMR data a mixture of 

triglycerides was proposed for this sample with 16:0 and 18:0 saturated and 18: 1 and 

18:2 unsaturated alkyl chains as the substituents of the glyceride unit. 

Limited fragments of the tdglycerides were able to be assigned from the NMR data. 

The glyceride unit was the first of these, with the diastereotopic protons of Cl and C3 

identified as the doublet of quartets at OR 4.1114.28 ppm, from their characteristic 

chemical shifts. These protons showed HMQC correlations to a carbon resonance at 

Oc 62.1 ppm determined by a DEPT 135 experiment to be a CH2. The CH involved 

in the glyceride unit was established by a COSY correlation from the doublet of 

quartets at OR 4.1114.28 ppm to a proton signal at OR 5.24 ppm. This assignment of 

the CH was further confirmed with a correlation in the HMQC spectrum (Fig. 3.2.6) 

from this proton to a carbon resonance at oc 68.8 ppm, determined by a DEPT 135 

experiment to be a methine carbon. The HMBC correlations observed for these 

protons and carbons were consistent with a glyceride unit (Fig. 3.2.1), including 

HMBC correlations from both the protons at oR 5.24 and 4.114.4 ppm to foldback 

carbon signals at oc 45.9 and 45.7 ppm, corresponding to real carbonyl resonances at 

oc 173.3 and 172.8 ppm respectively. This was a consequence of the spectral 
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window selected for the HMBC experiment. These correlations linked in the long

chain alkyl esters to the glyceride unit. 

Figure 3.2.1 HMBC and COSY correlations used to assign the glyceride unit 

The protons at bH 2.29 ppm, in the 1 H NMR spectrum (Fig. 3.2.5), also showed 

HMBC correlations to the ester carbon at be 173.3 ppm. The chemical shift of these 

protons was consistent with them being situated a to a carbonyl. Subsequently the 

p-protons were assigned from a COSY correlation from these a-protons to a CH2 at 

bH l.57 ppm. An HMBC correlation was also observed from these p-protons back to 

the ester carbons at be 173.3 ppm (Fig. 3.2.2). 

Figure 3.2.2 HMBC and COSY correlations used to link the glyceride unit 

to the alkyl chains 

/-0 
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Other fragments of the triglycerides that were able to be defined were a single double 

bond and a l,4-diene in a long alkyl chain. Central to the assignment of the 1,4-

diene system was the CH2 separating the two double bonds. This CH2 was assigned 

as the protons at DH 2.73 ppm based on their chemical shift and an HMBC 

correlation observed from DH 2.73 ppm to the carbons in the olefinic region of the 

l3C NMR spectrum. The protons in the olefinic region (DH 5.3-5.4 ppm) showed 

HMBC correlations back to the carbon (DC 25.6 ppm) of this doubly aUylic 

methylene and also to carbons at DC 27.1 ppm, corresponding to the protons at DH 

2.00 ppm, assigned as the allylic CH2 on the termini of the l,4-diene system. This 

CH2 could also be adjacent to a single isolated double bond (Fig. 3.2.3). 

Figure 3.2.3 HMBC correlations that indicated a l,4-diene system 

30.0 
1.25 

27.1 
2.00 

129.7 
5.32 

The triplet at DH 0.85 ppm was assigned as the terminal methyl of the alkyl chains 

with the methyl carbons assigned from an HMQC correlation to a resonance at DC 

14.1 ppm. No meaningful correlations were observed in the COSY or HMBC 

spectra from these methyls at DH 0.85 ppm other than to CH2'S involved in a long 

alkyl chain (DC 31.9 and 22.7 ppm) corresponding to part of the proton signals at DH 

1.25 ppm. 

Further structural information (i.e. chain length) was not obtainable from the NMR 

data, so a different approach was utilised . The traditional method for the analysis of 

triglycerides is to cleave off the long-chain esters and analyse them as methyl ester 

derivatives by GC and/or GCMS. The approach taken was a transesterification 
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reaction using boron trifluoride (BF3) diethyl etherate as the catalyst. The BF3 

diethy 1 etherate in dry MeOH acts as a Lewis acid promoting transesterification with 

MeOH, to produce the individual methyl esters of the fatty acids (FAME's) 

constituting the triglycerides. The reaction mixture was initially examined by IH 

NMR to check that me thy lation had occurred. This was confirmed with signals 

observed in the region between OR 3.5 and 3.8 ppm characteristic of methyl esters. 

The sample was then examined by GC using a non-polar DB-l column and a 

standard program for FAME's (see EXPERIlVIENTAL: Work completed in Part 

II: F. calocera). A standard sample of methyl stearate was also injected into the 

GC using the same program and confirmed the presence of methyl stearate in the 

triglyceride derived sample. Non-polar columns such as DB-l are very good for the 

separation of saturated FAME's, but some overlap and reversal of peaks can occur 

with saturated and unsaturated methyl esters of the same chain length. In contrast 

the more polar DB-WAX column used subsequently in the GCMS separates 

saturated FAME's with little reversal or overlap of the unsaturated with the order of 

. elution occurring by number of carbons and subsequently the number of double 

bonds. The GC trace acquired (Fig.3.2.7), using the DB-WAX column, revealed the 

presence of at least 5 components. It was observed that the width of the peak at 1767 

s had a fW112 much greater than the adjacent peaks, suggesting the presence of more 

than one component. This was subsequently found to be due to column overload. 

