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Abstract. 

The roots of a specIes of New Zealand native flax, Phonnium tenax and a 

commercial herbal preparation of the root were examined for novel or 

biologically active compounds. 

The species Phormium tenax has been examined chemically in the past and has 

yielded a number of novel and biologically active compounds. Missing from this 

body of work was an investigation into an aqueous extract of the roots of the 

plant. The commercial herbal preparation, "Fluid of Flax, Manaaki Huia" was 

such an extract and from this three novel aromatic glycosides were isolated. 

The herbal preparation was found to contain one biologically active compound, 

1-0-[~-glucopyranosyl-(1---76)-O-~-xylopyranosyl]-4-hydroxymusizin. The 

structure was identified by mass spectrometry and NMR techniques 

which included HMBC, HSQC, ID TOCSY and nOe enhancements. 

Two related glycosides, 1-0-[~-glucopyranosyl-(l---76)-O-6-deoxy-~-

mannopyranosyl]-4-hydroxymusizin and 1-0-[~-glucopyranosyl-(l---76)-O-6-

deoxy-~-mannopyranosyl]-musizin were isolated from a methanol extract 

directly from the roots of Phormium ten ax. Both of these compounds were 

present as minor components in the herbal preparation. Neither of these 

glycosides showed any significant bioactivity in the in-house bioassays available. 
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In troduction. 

Why Natural Products? 

Throughout recorded history the use of natural products in medicine was 

commonplace. Records of natural product use in early Babylonian writings and 

the ancient cultures of Egypt, China and India indicate just how old this practice 

actually is. Many of the crude treatments used in history are still in use today; 

drugs such as opium, and mandrake are well over 6,000 years old, but are still in 

common use in many countries around the world. In modern Western cultures 

crude natural product (herbal preparation) use in medicine is often the first 

preferred choice of medication, though not to the same extent as can be seen in 

some of the Eastern cultures. What is more evident however, is the use of 

distinct chemical entities derived from natural sources. 

In the modern drug marketplace natural products form the basis of an increasing 

number of useful drugs. Products obtained from plant, animal and 

microbiological origin are a very important part of medical treatment. 

Therapeutic drugs that are derived from natural products are of great significance 

world-wide and their biological activity is wide and varied. 

Another important use of natural products is their use as models for the synthesis 

of other classes of drugs. For example, the development of local anaesthetics 

based on cocaine or the analgesics based on morphine attest both to the value of 

the natural products and the value of this approach. Other semi-synthetic drugs 

owe their activity or economic viability to specific microbes that convert 

inexpensive precursors into valuable drugs. This is of great importance in the 

preparation of biologically valuable steroids. [ 

A relatively new area that is under active investigation worldwide is the large 

scale collection and identification of marine plants, animals and other organisms 

for chemical and biological screening. This complements the equivalent activity 
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in terrestrial sources that has been under investigation for a much longer period. 

These approaches lead to the identification of compounds that have useful 

biological activity. In this way many chemical classes have been identified for 

potential drug development. When considering biological screening it is 

important to note that although many thousands of organisms world-wide have 

undergone such scrutiny, in many instances the screening may have been for only 

one type of biological activity. 

When one considers the vast number of naturally occurring chemicals with 

biological activity and the relatively small amount of research done on them 

worldwide it is easy to conjecture that the search for drugs of natural origin will 

be with us almost indefinitely. 

Natural Products in New Zealand. 

New Zealand, due to its prolonged geographic isolation has many unique species 

of plants. It has been estimated that there are around 2200 native species of 

vascular plants in New Zealand2 and it is for this reason that chemical 

investigation is worthwhile. 

The Maori of New Zealand made good use of the plants available to them. In 

fact over 200 different plants have been identified as useful in Maori ritual or 

herbal preparations.3 Like most races the ancient medical practices of the Maori 

were closely associated with religion, "the use of herbs in preparations to cure 

ailments was always accompanied by a verbal incantation (karakia).,,3 The 

treatment of the sick was carried out by the Maori medical expert (tohunga nana 

tupapaku). The tohunga could have a vast number of herbal preparations and 

karakia at his disposal depending upon his prestige. 

"On medical matters, scholars memorised the correct karakia for each ailment, 

and which herbs and quantities to administer. Ailments were treated by spiritual 

healing, by the power of the karakia and the "mana" (power, authority, prestige) 
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of the tohunga, and some required herbs or non-vegetable substances to be 

prescribed as well. No distinction was made between the spiritual healing and 

the use of herbs, for according to Maori belief they are part of a whole and 

cannot be effective one without the other. ,,3 

Upon arrival of European settlers much of the knowledge of the ancient Maori 

tohunga's was lost, but many of the herbal preparations survived and some are 

still in use among tribal groups throughout modem New Zealand. 

Research at the University of Canterbury. 

The natural products group at the University of Canterbury has been involved for 

many years in the isolation and identification of unique chemical compounds 

from New Zealand native species. Although the research has concentrated 

predominantly on marine species research on terrestrial plants and fungi has been 

carried out simultaneously. 

Research into biologically active compounds from New Zealand plants has 

included the isolation and identification of biologically active compounds from 

Hebe stricta. 2 In particular the identification of the novel compound 2-0-

caffeoyl-D-glucopy~anose which showed leucine aminopeptidase inhibitory 

activity. This was of interest due to the fact that leucine aminopeptidase 

inhibitors can produce improved immune responses. 

CH20H 

!oH°\".OH HR-v 

o HOrO 
HO 

2-0-caffeoyl-D-glucopyranose 
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Another compound isolated in conjunction with the natural products group was 

the antifungal polyacetylene falcarindio1. This was isolated from a native New 

Zealand plant Schejj1era digitata (Seven finger, Pate).4 

OH 

HO 

Falcarindiol 

Among the facilities available to the natural products group are the in-house 

bioassys summarised below. These assays allow the tracking of biological 

activity through isolation techniques ultimately permitting the compounds 

responsible for any bioactivity to be identified. 

The Assay System. 

The P388 assay. 

The aim of this assay is to determine the concentration of a compound required to 

reduce the growth rate of P388 murine leukemia cells by 50%. This 

concentration is referred to as the inhibitory concentration (ICso) value. The 

concentration units are ng/mL. The lower the ICso value the more active the 

sample is. 

A two fold dilution series of the test solution is incubated in wells containing the 

leukemia ceHs for 72 hours. Media, solvent, cell and positive controls are also 

included in each assay run. 

To determine the number of healthy leukemia cells present in the wells at the end 

of each assay period MTT is added to'the wells. 
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MTT Formazan 

The yellow dye, MTT, is metabolised in the mitochondria of viable leukemia 

cells to the purple formazan product. By measuring the light absorbance at 540 

nm the amount of formazan present in each well can be determined. The 

absorbance is expressed as a percentage of the control cell (leukemia cells, 

media, MTT) absorbance. A plot of these absorbances versus the logarithm of 

the sample concentrations is made, from which the antilog of the 50% value 

gives the IC50 value. 

The antinticrobiall antifungal assay. 

Bacteria or fungi are mixed with Mueller-Hinton, or potato dextrose at a known 

concentration and poured into petri dishes so that after incubation the bacteria I 

fungi have spread throughout the gel in the dish. 

Samples of compounds are pipetted onto 6 mm diameter filter paper disks and 

the solvent evaporated. These disks are then placed in the prepared petri dishes 

(with appropriate solvent and positive controls) and incubated. 

If the sample shows any activity against bacteria I fungi there will be an area of 

inhibition beyond the disk. This is measured in mm, as the radius of inhibition. 

There are six organisms that are presently in use at the University of Canterbury. 

The gram positive bacillus Bacillus subtilis, the gram negative bacilli 

Escherichia coli and Pseudomonas aeruginosa, the dermatophyte Cladosporium 

resinae and the two fungi Candida albicans and Trichophyton mentagrophytes. 

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



Introduction 7 

The antiviral assay. 

