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Abstract: 

This thesis reports on the application of a rapid and simple pressurised hot water 

extraction (PHWE) method that utilises an unmodified household espresso machine to 

extract structurally-diverse natural products from plant material. The core focus of this 

thesis was the use of PHWE to expedite phytochemical screening of native Tasmanian 

and Australian plants and facilitate natural product isolation. 

The introduction features reviews on two key topics that are pertinent to the research 

described in this thesis. The first review summarises all natural product isolation studies 

of endemic Tasmanian vascular plants, which provides context for subsequent studies. 

The second review provides an overview of the applications of accelerated solvent 

extraction (ASE™) and PHWE methods for the isolation of natural products.  

PHWE was employed to develop phytochemical profiles of several endemic Tasmanian 

Proteaceae members. This includes the identification of novel arbutin derivatives in 

ancient Tasmanian Proteaceae genera that may represent potential chemical markers. 

The phytochemical profiles of endemic Tasmanian Lomatia species were also studied.  

PHWE enabled the rapid and effective extraction and isolation of gram-scale quantities 

of the glycoside asperuloside from the native Australian Coprosma quadrifida. In 

addition, PHWE was employed to extract the leaf material of Australian carob cultivars, 

from which a novel tannic acid derivative was isolated. 

Natural product isolation studies of the native Australian Dodonaea viscosa using PHWE 

and traditional maceration afforded various ent-labdane diterpenoids. PHWE of 

Myoporum montanum was also identified as an effective tool for the isolation of known 

furanosesquiterpenoids.  

The rapid PHWE method facilitated the extensive sampling of Tasmannia lanceolata 

(Tasmanian native pepper) across diverse wild Tasmanian populations. Notably, this 

work identified the presence of two distinct chemotypes of drimane sesquiterpenoids. 
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Chapter 1: Introduction 

1.1. Chapter Summary 

Herein, a review summarising prior literature pertaining to the isolation of natural 

products from endemic Tasmanian vascular plants is presented. This was imperative to 

provide context for the thesis and its development. Significantly, the review 

documented the diverse and structurally complex natural product scaffolds discovered 

from endemic Tasmanian plants, and explicitly highlighted that the plants inhabiting the 

unique island state warranted further investigation.  

Development of pressurised and accelerated solvent extraction systems have extensive 

application to enabling the extraction of natural products. Both accelerated solvent 

extraction (ASEä) and pressurised hot water extraction (PHWE) represent key methods 

to facilitate the isolation of natural products. In addition, the recently developed use of 

unmodified household espresso machines, namely coffee machine extraction (CEM) and 

hard-cap espresso machine (HCEM) methods have been been used within isolation and 

analytical studies. In this regard, a review summarising the scope of natural product 

isolation studies using ASEä (water and ≥ 50% water v/v composite solvent systems), as 

well as CEM and HCEM PHWE studies is presented.  
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Introduction

Following the geographical separation of Tasmania from
mainland Australia ,14000 years ago,[1] Tasmania has devel-
oped rich levels of plant diversity and endemism.[2] Accord-
ingly, Tasmania is regarded as a ‘hotspot’ of global importance
for paleoendemic plants,[3] which are particularly ancient clades
that are geographically restricted typically owing to selection
pressures causing extinction in other areas.[4] The geographical
isolation of species can result in genetic and morphological
divergence, as well as the evolution of unique and distinctive
phytochemistry. Thus, the distinct phytochemical profiles of
endemic Tasmanian plants may represent a source of novel and
interesting natural products with relevance to drug discovery
and significant chemotaxonomic value.

The most recent study, completed in 2017, identified 530
extant species of endemic Tasmanian vascular plants. These
include: 363 species of Dicotyledons (dicots), 150 Monocoty-
ledons (monocots), 9 Gymnosperms, and 8 Pteridophytes.[5]

No reviews concerning natural products isolation studies of
endemic Tasmanian plants have been published to date and this
article presents and discusses all of the relevant research in this
area. A large number of reported natural products studies on
such plant species, the earliest of which date from the mid-
twentieth century, employed only qualitative analyticalmethods
(TLC analysis) and/or mass spectrometric analysis of extracts.
In these cases, pure compounds were typically not isolated and

structural assignment was undertaken without utilising key
techniques such as NMR spectroscopy. Consequently, this
review is restricted to studies reporting the isolation of natural
products featuring comprehensive characterisation data or
unambiguous evidence supporting assigned structures.

Natural products isolation studies featuring NMR spectro-
scopic analysis have only been undertaken on 27 (,5.1%) of
the 530 extant species of endemic Tasmanian vascular plants
over a span of ,70 years. An overview of this research,
grouped by the class of vascular plant (dicots, monocots, and
gymnosperms), is provided in Table 1. Natural product isola-
tion studies have focused heavily on dicots (Table 1), which is
the most species-rich class, featuring 363 extant species.
Asteraceae (the daisies, with 74 species) is the largest dicot
family, and also represents the most heavily studied group of
endemic Tasmanian vascular plants with regards to phytochem-
istry. In contrast, the second largest family in the monocots
(Orchidaceae, with 72 endemic Tasmanian species) has not
been the subject of a single isolation study. Despite possessing
150 extant endemic species, the monocots are highly under-
represented in phytochemical investigations. Indeed, only two
species have been examined from two separate genera. Finally,
a high proportion of natural products isolation studies have been
conducted on gymnosperms (four of the nine extant species
have been investigated). This probably derives from this group
forming the basis of traditional forestry and timber industries in
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Chapter 1.3 

Natural Products Isolation Enabled by Accelerated Solvent Extraction (ASEä) and 

Pressurised Hot Water Extraction (PHWE)  

Bianca J. Deans, Jeremy Just, Jason A. Smith,* and Alex C. Bissember* 

*School of Natural Sciences – Chemistry, University of Tasmania, Hobart, Tasmania, 7001 (Australia).

E-mail: Jason.Smith@utas.edu.au; Alex.Bissember@utas.edu.au

Abstract 

Accelerated solvent extraction (ASEä) and pressurised hot water extraction (PHWE) 

represent emerging technologies that enable the isolation of natural products by 

“greener” more environmentally-benign approaches. With this in mind, this article 

provides an overview of natural product isolation studies that have been facilitated 

by ASEä, using predominately water-based solvent systems and PHWE.  

1. Introduction

Nature is an abundant source of novel and structurally-diverse molecular scaffolds.1 

As such, natural products continue to play a key role in guiding drug discovery and it 

is reported that ~65% of all pharmaceuticals on the market are natural products or 

are derived from or inspired by these molecules.2 Many of these secondary 

metabolites are chiral or feature complex molecular architecture that can be used to 

directly enable chemical synthesis of less abundant natural products, or indirectly 

through their use as chiral ligands and catalysts.3  

Efficient extraction processes play a central role in the provenance of secondary 

metabolites. Traditionally, methods such as distillation, maceration, percolation and 
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Soxhlet extraction have been widely employed for natural product extraction.4 

However, these methods often feature rather lengthy extraction times (hours to 

days) and require the use of high volumes of organic solvents.4 Furthermore, the 

exposure of samples to elevated temperatures for extensive periods during the 

extraction process represents a drawback of many classical extraction methods. For 

example, in Soxhlet extractions the sample is often refluxed exhaustively in an 

organic solvent, which can result in decomposition of thermally-sensitive 

compounds.4 The need to identify ‘greener’, more environmentally benign, time- and 

energy-efficient extraction methods that feature reduced waste streams has led the 

development of other more modern extraction methods.5 These methods include 

supercritical-CO2 fluid (SCF) extraction, accelerated solvent extraction (ASEä, 

developed by Thermo/Dionexâ), pressurised liquid extraction (PLE), including 

pressurized water extraction (PWE) and pressurised hot water extraction (PHWE),6 

amongst others.7a-b  

These standard extraction methods often require dedicated or custom equipment 

that is often expensive. This, in part, inspired us to investigate whether an 

unmodified household espresso machine, which is specifically designed and 

engineered to efficiently prepare extracts from ground coffee beans, could be 

repurposed to develop a new and innately practical natural products extraction 

method. In 2015, we demonstrated that a household espresso machine could be 

utilised to facilitate the extraction of natural products from plant material (other than 

coffee) for the first time.8 Specifically, we effected the efficient extraction and 

isolation of shikimic acid from star anise (Illicium verum) on a gram-scale. This type 

of PHWE method represents one of the most recent developments in flow extraction 

processes.  

This review discusses two pressurised liquid extraction techniques (ASEä and 

PHWE) within the context of natural product isolation chemistry. The key features, 

current scope, applications and limitations of these methods are presented.  
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2. Key Features of ASEä

First reported in 1996, the patented accelerated solvent extraction (ASEä) method 

from Thermo/Dionexâ utilises elevated temperatures (up to 200 °C) and pressures 

(500–3000 psi) to extract solid and semi-solid samples typically over short periods 

(~5–20 min). The solid sample is enclosed in a sample cell (stainless steel or dionium) 

that is filled with extraction solvent (organic or water), then statically extracted with 

the aforementioned conditions.9 Following this, sample cells are flushed with 

nitrogen gas, automatically filtered and collected in a collection receptacle. A final 

flush with fresh solvent is conducted to dissolve any remaining extractives, followed 

by a flush with nitrogen gas. 

Currently, several ASEä models have been developed for varying sample sizes and 

extraction cell volumes (1–100 mL), each with fully automated sample carousels that 

can house up to 24 sample cells.10, 11 The automated online ASEä process offers 

several key advantages over traditional extraction techniques, particularly the ability 

to subject samples to a broad range of pressures and temperatures. High pressures 

and temperatures enable the enhanced penetration of solvent into the solid sample 

matrix to solubilise compounds.11 Other advantages of ASEä include high 

reproducibility, rapid throughput of a large number of samples, significantly reduced 

solvent usage (e.g., 50 mL solvent for 20 g material,10 and rapid extraction times.10, 11 

However, the solid sample capacity  represents a key limitation of the method (~30 

g capacity), in addition to the relatively high cost of the instrumentation.11 

3. Natural product isolation via water-based ASEä

Following its development in 1996, ASEä  using primarily water-based solvent 

systems (≥ 50% v/v H2O/ organic solvent) for natural product isolation has been 

extremely limited.12 The overwhelming majority of ASEä research has been restricted 

to analytical studies of natural product mixtures (e.g., via HPLC-MS), and natural 

products isolation is seldom performed. A review of natural product studies 
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employing ASEä, focusing on analytical chemistry was recently reported.7b This 

section discusses natural product isolation using the ASEä methodology with a 

predominately water-based solvent system. 