The first (1549 s) peak to elute was methyl palmitate (CI6:0; hexadecanoic acid, 

methyl ester). The second peak (1747 s) was methyl stearate (CI8:0; octadecanoic 

acid, methyl ester) and the third broad peak (1767 s) was methyl oleoate 18: 1009 

((Z)-9-octadecenoic acid, methyl ester). The final methyl ester peak was methyl 

linoleate (CI8:2006,9; (Z,Z)-9,12-octadecadienoic acid methyl ester). 

The final peak in the GC trace was not a FAME, but gave a mass spectrum consistent 

with benzyl benzoate. 
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With the identification of the FAIVIE's that constitute this triglyceride mixture it was 

possible to establish the makeup of the FAME's that constitute the cluster of M+ ions 

for the triglyceride. These are shown in Table 3,2. From the GC trace the relative 

amounts of each fatty acid was determined by calculating the relative area of each 

peak, giving a ratio CI6:0: C18:0 : C18:1co9 : CI8:2co6,9 of 3:1:4:2. 

Table 3.2 Assignment of the parent ions in the mass spectrum to specific 

triglycerides 

Parent ion Number of each fatty acid component 

C16:0 

854 1 

856 1 

858 1 

878 

880 

882 

884 

886 

C18:0 

1 

1 

1 

C18: 1co9 

1 

2 

1 

1 

2 

CI8:2co6,9 

2 

1 

3 

2 

2 

1 

The dominant ions in the mass spectrum of the triglyceride mixture are clusters 

centred at rnIz 577 and 603. These correspond to loss of R-COO· and R-COOH from 

the M+ ion. Thus the cluster at rnIz 603 is the loss of 255 or 256 (as only 16:0 was 

deleted) from the M+ cluster centred on rnIz 854-858 or the equivalent losses of 18:0, 

18:1co9 and 18:2co6,9 from the cluster at rnIz 878-886. In a like manner the cluster at 

rnIz 577 arises from the appropriate loss of 18:0, 18:1 co9 and 18:2co6,9 from the 854-

858 cluster. These observation are in keeping with the composition of the FAME's 

.as defined by GCMS and the likely structures of the triglycerides. It is possible, but 

fruitless, to speculate further on the likely positional isomers of the fatty acid 

substituents. 
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3.3 Methyl-4,6-(E,E)-3-benzoyl-7 u phenylheptadienoate (35) 

Methyl-4,tHE,E)-3-benzoyl-7-phenylheptadienoate (35) was the major component 

in the CH2Cl2 extract of F. calacera and was. purified by normal phase 

chromatography on Diol (PART II: Scheme 2.1). 

HREIMS revealed a molecular ion at mJz 336.1361, corresponding to a molecular 

formula C21H2004 giving a double bond equivalence of twelve. The FTIR spectrum , 

revealed two carbonyl stretching frequencies at 1719 and 1735 cm- I , characteristic of 

ester functionalities with one of them (1719 cm -1) probably beinga~-unsaturated. 

This accounted for the four oxygens in the molecular formula and three of the double 

bond equivalents. An examination of the MS spectrum allowed the assignment of a 

structural fragment that accounted for a further four double bond equivalents. A 

fragment at mass 105 was observed and under high resolution the formula was 

determined as C7HSO, which is consistent with a benzoyl fragment (Fig. 3.3.1). 

Figure 3.3.1 Benzoyl fragment assigned to the mass peak at 105 

+ 

In the 1 H NMR spectrum (Fig. 3.3.8) a doublet at OH 8.05 ppm was assigned as the 

aromatic protons artha to a carbonyl substituent in a benzoyl fragment. In the 

HMBC spectrum (Fig. 3.3.9) a correlation was observed from these artha protons to 

a foldback carbon signal at oe 91.8 ppm, corresponding to a real carbonyl resonance 

at be 165.4 ppm (for explanation of fold backs, see PART I: Section 3.2). Further 
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HMBC correlations from these ortho protons enabled the meta, para and quaternary 

carbons to be assigned and from the HMQC spectrum (Fig. 3.3.10) the attached 

protons in the benzoyl system. More support for the assignment was seen in a 

COSY spectrum (3.3.11) with a correlation between these ortho protons at OH 8.05 

ppm and the meta protons at OH 7.42 ppm (Fig. 3.3.3). 

Figure 3.3.3 HMBC and COSY correlations used to assign the benzoyl 

fragment 

HMBC~ 

COSY" 

The next fragment of the molecule to be examined was a doublet of doublets, 

corresponding to two protons in the 1 H NMR spectrum (Fig. 3.3.8) (OH 2.78/2.96 

ppm) characteristic of a CH2 adjacent to a carbonyl, coupled to a CH. The COSY 

spectrum (Fig. 3.3.11) showed a correlation from both these CH2 protons to the 

downfield part of a complex multiplet at approximately OH 5.9 ppm. The integral of 

this complex multiplet indicated there were two protons present. The HMQC 

spectrum (Fig. 3.3.10) allowed assignment of two protons at OH 5.89 and 5.98 ppm 

and the carbons to which they were attached (oc 129.4 and 71.2 ppm respectively). 

The COSY correlation from the CH2, at OH 2.7812.96 ppm, was to the proton at OH 

5.98 ppm. This proton in tum showed HMBC correlations to both foldback carbon 

signals at 96.6 and 91.8 ppm, corresponding to the real carbonyl carbon resonances 

at 170.2 and 165.2 ppm respectively. The protons at OH 2.78/2.96 ppm showed a 
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correlation only to the carbonyl at DC 170.2 ppm. These observations linked the 

benzoyl fragment with the other moiety as indicated in Fig. 3.3.3. 