Samples of interest are pipetted onto 6 mm disks of filter paper and the solvents 

allowed to evaporate. These samples are then placed directly onto BSC-l 

(African Green Monkey Kidney) cells, infected with either Herpes simplex type 1 

virus (ATCC VR 733) or Polio virus type 1 (Pfiser vaccine strain), and then 

incubated. Assays are the examined after 24 hours, using an inverted 

microscope, for the size of antiviral and/or cytotoxic zones and for the type of 

cytotoxicity. 

The Current Project. 

In late 1996 the natural products group at the University of Canterbury was 

approached by a company trading as The Real Nutrition Co. The company was 

marketing an aqueous extract of flax root under the name "Fluid of Flax, 

Manaaki Huia" as a traditional Maori herbal remedy. The proposal put forward 

to the department by The Real Nutrition Co. was an investigation into the 

biological properties of the preparation and the isolation of any biologically 

active components present. This would in turn allow the company to be more 

specific when describing the possible effects of using the extract as a herbal 

medicine. 

Phormiwn tenax. (Harakeke; New Zealand. Flax) 

New Zealand flax, sometimes called New Zealand hemp is, like its namesake, a 

very versatile plant. Indeed it is one of the rare native New Zealand plants with 

an economic value. The plant itself is a large green bush growing up to 3 m in 

height (Appx. One) .. The leaves grow from the base of the plant along with hard 

stems known as korari. It is the korari that bear the flowers of the plant, which 

bloom in late spring. 

The leaf fibres of New Zealand flax are enormously strong and were used to 

make rope and cloth by the settlers of New Zealand; it was for this reason that the 

plant was compared to hemp. To the Maori people, flax was a very valuable 
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plant as it was used for shelter, clothing, cooking, trapping, as sails and made into 

ropes and baskets as well as numerable other uses. As well as using flax for its 

physical properties the Maori also used flax for its medicinal properties. Taken 

internally, or applied externally both the leaves and the roots were used in many 

different ways to treat a wide variety of ailments. 

When the first European settlers arrived in New Zealand they were quick to make 

use of flax for its medicinal properties and early written records indicate that the 

plant in various forms was used as a cure for rheumatism, tumours, abscesses, 

constipation and among other things during the Maori land wars flax extract was 

used as a general antiseptic. Many of these treatments have persisted to this day 

and are in common use in many parts of the country. 

There are many references in early New Zealand writing to the use of flax in the 

treatment of ailments. The leaves were boiled and the warm liquid then mbbed 

on the arms and legs of people suffering from rheumatic and sciatic pain. The 

butts of the leaves contain a red gum that was also used topically for the relief of 

rheumatic pain. 

After roasting and beating to ajelly the roots of the flax plant were used topically 
I 

to cure ringworm and abscesses and was also used with a poultice to ease 

swelling. There are reports of the successful treatment of small-pox and varicose 

ulcers with a flax preparation applied to the skin. 

" A jl'iend once told me that a chemist in Foxton knew of this use for flax root 

ft'om a well known Maori woman in the district, and made some up for her 

mother, whose varicose ulcers had for years withstood all doctors' remedies. 

She had to paste this mixture over a bandage on her leg several times and leave 

the bandage on for six weeks. When she took the bandage off the abscess was 

healed. ,,5 

A boiled decoction of the root was used widely as an astringent, anthelmintic, 

purgative, diuretic and as a general tonic among much of the Maori population. 
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"1889 - As an astringent for diarrhoea, dysentery and bowel complaints. The 

root, washed, cut into pieces and boiled is aperient ... cover the roots with water, 

let simmer for half an hour, strain through a cloth or fine wire strainer, and if 

desired sweeten. Take a tablespoonful one to three times a day; if not sufficient 

take more, if too much take less. The same decoction is used to bathe the 

chilblains with, while it is warm. ,,3 

The same decoction has also been used for the treatment of non gastro-intestinal 

disorders such as tumours, earache and menstrual problems. 

"1907 - A Maori woman of Otaki suffering from an internal growth. A local 

practitioner, after treating her unsuccessfully, said that she would have to go to a 

hospital and submit to an operation. To this she would not consent, and went 

back to her own people. The tohunga treated her by suggestion (karakia) 

supplemented with a decoction of Phormium root, a drastic purgative. The 

woman recovered, and is in good health - and the local doctor will confirm her 

story. ,,3 

That is an outline of the traditional use of flax by the Maori. Flax has also been 

the subject of earlier chemical studies.6
-
lo 

Literature Review of Phonnium tenax. 

Investigations into the chemistry of Phormium tenax have resulted in the 

isolation of several compounds with biological activity. Ethanol extractions of 

the leaves of P. tenax were shown to contain cucurbitacins I and D as well as the 

previously unknown isocucurbitacin D and 3-epi-isocucurbitacin D.6 The 

extracts showed significant activity against P388 lymphocytic leukemia 

bioassays. This class of compounds could possibly account for some of the 

reported biological properties of flax preparations. 
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Fig. 1.1. 

Methanol extracts of the leaves of P. tenax showed antibacterial activity against 

Stap!tylococcus aureus, the active component was identified as farrerol. 7 

Hexane extracts of the roots of P. tenax were found to contain musizin as well as 

its (in vivo) oxidation product stypandrone.8 Musizin is patented as an antifungal 

compound in Japan.9 Also found in the hexane extract was the compound 

chrysophanol along with the more well documented compounds ~-sitosterol and 

hexacosanoL 

Fig. 1.2. 

OH OH 

rCOCH3 

~CH3 
Musizin 

o OH 

(CcCOCH3 

I I A 
CH3 

o 
Stypandrone 

~ 
~~CH3 

o 

Chrysophanol 

Further studies into the hexane extract of the roots yielded the two antifungal 

compounds 7 -hydroxy-5-methoxy-6-methylphthalide and 4-methoxycarbonyl-~

orcinol. 10 
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Fig. 1.3. 

CH30~ I 0 
CH3 h 

OH 0 

(i) 

CH3yyOH 

CH3'°I~CH3 
o OH 

(ii) 

(i) 7~ Hydroxy~5~methoxy-6-methylphthalide 

(ii) 4-Methoxycarbonyl-p-orcinol 

11 

Overall the chemical studies pedormed on Phonniuln tenax have yielded a 

number of biologically active compounds and have indeed shown that the use of 

crude flax preparations was well founded and that extracts do have medicinal 

properties. 

One of the more common themes in the history of flax as a medicine is the use of 

a boiled or soaked preparation of the fresh root. Chemical investigation of 

aqueous extractions have however been largely ignored up until this point. With 

the approach of the people from The Real Nutrition Co. the opportunity to further 

clalify the biological properties of Phormium tenax was accepted. 
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Chapter One .. 
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Chapter 1 

1.0 Preparation of "Fluid of Flax", Manaaki Huia. 

The Phormium tenax plants used for the preparation of the extract were collected 

in the Bay of Plenty area of New Zealand and then transplanted to Rangiora near 

Christchurch. Collection of the roots for the preparation of the extract is 

traditionally carried out in March. 11 

The freshly collected roots are washed and roughly chopped into small cubes 

(dimensions 5x5x5 cm). The roots themselves have a bright orange/pink tinge 

and any areas of discoloration are removed before extraction. The roots (400 g) 

are added to cold water (1 L) and boiled covered for 20 minutes, uncovered and 

boiled for a further 40 minutes. The extract is left to cool for one hour and then 

filtered through muslin cloth and finally through a fine stainless steel mesh. 

The prepared extract labelled as Manaaki Huia, is a dark brown colour although 

intensity seems to vary between preparations. A small amount of sediment can 

be observed. The extract is stored in brown glass bottles away from direct 

sunlight and prolonged exposure to air as both are claimed to reduce the 

biological activity of the extract. 1 
I 

1.1 Isolation of Compounds from Phormium tenax, 

A sample of the flax root extract Manaaki Huia (20 mL) was freeze dried and 

found to contain 53 mg/mL of solids. Samples of this dried compound were 

submitted for bioassay and NMR experiments. 

Bioassay results showed no significant bioactivity in all three of the in-house 

bioassay experiments available (Chap. 1.3) when the sample was submitted to 

assay at 1.3 mg/mL, a concentration that would normally give positive results for 
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the presence of compounds with bioactive properties (antiviral, antimicrobial or 

antitumor). 