 

Taxanes 

In 1999, the bark of Japanese yew (Taxus cuspidata, 50 g) was subjected to 

preparative-scale ASEä (10.13 MPa, 140 °C) using pure water, with the target anti-

proliferative taxane natural product paclitaxel (1) isolated chromatographically 

(0.022% w/w) (Figure 1).13 Water-based ASEä was compared to ASEä using other 

solvent mixtures, including various MeOH/H2O systems (0–100 % MeOH), and 

organic solvents exclusively (e.g., CHCl3, Et2O, and MeCN). In this way, the optimal 

ASEä solvent system for extraction of paclitaxel (1) was identified as MeOH/ H2O 

(90% v/v) as determined via quantitative HPLC analysis of crude extracts. Taxanes 

Baccatin III) (2) and 10-deacetylbaccatin III (3), were also extracted by this approach.  

 

 

Figure 1 Taxane natural products extracted via ASEä, including the isolated paclitaxel (1), and 

observed compounds Baccatin III (2) and 10-deacetylbaccatin III (3). 

 

Phenolic and flavanoid compounds 

Roots of the shrub Arbutus unedo were subjected to water extraction using the 

Dionexâ-ASEä prototype Zippertex (100°C, static nitrogen pressure of 100 bars), to 

afford the flavan-3-ol catechin (4) (2.25 % w/w) (Figure 2).14 Aerial parts of the herb 

Mutellina purpurea (extracted with ASEä, 40% v/v MeOH/ H2O) afforded chlorogenic 

acid (5), which was isolated via high-performance counter-current chromatography 

(HPCCC).15 The efficient extraction procedure enabled the isolation of the target 
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ester (5) in high purity (96% purity as determined by HPLC) in less than 0.5 h. The 

isolated yield of 5 was not reported. 

Figure 2 Natural products isolated from ASEä: catechin (4) and phenolic ester chlorogenic acid (5). 

4. Key features of PHWE

Altering the physicochemical properties of water is central to the efficiency of 

PHWE. Importantly, the primary extraction solvent, water, is abundant, cheap, and 

non-toxic. This is consistent with the 5th principle of green chemistry (safer solvents 

and auxiliaries), water is regarded as “the greenest solvent” for extraction 

purposes.16 At ambient temperature, water is highly polar and features a high 

dielectric constant (ε). However, upon heating the permittivity, viscosity and surface 

tension of water decrease significantly and its diffusivity characteristics increase.6 At 

elevated temperatures and pressures, water displays physicochemical properties 

akin to organic solvents, which enables water to extract increasingly lipophilic solutes 

(Table 1).17 Although pressure is a key feature of PWE methods (including PHWE), in 

comparison to temperature, it is reported to have a minor effect upon altering the 

dielectric constant of water.18  
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Table 1 Experimentally-derived dielectric constant (ε) values for EtOH/ H2O at various temperatures.  

 

EtOH/H2O  

(% wt) 

temperature 

(°C) 

dielectric 

constant (Ɛ) 

0 20 80.1 19 

0 95 57.0 20 

20 20 68.6 20 

20 80* 50.8 21 

30 20 62.6 21 

30 80* 45.8 21 

70 20 39.1 21 

70 80 27.3 21 

100 20 25.0 21 

100 60* 19.5 21 

 

* highest available temperature value for comparison 

 

PHWE employing a conventional espresso machine (CEM)  

A schematic reprsentation of a PHWE system is provided in Figure 3.21  Each of these 

key features are present within an unmodified conventional espresso machine 

(CEM). In this regard, the ground sample material is packed into a metallic filter 

basket (extraction cell), which resides in the main body of the portafilter. The hot 

solvent (~96 °C) is rapidly pumped under pressure (~9 bar) through the portafilter 

and flows into a collection vessel.22  

 

Figure 3 Key features of systems enabling PHWE. 
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In addition to these general PHWE features, several additional modifications have 

been adopted in the CEM PHWE method, which primarily relate to sample 

preparation and solvent systems. In addition to the alteration of the physicochemical 

properties of water via heating (vide supra), the overall polarity of the extraction 

solvent system can be further reduced with the addition of an organic modifier, such 

as ethanol (up to 35% v/v).23 Employing predominantly water-based solvents also 

significantly reduces the extraction of intractable plant pigments (e.g., chlorophylls, 

anthocyanins), which are often encountered in more traditional methods, such as 

maceration, percolation with organic solvent). These highly-coloured impurities can 

complicate and hinder the isolation of natural products.  

 

Minimal sample preparation is required for CEM PHWE. Plant material is dried and 

ground prior to extraction to reduce particle size, aid packing and assist the 

penetration of extraction solvent into the sample matrix. Sand is often added (~2–5 

g) to the sample as a dispersant to assist the even flow of solvent throughout the 

sample. An espresso portafilter typically retains 5–15 g sample; the total mass will 

depend on the sample matrix. The extraction flow rate and pressure can be modified 

by the use of single-wall or double-wall sieves that are fitted within the portafilter, 

which depends on the particle size of the sample material. Finer material is typically 

suited to single-wall sieves, while double-wall sieves are often employed for coarser 

material.  

 

In most cases, a total extraction volume of 200 mL is collected per portafilter 

sample, with the entire extraction completed in ~2 min. The extract is then 

immediately cooled in an ice bath. It can then be concentrated and purified directly 

(e.g., via flash column chromatography), or subjected to a liquid-liquid extraction 

step using an organic solvent. The short exposure time to elevated temperatures 

during the extraction step minimises the potential for thermal decomposition of 

compounds or formation of artefacts of extraction (e.g., via hydrolysis or 

esterification).  

 

PHWE employing a hard cap espresso machine (HCEM) 
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Hard cap automatic espresso machines, also termed a “portioned high pressure 

espresso machine,” are specifically designed to conduct the short percolation of 

material at high pressure (above 7 bar).24 A defining feature of the hard cap espresso 

machine is the mode of sample introduction, with material packed within 

membrane-sealed capsules fashioned from aluminium, stainless steel and/or plastic 

materials. 

 

 Extraction occurs via the flow of solvent from a reservoir through a heating coil 

after which the solvent enters the capsule sample and builds substantial pressure, 

which causes the capsule membrane to rupture, with the extract collected in a vessel. 

Extraction pressure is controlled by both the sample particle size and the capsule 

membrane, with the semi-elastic nature of the capsule membrane (typically 

aluminium) providing back-pressure prior to its final rupture, which is claimed by one 

manufacturer to reach up to 19 bar.25 Extractions employing hard cap espresso 

machines have typically utilised MeCN/ H2O mixtures (up to 100% v/v),26,27,28 EtOH/ 

H2O mixtures (up to 80% v/v)27,29,30 and neat propan-2-ol.28 

5. Natural product isolation via PHWE  

 

Cyclitols and glycoside-containing natural products 

In 2015, CEM PHWE was utilised (35% v/v EtOH/ H2O) to enable the rapid and 

efficient isolation of significant quantities of the cyclitol shikimic acid (6, 5.5% w/w) 

from Chinese star anise (Illicium verum) (Figure 4).8 Crude Illicium verum aqueous 

extracts obtained via this approach could be directly subjected to simple synthetic 

chemistry manipulations. Specifically, the crude aqueous extract was evaporated to 

dryness then subjected to simple protecting group chemistry, including esterification 

and acetal formation and chromatographic purification. This allowed a very early 

stage precursor to the antiviral pharmaceutical Tamiflu® (oseltamivir phosphate) to 

be prepared on a multigram-scale. 
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Figure 4 Shikimic acid (6) and asperuloside (7), which were respectively isolated from star anise and 

C. quadrifida via CEM PHWE.

Other particularly polar compounds, such as glycosides, have been efficiently

isolated. For example, CEM PHWE (100% water) afforded multigram quantities of the 

iridoid glycoside asperuloside (7, 7.0 % w/w) from the leaves of the native Australian 

shrub Coprosma quadrifida (Figure 4).31 This highlights the applications of this 

method to provide large amounts of complex molecules in a facile manner. Glycoside 

7 is a valuable biologically active molecule (US$2–247 per mg from various 

commercial vendors).32 The extraction of molecules 6 and 7 highlights the capacity 

for this method to facilitate the isolation of natural products with sensitive or 

potentially reactive functional groups. In each case, no decomposition products were 

observed. 

CEM PHWE (100% water) of the leaves from commercially grown Australian carob 

cultivars (Ceratonia siliqua) also uncovered the previously unreported 

siliquapyranone (8), as well as myricitrin (9), D-pinitol (10) and sucrose (Figure 5).33 

Notably, in these examples CEM PHWE affords crude extracts that are largely absent 

of intractable plant pigments, which simplifies purification via flash column 

chromatography.  
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Figure 5 Natural products 8–10 isolated from C. siliqua via CEM PHWE. 

CEM PHWE facilitated the isolation of several arbutin derivatives from ancient 

Proteaceae genera (Bellendena, Cenarrhenes and Persoonia).34 This included the 

novel glycosides 11 (2.0% w/w; B. montana), 12 (9.1% w/w; C. nitida), 17 (0.27% w/w; 

B. montana), 18 (0.03% w/w; B. montana), 19 (2.9% w/w; P. gunnii) and 20 (0.45%

w/w; P. gunnii), in addition to the germane glycosides 13 (3.4% w/w; B. montana),

14 (0.67% w/w; B. montana), 15 (6.2% w/w; P. gunnii), 16 (1.5% w/w; P. gunnii) and

21 (1.6% w/w; P. gunnii), with many in significant yields (Figure 6).

Earlier studies of Bellendena montana reported the isolation of an unusual !-

lactone alkaloid (22),35 however, this compound is likely an artefact of the isolation 

formed by the reaction of arbutin derivative 13 and ammonia present in the 

extraction solvent.36 In addition, methyl ester 23 derived from benzoyl acetate was 

isolated in earlier studies of B. montana that employed methanol as an extraction 

solvent (Figure 7).35 In other previous work, investigating related endemic Tasmanian 

Proteaceae Agastachys odorata compound 23 and p-hydroxyacetophenone (24) are 

also possible artefacts of isolation.36,37 Notably, arbutin glycosides were not reported 

from either of these studies of B. montana and A. odorata.  
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Figure 6 Natural products isolated from various Proteaceae species via CEM PHWE. Molecules 11, 13–

15 and 17–18 were isolated from B. montana, and compound 12 was isolated from C. nitida; 

glycosides 15, 16 and 19–21 were isolated from P. gunnii.  