This structure could be readily extended to a methyl ester as the 3H singlet a DH 3.69 

ppm was correlated in the HMBC spectrum (Fig. 3.2.9) to the foldback signal (DC 

96.6 ppm) for the real carbonyl resonance at DC 170.2 ppm (Fig. 3.3.3) . The methyl 

carbon was readily identified from the HMQC spectrum (Fig. 3.3.10) to be at DC 

5l.9 ppm. 

Figure 3.3.3 HMBC and COSY correlation used to assign the following 

HMBC~ 

COSy,", 

structure 

H 

The remainder of the structure was assigned from the COSY spectrum (Fig. 3.3.11) 

with a correlation between the protons at DH 5.89 and DH 6.53 ppm and then HMBC 

correlations allowed the C-C connectivity to be extended through two conjugated 

double bonds to a fUlmer phenyl ring (Fig. 3.3.4). 
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Figure 3.3.4 HMBC and COSY correlations that lead to the assignment of 

two conjugated double bonds through to a phenyl ring 

COSY ~ 

HMBC ~ 

These two fragments (Fig. 3.3.3 and 3.3.4) between them accounted for all the atoms 

in the molecular formula as well as all the double bond equivalents. It was possible 

to link these two fragments together unambiguously by the observation of a number 

of HMBC correlations as indicated in Fig. 3.3.5. 

Figure 3.3.5 The HMBC correlations that allowed the connectivity 

through the two assigned fragments 

H o 

OCH3 

The stereochemistry of the double bonds in methyJ-4,6-(E,E)-3-benzoyl-7-phenyl

heptadienoate (35) were assigned by extracting one of the coupling constant from a 

1 H decoupled HETCOR experiment and from difference nOe experiments . The 
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coupling constant between the protons at bH 6.64 and 6.72 ppm was found to be 15.3 

Hz which is consistent with an E configuration. The coupling constant between the 

protons at bH 6.53 and 5.89 ppm could not be extracted from the HETCOR 

experiment, so the assignment of the stereochemistry of this bond relied on an nOe 

difference experiment. When the proton at bH 5.89 ppm was irradiated an nOe 

enhancement was observed at bH 6.64 ppm and vice versa which requires the double 

bonds to each be in the E configuration with the S-cis conformation (Fig. 3.3.6) to 

give an overall structure for methyl-4,6-(E,E)-3-benzoyl-7-phenylheptadienoate 

(35) as in Fig. 3.3.7. 

Figure 3.3.6 The nOe enhancement observed between H6.64 and HS.89 

H 6 .53 

6.64 
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Figure 3.3.7 Full assigned structure of methyl-4,6-(E,E)-3-benzoyl-7 m 

phenylheptadienoate (35) 

o 
o o 

o 

Table 3.3 Proton and carbon chemical shift and coupling constant data for 

methyl-4,6-(E,E)-3-benzoyl-7 -phenylheptadienoate (35) 

Position l3e (8cppm) IH(C>HPpm) 3JHH (Hz) 

1 170.2 
2 39.7 2.7812.96 (dq) 
3 71.2 5.98 (obs) 
4 129.4 5.89 (obs) 
5 133.8 6.53 (obs) 
6 127.5 6.72 (obs) 15.3 
7 134.4 6.64 (obs) 15.3 
8 136.8 
9/12 126.5 7.39 (obs) 
10/13 128.6 7.31 (obs) 
11 127.8 7.22 (obs) 
14 165.4 
15 130.1 
16/20 129.7 8.05 (d) 
17/19 128.4 7.42 (obs) 
18 133.1 7.58 (obs) 
21 51.9 3.69 (s) 

s= singlet d=doublet dq=doublet of doublets obs=obsured 
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3.4 4,6a (E,E)m3mbenzoyl-7mphenylheptadienoic acid (36) 

4,6e(E,E)-3-benzoyle7-phenylheptadienoic add (36) was a major component of the 

CH2Ch extract of F. calocera and isolated by normal phase chromatography on Diol 

(PART II: Scheme 2.1). 

The IH NMR spectrum (Fig. 3.4.2) of compound 36 was almost identical to that of 

compound 35, methyl-4,6-(E,E)-3-benzoyl-7-phenylheptadienoate. The major 

difference was the absence of the methoxy signal at OR 3.69 ppm. This absence 

suggested that compound 36 could be the free carboxylic acid, 4,6-(E,E)-3-benzoyl-

7-phenylheptadienoic add of compound 35. The l3C NMR supported this 

postulate with the absence of the methyl resonance at Oc 51.9 ppm and the downfield 

movement of the carbonyl from Oc 170.2 ppm (methyl ester) to Oc 174.7 ppm. The 

chemical shifts of the other carbon resonances were almost identical. There was also 

movement of the carbonyl stretching frequencies in the IR spectrum from 1735 

(methyl ester) and 1720 cm- I (35) to 1722 (benzoyl) and 1715 (free carboxylic acid) 

cm- I (36). A new very broad band also was present in the IR spectrum of 36, 

between 2800-3400 cm- I , characteristic of the COO-H band. 