The IH NMR spectrum of the extract showed a large number of signals between 

o 3.4 and 04.3 with relatively few signals outside this range. Also observed by 

NMR were a large number of carbon signals between 0 60 and 0 85 suggesting 

that the extract was composed predominantly of carbohydrate type compounds. 

The initial chromatographic investigation of the extract was by reverse phase 

flash chromatography using octadecylsilyl treated silica (CI8). A bench column 

of C18 (70 g) was prepared, equilibrated to water and loaded with crude flax 

extract (20 mL). This was then eluted with water followed by 25% 

methanol/water and finally the column was stripped with 100% methanol. The 

mass profile for this column is shown in Fig. 1.1 along with the biological data 

for selected fractions. The biological data suggested that the biological activity 

was concentrated in fraction 15. The bioactivity profi1e is indicated on Fig. 1.1 

and the activity of fraction 15 is detailed below. 

Fig. 1.1. 

Column A. CiS. 

1-2-3-4-5-6-7-8-9-10--11--12-13--14-15--16-1~18 

I 7d.5rrg I 4
1
.1rrg) 2t.2rrg I 24

1
.6rrg) 11.3rrg 'I 7

1
.6rrg I OI.8rrg I 39'.7rrg I O'.2rrg 

179.frng 4~.2rrg 1. 7rrg 1.1 rrg 1. 7rrg 59lSng 1. 7rrg 62.6rrg 1.3rrg 

P388. -
Antimic. -
Antivir. -

+ 
+ 
+ 
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Table of bioassay results for fraction A 15. (see The Assay System pp 5). 

P3BB. 25667 

Antivir. Herpes. Polio. 

? ww 7" ?ww7 

Antimic. E. coli. B. sub. P. aeru. C. albic. C. resin. T. ment. 

sm 3** 8m 4 8m6 smB 

*Difficult to distinguish between cytotoxicity and antiviral activity, cells 

appeared elongated. 

**sm = sharp margin of antimicrobial activity, # radius of inhibition (mm). 

Samples of the fractions were taken up in D20 and examined using IH NMR 

spectrophotometry. Analysis of these spectra showed that the early fractions 

were comprised mainly of carbohydrate material, while the later fractions showed 

an increasing number of aromatic signals along with the carbohydrate resonances 

suggesting the presence of aromatic glycosides. 

A TLC analysis of the column fractions indicated that fractions A15 and A16 

contained the same major component and also had similar IH NMR spectra. 

Fig. 1 
Column A. CiS. 

1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18 

I 70~5mg I 4!1mg I 27!2mg I 24!6mg I 1~3mg I 7!6mg I 0~8mg I 39!7mg I 0!2mg 
179.6mg 46.2mg 17.7mg 1.1mg 17.7mg 598.9mg 1.7mg 62

i
6mg I 1.3mg 

P388. - - - - + 
Antimic. • + 
An/Mr. 

1---2--'--3---4 
Column B. Ci8'10!2mg 68!3mg 16'2 4!8mg 

(1) I mg 

1--2--3 
CiS. I I I 

0.8mg 0.6mg 0.4mg 
HPLC C. 

(1) (2) (3) 

Fractions 15 and 16 were combined and then purified further by repeated C18 

reverse phase chromatography (Column B, Fig. 1.2). Four fractions were 
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collected and TLC indicated that fraction B2 consisted essentially of one major 

component. Structural investigation of this compound (Chap. 2.0) established 

that it was the aromatic glycoside (1). The next fraction, B3, contained trace 

amounts of this glycoside (1) in addition to two less polar components. 

Fig. 1 

H 

H 

OH 0 

H 

OH H 

(1) 

The less polar components present in fraction B3 were isolated by preparative 

reverse phase HPLC (HPLC C, Fig. 1.2). Three peaks were collected with 

retention times of 6, 7.5 and 15 minutes (Fig. 1.4) corresponding to compounds 

(1), (2) and (3) respectively (lH NMR spectra for (1) and (2) can be seen in 

Chapters 2 and 3 while spectra for compound (3) appears in Appx. Two). The 

two new pure compounds were examined by IH NMR spectroscopy and were 

also found to be aromatic glycosides. The less polar components were relatively 

minor components in the extract. Initial structural work was hampered by the low 

yields obtained (0.6 mg, 0.4 mg) respectively. 
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uniCClm 

Ab (i . .AU) 

~~.1000 
SW, 330 

(1) 

(~ . OOOO 1 

(2) 

1.1000 

1.0000 

(3) 

-- .~ ... -.- -o . 0000 - ---~--. 

I 

.L 0 (~ 0 
( rl' \( ,I 1, j ... J 

Fig 1.4 HPLC C. C18. 
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To overcome the supply problem the initial chromatography was repeated on a 

larger scale. A second bench column of C18 (70 g) was prepared and loaded this 

time with crude flax extract (200 mL). The elution pattern was similar to that 

described for the first preparative C18 column (Fig. 1.5). 

Fig. 1.5. 
Column D. Cia. 

1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-16-17-18 

I 0~51189 I 0~0855g I 010324g I 0~02599 I 0!0205g I 0:76669 I 0!07629 I 0!0331 9 I 0!OO59 
2.666g 0.1374g 0.0546g 0.0241g 0.0181g 0.0233g 0.3171g 0.1015g 0.0519g 

(1) 

HPLC E. Cia. l--r--r 
0.8mg 0.5mg 0.2mg 
(3) (4) (5) 

All fractions were examined by TLC and it was found that the compound (1) was 

primarily in fraction D 13 along with small amounts of compound (2). The 

following fraction, D14, again contained minor components by TLC and was 

further examined by HPLC (HPLC E, Fig. 1.5). Preparative HPLC on D14 

followed and three peaks were collected (corresponding to retention times of 

15:30,19:00 and 20:30 minutes (Fig. 1.6)). The three minor compounds were 

obtained pure and were examined by IH NMR spectroscopy. The first compound 

corresponded to the minor component (3) (Appx. Two) isolated in the previous 

column. Once again it was isolated in low yield (0.7 mg). The other two minor 

compounds (4) (Appx. Two) and (5) (Fig. 4.5) had not been isolated from the 

previous column. The yields obtained were again low (0.6 mg, 0.4 mg) 

respectively. 
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1.2 Extraction and Purification of Compounds (2) and (5). 

In an effort to increase the amount of the less polar minor components in the 

original extract it was planned to undertake a methanol, rather than water 

extraction of the roots. Despite repeated requests for a sample of the roots from 

which "Manaaki Huia" is prepared none was forthcoming. In the absence of an 

authentic sample, fresh root of Phormium tenax was therefore collected from a 

private garden in the estuary area of Christchurch city. The subsequent methanol 

and water extracts were then examined by HPLC (Fig. 1.7). The methanol 

extract was found to contain three major UV -absorbing compounds (retention 

times: 6.40, 8.00 and 21.00 mins respectively.) in addition to carbohydrate. The 

retention times and UV profiles of the three compounds corresponded to the 

compounds (1), (2) and (5) isolated from the extract "Manaaki Huia". The 

presence of these compounds was confirmed by examination of the individual IH 

NMR spectra, which contained resonances characteristic of these compounds. 

The water extract of this alternative source of material contained compound (1) 

as the major UV -absorbing component (TLC, HPLC, NMR). 

It is likely that if the authentic roots from which "Manaaki Huia" is prepared 

from had been available a similar result would have been obtained. It is apparent 

that what were minor UV -absorbing components (2, 5) (Fig. 1.8 and Fig. 1.9) in 

the aqueous extract were in fact major components in the methanol extract. 

Indeed, compound (1) was a relatively minor component in the methanol extract 

prepared from the estuary sample of Phormium tenax. 

With sufficient mass of compounds (1), (2) and (5) in hand it was possible to 

undertake stmctural studies on each compound. This structural work is covered 

in Chapters 2, 3 and 4 of this thesis. 
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:\J S. (;' I ) 

SW, 210 SW, 330 
o . ,1000 

(5) 

(2) 

o . [~O 0 C 

(1) I 

0.1000 

I 
1 ~j r~ 0 r 

J .~ 
or: r ffl. lS : 

Fig. 1.7 HPLC of methanol extract. C18. 
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Fig. 1.8. 
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Fig. 1.9. 
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Chapter Two .. 
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Chapter 2. 