 

Figure 7 Compounds previously isolated from B. montana (22 and 23) and Agastachys odorata (23 

and 24) via percolation that were recently proposed to be artefacts of isolation. 

 

Recent applications of CEM PHWE have demonstrated its applications in studies 

in the area of plant evolutionary biology by facilitating rapid sampling and 

phytochemical profiling. By quickly and efficiently generating extracts, CEM PHWE 

enables the rapid development of phytochemical profiles. This includes whole-

extract phytochemical profiles or ‘fingerprints’ of species that can be analysed via 

various methods (e.g., 1H NMR spectroscopy, GC-MS, LC-MS). When combined with 

high throughput principal component analysis (LC-MS, GC-MS), PHWE plant extracts 
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can expedite chemotaxonomic surveys. In this way, CEM PHWE was utilised for the 

extraction of endemic Tasmanian Proteaceae genera (Cenarrhenes, Bellendena and 

Persoonia), from which several novel arbutin derivatives were isolated, with these 

potential chemical markers of chemotaxonomic significance (Figure 6).36  

 

Coumarins, terpenoids and essential oils 

CEM PHWE also enabled the study of endemic Tasmanian Lomatia species.38 In this 

work, non-polar compounds were first extracted from the whole waxy leaves via 

maceration with diethyl ether. The leaves were then ground and subjected to 

PHWE (35% v/v EtOH/H2O) in order to extract higher polarity molecules 

dihydroquercetin 3-O-β-D-xyloside (26), quercetin 3-O-β-D-glucose (27), 1,4,8-

trihydroxynaphthalene-1-O-β-D-glucose (28), and 4-O-p-coumaroyl-D-glucose (29) 

(Figure 8). This research demonstrates the complementary nature of this extraction 

method.  

 

 

Figure 8 Natural products isolated from various Lomatia species via CEM PHWE. Juglone (25) was 

isolated from both L. tasmanica and L. tinctoria and compounds 25–29 were isolated from L. 

polymorpha. 

 

In other work, 16 species of native Australian flora were screened to identify the 

presence of natural products featuring the presence of significant quantities of 
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secondary metabolites. In this way, it was determined that three previously 

unexamined species of Correa (Rutaceae) contained high yields of several bioactive 

coumarins (optimal CEM PHWE solvent system was 35% v/v EtOH/ H2O), including 

seselin (30, 1.0% w/w), (+)-epoxysuberosin (31, 1.2% w/w), alosin (32), 0.7% w/w), 

(–)-meranzin (33, 0.4% w/w), and heraclenin (34, 0.04% w/w) (Figure 9).39 Isolation 

of epoxide coumarins 31–34 reinforce the mildness of CEM PHWE as no thermal 

decomposition or ring opening was observed. When these coumarins were evaluated 

for their ability to inhibit the catalytic activity of human recombinant NAD(P)H 

quinone oxidoreductase 1 (NQO1) in a cell free assay, compounds 30–34 exhibited 

varying inhibitory activity. Notably, (–)-meranzin (33) (100 µM) showed NQO1 

inhibitory activity comparable to the known potent NQO1 inhibitor dicoumarol.39 

This also demonstrates that more non-polar natural products beyond glycosides and 

cyclitols can be efficiently extracted by this technique.  

 

Figure 9 Natural products isolated from various Correa species via CEM PHWE. Molecules 30 and 31 

were isolated from C. reflexa, compounds 32 and 33 were isolated from C. alba, and coumarins 32–

34 were isolated from C. backhouseana. 

CEM PHWE has been employed to isolate of gram-scale quantities of the drimane 

dialdehyde polygodial (35, 3.3% w/w) from Tasmanian pepperberry leaves 

(Tasmannia lanceolata) (Figure 10).40 This approach was found to be superior in 

extraction efficiency when directly compared to a commercial ASEä system.40 

Specifically, the optimal extraction temperature and solvent system (EtOH/water) 

parameters for the extraction of polygodial were determined for the ASEä system, 

with varying EtOH/water solvent systems (15%, 25% and 35% v/v EtOH/ H2O), and 
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temperatures (70 °C, 90 °C, 110 °C, 130 °C). The optimal extraction conditions (90 °C 

using 35% v/v EtOH/ H2O) closely align with the CEM PHWE conditions.  

Figure 10 Polygodial (35) which was isolated from T. lanceolata via CEM PHWE, and epi-polygodial 

(36) which was formed from thermal epimerization of 35. 

At elevated temperatures, epimerisation of polygodial (35) to epi-polygodial (36)

was observed with the ASEä method (35% v/v EtOH/ H2O solvent system), as 

indicated by quantitative 1H NMR spectroscopic analysis of the respective extracts. 

For example, epimerization of polygodial occurred with the ASEä process at 70, 90 

and 110 °C (up to a 91:9 ratio of 35: 36), with significant epimerization  at 130 °C 

(78:22 ratio of 35: 36). At these higher temperatures (≥90 °C) decomposition of 

polygodial was also observed, forming more impurities and resulting in a lower 

combined yield of sesquiterpenoids 35 and 36. In contrast, CEM PHWE (~95°C) only 

showed trace amounts of epimer 36, as indicated by 1H NMR spectroscopic analysis.
40 This observed difference is proposed to be due to the short contact time with the 

CEM PHWE process.  

Access to multigram quantities of this valuable chiral dialdehyde sesquiterpene 

polygodial (35) has enabled the synthesis of related natural products,40 novel 

heterocycles,41 and new biologically active molecules.42,43  

The morphology of the plant material matrix can significantly alter the extraction 

method adopted, such as foliage containing surface glandular trichomes and glands. 

Because of this, CEM PHWE can serve as a complementary extraction tool enabling 

the sequential extraction strategies to be explored. For example, the diethyl ether 

maceration of whole D. viscosa leaves was used to penetrate into the resinous 

exudate, which afforded lower-polarity ent-labdane derivatives (37–43).44 The leaf 

material was then ground and subjected to CEM PHWE (35% v/v EtOH/ H2O), from 
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which two novel ent-labdane acid derivatives 44 and 45 were isolated (Figure 11).45 

Thus, the PHWE method could serve as a utilitarian alternative for the extraction of 

polar components from plant samples, which  has been dominated by methanol-

based extractions (e.g., maceration and Soxhlet extraction) previously. 

 

Figure 11 ent-Labdane diterpenoids 37–45 isolated from D. viscosa. Compounds 37–43 were extracted 

via traditional Et2O maceration, and acids 44 and 45 were obtained using CEM PHWE.  

 

 Due to the simplicity of this PHWE method, this technique has been 

successfully implemented in the undergraduate chemistry laboratory curricula in a 

number of universities.46,47 Specifically, the volatile components of cloves were 

efficiently and rapidly extracted by CEM PHWE to afford eugenol (46, 6–10% w/w), 

which is comparable to yields obtained via classical steam distillation (Figure 12).46 

This reinforces the operational simplicity of the technique and its value as a 

mechanism for introducing and discussing elements of natural products chemistry in 

the classroom.  

 

Figure 12 Eugenol (46), which was isolated from cloves via CEM PHWE. 

6. Phytochemical analysis via PHWE 

CEM PHWE studies have predominantly focused in the isolation of natural products 

and phytochemical analysis, more generally. While HCEM PHWE has focused on the 
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latter, this method has also been used for environmental monitoring, including soil 

sampling.  

 

A rapid phytochemical analysis tool 

HCEM PHWE has been utilized to rapidly generate extracts from a variety of samples 

for primarily analytical purposes. This includes the rapid extraction of cannabinoids 

from marijuana (Cannabis sativa) buds, leaves and stems. The key cannabinoids, 

including Δ9-tetrahydrocannabinol (THC) (47), cannabidiol (48), and cannabinol (49) 

were extracted using both propan-2-ol or acetonitrile, with the extracts analysed by 

GC-MS (Figure 13).28 This method has direct applications for the analysis of seized 

marijuana samples, as it was shown to be a time-efficient analytical technique with 

the extraction, dilution and determination steps conducted in 1 min. 28 

  

Figure 13 Cannabinoids 47–49 extracted from marijuana (Cannabis sativa) via HCEM PHWE; R = n-

pentyl. 

 

Additionally, HCEM PHWE has been employed for the extraction of vegetables and 

spices to quantify levels of target bioactive analytes. In this way, the capsaicin (50) 

and dihydrocapsaicin (51) content in fresh chilli peppers, the piperine (52) content in 

dried pepper varieties, the curcumin (53) content in turmeric and curry powders, and 

the myristicin (54) content in nutmeg was determined (Figure 14).27 Analytes within 

each crude extract were analysed via liquid chromatography equipped with a diode 

array detector (LC-DAD) and fluorescence detector (FD).  
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Figure 14 Representative natural products 50–58 extracted from various vegetables and spices via 

HCEM PHWE. 

HCEM PHWE was also employed for the extraction of onion, chili and leek 

varieties, with the flavonoid content of the extracts directly determined via LC-DAD. 

The monitored bioactive flavonoids of interest were luteolin (55), and myricetin (56), 

quercetin (57), and kaempferol (58) (Figure 14).30 In both of these studies, the 

extraction efficiency of HCEM PHWE was found to be statistically comparable to that 

of ultrasound-assisted extraction (UAE) performed on identical plant material.27,30  
 

Environmental monitoring applications 

HCEM PHWE has been employed as a rapid and low-cost extraction method for 

environmental monitoring. This includes the extraction of polycyclic aromatic 

hydrocarbons (PAHs) from soils and sediments.26 PAHs, a class of particularly non-

polar organic molecules containing fused aromatic rings, are highly abundant within 

the environment with these compounds regarded as carcinogenic, mutagenic and/or 

mutagenic.  A range of PAHs were analysed from the crude extracts using liquid 

chromatography-fluorescence detection (LC-FD), including anthracene (59), 

fluoranthrene (60) and pyrene (61). HCEM PHWE provided comparable extraction 

efficiencies to a reference UAE method (Figure 15).  

 

 

 

MeO

HO

N
H

O
MeO

HO

N
H

O

50 51

N

O

O

O

52

MeO

HO

O OH
OMe

OH53

O

O

OMe
54

O

O

HO

OH

R2

OH

55 R1 = H; R2 = OH; R3 = H
56 R1 = R2 = R3 = OH
57 R1 = R2 = OH; R3 = H
58 R1 = OH; R2 = R3 = H

R1

R3

(  )6(  )4

59 60 61



33 

Figure 15 Representative polycyclic aromatic hydrocarbons (PAHs) 59–61 extracted from soil and 

sediments via HCEM PHWE. 