All the above changes were consistent with the structure of compound 36 being 4,6-

(E,E)-3-benzoyl-7-phenylheptadienoic add but a mass spectrum could not be 

obtained to confirm this conclusion. This problem therefore requires more attention 

to umambiguously assign the structure. 
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Fig 3.4.1 Proposed structure for compound 36, (E,E)-3 a benzoyl-7-phenyl

heptadienoic acid 
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Chapter 4 

Biological Activity: F. calocera 

4.1 9-Methoxystrobilurin L (33) 

Table 4.1 Biological assay results for 9 mMethoxystrobilurin L (33) 

Antimicrobial zone of inhibition assays (mm) * 

P388 IC50 ' ,** AntIbacterIal Antifungal ** 
ng/mL 

E. co B, su p, ae C. al T,me C. re 

<0.5 ND ND ND 5 4 I 

*see General Introduction; Biological Assays 

**E. co=Escherichia coli B, su=Bacillus subtilis 

p, ae=Pseudomonas aeruginosa C. al=Candida albicans 

. T, me=Trichophyton mentagrophytes C, re=Cladosporium resinae 

9-Methoxystrobilurin L (33) was isolated by bioassay-directed chromatography 

from an CH2Cl2 extract of the basidiocarp of F. calocera (PART II: Section 2.2). 

The biological activity that was followed in the isolation was cytotoxicity against the 

P388 murine leukaemia cell line, The ICso of the pure compound was determined to 

be <0,5 ng/mL (Table 4.1), When the sample was resubmitted at a lower 

concentration to get an actual IC 50 value, a significant loss in activity was observed 

and a subsequent] H NMR spectrum of the sample indicated an isomerization of the 

C-8 double bond, Previous synthetic work showed that this isomer had significantly 

decreased biological activity,29 
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With the determination of the structure of 9-methoxystrobilurin L (33) (see PART 

II: Section 3.1) and its similarities to the other strobilurins, it was reasonable to 

assume the mode of cytotoxicity was similar. These (E)- ~-methoxyacrylates bind to 

a specific site on Cytochrome b in the electron transport chain blocking electron 

transfer between Cytochrome b and Cytochrome c 1. This therefore inhibits 

mitochondrial respiration which leads to depletion of the cellular ATP-poo1.29 At 

low concentrations some strobilurins (e.g. strobilurin E) have been found to have 

highly cytostatic but reversible activities. These particular strobilurins have various 

isoprenoid substituents at the C-5 and C-6 positions similar to that of 9-

methoxystrobilurin L (33).30, 31 

9-Methoxystrobilurin L (33) exhibited antifungal activity (Table 4.1) against all 

those organisms assayed, with the most sensitive being Candida albicans. No 

antibacterial activity (Table 4.1) was observed for 9-methoxystrobilurin L (33) 

against the organisms assayed. This was to be expected as no antibacterial activity 

has been detected for any of the already known strobilurins.30, 31, 32 This antifungal 

activity has also been ascribed to be the (E}~-methoxyacryl moiety acting by the 

same mechanism as noted for the cytotoxicity and cytostatic activity. 

No significant antiviral activity was observed for either Herpes simplex type 1 or 

Polio viruses at concentrations where the cytotoxic effects of 9-methoxystrobilurin 

L (33) was not masking the assay. 

3.2 Other compounds isolated from F. calocera 

The three other compounds (34, 35, 36) isolated from F. calocera showed no 

significant biological activity in the P388 antitumour, antiviral or antimicrobial 

assays. 
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Chapter 5 

Concluding Remarks: Favolaschia calocera 

The work completed for Part II of this thesis resulted in the isolation and structure 

determination of a new cytotoxic strobilurin, 9~methoxystrobilurin L (33), from the 

extraction of the basidiocarp of F. calocera. The pure compound had an Ie 50 of 

<0.5 ng/mL against the P388 murine leukaemia cell line. The strobilurins are a very 

interesting class of compounds, many of which have significant cytotoxic and 

antifungal activity. Strobilurins have in the past been isolated from a wide variety of 

basidiomycetes, but the extractions have always been of the mycelial mass and not 

the basidiocarp as was used for this work. F. calocera has recently been successfully 

grown in a shaking culture, with the broth shown to have antifungal activity.33 A 

continuation of this line of investigation could lead to other novel strobilurins with 

antifungal activity. 

Two other novel compounds were isolated from the extraction of F. calocera, with 

their structures determined by NMR techniques as methyl-4,6-(E,E)-3-benzoyl-7-

phenylheptadienoate and 4,6-(E,E)-3-benzoyl-7 -phenylheptadienoic acid. Even 

though these novel compounds were not biologically active in the assays screened, 

there is the possibility that they are active in other biological assays. From the IH 

NMR spectra of other fractions obtained during the isolation of these compounds 

there is the distinct possibility for the isolation and identification of more novel 

components of F. calocera. 

The scope for further work into the chemical constituents of F. calocera is large, 

with extractions of a culture broth, mycelial mass and on a larger sample of the 

basidiocarp being planned for the future. 
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Native fungi of New Zealand constitute a group of organisms about which there is 

little published literature on their chemical constituents. They therefore represent an 

excellent target for the screening of crude extracts followed by bioassay-directed 

isolation of any active components. 
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EXPERIMENTAL 



EXPERIMENTAL 

General 

NMR, MS, IR and ORD 

1 Hand l3C NMR spectra were recorded on a Varian UNITY 300 spectrometer 

operating at 300MHz and 75MHz for IH and l3C nuclei respectively. Chemical 

shifts are expressed as parts per million (ppm) on the 8 scale, relative to the 

following solvent reference peaks; IH CHCb 87.25, CHD20D 83.34 and l3C 

CDCl3 8 77.01, CD30D 849.3 ppm. 

Mass spectra were recorded on a MS80RFA mass spectrometer using electron 

impact (EI) at 70e V unless otherwise stated or chemical ionisation (CI;C4H 10). 

Samples were prepared for infra-red (IR) measurements by pipetting a solution of the 

sample, in chloroform, onto a KBr plate followed by evaporation. IR spectra wen~ 

recorded using a Perkin Elmer 1600 series FTIR. 