2.0 Structural Determination of Compound (1). 

The major compound (1) was isolated as described in Chapter 1.1. Further 

purification was carried out by HPLC and the peak with retention time of 6:40 

min was collected.(Fig. 2.1). 

Fig. 2.1. 

Abs. (AU) 

0.30 

0.20 

0.10 

0.00 

0.0 5.0 10.0 15.0 
Time (min) 

High resolution F ABMS established the molecular mass (M+ Na) as 549.12117 

glmol corresponding to a molecular formula of C24H300 !3' Examination of the 

'H NMR spectrum (Fig. 2.2) showed three protons around 8 7.0 suggestive of 

aromatic protons and two methyl signals 82.08 and 82.48. Examination of the 

13C NMR spectrum showed the presence often aromatic carbons, between 8 100 

and 8 160. This was interpreted as indicating the presence of a substituted 

naphthalene unit similar to that in the previously isolated compound musizin 

(Intro.) which had the same number of aromatic resonances with comparable 

chemical shifts. 

A number of signals between 8 3.0 and 85.0 in the IH NMR spectrum (Fig. 2.2) 

along with the presence of multiple resonances between 8 60.0 and 8 75.0 in the 
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l3C NMR spectrum suggested the presence of carbohydrate units, and therefore 

that the compound was an aromatic glycoside. 

Complete characterisation of the carbohydrate portion was prevented due to 

overlap of the proton signals in the IH NMR spectrum. However, two IH 

resonances observed at 04.95 and 04.18 were consistent with the presence of 

two anomeric protons suggesting the existence of two carbohydrate units. 

Fig. 1H NMR spectrum of compound (1). 300 MHz (D20). 
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2.2 Preparation of the Peracetate Compound (6). 

In order to aid the characterisation of the carbohydrate portion of glycoside (1), 

the peracetate of the glycoside was prepared. Reaction of the glycoside with 

acetic anhydride in pyridine gave a high yield (76%) of peracetate. The product 

was purified by preparative HPLC and an initial examination of the lH NMR 

spectrum indicated that the product would lend itself well to characterisation as 

now four of the carbohydrate proton signals were isolated from the remainder. 

2.3 Structural Determination of the Per acetate (6). 

High resolution F ABMS data for the peracetate (6) established the molecular 

mass (M+H+) as 863.25477 glmol corresponding to a molecular formula of 

C4oH46021. This indicated that eight acetate groups had been introduced upon 

acylation of (1) and was further evidence for two saccharide units. 

2.3.1 The Carbohydrate Units. 

Characterisation of the carbohydrate portion of the glycoside was carried out by 

HSMQC and ID TOCSY NMR experiments utilising an array of mixing times. 

The ID TOCSY experiments allowed a build up of the connectivity around each 

carbohydrate (Fig. 2.18). The proton at 0 4.37 was selected for irradiation. 

Irradiation of this proton with a mixing time of 5 ms gave a correlation to a 

proton at 04.87 (Fig. 2.18 Trace A). A second correlation to a proton at 04.99 

was observed with a mixing time of 40 ms (Fig. 2.18 Trace D). With a mixing 

time of 60 ms a third correlation was observed as a distortion of the signal at 

o 4.87. HSMQC data indicated that two protons shared this chemical shift since 

there were two carbon signals correlating to protons at 0 4.87. The last 

correlations to the CH2 protons at 0 4.03 and 0 3.24 were observed at mixing 

times greater than 80 ms. This indicated the connectivity of the proton system 

was as follows (Fig. 2.3). 
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Fig. 

04.37 04.87 04.99 04.87 04.03 
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I 
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83.24 

27 

From l3C (Fig. 2.14) and HSMQC data (Fig. 2.16) the carbon chemical shifts 

were able to be assigned (Fig. 2.4). This established that the resonance at 04.37 

was the anomeric proton (0100.6). 

Fig. 2.4. 

04.37 04.87 04.99 04.87 04.03 
H H H H H 

I I I I I 
C-C-C-C-CcS62.2 

8100.6 870.5 871.6 868.9 I 
H 

83.24 

With the C and H chemical shifts established, HMBC data (Fig. 2.17) enabled 

further cOIlllectivity to be examined (Fig. 2.5). A 3 iCH correlation was observed 

from the anomeric proton at 0 4.57 to the CH2 carbon at 0 62.2 indicating the 

system was part of a six membered ring. A 2 iCH correlation from the same proton 

to the carbon at 070.5 allowed assignment of the carbons with the proton signals 

at 04.87. 
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Fig. 2.5. 
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-----....1-:----- 0 H04.37 

002.2 

( =HMBC 

OAe 
671,6 670.5 
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The ID TOCSY experiments also allowed measurement of the coupling 

constants for some of the protons with overlapping signals allowing the relative 

stereochemistry of each of the carbohydrate protons to be determined. All the 

measured coupling constants were found to be large (J >7 Hz) indicating that all 

the carbohydrate protons were in an axial orientation. NOE data also supported 

this assignment with 1,3-diaxial interactions observed from the anomeric proton 

to the protons at 0 4.99 and 0 3.24 (Fig. 2.6). The combination of this 

stereochemical data with the connectivity information allowed assignment of this 

carbohydrate unit as ~-xylopyranose. 

A further 3 JCH correlation observed in the HMBC experiment from the anomeric 

proton at 0 4.37 to a carbon at 0 67.5 indicated that this unit was the terminal 

carbohydrate of the glycoside (6). 

Fig. 2.6. 

H 

)=NOE 

O~ 
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The second carbohydrate unit in the peracetate derivative (6) was investigated 

using the same approach as above. Selective irradiation of the CH2 proton at 

03.56 with an array of mixing times in the lD TOCSY experiment gave a build 

up of connectivity for the second carbohydrate unit. Initially, at low mixing 

times, two signals were observed at 0 3.S2 with one of these belonging to the 

other proton of the CH2 group. At a mixing time of 20 ms a signal at 04.97 was 

observed and then at 40 ms a signal at 0 5.19 could be seen. At 60 ms a signal at 

o 5.11 had appeared, while at mixing times greater than SO ms the final signal 

could be noticed as a distortion of the signal at 0 5.11 (Fig. 2.7). 

Fig. 

05.12 05.11 05.19 04.97 03.83 03.82 
H H H H H H 

I I I I I I 
C-C-C-C-C-c 

I 
H 

53.56 

Examination of HSMQC data enabled assignment of the carbon chemical shifts. 

These showed two protons with a chemical shift of 0 5.1110 5.12 con-elated to 

two different carbons. The slightly down field proton of this pair correlated to a 

carbon with a chemical shift characteristic of an anomeric carbon (0 100.S) (Fig. 

2.8). 

Fig,2.8. 

55.12 55.11 55.19 04.97 53.83 53.82 
H H H H H H 

I I I I I I 
C--C--C--C--C--C567.S 

5100.8 571.4 073.1 568.3 573.8 I 
H 

53.56 

HMBC data then gave further information on the connectivity of the system (Fig. 

2.9). A 3JCH con-elation from the anomeric proton at 0 5.12 to a carbon at 0 73.8 

indicated the carbohydrate was a hexopyranose. The 3 JCH correlation from the 
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anomeric xylose proton (84.37) to the methylene carbon at 8 67.5 indicated the 

carbohydrates were linked through the 6'-CH2 group as this resonance was 

connected to the anomeric proton (84.37) of the ~-xylopyranose unit. 

Fig. 2.9. 

i:f
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H83.82 
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The relative stereochemistry of this carbohydrate substituent was proposed using 

the coupling constants derived from the ID TOCSY experiments and by NOB 

measurements. Again all the coupling constants were found to be large (J >7 

Hz). indicating that all the carbohydrate protons were in an axial orientation (Fig. 

2.10). This relative stereochemistry was confirmed from the observed NOB data 

where 1,3-diaxial interactions were observed from the anomeric proton (8 5.12) 

to the 3' and 5' protons. This indicated that the carbohydrate was ~

gl ucopyranose. 
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Fig. 2.10. 