In addition, HCEM PHWE method has facilitated the extraction of polychlorinated 

biphenyls (PCBs) from soil and sediment samples.29 The rapid extraction method (less 

than 40 seconds) afforded crude extracts from which PCBs were concentrated using 

stir bar sorptive extraction (SBSE) with eleven target PCBs analytes identified via 

thermal desorption-gas chromatography tandem mass spectrometry (TD-GC-MS-

MS). These studies highlight the potential for HCEM PHWE for the extraction of soil 

matrices for environmental monitoring. 

7. Summary and conclusions

PHWE is a versatile, efficient, and rapid method for the extraction of structurally-

diverse natural products across broad polarity ranges from plant material. It has been 

used to access various synthetically- and biologically-active organic molecules in 

significant quantities. Notably, a variety of molecules featuring sensitive functional 

groups are tolerated, which reflects the mildness of this procedure. However, 

alkaloids repesent a fundamental class of organic molecules that have not been 

isolated by this approach yet.  

CEM PHWE does have some limitations. Most significantly, not all types of plant 

materials are amenable to CEM PHWE. The morphology and matrix of the plant can 

alter the extraction efficiency. For example, waxy leaf material has been shown to be 

resistant to solvent penetration in varying degrees and fresh succulent leaves can 

present challenges due to their high water content. Moving forward, the applications 

of PHWE should be investigated beyond terrestrial plant species to including marine 

organisms, such as sponges, fungi, and bacterial cultures.  

Due to the nature of CEM PHWE, the flow rate is predominately determined by 

the particle size of the sample material and the lack of flow control represents a 

limitation. If particle size is too large, the flow rate of the CEM PHWE system will 

increase due to reduced back-pressure in the system to afford a relatively dilute 
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extract. If multiple extractions are to be conducted for large-scale extractions, 

significant volumes of aqueous extracts can represent an obstacle to efficiency on 

large-scales. For particularly hydrophilic natural products, such as glycosides, it may 

be necessary to evaporate the aqueous extract to dryness, which can be a time-

consuming process. Concentration or complete evaporation of the extract can be 

accelerated under reduced pressure and elevated temperatures, but this takes 

significantly longer than the initial extraction itself. However, the use of other drying 

methods such as freeze-drying or spray-drying of PHWE extracts may overcome this.  

 

Relative to PHWE, only a handful of examples of natural products isolation studies 

using ASEä have been reported. The latter method has been utilised predominantly 

for analytical chemistry, perhaps due to its automation, high reproducibility, rapid 

extraction rates, and relatively small extraction scale (<30g sample size).  

 

 Recent applications of CEM PHWE have demonstrated the versatility, 

practicality, efficiency and complementarity of these approaches relative to 

conventional extraction methods. Key advantages of PHWE include the operational 

simplicity, the accessiblity and low cost of instrumentation, rapid extraction times 

enabling high sampling throughput, and the preparation of extracts largely devoid of 

intractable plant pigments. Furthermore, PHWE represents a ‘greener’ alternative to 

many traditional extraction methods. These features reinforce the key role that 

PHWE can play in facilitating natural products isolation chemistry, phytochemical 

analysis and enabling chemotaxonomic surveys, organic synthesis, bioprospecting, 

bioactivity-guided extraction,48 and medicinal chemistry. 

 

The affordable, innnately practical, and simple nature of these strategies should 

contribute to the wider application and uptake of this methodology in the future.  
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Chapter 2: Phytochemical Studies of Paleoendemic Proteaceae 

using PHWE 

2.1 Chapter Summary 

The family Proteaceae represents a dominant group of vascular plants within the 

southern hemisphere, with several extant endemic species found in Tasmania. The 

review of isolation studies upon endemic Tasmanian vascular plants (Chapter 1) 

prompted the investigation of several intriguing members of the family Proteaceae, 

including, based upon their ancient nature, life-histories as well as to continue prior 

analyses conducted upon species conducted over 40 years prior.  

The rarity and ancient nature of the clone Lomatia tasmanica (King’s holly) prompted 

phytochemical analysis of this endemic Tasmanian species. Further, analysis and 

comparison to two other endemic Tasmanian species (L. tinctoria and L. polymorpha) 

was undertaken, with extraction conducted using a combination of both traditional 

maceration extraction and pressurised hot water methods. 

Three Tasmanian paleoendemic species from the family Proteaceae (Bellendena 

montana, Cenarrhenes nitida, and Persoonia gunnii) were identified as key candidates 

to conduct phytochemical analyses utilising the recently developed PHWE method. 

Importantly, this published work represents a pilot study for the identification of 

potential chemical markers within these ancient Proteaceae members. 

In addition to the three abovementioned species, a phytochemical analysis of the 

ancient endemic Tasmanian Proteaceae species Agastachys odorata was conducted to 

broaden the scope of phytochemical profiling upon this family.  

From these phytochmical studies, a ‘Future Outlook’ of the endemic Tasmanian 

Proteaceae phytochemistry is presented. This proposes a proof-of-concept study that 

endeavors to expand the scope of Proteaceae members analysed for the presence of 

chemical markers. Importantly these future analyses are to include both ancient and 

modern species within the family Proteaceae, as well as other families within the 

broader Order Proteales. 



 39 

Chapter 2.2  
 
“Phytochemical Profile of the Rare, Ancient Clone Lomatia tasmanica and 
Comparison to other Endemic Tasmanian species L. tinctoria and L. polymorpha” 
 
Author details 
 

Candidate B. J. Deans (School of Natural Sciences – 

Chemistry, University of Tasmania) 

Author 1  Dr. L. Tedone (School of Natural Sciences – 

Chemistry, University of Tasmania) 

Author 2  Dr. A. C. Bissember (School of Natural Sciences 

– Chemistry, University of Tasmania) 

Author 3  Dr. J. A. Smith (School of Natural Sciences – 

Chemistry, University of Tasmania) 

 
Author Contributions*  
 
B. J. Deans 
 
- performed all experimental work in the laboratory; 

- performed all sampling and collection of plant material in the field and preparation of 

voucher specimens; 

- analysed results of experiments and spectroscopic data, and performed structure 

elucidation; 

- contributed to the design of experiments; 

- prepared advanced drafts of the manuscript and supporting information; 

 

Dr. L. Tedone 
 
- performed gas chromatography-mass spectrometry (GC-MS) studies and associated 

analysis; 

- contributed to discussion of the results pertaining to GC-MS studies;  

 

Dr. A. C. Bissember and Dr. J. A. Smith 
 

                                                
* All authors proofread and edited the final version of the manuscript.  



40 

- analysed results of experiments and spectroscopic data, and performed structure

elucidation;

- contributed to the design of experiments;

- developed the final versions of the manuscript and supporting information;













 46 

Chapter 2.3 
 
“Arbutin Derivatives Isolated from Ancient Proteaceae: Potential Phytochemical 
Markers Present in Bellendena, Cenarrhenes, and Persoonia Genera” 
 
Author details 
 

Candidate B. J. Deans (School of Natural Sciences – 

Chemistry, University of Tasmania) 

Author 1  Dr. N. L. Kilah (School of Natural Sciences – 

Chemistry, University of Tasmania) 

Author 2 Dr. G. J. Jordan (School of Natural Sciences – 

Biology, University of Tasmania) 

Author 3  Dr. A. C. Bissember (School of Natural Sciences 

– Chemistry, University of Tasmania) 

Author 4  Dr. J. A. Smith (School of Natural Sciences – 

Chemistry, University of Tasmania) 

 
Author Contributions*  
 
B. J. Deans 
 
- performed all experimental work in the laboratory; 

- performed all sampling and collection of plant material in the field and preparation of 

voucher specimens; 

- analysed results of experiments and spectroscopic data, and performed structure 

elucidation; 

- contributed to the design of experiments; 

- prepared advanced drafts of the manuscript and supporting information; 

 

Dr. N. L. Kilah 
 
- performed X-ray crystallographic studies and associated analysis; 

- contributed to discussion of the results pertaining to X-ray crystallography.  

 

                                                
*
 All authors proofread and edited the final version of the manuscript. 



47 

Dr. G. J. Jordan 

- contributed to discussion of the results as it pertained to evolutionary plant biology;

- contributed to the design of experiments;

- prepared the simplified phylogenetic representation of the Family Proteaceae.

Dr. A. C. Bissember and Dr. J. A. Smith 

- analysed results of experiments and spectroscopic data, and performed structure

elucidation;

- contributed to the design of experiments;

- developed the final versions of the manuscript and supporting information.









 

 
 
 



 

 
 
 



 

 
 
 



 

 
 
 



 

 
 
 



 

 
 
 



 

 
 
 



 

 
 
 



 59 

Chapter 2.4. 

Phytochemical Analysis of the Ancient Proteaceae Agastachys odorata 

 
Introduction 

 

The pilot study upon endemic Tasmanian Proteaceae members identified several 

novel arbutin derivatives as potential chemotaxonomic markers (Deans et al. 2018a). 

Earlier work (Bieleski and Briggs 2005) that analysed the polar phytochemical profiles 

of Australian Proteaceae members via gas-liquid chromatography (GLC) prompted 

this investigation, with several genera (Bellendena, Cenarrhenes and Persoonia) 

noted as containing significant amounts of unidentified polar components within 

their chemical profiles. The recent pilot study provided further insight towards the 

possible identities of these constituents.  

In addition, the monotypic endemic Tasmanian Proteaceae Agastachys odorata was 

also noted in the 2005 study as featuring a GLC profile that contained significant 

amounts of unidentified polar components (Bieleski and Briggs 2005), with this 

species identified as a key species to investigate in order to broaden the scope of 

phytochemical analyses of Tasmanian Proteaceae. As with previously studied 

endemic Proteaceae genera (Bellendena, Cenarrhenes and Persoonia), A. odorata is 

regarded as an ancient Proteaceae with an estimated species age of approximately 

50 million years old (Sauquet et al. 2009). 

There has been limited phytochemical investigations upon A. odorata, with the 

current scope comprising of two peer-reviewed studies – an isolation study (Bick et 

al. 1979), and the aforementioned GLC analysis of polar profiles (Bieleski and Briggs 

2005). At present, the sole isolation study upon this species conducted 40 years 

ago, with a core focus upon the isolation of alkaloids (Bick et al. 1979). In the first 

study, percolation of dried ground A. odorata leaves with MeOH afforded the first 

reported isolation of the tropane alkaloids (1) and (2), in addition to p-

hydroxyacetophenone (3) and methyl (p-hydroxybenzoyl)acetate (4) (Figure 1) (Bick 

et al. 1979). Although the authors noted the presence of two additional compounds 
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that were suspected to be alkaloids, these were not isolated or characterised (Bick 

et al. 1979). Our recent investigation of endemic Tasmanian Proteaceae species 

indicated that compounds 3 and 4 likely represent artefacts of isolation(Deans et al. 