Optical Rotatory Dispersion (ORD) measurements were performed on a Jasco model 

J-20 Recording Spectropolarimeter (S=2 ma/cm; 1=lcm; MeOH (spectranorm 

grade)). 

Chromatography 

Normal phase thin layer chromatography (TLC) was performed using Alltech plastic 

sheet silica gel 60 F254 (0.2 mm). E-ach plate was initially visualised using a 254 nm 

UV lamp, followed by development in a chamber of iodine vapour and finally by 

spraying with a solution of 10% phosphomolybdic acid in ethanol and development 

under an IR lamp. 
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Analytical High Pressure Liquid Chromatography (HPLC) was performed on a 

Phillips PU41 00 equipped with a PU4120 diode array detector. For reverse phase 

HPLC a Brownlee Spheri-5 ODS (5 Il, 220 x 4.6 mm) column was used with a flow 

rate of 1500 ilL/min with variable concentrations of MeOH (HPLC grade) and H20 

(Milli-Q, 0.05% TFA). Normal phase HPLC was performed using an Alltech 

Spherisorb CN (5 Il, 4.6 x 220 mm) column with variable concentration of isopropyl 

alcohol (IPA; distilled) and hexane (see hexane preparation). 

Semi-preparative HPLC was performed on a Shimadzu LC-4A instrument equipped 

with a Hewlett Packard 3390A integrator. An Alltech reverse phase C18 (10 Il, 250 

x 10 mm) column was used. A flow rate of 3.5 mL/min was used. 

Medium pressure chromatography was performed using Merck Lobar size B (310-

25) RP-18 Li Chroprep (40-63 Il) column, connected to a Mill-Royal D pump with a 

flow rate of up to 10 mL/min. The system was equipped with a LKB Broma 2238 

UVICORD SII detector and a LKB Broma 2210 recorder with detection at 206 nm. 

Hexane Preparation 

Petroleum ether (10 L: 60-70 DC), cone. H2S04 (1 L) and cone. HN03 (1 L) was 

stirred for two days with a mechanical stirring rod to give a dark orange/brown 

solution. The organic layer was separated from the nitrating mixture and washed 

with water (approx. 20 L) until colourless. The solution was left to dry over CaCh 

overnight, filtered through a column of alumina and finally distilled. 
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Biological Assays34 

Antimicrobial assays 

The bacteria or fungi at a known concentration are mixed with Mueller Hinton or 

Potato dextrose agar respectively and poured into petri dishes so that after incubation 

a uniform 'lawn' of the organism will cover the agar. 

A known volume (typically 60 ilL) at a defined concentration of each sample to be 

assayed is pipetted onto filter paper disks (6 mm diameter) and the carrying solvent 

evaporated. These disks are than placed onto the seeded agar plates (with 

appropriate solvent and positive controls) and incubated for approximately 36 hours. 

If the samples show any activity against a microoganism a zone of inhibition will be 

observed in a clear ring around the disk. This zone is measured (mm) as the excess 

radius of inhibition and is recorded for each microorganism as a weight/disk. An ND 

result means no antimicrobial activity was detected against that microorganism for 

that sample at the submitted concentration. 

Antiviral assay 

The samples of interest are pipetted onto filter paper disks (6 rum diameter) and the 

carrying solvent evaporated. These disks are then placed directly onto a 90% 

confluent layer of BSC-I (African Green Monkey kidney) cells in the wells of a 24 

well plate. The cells have been infected with either Herpes simplex type 1 virus 

(ATC VR 733) or Polio virus type 1 (Pfiser vaccine strain), then incubated for 

hours. The wells are examined after this period, using an inverted microscope, for 

the size and degree of antiviral (i.e. viral inhibition) and/or cytotoxic zones, and the 

type of cytotoxicity. 
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Antitumour assay (P388) 

A two-fold dilution series of the sample of interest is added to a well of P388 

(Murine Leukaemia) cells and incubated for 72 hours. The concentration of sample 

required to reduce the P388 cell growth by 50% (comparative to control cells) is 

termed the IC50 and is determined using the absorbance values obtained when the 

yellow dye MTT tetrazolium is reduced by healthy cells to the purple coloured MTT 

formazan. Media, solvent, cell and positive controls are included with each assay 

mn. 

Work described in Part I: Paeonia lutea 

Extraction of P. lutea tubers 

Tubers of P. lutea were donated by Lady Fiona Elwothy of Craigmore, South 

Canterbury. A sample (200 g) was blended with MeOH/CH2Cb (lL ; 3:1), the 

suspension was stirred occasionally for four hours then left to steep at 4°C for two 

days. Finally, the suspension was filtered. The solvent was removed under vacuum to 

give a thick brown gum (19.46 g). Biological assessment of the extract was as follows: 

antiviral (A V) activity (4+; 0.4 mg/disk), in the P388 assay (IC50 of 79,432 ng/mL); 

broad spectrum antimicrobial activity. The crude extract was partitioned between 

(EtOAc/H20) in the first stage of the purification. The organic fraction was found to 

contain all the AV activity (4+; 0.4 mg/disk) and a significant proportion of the 

cytotoxic activity (IC50 of 31,622 ng/mL) in the P388 assay. In comparison the 

aqueous fraction was found to contain no A V activity and little if any P388 activity 

(IC 50 of> 125,000). Analytical TLC on silica of the organic fraction revealed a single 

major non-polar component. 
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Chromatography of P. lutea organic extract 