)=NOE 

o~ 

2.3.2 The Aglycone Unit. 

The structure of the aglycone was next determined. As noted, examination of the 

BC NMR spectrum of (6) indicated the presence of ten aromatic carbons. The lH 

NMR spectrum of the compound showed that two of the aromatic protons, 0 6.96 

and 0 7.22, were coupled to each other. HSMQC data allowed assignment of 

these protons to carbons at 0 110.6 and 8 120.0 respectively. Examination of the 

HMBC data showed each of these protons to have correlations to four carbons. 

Two of the correlations, to carbons at 8 151.6 and 8 141.4, were observed for 

both protons. The relatively large chemical shifts of these two carbons indicated 

that they were bonded to oxygens. This allowed the partial structure shown 

below (Fig. 2.11) to be established, but leaving an element of uncertainty about 

the location of the two oxygenated carbons 8 141.4 and 0 151.6. 

Fig. 2.11. 

) HMBC 
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Distinction between these two options and location of the carbon resonance at 

o 141.4 between those carbons at 0 120.0 and 0 128.9 was established by the 

further HMBC correlations from the remaining aromatic proton at 0 7.49. This 

proton correlated to carbons at 0 141.4,0 128.9, 0 118.0, 0 132.7, 0 19.5 and 

o 134.6. The observed correlation to 0 141.4 assumed to be 3 JCH allowed this 

assignment (Fig. 2.12). No signal to 0 151.6 was observed in keeping with the 4-

bond spacing from the proton at 0 7.49 and the carbon at 0151.6. 

2.12. 

~o 

This experiment also established that the aromatic methyl group was adjacent to 

the proton at 0 7.49. Three correlations were observed in an HMBC experiment 

from the methyl at 0 2.34 to aromatic carbons, one of which was the protonated 

carbon at 0 120.3. Correlations were observed from the second methyl group at 

o 2.41 to carbons at 0 203.0 and 0 134.6 indicating that it was an acetyl group. 

The methyl at 0 2.34 shared the correlation to 0 134.6 which suggested the acetyl 

group was adjacent to the methyl. This enabled the structure of the aglycone to 

be drawn as follows (Fig. 2.13). 
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Fig. 3. 

~o ~o 

06.96H 

87.22H 

H87.49 

The remaining aromatic carbon at 0 142.0 was assigned to the final position of a 

naphthalene ring by default as there were no 2 fCH or 3 fCH correlations to this 

resonance. 

A single 3fcH correlation was observed from the ~-glucose anomeric proton at 

o 5.12 to the aromatic carbon at 0 151.6 establishing the position of the ether 

linkage between the disaccharide unit and the aglycone. The remaining two 

acetate groups were assigned to the last remaining carbons at 0 141.4 and 

o 142.0. The compiled HMBe correlations are depicted below and the complete 

NMR data in Table 2.1. 

Selected HMBC correlations for compound (6). 
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Table 2.1. 1-0-[ (2,3,4-0-Acetyl-~-g lucopyranosyl)-( 1-.t6) -0-(2,3,4- O-acetyl-~-

xylopyranosyl)]-4-acetoxy-8-0-acetylmusizin (6). NMR data (CDCI3) summary. 

H 

0 

12 
CH3 

13 

CH3 

AcO H 

C oCppm H oHppm J(Hz) 

1 151.60(0) 
2 110.60(1) 2 6.96 8.7 
3 120.00(1) 3 7.22 8.7 
4 141.40(0) 
5 120.30(1) 5 7.49 
6 l32.70(0) 
7 134.60(0) 
8 142.00(0) 
9 118.00(0) 
10 128.90(0) 
11 203.00(0) 
12 31.60(3) 12 2.41 
13 19.50(3) 13 2.34 
}' 100.80(1) I' 5.12 
2' 71.40(1) 2' 5.11 7.2,8.1 
3' 73.10(1) 3' 5.19 9.3,8.1 
4' 68.30(1) 4' 4.97 9.3,9.3 
5' 73.80(1) 5' 3.83 
6' 67.50(2) 6' a 3.56 

6'b 3.82 
I" 100.60(1) 1" 4.37 7.4 
2" 70.50(1) 2" 4.87 7.4,8.7 
3" 71.60(1) 3" 4.99 8.7,9.6 
4" 68.90(1) 4" 4.87 
5" 62.20(2) 5" a 4.03 

5"b 3.24 

Values in parentheses indicate number of attached protons as determined by APT 

experiments. 
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2.4 Preparation of the Dimethoxy Compound (7). 

In order to avoid assignment of chemical shifts by default and to confirm 

assignments made using the peracetate the phenolic hydroxyls at positions 1 and 

8 were methylated. This enabled 3]CH correlations to be observed from the 

methyl protons to the aromatic ring carbons. Reaction of the glycoside (1) with 

Me2S04 gave good yield of a glycoside of 4-methoxy-8-0-methylmusizin. 

Examination of the IH NMR spectra (Fig. 2.20) confirmed that the two phenolic 

groups had been methylated (two methoxy signals at 03.65 and 03.80). To aid 

the characterisation the product was then acylated as before (Chap. 2.2). This 

gave a 53% yield of compound (7). 

The dimethoxy peracetate (7) was examined by IH NMR spectroscopy (Fig. 

2.21), showing the presence of six acetate groups and two methoxy groups 

(03.74,04.04). All aromatic carbons were assigned by I3C (Fig. 2.22), HSMQC 

(Fig. 2.23), and HMBC (Fig. 2.24) experiments as the aromatic methoxy groups 

allowed the observation of 3]CH correlations from the methyl protons directly to 

the aromatic ring carbons as shown in Fig. 2.19. Differentiation between the two 

methoxy signals was achieved by a difference NOE experiment, (Fig. 2.25) when 

it was observed that irradiation of the methyl protons at 0 4.04 gave an 

enhancement of the aromatic proton signal at position 3 (06.99). 

The carbohydrate portion of the glycoside gave data from HSMQC and 1D 

TOCSY NMR experiments which were essentially identical to those observed for 

the peracetate compound (6). The NMR assignments of (7) are given in Table 

2.2. 
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Fig. 2.19. 

Selected NOE and HMBC correlations for compound (7). 
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CH30 H'" 

/)4.04 57.91 

From characterisation of both the peracetate and the dimethoxy derivatives the 

stmcture of the parent glycoside was determined as 1-0-[~-glucopyranosyl

( 1-76)-O-~-xylopyranosyl]-4-hydroxymusizin. 

Due to failings in the ORD and CD instmment no results could be obtained and 

because of this the absolute stereochemistry of the carbohydrates could not be 

assigned. 
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Table 2.2. 1-0-[(2,3,4-0-Acetyl-p-glucopyranosyl)-(1 ~6)-O-(2,3,4-0-acetyl-p-
xylopyranosyl)-4-methoxy-B-O-methylmusizin (7). I\lMR data (CDCI3) summary. 

H 

H 

AcO ___ , ____ 

CH30 H 
C oCppm H oHppm J(Hz) 

1 147.60(0) 
2 111.00(1 ) 2 7.16 8.7 
3 104.90(1) 3 6.92 8.7 
4 150.90(0) 
5 119.00(1) 5 7.91 
6 131.00(0) 
7 135.60(0) 
8 152.40(0) 
9 118.90(0) 
10 128.10(0) 
11 205.60(0) 
12 32.30(3) 12 2.58 
13 19.20(3) 13 2.39 
Me(4) 55.83(3) Me(4) 4.04 
Me(8) 63.92(3) Me(8) 3.74 
I' 101.08(1) I' 5.10 8.7 
2' 70.89(1) 2' 5.41 8.7,9.3 
3' 73.06(1) 3' 5.30 9.3,9.6 
4' 68.75(1) 4' 5.08 9.6,9.6 
5' 73.75(1) 5' 3.95 
6' 67.70(2) 6'. 3.75 

6'b 3.95 
I" 100.60(1) I" 4.62 7.5 
2" 70.81(1) 2" 5.05 
3" 71.68(1) 3" 5.20 8.7,8.7 
4" 68.82(1) 4" 5.00 
5" 62.20(2) 5". 4.16 

5"b 3.35 9.3,12.0 

Values in parentheses indicate number of attached protons as determined by APT 
experiments. 
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Chapter 3. 