2018a; Deans et al. 2018b), as the initial study by Bick and co-workers utilised an 

extraction solvent mixture containing a high proportion of methanol in the 

presence of ammonia, and hence transesterification and hydrolysis may have 

occurred during the isolation process. Thus, we previously proposed that both p-

hydroxyacetophenone (3) and methyl ester (4) represent artefacts of isolation 

(Deans et al. 2018a; Deans et al. 2018b).  

 

 

Figure 1. Tropane alkaloids (1 and 2) and aromatic compounds (3 and 4) previously isolated from A. 

odorata.  

 

Herein, a phytochemical isolation study of A. odorata is described, utilising the 

identical PHWE method previously adopted within our prior pilot study of endemic 

Tasmanian Proteaceae species. 

 

Results and Discussion 

 

Upon extraction of the dried and ground A. odorata leaf material using PHWE (35% 

EtOH/ H2O solvent system), the resulting crude aqueous extract was subjected to a 

liquid-liquid extraction with EtOAc to afford a crude organic extract (Extract A), with 

Extract A and the remaining crude aqueous extract both analysed by 1H NMR 

spectroscopy (see Appendix III for crude 1H NMR spectra). The crude aqueous extract 

was basified with solid NaOH pellets to ~ pH 11, then extracted with CH2Cl2, followed 

by Et2O, in an attempt to isolate any alkaloid components that may be present. Both 
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the basified organic extracts returned negligible material, as indicated by both crude 

mass and 1H NMR spectroscopy. The remaining crude alkaline aqueous extract was 

then acidified with KHSO4 (saturated solution) to pH 7, with this evaporated to 

dryness to afford Extract B. 

 

Extract A (Organic Extract) 

 

1H NMR analysis of Extract A (D6-acetone) indicated similar signals to that observed 

within the previously isolated arbutin derivatives from Bellendena montana, 

Cenarrhenes nitida and Persoonia gunnii (See Appendix III for crude 1H NMR 

spectrum). The crude EtOAc extract (Extract A) was then purified by automated flash 

column chromatography to afford an off-white solid (373 mg), which by NMR 

spectroscopic analysis appeared to contain the previously reported arbutin 

derivative (5) as the major organic component (Figure 2). Two co-eluted fractions 

from this purification were subjected to further purification via reversed-phase 

automated flash column chromatography to afford additional off-white solid mass 

that contained glycoside 5 as the major component (70 mg and 19 mg from each 

purification, respectively, total isolated mass 462 mg).  

 

 

 

Figure 2. Arbutin derivative 5 isolated from the endemic Tasmanian A. odorata in the present study, 

in addition to previously isolated from Bellendena montana.  

 

Importantly, it must be noted that 1H NMR and 13C NMR spectroscopic analysis of the 

isolated glycoside 5 evidently featured additional signals within both 1D NMR spectra 

(1H and 13C). Integration of peaks within the 1H NMR spectrum supported the 

presence of at least two components as a mixture: glycoside 5 and an unidentified 

component that was suspected to be a glycoside. Purification of the isolated 
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glycoside 5 via reversed-phase column chromatography did not achieve separation 

of the two main compounds. From the observed 1H NMR integration ratio between 

the isolated mixtures of the two components, the estimated yield for glycoside 5 is 

was ~7.8% w/w, (88: 22 ratio, respectively; ratio of the aromatic protons of 5 and the 

anomeric proton signal from the minor component) (Figure 3). 

 

 

Figure 3. A portion of the 1H NMR spectrum for compound 5 isolated from A. odorata showing the 

integration ratios between compound 5 and an unidentified co-eluted compound. 

 

Upon analysis by ESIMS, the major component 5 that was isolated from Extract A in 

the present study indicated showed the presence of two main ions {452 [M+NH4]+ 

and 457 [M+Na]+}, which were consistent with adducts of the proposed benzoyl 

acetate glycoside 5 (C21H22O10), with the [M+Na]+ adduct previously observed from 

the previous study of B. montana.  

 

Examination of 2D NMR spectroscopic data (HSQC and HMBC) provided key insights 

as to the structure of glycoside 5, with key observed HMBC correlations shown in 

Figure 4. This included support for the position of the ester connection to the benzoyl 

acetate portion within glycoside 5 was via the 6’ position of the saccharide moiety, 

as indicated via HMBC analysis from each of two distinct methylene resonances (δH 

[ ppm] 8  7  6  5 

[r
el

]
 0

 
 2

 
 4

 
 6

 
 8

 
 1

0 

7.
92

32
7.

90
89

6.
96

91
6.

96
50

6.
96

06
6.

95
42

6.
94

96
6.

93
47

6.
77

70
6.

76
22

5.
07

94
5.

06
63

4.
80

35
4.

79
06

4.
55

98
4.

55
67

4.
54

00
4.

53
67

4.
53

32
4.

52
98

4.
51

34
4.

51
02

4.
30

67
4.

29
55

4.
28

69
4.

28
23

4.
27

58
4.

27
12

4.
26

27
4.

25
16

4.
21

53

2.
00

00

4.
13

12

2.
36

33

0.
48

94

0.
44

55

1.
25

27

1.
07

16
0.

62
89

1.
48

19
0.

86
13

Agastachys odorata
1H NMR 600 MHz (D6-acetone)
Compound 5

"BD-3-AgaO-5g-ORG-Rev1-fr21-acetone 1H spectrum"  10  1  "/Users/bdeans/Documents/BD Thesis 2019/Unpublished Work/Agagstachys Odorata work/NMR to use in SI/BD-3-AgaO-5g-ORG-Rev1-fr21"



 63 

4.25−4.31, and 4.51−4.56 ppm) towards the carbonyl signal of the ester (δC 168.0 

ppm). Each of the observed HMBC correlations were consistent with that observed 

for the previously isolated derivative from B. montana (Deans et al. 2018a).  

 

Further, the isolation of the arbutin derivative 5 provides evidence that this glycoside 

is the likely source of both compounds 3 and 4 isolated previously (Bick et al. 1979). 

 

 

Figure 4. Key HMBC correlations observed for compound 5 isolated from A. odorata. 

 

While it is apparent that the major isolated component within Extract A is the 

previously isolated arbutin derivative 5, the observation of additional signals within 

both the 1H and 13C NMR spectra prompt further investigations to ascertain the 

identity of the glycoside within this mixture. Analysis of this mixture via NMR (1D and 

2D) indicated that the minor glycoside component featured a hexose 

monosaccharide moiety, however future isolation studies will be required to 

ascertain the identity of this compound. 

 

Extract B (Aqueous Extract) 

 

Analysis of the crude aqueous mixture Extract B (1.5 g) via 1H NMR spectroscopy 

(D2O) revealed similar chemical shifts consistent with arbutin derivatives, as seen 

within the crude Extract A (See Appendix III for crude 1H NMR spectrum).  

As the previous isolation study of A. odorata reported the isolation of alkaloidal 

organic components (Bick et al. 1979), an attempt was made in the present work to 

isolate potential alkaloid organic components from the aqueous Extract B. In order 

to attempt to extract any alkaloids that may be present within the crude Extract B, 

the crude solid was dissolved in H2O, with pH level of the mixture noted (pH 7). This 
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mixture was then basified (~ pH 11) with solid NaOH, with this alkaline mixture then 

extracted with CH2Cl2 (3 × 50 mL), the organic extracts were combined, dried, filtered 

and solvent concentrated under reduced pressure to provide a clear film (0.4 mg). 

Analysis of this CH2Cl2 extract via 1H NMR spectroscopy showed no major 

components. Due to the negligible mass obtained, the remaining alkaline aqueous 

extract was extracted with the slightly more polar Et2O (2 × 50 mL), with the organic 

extracts combined, dried, filtered, and solvent concentrated under reduced pressure 

to provide a clear film (0.8 mg). Similarly to the CH2Cl2 extract, analysis of the Et2O 

extract via 1H NMR spectroscopy indicated no major components. No further analysis 

of the alkaline aqueous extract was conducted.  

 

In order to isolate the components within the remaining aqueous extract, this was 

acidified with KHSO4 to a neutral pH, then evaporated to dryness to afford a dark 

brown solid (3.0 g) 1H NMR spectroscopy analysis (D2O) of this mixture showed the 

presence of signals that were consistent with arbutin derivatives. A portion of the 

neutral crude aqueous extract (1.5 g) was subjected to automated normal phase flash 

column chromatography, which afforded co-eluted mixtures of compounds. These 

co-eluted fractions from the purification were subjected to automated reversed-

phase flash column chromatography, to afford p-hydroxyacetophenone (3) as a 

colourless film (12 mg, 0.24% w/w yield, conservative yield based upon original mass 

of leaf material), with 1H NMR spectroscopic data consistent with literature (Bick et 

al. 1979). It is highly probable that glycosides present in the initial aqueous PHWE 

extract, including arbutin derivative 5, underwent base-catalysed hydrolysis in the 

strong alkaline conditions, and hence afforded the both arbutin (6) and p-

hydroxyacetophenone (3). The distinct absence of compound 3 (neither observation 

by 1H NMR or isolation) within the Extract A (organic extract) provides further 

support towards the occurrence of hydrolysis. 

 

 In addition, methyl ester 4, previously isolated from A. odorata (Bick et al. 1979), 

was not observed nor isolated in the present study. This absence is consistent with 

the above proposal, as MeOH was not used in the extraction solvent 
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(transesterification could not take place), and EtOH was evaporated prior to 

basification.  

Initially isolated from A. odorata (Bick et al. 1979), p-hydroxyacetophenone (3) was 

later proposed to be an artefact of isolation following our recent isolation studies 

upon endemic Tasmanian Proteaceae genera (Bellendena, Cenarrhenes and 

Persoonia) (Deans et al. 2018a), and within our review of endemic Tasmanian 

vascular plants (Deans et al. 2018b). This was primarily due to the early isolation 

study by Bick and co-workers utilising an extraction solvent mixture containing a high 

proportion of methanol in the presence of ammonia, and hence transesterification 

may have occurred during the isolation process. Thus, it is possible that both p-

hydroxyacetophenone (3) and methyl ester (4) represent artefacts of isolation. The 

outcomes of this present work adds further support to this proposal, particularly as 

the arbutin derivative 5 was isolated as the major organic component within Extract 

A, in addition to observed aromatic signals within the crude aqueous extract (prior 

to basification) by 1H NMR spectroscopy, indicative of arbutin derivatives. 