The organic fraction (4.07 g) was dissolved in a minimal volume of EtOAc, coated 

onto celite and sUbjected to flash chromatography on silica (Buchner funnel (10 cm) 

packed with Davisil silica (20-30 Jl; 100 g)). Seven fractions (100 mL)were collected 

while eluting with CH2Ch. The solvent polarity was then increased with two (100 

mL) fractions being collected at 5, 10 then 15% EtOAc/CH2Ch. The column was 

finally stripped with EtOAc and MeOH/EtOAc (1: 1). Each fraction was analysed by 

analytical TLC on silica with similar fractions combined and then assayed for 

biological activity as before. Both TLC analysis on silica and HPLC on a reverse 

phase (C18) column indicated that the CH2Ch fractions were predominantly a single 

compound, which corresponded to the major component of the original organic 

fraction. This compound was identified as paeonol (11) by NMR spectroscopy and 

MS (see PART I: Section 3.1). These fractions did not account for the antiviral or 

cytotoxic affects of the EtOAc fraction. The biological activity was found in 

fractions that eluted with 5-20% EtOAc (0.48 g). The biological properties were: A V 

activity (4+; 0.2 mg/disk); cytotoxicity in the P388 assay (ICSO of 19,952 I1g/mL). 

Silica chromatography of antiviral fractions from P. lutea extract 

The antiviral fractions that eluted with 5-20% EtOAc (0.48 g) were dissolved in a 

minimal volume of CH2Ch and loaded onto a silica gel column (Grace silica; 15 g; 

1x12 cm;particle size 60-80 Jl) and eluted with a range of solvents from CH2Ch 

through mixtures of CH2ChfEtOAc to EtOAc. Fractions were analysed as described 

above and combined as appropriate and assayed. The 5-10% EtOAc fractions were 

found to contain the antiviral activity (4+; 0.2 mg/disk) and slight cytotoxicity 

(ICso 14,125 ng/mL) in the P388 assay. The cytotoxicity in the P388 assay was 

concentrated in the fractions that eluted with 40% EtOAc (ICso 4,466 ng/mL). 
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Reverse phase chromatography of the antiviral fraction from P. lutea extract 

The antiviral fraction (74 mg) that had been eluted with 5-10% EtOAc was dissolved in 

a minimal volume of MeOH and half the sample injected onto a Lobar column ((CI8) 

which had been equilibrated at 60% MeOH/40% H20 (0.05% TFA)). This solvent 

composition was maintained until no further movement of the bands could be seen. At 

that point the polarity was increased to 80% then 100% MeOH with fractions being 

collected as peaks eluted. These fractions were analysed by analytical TLC on silica 

and HPLC on a reverse phase (CI8) column. The fourth peak that eluted gave a 

fraction (14.2 mg) which was identified as paeoniflorigenone (10) by MS and NMR 

data (see PART I: Section 3.2). The biological activity of paeoniflorigenone (10) 

accounted for the antiviral activity of the 5-10% EtOAc fractions with AV activity (4+ 

at 25 flg/disk). 

The most cytotoxic fraction (65.5 mg; 1Cso 4466 ng/mL) that eluted with 40% EtOAc 

was dissolved in a small volume of MeOH and loaded onto a CI8 Lobar column, 

equilibrated and eluted with the same solvent system as above. The first peak isolated 

was rechromatographed by semi-preparative HPLC on reverse phase (CI8) using an 

isocratic flow of 30% MeOHI70% H20 (0.05%TFA) with a flow rate of 3 mL/min to 

yield methyl gallate (16) identified by NMR and MS data obtained (see PART I: 

Section 3.3). 

Paeonol (11) 

Reported values 20 

OR (CDCI3) (ppm) 7.55 (d), 6.40 (d), 6.35 (s), 3.79 (s), 2.45 (s). 

Observed values 

EIMS m/z 166.1 (M+) 

OR (CDCI3) (ppm) 7.63 (d), 6.46 (d), 6.42 (s), 3.84 (s), 2.56 (s). 

UV Amax (MeOH) 320, 275, 230, 215 
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Paeoniflorigenone (10) 

Reported values 12 

MS mlz 319 (MH)+ 

OR (CDC13) (ppm) 8.10 (2H, d), 7.30-7.72 (3H, m), 4.14/4.42 (2H, dd), 2.93 (lH, m), 

1.32 (3H, s); oc (CDCb) (ppm) 210.2 (ketone C=O), 166.1 (ester C=O), 133.3 (Ar), 

130.6 (Ar), 129.9 (Ar), 128.8 (Ar), 102.4 (quaternary), 100.0 (CH), 79.4 

(quaternary), 63.5 (CH2), 47.7 (CH2), 47.2 (CH), 43.7 (CH), 35.6(CH2), 22.2. 

UV Amax (MeOH) 270, 263, 258, 220. 

[a]D +4.3 0 (c=0.69, MeOH) 

Observed values 

BRCIMS mlz 319.1187 ((MH)+, +0.9 ppm, for C17H1806) 

OR (CDCh) (ppm) 8.03 (2H, d), 7.57 (lH, t), 7.49 (2H, t), 4.39/4.13 (2H, dd), 2.91 

(lH, m), 2.69 (2H, d), 2.4212.22 (2H, dd), 1.33 (3H, s). 