3.0 Structural Determination of Compound (2). 

Compound (2), a minor compound in the aqueous extract, but a major UV 

absorbing compound in the methanol extract was isolated as described in 

Chapter 1.2. Further purification was carried out by preparative HPLC and the 

peak with a retention time of 8:00 min was collected (Fig. 3.1) 

Fig. 3.1. 

Abs. (AU) 

DAD 

0.20 

0.00 

0.0 10.0 20.0 Time (min) 

The major component (2) was isolated as shown in the scheme reported in Fig. 

1.3. High resolution F ABMS established the molecular mass (M+Na l as 

563.17523 g/mol and from this it was concluded that the molecular formula was 

C25H320 l3 . Examination of the 'H NMR and l3C NMR spectra showed the 

compound to have the same general features for the naphthalene aglycone as 

shown for compound (1). 

Examination of the carbohydrate signals in the IH NMR spectrum (Fig. 3.2) 

indicated the carbohydrate units were different to those seen previously for 

compound (1). Most noticeable was a doublet methyl signal at 8 1.04. Also 

different from the previous carbohydrate system was the chemical shift of one of 

the anomeric protons. This was observed at 8 4.56 and showed a small coupling 

constant, whereas in (1) both carbohydrates in the glycoside had anomeric 

protons with large coupling constants. 
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Complete characterisation of the carbohydrate portion of the glycoside was 

achieved again by HSMQC and ID TOCSY NMR experiments. ID TOCSY 

experiments with varying mixing times allowed the build up of the sequence of 

protons around the rings of the two carbohydrates as in Chapter 2.3.1 (Fig. 3.3). 

Irradiation of the methyl doublet at 0 1.04 with a mixing time of 5 ms gave a 

correlation to a proton at 03.49. A mixing time of 20 ms allowed observation of 

a signal at 0 3.20 and with a mixing time of 40 ms a signal at 0 3.52 could be 

observed. When the mixing time was increased to 80 ms a proton at 0 3.67 was 

noticeable and at mixing times greater than 120 ms the anomeric proton at 0 4.56 

could be observed. This gave the connectivity of the carbohydrate as shown 

below. 

Fig. 3.3. 

1l4.56 03.67 03.52 03.20 03.49 
H H H H H 

I I I I I 01.04 
C-C-C-C-C-CH3 

From this assignment and examination of HSMQC data the chemical shifts of the 

carbons were detennined (Fig. 3.4). 

Fig. 

1l4.56 
H 

03.67 
H 

03.52 
H 

03.20 
H 

03.49 
H 

I I I I I 01.04 
C-C-C-C-C-CH3 

0102.57 072.52 072.74 074.32 070.25 018.30 

These assignments then allowed further connectivity of the system to be 

examined. HMBC data showed a 31cH correlation from the anomeric proton at 

o 4.56 to the carbon at 0 70.25 indicated the carbohydrate was a six-membered 

ring with the methyl group attached at the 5' position (Fig. 3.5). 
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Fig. 3.5. 

074.3 } HMBC 

072.74 

Ho3.52 Ho3.67 

As before, the ID TOCSY experiments allowed the measurement of some of the 

coupling constants between the carbohydrate protons, permitting the relative 

stereochemistry of the carbohydrate unit to be determined. The coupling 

constants for the proton at position 4" (6 3.20) were both large (J -8.7 Hz) 

indicating diaxial stereochemistry with the protons at positions 3" and 5". 

Coupling constants from the protons at positions 1" and 3" to the proton at 

position 2" (6 3.67) were both small indicating the proton at 2" was equatorial. 

NOE data (Fig. 3.6) showed I,3-interactions between the anomeric proton at 

o 4.56 and the axial protons at positions '5' and 5", also included was a NOE 

from the 1" axial proton to the equatorial 2" proton. From this data it was 

concluded that the telminal carbohydrate was 6-deoxy-p-mannopyranose. 

Fig. 3.6. 

HO 
O~ ) NOE 

Examination of the second carbohydrate system by ID TOCSY (Fig. 3.7) did not 

give complete connectivity from anyone irradiation. However, irradiation of the 
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anomeric proton at 8 4.75 with a mixing time of 20 ms gave a good correlation to 

a proton at 83.33. With the increased mixing time of 35 ms a second correlation 

to 83.27 could be observed. However, at larger mixing times the chemical shifts 

and the order of connectivity were difficult to determine. Irradiation of the 

methylene proton at 8 3.89 with a mixing time of 20 ms gave correlations to the 

protons at 8 3.45 and 8 3.41. A further increase in mixing time to 40 ms allowed 

observation of a proton signal at 8 3.22. All carbohydrate protons had at this 

point been assigned, so the overall connectivity was established as below. 

Fig. 3.7. 

64.75 03.33 03.27 03.22 03.41 03.89 
H H H H H H 

I I I I I I 
C--C--C--C--C--c 

I 
H 

03.45 

The chemical shifts of the carbons were assigned from I3C (Fig. 3.11) and 

HSMQC data and this allowed a full assignment of the carbohydrate unit (Fig. 

3.8). 

3.8 

04.75 03.33 03.27 03.22 03.41 03.89 
H H H H H H 

I I I I I I 
C--C--C--C--C--C068.40 

0105.4 075.29 078.52 071.87 077.64 I 
H 

03.45 

HMBC data showed a 3 JCH correlation from the anomeric proton at 8 4.75 to the 

carbon at 8 77.64 which indicated that the carbohydrate was a six-membered ring 

with a CH2 group outside the ring. A 3 JCH correlation from the anomeric proton 

of the 6-deoxy-mannose moiety to the 6' carbon at 8 68.4 confirmed the 1~-6' 

linkage. 
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Fig. 3.9. 

)HMBC 

078.52 075.29 

H03.27 OH 

The coupling constants of the carbohydrate protons were extracted from the ID 

TOCSY data. In this case all the coupling constants were found to be large 

(J >7 Hz) indicating that the protons were all axial. The carbohydrate was 

therefore ~-glucopyranose. Selected NOE experiments (Fig. 3.10) supported this 

characterisation with the appropriate 1,3-diaxial interactions being observed. 

Fig. 3.10 

Selected 

H 

correlations. 

The complete NMR data and assignments for compound (2) 1-0-[~

glucopyranosyl-( 1-76)-O-6-deoxy-~-mannopyranosyl]-4-hydroxymusizin are 

shown in Table 3.1. 

The absolute stereochemistry of the carbohydrates could not be determined as the 

ORD and CD instrument failed to give adequate results. 
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Table 3.1 1-0-[P-glucopyranosyl-(1 ~6}-0-6-deoxy-p-mannopyranosyl]-4-

hydroxymusizin (2). NMR data (CD30D) summary. 

H 

Values in parentheses indicate number of attached protons as determined from 

APT experiments. 
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Chapter 4. 

4.0 Structural Determination of Compound (5). 

Compound (5) was isolated from the methanol extract as described in Chapter 

1.2. Further purification was carried out by HPLC, collecting the peak with 

retention time of 21 :00 min (Fig. 4.1). 

Fig. 4.1. 

Abs. (AU) 

0.40 

0.20 

000 

0.0 10.0 20.0 Time (min) 

High resolution FABMS established the molecular mass (M+Na+) as 547.17977 

glmol which corresponded to the molecular formula of C25H320 12. This 

molecular formula requires one fewer oxygen than for compound (2). 

Examination of the proton NMR spectrum (Fig. 4.5) indicated a different 

aglycone to that in the previously characterised glycosides (1, 2) as there was 

one more aromatic proton observed. However, the two methyl signals seen in 

the previously characterised compounds (1) and (2) were still observed 

indicating that the aglycone of this glycoside was closely related. Comparison of 

the carbohydrate signals in the proton NMR spectrum showed marked similarity 

to the pattern seen for the glycoside (2). In particular the methyl signal at 8 1.04 

was once again a doublet and the anomeric proton at 8 4.56 had a small coupling 

constant. These observations suggested that compound (5) was related to 

compound (2), with possibly the replacement of an OH in the aglycone by an H 
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(Fig. 4.2). This was verified by analysis of the data from IH (Fig. 4.5), l3C APT 

(Fig. 4.6), HSQC and HMBC NMR spectra. 