Essentially, under similar alkaline conditions as the 1979 work, the aqueous mixture 

in this present work is highly likely to have undergone base-catalysed hydrolysis, with 

the parent molecule the major benzoyl acetate derivative 5.  

 

Concluding remarks 

 

Overall, this preliminarily study provides further evidence to suggest that endemic 

Tasmanian Proteaceae species contain benzoyl acetate arbutin derivatives that may 

exist as chemotaxonomic markers. However, further phytochemical investigation 

into Agastachys odorata is certainty required, particularly with regards to the polar 

aqueous components, as these components were compromised at the basification 

step of the crude extract during the present study, resulting in the isolation of 

compound 3 as an artefact.  

In addition, the adoption of analytical chemistry techniques, including high-

performance liquid-chromatography (HPLC) may greatly assist both the separation 

of complex polar mixtures from the PHWE extracts, as well as for structural analysis 
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of these components via mass spectrometry in conjunction with NMR spectroscopic 

analyses.  

 

Experimental 

 

Plant material 

Fresh leaves from several mature Agastachys odorata specimens were collected 

from Scotts Peak Dam Road, South West National Park, Tasmania (−42.823761° S, 

146.389397° E) in January 2018 (Summer). A voucher specimen of A. odorata 

(voucher number HO 596272) was provided to the Tasmanian Herbarium, Tasmanian 

Museum and Art Gallery, and verified by Dr. Miguel de Salas. Leaf material was dried 

in an oven maintained at 45 °C for 24 h prior to undertaking extraction studies.  

 

PHWE extraction 

Dried leaf material (5.2 g) was finely ground with an automated spice grinder, mixed 

with sand (2 g), placed into the portafilter (sample compartment) of an unmodified 

espresso machine, and extracted using 35% v/v EtOH/H2O (200 mL of a hot solution). 

The ensuing extract was concentrated under reduced pressure on a rotary 

evaporator to remove EtOH (45 °C bath temperature). The mixture was then 

extracted with EtOAc (3 × 50 mL), and the combined organic extracts were dried 

(MgSO4), filtered, and solvent concentrated under reduced pressure to provide a 

crude green amorphous solid (1.25 g; Extract A). The remaining aqueous phase was 

also concentrated under reduced pressure (45 °C bath temperature) to provide a 

crude brown solid (1.5 g; Extract B). 

 

Organic-soluble components (Extract A) 

The crude Extract A was dissolved in MeOH, adsorbed onto silica and then subjected 

to automated flash column chromatography [12 g silica cartridge, 0% solvent A 

(CH2Cl2) → 100% solvent B (24:75:1 MeOH/CH2Cl2/H2O); 15 min] to provide 

previously reported glycoside 5 (373 mg) as an off-white solid. Co-elution of the 

major component was observed in several fractions, with one fraction (82 mg) 

dissolved in MeOH, adsorbed onto C-18 reversed phase silica gel and subjected to 
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automated reversed phase flash column chromatography (4 g C-18 silica cartridge, 0 

→ 100% ACN/H2O; 12 min), to afford further amounts of glycoside 5 (70 mg) as a 

colourless film. A separate reversed phase purification of another co-eluted fraction 

(63 mg) was also conducted using identical reversed phase conditions, to afford 

additional compound 5 (19 mg; total mass 462 mg; overall yield 8.9% w/w) as a 

colourless film. Several minor components were also observed, however these 

complex mixtures were not purified.  

 

Compound 5:  
1H NMR (600 MHz, D6-acetone) δ 7.91 (d, J = 

8.6 Hz, 2H), 6.93−6.97 (m, 4H), 6.76 (d, J = 9.2 Hz, 2H), 

4.76−4.79 (m, 1H), 4.51−4.56 (m, 1.2H), 4.25−4.31 (m, 1H), 

4.21 (t, J = 2.7 Hz, 0.6), 4.06 (s, 1.5H; partial deuterium 

exchange), 4.01−4.04 (m, 0.9H), 3.67−3.70 (m, 0.6H), 

3.55−3.60 (m, 1.7H), 3.43−3.49 (m, 1.2H) ppm;  

 

13C NMR (150 MHz, D6-acetone) δ 191.2, 168.0, 162.53, 162.52, 152.6, 152.5, 151.2, 

151.1, 131.2, 128.4, 128.3, 118.3, 118.2, 115.7, 115.5, 115.4, 102.1, 100.1, 76.8, 73.9, 

73.7, 71.9, 71.5, 70.8, 70.4, 67.7, 64.7, 64.2, 49.0 (residual MeOH), 45.1 ppm; ESIMS: 

452 [M+NH4]+,457 [M+Na]+ 

 

(Note: The italicised 13C chemical shifts above denote those belonging to the minor 

unidentified component within the mixture containing the major glycoside 5). 

 

Aqueous components (Extract B) 

In order to attempt to extract any alkaloids present within the crude Extract B (1.5g), 

the crude mixture was dissolved in H2O (100 mL), pH was monitored by universal 

indicator paper (pH 7). This mixture was then basified (~ pH 11) with solid NaOH 

pellets, with an immediate darkening of the mixture observed. This alkaline mixture 

was then extracted with CH2Cl2 (3 × 50 mL; similar solvent to Bick et al. 1979 that 

employed CHCl3). The organic extracts were combined, dried (Na2SO4), filtered, and 

solvent concentrated under reduced pressure to provide a clear film (0.4 mg). This 

was analysed via 1H NMR, however no major components were observed. Due to the 
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low mass obtained in the CH2Cl2 extraction, the remaining alkaline aqueous extract 

was extracted with Et2O (2 × 50 mL), with the organic extracts combined, dried 

(Na2SO4), filtered, and solvent concentrated under reduced pressure to provide a 

clear film (0.8 mg). The Et2O extract was analysed via 1H NMR, however no major 

components were observed.  

The remaining aqueous extract was acidified with KHSO4 (saturated solution) to 

return the pH of the mixture to pH 7, which concentrated under reduced pressure 

(45 °C bath temperature), to provide a dark brown solid (3.0 g), containing a 

significant mass of salts. 1H NMR analysis of this neutral mixture (D2O) indicated the 

presence of signals consistent with arbutin derivatives, however key aromatic signals 

were missing when compared to the original Extract B crude 1H NMR. 

A portion of the neutralised crude Extract B mixture (1.5 g) was adsorbed onto silica 

and Celite (~3:2 ratio) and then subjected to automated normal phase flash 

chromatography [24 g silica cartridge, 0 → 100% (CH2Cl2/MeOH/H2O, 49:49:2); 12 

min)] to afford a mixture of compounds (257 mg). A portion of this co-eluted mixture 

(99 mg) was adsorbed onto C-18 reversed phase silica gel and purified by automated 

reversed phase flash column chromatography [4 g C-18 silica cartridge, 0 → 100% 

(ACN/ H2O); 13 min], to afford p-hydroxyacetophenone (3) as a colourless film (12 

mg, 0.24% w/w, conservative yield). 

 

p-Hydroxyacetophenone (3) 1H NMR (600 MHz, CD3OD) δ 7.90 (d, J = 8.8 

Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 2.54 (br s, 3H) ppm;  

 

13C NMR (150 MHz, CD3OD) δ 198.1, 162.6, 130.7, 128.8, 118.0, 115.2, 114.8, 24.9 

ppm.  
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Chapter 2.5. Future Directions 

 

Overview 

The aforementioned studies detailed in this chapter upon endemic Tasmanian 

Proteaceae species has established the foundation upon which future 

investigations will be conducted to further interrogate fundamental evolutionary 

biology of the ancient Proteaceae family. Significantly, the research outline 

described within this future directions section also has the scope to extend more 

broadly into other ancient families within the Order Proteales, including within 

the Northern Hemisphere family Platanaceae (plane-trees), and the aquatic 

Nelumbonaceae family (lotus-lilies). Herein, a research proposal is described that 

provides both context and a basis for future directions to further probe the 

evolutionary biology of secondary metabolites within ancient Proteaceae.  

 

Background 

The majority of studies focusing on the evolution of functionally important 

characteristics in plants focus predominantly on plant morphology and major 

physiology rather than the profiles of plant secondary metabolites. However, 

these phytochemicals play important roles in key functions in plants, serving as 

plant defence molecules, metal transporters, agents of symbiosis with other 

organisms, sex hormones, and differentiation effectors.1 This leads to the 

following questions: (a) how have these secondary metabolites evolved in plants? 

And (b) how does this relate to the capacity of plants to adapt to changing 

environments?  

 

The Proteaceae represent an excellent system to investigate these fundamental 

(and complex) questions because this family contains both relatively unsuccessful 

groups that have been trapped in “ancestral” environments and highly successful 

groups that have adapted to the dry, fire-prone environments that dominate 

Australia. Our recently published pilot study has identified the presence of a 

unique class of secondary metabolites in the former group which, at first 
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appearance, may be absent from the second group.2 This poses several interesting 

hypotheses that warrant more extensive exploration. 

 

Tasmania contains strong endemism and is regarded as a ‘hotspot’ of global 

importance for relictual plants.2 Indeed, many ancient clades that succumbed to 

selection pressures in other regions, are still found there. Many of these plants 

are members of the family Proteaceae, with three ancient genera (Agastachys, 

Bellendena, and Cenarrhenes) endemic to the island. 

A 2005 survey of Proteaceae extracts (including Bellendena, Cenarrhenes, and 

Persoonia species) suggested these plant species contained unidentified polar 

secondary metabolites that could represent novel phytochemical markers.3 By 

design, in our pilot study, we selected the monotypic Bellendena (B. montana) and 

Cenarrhenes genera (C. nitida) and one species of Persoonia (P. gunnii).2 This 

identified a range of unique substances, including a remarkable set of related 

secondary metabolites. In total, seven unique benzoyl acetate- or tiglic acid-

containing glycosides were isolated, six of which have not been isolated from any 

organism previously.2 There are no reports of the isolation of naturally occurring 

benzoyl acetate glycosides, and only a handful of tiglic acid-containing glycosides 

isolated from plants.2 For this reason, our results tentatively suggested that these 

distinctive secondary metabolites may represent novel phytochemical markers in 

ancient Proteaceae. However, a more extensive study is required in order to allow 

more tractable conclusions to be drawn. 

 

Aims 

To further investigate whether the conspicuous presence of distinctive glycosides 

in ancient Proteaceae may serve as original phytochemical markers for these 

species. This will be achieved by: 

(i) Greater sampling of Bellendena montana, Cenarrhenes nitida, and 

Persoonia gunnii; 
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(ii) Extending the scope of this research by undertaking natural products 

isolation studies of other endemic Tasmanian Proteaceae and plant 

species from other related clades. 