[a]D +7.8 0 (c=1.92, MeOH) 

Methyl gallate (16) 

Reported values 22 

MS mle 184 (M+) 

DR (CD30D) (ppm) 7.05 (Ar-H, 2H, s), 3.82 (methyl ester, 3H, s) 

IR (KEr) 3400 (OH), 1705 (C=O), 1640, 16001480,1450 (Ar-H) cm-1 

UV Amax (EtOH) 280, 231 

Observed values 

EIMS mlz 184 (M+) 

DR (CDC13) (ppm) 7.03 (Ar-H, 2H, s), 3.80 (methyl ester, 3H, s) 

Oc (CDC13) (ppm) 146.5 (Ar), 110.3 (protonated Ar), 52.5 (methyl ester) 

IR (KEr) 3393 (OH), 1701(C=O ester) cm-1 

UV Amax (MeOH) 274, 216 
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Work described in Part II: Favolaschia calocera 

Extraction of F. calocera basidiocarp 

The basidiocarp of F. calocera was collected near Frankton with a voucher sample 

kept in the freezer in the Chemistry Department, University of Canterbury. A 

sample (80 g) was freeze dried and crushed to a coarse powder, blended with 

0I2Ch (100 mL), left to stir overnight at 4°C, filtered, reblended with another 

volume of CH2Ch (100 mL) and finally refiltered. The solvent was evaporated 

under vacuum to give a thick dark orange oil (3.70 g). The coarse powder was then 

extracted with MeOH by the same procedure to give a brown solid (2.23 g). 

The biological activities of the extracts were assessed using the P388 antitumor 

assay. The results showed the CH2Ch extract (ICso 686 ng/rnL) contained 80% 

(calculated using the unit activities (mass/ICso)) of the activity compared to the 

methanol extract (ICSO 1740 ng/rnL). Analytical TLC on silica indicated the extract 

to be a complex mixture with at least 10 major components. 

Chromatography of F. calocera CHzOz extract 

The CH2Ch extract (3.70 g) was divided into three fractions. Each aliquot was 

dissolved in a minimal volume of petroleum ether (pet. ether) and loaded onto a 

column packed with Bakerbond Diol (60 g: 2.5 x 220 cm; 40 ~ Prep LC packing) 

equilibrated with pet. ether. Each column was first eluted with pet ether and through 

a gradient of pet. etherlCH2Ch to CH2Ch and MeOH. Fractions were analysed by 

TLC on silica and within each column appropriate combinations were made. 

Fractions from the three columns were combined by both the results from the P388 

assay and their TLC profiles on silica. Fractions 117.22a 24 (103.4 mg) in which the 

cytotoxic activity (ICso <48.7 ng/rnL) was concentrated eluted with 30% CH2Ch, 

The cytotoxic and surrounding fractions were submitted for 1 H NMR spectroscopy 

and analysed by both reverse phase (CI8) and normal phase (CN) HPLC using 
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H20/MeOH 0:9) and IPAlhexane 0:19) respectively. These indicated the active 

fraction was still a mixture with the major component being an unsaturated 

triglyceride (see PART II: Section 3.4). 

Diol chromatography of cytotoxic fraction from F. calocera extract 

The cytotoxic fraction (117.22=24; 103.4 mg) was redissolved in minimium volume 

lS% CH2C12/8S% pet. ether and loaded onto a Bakerbond Diol (12 g; 2 x 8 cm; 

40 r-t; Prep LC packing) column equilibrated at CH2Cl2/pet. ether (3:17). Eight 

fractions (S mL) were collected at various percentages of CH2Ch OS, 20 and 2S%) 

before the column was stripped with CH2Ch and MeOH. Combinations were made 

based on analytical TLC on silica. Each of these combined fractions was then 

assayed. Fraction 118.12 (27.0 mg) was the most active (ICSO 6.S ng/mL). The IH 

NMR spectrum of 118.12 indicated a predominant presence of the unsaturated 

triglyceride and in addition a cluster of signals between OH 3.S and 3.9 ppm and other 

unidentified signals downfield of OH S.S ppm. The previous fraction 118.10 (9.7 mg) 

was also active (ICso 8.7 ng/mL). 

Reverse phase (C18) chromatography of the cytotoxic fractions from F. calocera 

extract 

A trial separation of fraction 118.10 (9.7 mg) a fraction with considerable activity, 

but not the most active fraction, was calTied out to confirm that the cytotoxic activity 

could be retained after separation on CI8 using MeOH. Fraction 118.10 was coated 

onto celite (20 mg) and loaded, as a friable powder, onto a column 0 x 200 cm) 

packed with C18 (4 g; 40-70 r-t) equilibrated at MeOHlH20 (2:3). Fractions (S mL) 

were collected through a solvent gradient from MeOHIH20 (2:3) to MeOH and 

CH2CI2/MeOH (1:9) then stripped with MeOH/CH2CI2 (SO/SO) and CH2Ch. 

Fractions were assayed in the P388 assay with fraction 120.8 (ICso 0.6 ng/mL) being 

the most active. From both reverse phase (C18) HPLC and a IH NMR spectrum, 

120.8 was still seen to be a mixture, but the dominant component was now 
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associated with signals in the methyl, OCH, olefinic and/or aromatic region of the IH 

NMR spectrum. 

Since the activity had been retained during the trial separation of 118.10 the same 

procedure was attempted with 118.12. The column was set up as with 118.10 except 

it was equilibrated with MeOHIH20 (1:7) with fractions (4 mL) collected over a 

gradient of H20 and MeOH as before. Fractions were submitted for P388 assay and 

also analysed by reverse phase (C18) HPLC (H20IMeOH;1:9). Fraction 125.5 (0.8 

mg) was the most active «0.5 ng/mL) and pure with just one major peak in the 

chromatograph (290 sec). Fractions 120.8-10 and 125.4, 6/7 were combined (2.8 

mg) and rechromatographed on a reverse phase (C18) column (1 g: 40-70 )l). The 

fractions were loaded onto the column and eluted as for 118.10 and 118.12. 