Fig. 4.2. 

H 

H 

OH 0 

H 
CH3 

H 

OH H 

Compound (2). 

H 

H 

OH 0 

CH3 

H H 

Suggested structure of compound (5). 

The integrals of the IH NMR spectrum (Fig. 4.5) indicated that there were two 

protons between 8 7.22 and 87.24, a third multiplet at 8 7.10 corresponding to 

one proton and a singlet proton at 8 6.95. Examination of the HMBC spectrum 

showed that the proton at 8 6.95 had a correlation to the methyl carbon at 8 20.23 
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indicating the methyl group was adjacent to this proton. A 3lcH correlation was 

observed from both the aromatic methyl signal at () 2.10 and the acetyl signal at 

() 2.39 to an aromatic carbon at () 126.28 indicating the acetyl group was adjacent 

to the methyl group (Fig. 4.3). 

Fig. 4.3. 

)HMBC 

Examination of the COSY spectrum indicated the proton at () 7.10 was coupled to 

both the remaining protons at () 7.22 and () 7.24. This suggested that they both 

occupied positions adjacent to this proton. Examination of the HMBC and 

HSQC correlations from these three protons allowed the full assignment of one 

six membered aromatic ring. A 3lcH correlation from the proton at () 6.95 to the 

carbon at () 124.15 placed the proton at () 7.24 peri to the () 6.95 proton (Fig. 4.4). 
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Fig. 4.4. 

)HMBC 

H H 
07.24 06.95 

A 31CH. correlation was observed from the anomeric proton at D 4.88 to the 

aromatic carbon at D 156.14. This carbon correlation was also observed from the 

protons at D 7.22 and D 7.10 allowing the position of the ether linkage to be 

established. The only unassigned carbon at D 152.86 had once again no 21cH or 

31cH correlations to it and so was assigned by default. 

Thus compound (5) has been characterised as 1-0-[~-glucopyranosyl-(1-76)-O-

6-deoxy-~-mannopyranosyl]-musizin. The full NMR assignments for compound 

(5) are shown in Table 4.1. 
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Table 4.1. 1-0-[~-glucopyranosyl-(1 ~6)-O-6-deoxy-~-mannopyranosyl]-musizin (5). 

NMR data (CD30D) summary. 

H 

H 

OH 0 

H 

H H 

c (5C ppm H oHppm J (Hz) 

156.14(0) 
2 128.74( 1) 2 7.22 3.0 
3 112.07(1) 3 7.10 3.0,6.3 
4 124.15(1) 4 7.24 6.3 
5 121.15(1) 5 6.95 
6 134.76(0) 
7 126.28(0) 
8 152.86(0) 
9 138.20(0) 
to 115.06(0) 
11 208.51(0) 
12 32.77(3) 12 2.39 
13 20.23(3) 13 2.10 
I' 104.36(1) I' 4.88 7.2 
2' 75.18(1) 2' 3.37 
3' 78.41(1) 3' 3.31 7.8,7.8 
4' 71.75(1) 4' 3.23 7.8,7.5 
5' 77.67(1) 5' 3.46 
6' 68.23(2) 6'n 3.89 

6' b 3.47 
I" 102.40(1) I" 4.57 1.5 
2" 72.45(1) 2" 3.69 1.5,3.6 
3" 72.60(1 ) 3" 3.54 
4" 74.20(1) 4" 3.18 9.3,9.3 
5" 70.18(1) 5" 3.49 
6" 18.31(3) 6" 1.04 

Values in parentheses indicate number of attached protons as detennined by APT 

experiments. 
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Chapter 

5.0 Effects of Heating. 

It was decided to determine what effects the extraction procedure, summarised in 

Chapter 1.0, have on the chemical composition of the preparation "Fluid of 

Flax". A comparison of three different extractions directly from fresh root of 

PhonniUln tenax allowed investigation into the effects of heating on the 

composition of the preparation. The three extractions (cold water, hot water and 

MeOH) showed marked difference in composition when examined by TLC and 

HPLC (Fig. 5.1). The cold water extraction showed only minimal amounts of the 

aromatic glycoside (1) observed in the original preparation. The hot water 

extraction showed small amounts of the aromatic glycoside (1) (retention time = 
6:40 min) with very minimal (if any) of the other identified compounds. The 

methanol extract from the fresh root material (Fig 5.2) showed large amounts of 

the glycosides (1), (2) (retention time = 8:00 min) and (5) (retention time:::: 21 :00 

min) with minimal amounts of compounds (3) (retention time = 15:00 min) and 

(4) (retention time = 20:00 min). 

To test the effects of heating on the glycosides a sample of the methanol extract 

was then added to water and boiled for one hour in the same manner as the 

original preparation "Fluid of Flax". The HPLC trace of this boiled extract (Fig. 

5.3) was then compared to the trace before boiling. This showed no great 

difference between the two in either absorbance or retention time of the major 

peaks. 

The overall results of these two experiments showed that in order to obtain an 

aqueous extract with any significant concentration of aromatic glycoside the 

temperature of the extraction must be high. This was noticeable in the low 

concentration of aromatic glycoside in the hot water extraction «100DC) as 

compared to the original (boiled) preparation "Fluid of Flax". The absence of 

any change in the methanol extract by HPLC after boiling indicated that the 

extract is quite stable and that the glycosides do not hydrolyse readily. 
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0.04 

0.02 

0.0 

AU 

0.04 

0.02 

0.0 10.0 

HPLC trace of cold water extract. (Scale 0.04 AU) 

0.0 -

0.0 10.0 

HPLC trace of hot water extract. (Scale 0.4 AU) 

AU 

0.4 

0.2 

0.0 

10.0 

HPLC trace of methanol extract. (Scale 0.4 AU). 

20.0 

20.0 

20.0 

Fig. 5.1. Comparative HPLC traces from three extractions. 
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Abs. (AU) 
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0.00 
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Fig 5.2 HPLC trace of methanol extract before heating. 
Time (mins) 
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0.40 
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Fig 5.3 HPLC trace of methanol extract after heating (100 deg C, 1 hr). 
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Chapter Six. 
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Chapter 6. 

6.0 Concluding Remarks. 

The native New Zealand species Phormium tenax has been used by the Maori in 

many different medicinal preparations. In particular, a boiled decoction of the 

roots has been recorded as an effective medicine in the treatment of many 

disorders. An investigation of the boiled preparation marketed as "Fluid of Flax" 

gave an opportunity to further examine the chemical components of this most 

useful of plants. 

The work completed for this thesis resulted in the isolation and identification of 

three new aromatic glycosides from the native species Phonnium tenax. All 

three of the compounds isolated are present in relatively large quantities in 

the methanol extracts of the roots of Phormiu111 tenax and are stable. 

One of the compounds 1-0-[~-glucopyranosyl-(1 ~6)-O-~-xylopyranosyl]-4-

hydroxymusizin (1) showed biological activity in the in-house bioassays 

available at the University of Canterbury. 

Both the aqueous extract and "Fluid of Flax" contain the biologically active 

glycoside (1) and this may explain some of the medicinal properties claimed 

about the extract. The species Phormium tenax has been found to contain 

numerous biologically active compounds and the presence of any of these in the 

extract, although in small quantities, may also account for any medicinal effects 

observed. 

The two other glycosides isolated, 1-0-[~-glucopyranosyl-(1 ~6)-O-6-deoxy-~

mannopyranosyl]-4-hydroxymusizin (2) and 1-0-[~-glucopyranosyl-(1 ~6)-O-6-

deoxy-~-mannopyranosyl]-musizin (4), although related to the glycoside (1), did 

not show any biological activity in the in-house bioassays available. 
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Experimental. 
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Experimental. 

General. 