 

Evolutionary Significance 

 

Answering Key Questions 

Several factors may account for the conspicuous presence of these unique and 

distinctive glycosides within these three Tasmanian genera. This uncertainty, in 

part derives from our limited understanding of the phytochemical composition of 

paleoendemic Proteaceae due to limited natural products isolation studies 

focusing on these species.2 

As noted in our pilot study: “It is possible that: (i) all Proteaceae may feature this 

phytochemical profile in various forms; (ii) convergent evolution is responsible 

(i.e., phytochemistry has evolved independently in the Persoonioid/Bellendena 

clade containing B. montana and P. gunnii and in the 

Proteoideae/Symphionematoideae/Grevilleoideae clade containing C. nitida); (iii) 

the phytochemistry of these plants is ancestral and has been lost in some, but not 

all, Proteaceae.”2  

 

Enhancing our Understanding of the Evolution of Ancient Proteaceae 

Greater sampling of B. montana, P. gunnii, and C. nitida is imperative. 

Furthermore, this study must be widened to include natural products isolation 

studies of other Proteaceae and plant species from other related clades. This 

includes members of the Proteaceae lineage that may have evolved either earlier 

or later than B. montana, P. gunnii, and C. nitida. Investigating the phytochemical 

profiles of plants both within the family Proteaceae as well as earlier evolved 

clades may improve our capacity to identify the temporal and geographical 

distribution patterns of these distinctive glycosides. This may provide valuable 

information regarding the appearance (or loss) of associated enzymes or traits 
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responsible for producing these secondary metabolites which may have appeared 

(or been lost) over millions of years. 

 

Methodology 

 

Plant Species 

In addition to greater sampling of B. montana, P. gunnii, and C. nitida, natural 

products isolation studies will focus on other members of the family Proteaceae. 

This includes fellow paleoendemic genera: Agastachys, Orites, Telopea, 

Placospermum and Carnarvonia; other extant members of the Persoonia genus;3 

and larger and more successful groups such as Hakea, Protea, Lomatia,4 Banksia, 

Leucodendron, Leucospermum. Natural products isolation studies of plant species 

from the families Platanaceae (which is the sister of Proteaceae) and 

Nelumbonaceae will also be undertaken. Like Proteaceae, these families also 

belong to the order Proteales and will provide valuable data from related clades. 

 

Materials & Methods 

Collected plant samples will be extracted using our new pressurized hot water 

extraction (PHWE) method.2 Voucher specimens will be lodged (and verified) at 

the Tasmanian Herbarium, Tasmanian Museum and Art Gallery. Crude PHWE 

extracts of B. montana, P. gunnii, and C. nitida samples will be analysed by nuclear 

magnetic resonance (NMR) spectroscopy and mass spectrometry (MS). Previously 

isolated benzoyl acetate- or tiglic acid-containing glycosides will used as MS 

reference standards to enable rapid phytochemical analysis of these extracts.2 

Crude PHWE extracts of other species will also be analysed by NMR spectroscopy 

and MS. These extracts will also be the subject of extensive natural products 

isolation studies by the approach used within our pilot study.2  
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Chapter 3: Isolation of Gylcosides from Native Australian Plants and 

Cultivars  
 

3.1 Chapter Summary 

 

This chapter details the utilisation of the pressurised hot water extraction (PHWE) 

technique for the isolation of inherently polar natural products. Significantly, both 

publications enclosed in this chapter highlight the versatility of the PHWE method to 

facilitate the extraction of polar natural products, including those containing structurally 

complex scaffolds and sensitive functional groups. 

 

The isolation of the iridoid glycoside asperuloside from the leaves of the native 

Australian shrub Coprosma quadrifida represents the first application our recently 

developed PHWE technique for the isolation of glycosides. The key rationale for this 

investigation was to isolate the iridoid glycoside asperuloside from the readily-available 

native shrub in a practical manner that avoids derivatisation that has been adopted 

previously. From awareness of the potent biological activities of this natural product in 

prior studies, we anticipate that this abundant source of asperuloside may facilitate 

future investigations to further interrogate pharmacological effects, as well as a scaffold 

within chemical synthesis studies in the development of analogues.  

 

The phytochemical analysis of leaves from Australian carob cultivars (Ceratonia siliqua) 

represents the first isolation study of Australian carob, as well as the application of our 

PHWE method for the extraction of an agricultural crop. Leaf material sourced from 

evergreen C. siliqua crops from South Australia was extracted, with phytochemical 

constituents isolated. The phytochemical constituents from seven C. siliqua cultivars 

were isolated, which enabled comparisons to be conducted both within Australian 

cultivars, as well as towards those cultivated internationally. The PHWE method 

provided a rapid extraction process that expedited profile analysis of multiple cultivars.  
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Chapter 4: Isolation of Terpenoids from Native Australian Plants 
 

4.1 Chapter Summary 

 

This final chapter presents work pertaining to the isolation of terpenoids from a variety 

of native Australian flora, namely Dodonaea viscosa, Tasmannia lanceolata and 

Myoporum montanum.  

 

Natural product isolation studies upon the native Australian shrub Dodonaea viscosa 

were conducted using both traditional maceration and PHWE extraction methods, with 

isolated diterpenoids including those from the ent-labdane class.   

The PHWE technique was also identified as a rapid and effective tool for the isolation of 

known furanosesquiterpenoids from the native Australian shrub Myoporum montanum. 

The rapid PHWE method facilitated the extensive sampling of Tasmannia lanceolata 

(Tasmanian native pepper) across diverse wild populations in Tasmania. This pilot study 

provided evidence towards the presence of previously unreported chemotypes in T. 

lanceolata populations across subalpine woodlands and wet sclerophyll forest habitats. 
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Chapter 4.3. Isolation of Novel Diterpenoids from Dodonaea viscosa  
 

Introduction 

Dodonaea viscosa (L.) Jacq. (Sapindaceae), a shrub native to Australia amongst other 

continents (Harrington and Gadek 2009), has been the subject of continued 

phytochemical investigations. Such works have yielded a rich diversity of diterpenoid 

natural products, including those featuring ent-labdanoid scaffolds (Figure 1) (Mata 

et al. 1991; Olivier et al. 2016; Deans et al. 2018). 

 

Figure 1. Examples of ent-labdane diterpenoids isolated from the leaves of Dodonaea viscosa, 

including compound 1 (Mata et al. 1991); and derivatives 2 and 3 (Olivier et al. 2016). Compounds 4–

8 were isolated from D. viscosa ssp. spatulata in the present study, with 4 and 7 representing novel 

derivatives.  

The present work contributes to this existing body of phytochemical isolation studies 

upon the endemic Australian subspecies D. viscosa ssp. spatulata, utilising the 

traditional extraction method of maceration. Herein, the isolation of ent-labdane 

diterpenoids from D. viscosa ssp. spatulata is described, with both 1D and 2D NMR 

spectroscopic analyses utilised as key methods for the structural elucidation these 

natural products. 
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Results & Discussion 

Whole dried leaves of D. viscosa ssp. spatulata (215 g) were soaked in Et2O (2 × 1.5 

L) for 0.5 each, after which these were combined to afford a crude organic extract. 

Upon evaporation to dryness, the crude extract was subjected to fractionation via 

silica gel plug using increasingly polar organic solvent mixtures. Resulting fractions 

were analysed by TLC and 1H NMR spectroscopy, with the fourth fraction (Fraction 

4) observed to contain compounds different than those isolated in the 

aforementioned previous studies.  

Purification of Fraction 4 via automated flash column chromatography afforded 

three complex mixtures (Fractions A, B and C). Each of these mixtures were 

subsequently purified further via automated flash column chromatography, to 

afford several ent-labdane diterpenoid natural products. Fraction A afforded the 

novel ent-labdane diterpenoids 4 and 7, in addition to the previously isolated 

diterpenoids 5, 6 and 8. Fractions B and C afforded the known diterpenoids 6 and 8, 

respectively. Herein, the structural elucidations of these natural products isolated 

from D. viscosa ssp. spatulata are described. 

 

Diterpenoid 4 was isolated as a colourless film (33 mg, 0.03% w/w). On the basis of 

1D (1H and 13C) and 2D NMR spectroscopic data, as well as mass spectrometry, the 

molecular formula C20H32O4 was proposed. HRESIMS analysis supported this 

molecular formula with an observed [M+Na]+ molecular ion adduct at 359.2190 (calc. 

[M+Na]+ C20H32O4 359.2193). Upon examination of both 1D and 2D NMR (HSQC, 

COSY and HMBC) NMR spectroscopic data, the structure was elucidated to be the 

novel trihydroxylated compound 4 (Figure 2). 

Observed resonances in the 1H NMR spectrum at δH 7.34 (s, 1H, H-15), 7.23 (s, 1H, H-

16) and 6.27 ppm (s, 1H, H-14) were consistent with the methines of a furan moiety, 

in addition to four methyl resonances [δH 0.99 (s, 3H, H-18), 0.94 (s, 3H, H-20), 0.79 

(s, 3H, H-19) and δH 1.26 ppm (s, 3H, H-17)]. This is in agreement with an ent-labdane 

motif, such as within diterpenoid 1 previously isolated from D. viscosa (Mata et al. 

1991). Further, the presence of two resonances [δH 3.63 ppm (t, J = 2.6 Hz, 1H) and 

3.26 ppm (dd, J = 11.4, 4.8 Hz, 1H)] were consistent with methine proton signals 
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geminal to a hydroxyl group. Further, the observed total of  five methylene proton 

resonances and seven proton methine signals supported the proposed 

trihydroxylated ent-labdane diterpenoid 4, with one fewer methylene resonance and 

one additional methine signal when compared to the previously reported 

diterpenoid compound 1 (Mata et al. 1991). 

 

Figure 2. Novel diterpenoid 4 isolated from the leaves of D. viscosa ssp. spatulata.  

 

Examination of both 13C NMR and HSQC spectroscopic data indicated key resonances 

that supported the proposed diterpenoid structure 4, with 20 observed carbon 

resonances. Key 13C NMR resonances were consistent with an ent-labdane 

diterpenoid core, with consistencies to those previously reported for related 

derivatives (Mata et al. 1991), including the presence of four methyl resonances at 

δC 15.0, 15.5, 27.0 and 28.0 ppm, and signals at δC 142.8 (C-15), 138.6 (C-16), 125.2 

(Q , C-13,) and 110.9 (C-14) was consistent with the presence of a 3-substituted furan 

moiety (Mata et al. 1991).  