Fractions were analysed by analytical reverse phase (C18) HPLC (MeOH/H20;1:9) 

and all appropriate fractions that contained the peak a 290 seconds were submitted 

for assay and IH NMR spectroscopy. Fractions 126.10 (IC50 0.6 ng/mL) and 126.11 

(IC5o 3.6 ng/mL) were the purest. Fractions 125.5, 126.10 and 126.11 were 

therefore combined and identified by NMR spectroscopy (see PART II: Section 3.1) 

as the active component 9-methoxystrobilurin L (33). 

Isolation of other novel components from F. caidcera CH202 extract 

The second fraction (117.2-6) that eluted from the first Diol column with pet. ether 

was a yellow oil (1.42 g). NMR spectroscopy and GCMS were used to identify it as 

a mixture of similar unsaturated triglycerides. The fatty acids were identified by 

using a trans esterification reaction to produce the respective fatty acid methyl esters 

(FAME's) with subsequent examination by GC and/or GCMS. Fraction 117.2-6 (100 

mg) was dissolved in 2 ml of benzene (distilled) to which 1 ml of boron triflouride 

(BF3) diethyl etherate (0.12 mg/mL in dry MeOH) was added. The sealed vial was 

placed in a beaker of boiling water for approximately 15 minutes. The benzene layer 

was washed with 2 ml of water, dried with anhydrous sodium sulphate and then 
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examined by GC using a DB-1 column (injector 150°C; initial column temperature 

120°C for 4 min; increasing a 4°C/min up to 200°C). The sample was finially 

analysed by GCMS on a DB-WAX column (30 m x 0.25 mm; 0.25 mm; 50°C for 2 

mins, 50-250°C at lOa/min, 250°C for 8 mins) to identify the derivatised FAME's 

(see PART II: Section 3.2). 

The sixth combined fraction, 117.20-21 (58.3 mg), that eluted from the first Diol 

column with pet. etherlCH2C12 (3:1) was shown to be pure by both reverse phase 

(C18; MeOH:H20; 1:9) and normal phase (CN; hexane:IPA; 98:2) HPLC. Using 

NMR spectroscopy and MS the component was identified as methyl-4,6-(E,E)-3-

benzoyl-7-phenylheptadienoate (35) (see PART II: Section 3.3). 

The final fraction that eluted from the first Diol column (117.32) was an almost pure 

sample of compound 36, identified as 4,6-(E,E)-3-benzoyl-7 "phenylheptadienoic 

add (36) from NMR and IR spectroscopy (see PART II: Section 3.4). 

Strobilurin G (30) 

OH (CDC13) (ppm) HI, 6.94 (s); H4, 6.85 (dd); H5, 6.93 (dd); H7, 6.37 (d); H8, 6.48 

(dd); H9, 6.22 (qd); H12, 7.43 (s); H14, 1.96 (s); H15, 3.84 (s); H16, 3.73 (s); H17(a) 

4.23 (dd); H17(b), 3.95 (dd); H18, 3.50 (dd); H20, 1.21 (s); H21, 1.47 (s); H22(a), 

4.15 (dd); H22(b), 4.06 (dd); H23, 5.34 (t, m); H23, 1.76 (s); H26, 1.69 (s) 

oc (CDC13) (ppm) C1, 121.6; C2, 146.8; C3, 150.8; C4, 120.6; C5, 122.4; C6, 

133.7; C7, 130.4; C8, 125.7; C9, 129.8; ClO, 130.8; C11, 110.8; C12, 158.9; C13, 

167.9; C14, 23.7; C15, 61.9; C16, 51.6; C17, 68.7; C18, 81.9; C19, 80.6; C20, 27.7; 

C21, 20.8; C22, 67.3; C23, 120.9; C24, 137.5; C25, 25.8; C26, 16.1 
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9-MethoxystrobHurin L (33) 

HREIMS mlz 472.2458 (M+, +0.6ppm, for C27H3607) 

NMR data as shown in PART II: Section 3.1 

IR (KBr) 2932, 2360, 1708, 1503, 1266, 1124, 1067 cm-1 

UV Amax (MeOH) 310, 232, 200 

Triglyceddes (34) 

EIMS mlz 840-882 (M+) 

NMR data shown in PART II: Section 3.2 

UV Amax (MeOH) 211, 261, 271, 281 

Methyl-4,6-(E,E)-3-benzoyl-7 -phenylheptadienoate (35) 

HREIMS mlz 336.1358 (M+, +0.5 ppm C21H2004) 

NMR data shown in PART II: Section 3.3 

IR (KBr) 2924, 2837, 1730, 1719, 1450, 1267, 1108,989 cm-1 

UV Amax (MeOH) 285, 225, 200 

4,6-(E,E)-3-benzoyl-7-phenylheptadienoic add (36) 

DR (CDC13) (ppm) 8.03 (2H, d), 7.56 (2H, t), 7.5-7.2 (7H, m), 6.52-6.80 (3H, m), 

5.82-6.02 (2H, m), 2.8212.98 (2H, dq) 

DC (CDC13) (ppm) 174.7, 165.6, 136.8, 134.4, 133.7, 133.1, 130.1, 129.7, 129.4, 

128.6,128.4,127.8, 127.5, 126.5,71.1,39.5 

IR (KBr) 3400-2800 (very broad), 2925,1722,1718,1451,1271,1110,712 cm-1 

UV Amax (MeOH) 285, 225, 200 
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