IH NMR spectra were recorded on a Varian Unity 300 NMR spectrophotometer 

at 23°C operating at 300 MHz. l3C, DEPT and APT experiments were recorded 

on a Varian XL300 NMR spectrophotometer at 23°C operating at 75 MHz. ID 

TOCSY, COSY, HSMQC (HSQC), HMBC and NOE experiments were recorded 

on a Varian Unity 300 or Varian INOV A 500 NMR spectrophotometer. The 

Unity 300 instrument was fitted with a Nalorac Z. spec MID 300 3mm indirect 

detection probe. Chemical shifts are expressed as parts per million (ppm) on the 

8 scale relative to the following solvent reference peaks: IH D20 84.70, CDCb 

87.25, CD30D 83.3 or 84.7 and l3C CDCh 877.0, CD30D 849.3 ppm. 

Analytical HPLC was carried out on a Phillips PU 4100 Liquid Chromatograph 

fitted with a Phillips PU 4120 Diode Array detector. Data was recorded on a PC 

General 486 computer running Phillips PU6003 Diode Array Detector System 

software (V3.0). The stationary phase was a Brownlee Spheri-5 ODS (5jl, 4.6 

mm ID x 220 mm L). 

Preparative and semi-preparative HPLC was carried out on a Shimadzu LC-4A 

Liquid Chromatograph with a SPD-2AS spectrophotometric detector. The 

stationary phase was a Rainin Dynamic-60A, CI8 83-221-C column (21.4 mm ID 

x 250mmL). 

Purification of H20 was carried out by the Milli-Q deionising system while the 

MeOH used was BDH HPLC reagent grade. Both solvents were filtered prior to 

use by a Millipore filtration system. 

Thin layer chromatography was carried out using Merck C18 TLC plates. Plates 

were initially observed under UV light at 254 nm and then sprayed with vanillin 

solution (acidified ethanol) and heated. 



Experimental 74 

Work Described in Chapter 1. 

Isolation of Compounds (1,2 and 3) (Fig. 1.2). 

A Column: "Fluid of Flax" extract (20 mL) was loaded onto a C18 column 

(70 g) that had been equilibrated to water. The column was eluted using a 

solvent gradient from 100% water to 100% methanol. Initially, the column was 

eluted with water (100%) and nine fractions (100 mL) were collected, the eluent 

was then changed to methanol/water (25%) and a further four fractions (100 mL) 

were collected. Finally, the column was stripped with methanol and five final 

fractions collected. In total, 18 fractions were collected. 

B Column: Fractions 15 and 16 were combined (102.3 mg) and loaded onto a 

second C18 column (15 g). The column was then eluted with methanol/water 

(15%) and three fractions were collected corresponding to three different colour 

bands that came off the column. Finally, the column was stripped with methanol 

with all washings combined into a final fraction. Fraction B2 (68.3 mg) was 

predominantly compound (1) in sufficient yield to allow for structural 

determination while fraction B3 (16.2 mg) showed evidence of both compounds 

(1) and (2) and the minor component (3). 

C Column: Preparative HPLC was carried out on Fraction B3 (16.2 mg) in order 

to isolate compounds (2) and (3). The fraction was dissolved in methanol and 

loaded onto a 60A C18 column and eluted with methanol/water (40%). Three 

fractions were collected, corresponding to the compounds (1) (0.8 mg), (2) (0.6 

gm) and (3) (0.4 mg) by IH NMR. 

Isolation of Compounds (1, 3, 4 and 5) (Fig. 1.5). 

D Column: "Fluid of Flax" extract (200 mL) was loaded onto a C18 column (70 

g) that had been equilibrated to water. The column was partitioned using a 

solvent gradient of water to methanol collecting eighteen fractions (250 mL 

each). Initially, the column was eluted with water collecting ten fractions, the 
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eluent was then changed to methanol/water (30%) and four fractions were 

collected. The methanol concentration was further increased to 50% and two 

fractions were collected and finally the column was stripped with methanol 

collecting two fractions. Examination of the fractions showed D13 (317.1 mg) to 

be compound (1) while fraction D14 (76.2 mg) showed evidence by TLC of 

compounds (3), (4) and (5). 

E ColUlnn: Preparative HPLC was carried out on fraction DI4 (76.2 mg) in order 

to isolate the compounds (3), (4) and (5). The fraction was taken up in methanol 

and loaded onto a 60A CI8 column and eluted with methanoVwater (40%). 

Three fractions were collected and were shown to be compounds (3) (0.8 mg), (4) 

(0.5 mg) and (5) (0.2mg) by IH NMR. 

Methanol Extraction of Phormium tellax. 

Powdered dried root (12.33 g) was added to methanol (80 mL) and blended to an 

emulsion, further methanol (50 mL) was added and the extraction was left 

overnight at room temperature. The flask was then sonicated for eight hours 

during which time the solution was kept cold. Finally, the extract was filtered 

through celite and dried under vacuum to give the crude methanol extract. 

water Extraction of Plwrmium tenax. 

Powdered dried root (12.33 g) was added to cold water (130 mL) in a round 

bottomed flask and blended to an emulsion. The flask was left overnight at room 

temperature and then sonicated for a further eight hours during which time the 

solution was kept cold. The extract was then filtered through celite and dried 

down under vacuum to give the crude cold water extract. 

Hot water Extraction of Plwrmium ten ax. 

Powdered dried root (24.66 g) was placed in the filter tube of a Soxhlet apparatus 

(200 mL). The root was then extracted with hot water (350 mL) for ten hours, 

during which time the solution in the flask became a dark redlbrown colour while 

the solution extracted in the soxhlet apparatus became progressively paler. The 
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extract was left to cool, filtered through celite and then brought to dryness under 

vacuum to give the hot water extract. 

Isolation of Compounds from the Methanol Extraction. 

A sample of the dried crude methanol extract (l00 mg) was dissolved in 

methanol and loaded onto a preparative HPLC column. The column was eluted 

with MeOHlH20 (45%) and the absorbance was recorded at 330 nm. Three 

peaks were collected at retention times of 6:40 min, 8:00 min and 21:00 min. 

The column was then stripped (MeOH). Each fraction was dried down under 

vacuum and examined by lH NMR spectrometry. This confirmed the fractions as 

compounds (1), (2) and (5) respectively. 

Work Described in chapter 2. 

Preparation of the Peracetate Compound (6). 

Compound (1) (102 mg) was dissolved in pyridine (5.0 mL). To this was added 

freshly distilled acetic anhydride (5.0 mL). The solution was stilTed at room 

temperature (38 hours). The solution was then dried under vacuum and purified 

by preparative HPLC on a Rainin Dynamic-60A C 18 column, eluting with 

MeOHlH20 (65%), (15 mL/min) , with UV detection (330 nm). The peracetate 

eluted at 29 min, (127 mg, 75%). 

Preparation of the Dimethoxy Compound (7). 

Compound (1) (30.0 mg) was dissolved in dry acetone (5.0 mL). Added to this 

was dimethyl sulphate (0.15 mL) and potassium carbonate (65 mg), The reaction 

mixture was stirred at room temperature and monitored by HPLC. After 120 

hours further dimethyl sulphate (0.15 mL) was added and the reaction mixture 

was then left for a further 100 hours at which time very little starting material 

remained (HPLC). Examination of the reaction mixture by TLC showed one 

major compound under UV. The reaction mixture was dried under vacuum. 
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The methylation product was taken up in the minimum volume of methanol and 

loaded on to a C18 bench column (10 x 120 mm length). The column was eluted 

with water (20 mL) then H20IMeOH (80%) (20 mL), H20IMeOH (40%) (20 

mL) and finally methanol (10 mL). Fractions were collected every 10 mL. 

Examination of the fractions by TLC indicated that fraction six contained the UV 

active component (21.3 mg). It was also the fraction with the greatest mass. 

Examination by 1 H NMR showed the presence of two methoxy groups 

corresponding to the methylation of the two aromatic hydroxyls present in 

compound (1). 

The dimethoxy compound (21.3 mg) was dissolved in fresh pyridine (1 mL). 

Freshly distilled acetic anhydride (1 mL) was added to this. The reaction mixture 

was left stirring at room temperature overnight and then dried under vacuum. 

The reaction mixture was then taken up in DCM and purified by preparative 

HPLC (C18, 45% MeOHlH20, 330 nm) collecting the only peak observed. 
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