Examination of the 13C and HSQC NMR data indicated the presence of a δH 3.26/ δC 

78.9 ppm downfield methine signal, with this in agreement with that previously 

observed for related C-3 hydroxy ent-labdane diterpenoids (Mata et al. 1991; Olivier 

et al. 2016). However, the presence of an additional deshielded methine resonance 

at δH 3.63 (t, J = 2.6 Hz, 1H)/ δC 75.6 (C-7) ppm distinguished the derivative structure 

4 from diterpenoids previously isolated from D. viscosa (Mata et al. 1991; Olivier et 

al. 2016), and supported the proposed novel trihydroxy derivative 4. 
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Examination of the 2D COSY NMR data showed key correlations that supported both 

the proposed ent-labdane motif as well as hydroxyl group substitutions within 

diterpenoid 4 [Figure 3 (a)]. Observed COSY correlations between the δH 3.63 ppm 

(H-7) methine resonance and methylene protons signals (δH 1.98 and 1.62 ppm; H-

6), as well as correlations between the H-6 methylene proton resonances and δH 1.38 

ppm methine resonance (H-5) collectively supported the presence of a hydroxyl 

group substitution at the C-7 position. Further, observed cross-peaks in the COSY 

spectrum between the δH 1.98 and 1.62 ppm (H-6) methylene resonances and δH 

1.37 (H-5) methine proton resonance was also consistent with the proposed ent-

labdane motif (Mata et al. 1991; Olivier et al. 2016). 

Key COSY NMR correlations assisted the elucidation of a C-3 position hydroxyl 

substitution, with only one 3J correlation was observed between the deshielded δH 

3.26 ppm (H-3) methine signal and δH 1.61 ppm (H-2) methylene resonance. In 

addition, observed cross-peaks between δH 1.06 and 1.71–1.74 ppm (H-1) and δH 

1.61 ppm (H-2) methylene resonances further supported a C-3 hydroxyl 

substitution.  

Further, observed cross-peaks between the δH 2.47 ppm (H-12) methylene resonance 

and δH 1.64 ppm methylene resonance (H-11) supported the presence of an ethyl 

side chain. The observed COSY correlation between δH 1.64 ppm (H-11) methylene 

resonance and δH 1.16 ppm (H-9) methine resonance supported the connection of 

the ethyl side chain at the C-9 position of the decalin motif.  

 

Figure 3. (a) Key COSY, (b) HMBC, and (c) NOESY 2D NMR correlations observed for the novel 

diterpenoid 4. 
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Examination of the HMBC 2D NMR spectroscopic data revealed key correlations 

providing further support to the proposed structure of novel diterpenoid 4 [Figure 3 

(b)]. Key HMBC correlations included those observed from the deshielded methyl 

proton resonance at δH 1.26 ppm (H-17) towards δC 75.0 ppm (C-8) quaternary 

carbon resonance, in addition to correlations between δH 1.16/ δC 53.5 (C-9) methine 

resonance and δH 1.26/ δC 27.0 (H-17) methyl resonance, which supported the 

presence of a hydroxyl substitution at the C-8 position. Further, these deshielded 

resonances and correlations were consistent with literature for related diterpenoids 

that featured hydroxyl group substitution at the C-8 position (Mata et al. 1991).  

The HMBC spectrum provided key evidence that supported the presence of C-7 and 

C-8 hydroxyl substitutions [Figure 3 (b)]. This included HMBC correlations between 

the C-7 (δC 75.7 ppm) and H-17 position methyl group (δH 1.26 ppm), as well as 

correlations from the δH 3.63 ppm (H-7) methine resonance towards the C-8 

quaternary carbon signal at δC 75.0 ppm, and between δC 75.7 ppm (C-7) signal and 

methylene resonances (δH 2.00 and 1.60 ppm, H-6), as well as between δH 3.63 ppm 

(H-7) proton resonance and signal δC 25.68 ppm (C-6) collectively supported the 

location of the hydroxyl substitution at the C-7 position within diterpenoid 4. In 

addition, observed HMBC correlations between the deshielded δH 3.26 ppm (H-3) 

methine signal towards both the δC 38.34 ppm (C-4) quaternary carbon signal and δC 

28.0 ppm methyl signal (C-18) were consistent with the presence of a hydroxyl group 

substitution at the C-3 position [Figure 3 (b)] (Mata et. al. 1991; Olivier et al. 2016).  

The substitution of the ethyl side upon the C-9 position of the decalin motif was also 

supported by observed HMBC correlations, with correlations observed from the both 

δH 1.64 ppm (H-11) and δH 2.46 ppm (H-12) methylene resonances to the δC 53.1 ppm 

(C-9) signal. Further, the connection of the furan moiety was indicated by observed 

HMBC correlations from δH 2.46 ppm methylene proton resonance (H-12) towards 

δC 125.2 ppm (C-13) quaternary carbon signal within the furan moiety. HMBC 

correlations between the δH 2.46 ppm (H-12) methylene resonance and δC 138.6 (C-

16) and 110.9 (C-14) ppm signals within the furan moiety further supported this 

connection. The correlations between both δH 7.23 (H-16) and 6.27 ppm (H-14) furan 
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methine resonances towards δC 28.1 ppm (C-12) further supported the proposed 

connectivity [Figure 3 (b)].  

The relative configuration of compound 4 was assigned via examination of 2D NOESY 

NMR spectral data, with key correlations observed between the downfield methine 

resonance at δH 3.63 ppm (H-7) and the δH 1.26 ppm methyl signal (H-17), which 

permitted assignment of their cis relationship and supported assignment of the 

relative configuration at the C-7 stereocentre [Figure 3 (c)]. Further, cross-peaks 

were observed in the NOSEY spectrum between δH 3.26 ppm (H-3) methine signal 

and δH 0.99 ppm (H-18) methyl resonance, as well as correlations between the δH 

3.26 ppm (H-3) and δH 1.39 (H-5) methine signals, which supported the same relative 

configuration for protons at C-3, C-4 and C-5 positions respectively. These data were 

consistent with related diterpenoids previously isolated from D. viscosa (Mata et al. 

1991).  

Due to complex correlations within the NOESY spectral data, the relative 

configuration of the C-9 stereocentre could not be determined via 2D NMR methods 

undertaken in this study. Further, the absence of evident NOESY correlations 

concerning the δ 0.94 ppm (H-20) methyl resonance led to ambiguity of the relative 

configuration at the C-10 stereocentre. However, the 1H and 13C NMR shifts 

associated with this compound at both C-9 and C-10 stereocentres were in 

agreement with literature, and were thus assigned as shown (Mata et al. 1991; 

Olivier et al 2016).  

Compound 5 was isolated as a colourless film (19 mg, 0.02% w/w). Examination of 

the spectroscopic data (1H and 13C NMR) supported the molecular formula of 

C20H34O2, with HRESIMS data consistent with this proposal (m/z calculated [M + Na]+ 

calc. 329.2451; found 329.2447). The IR spectrum included a broad band at 3307 

cm−1 that was consistent with an OH stretch. Analysis of the 1D and 2D NMR 

spectroscopic data supported a hydroxylated !7,8 unsaturated decalin motif, by 

analogy to ent-labdanes previously isolated from D. viscosa by Olivier and co-workers 

(Olivier et al 2016). Extensive examination of both 1D and 2D NMR spectroscopic 

data elucidated the structure of this compound as a known ent-labdane 5, with 1D 
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NMR spectroscopic data consistent with literature (De Pascual Teresa et al. 1986; 

Ferracini et al. 1989; Zdero et al. 1990). Diterpenoid 5 was initially isolated from the 

aerial parts of the Peruvian plant Ophryosporus heptanthus (Ferracini et al. 1989), 

and later isolated from the related O. floribundus (Zdero et al. 1990), members of the 

Stevia genus (Zdero et al. 1991), and from the Argentinian medicinal plant Baccharis 

grisebachii (Figure 4) (Feresin et al. 2003; Tapia et al. 2004).  

 

 

Figure 4. Previously reported diterpenoid 5 isolated from the leaves of D. viscosa ssp. spatulata.  

 

Due to extensive signal overlap in the 1H NMR spectrum, examination of the 13C NMR 

spectral data and 2D NMR spectroscopic data (HSQC, COSY and HMBC) were required 

for the assignment of respective signals. Key observed COSY [Figure 5 (a)] and HMBC 

2D NMR correlations that enabled the elucidation of compound 5 are shown in Figure 

5. These data were consistent with the ent-labdane diterpenoid motifs containing a 

!7,8 unsaturated system (De Pascual Teresa et al. 1986; Mata et al. 1991). 

 

Figure 5. (a) Key COSY and (b) HMBC correlations observed for the previously isolated diterpenoid 5. 
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The optical rotation data for diterpenoid 5 was consistent with literature, and hence 

the relative stereochemistry relative stereochemistry (2R, 5R, 9R, 10R) was assigned 

(Feresin et al. 2003).  

Diterpenoid 5 has been previously isolated from the resinous exudate of the 

Argentinian traditional medicine Baccharis grisebachii, which has been used to treat 

ulcers, burns, and skin sores (Feresin et al. 2003). Biological activities of isolated B. 

grisebachii resin components were investigated, with ent-labdanoid 5 

demonstrating effective antifungal activity, including inhibition of the 

dermatophytes Epidermophyton floccosum and Trichophyton rubrum (MICs = 12.5 

μg/ mL), Microsporum canis and T. mentagrophytes (25 = μg/ mL), as well as 

Microsporum gypseum (50 = μg/ mL). Inhibition was also observed towards both 

methicilline resistant and sensible strains of the bacterium Staphylococcus aureus 

(MICs = 125μg/ mL) (Feresin et al. 2003). 

 

 

Compound 6 was isolated as a colourless film (147 mg, 0.07% w/w). Upon 

examination of the spectroscopic (1H and 13C NMR and IR) and mass spectrometry 

data, the molecular formula of C20H36O2 was proposed and was supported by 

HRESIMS data (m/z calculated [M + Na]+ calc. 331.2608; found 331.2602).  

Initial analysis of both the 1D (1H and 13C) and 2D (HSQC) NMR spectroscopic data 

revealed key similarities in chemical shifts between this compound and the 

aforementioned diterpenenoid 5, suggestive of an ent-labdane diterpenoid motif 

containing a !7,8 unsaturated system as previously discussed. Further examination 

of both 1D and 2D NMR spectroscopic data (COSY and HMBC) supported the 

identity of the diterpenoid as as the previously isolated ent-labdanoid 6 (Figure 6) 

(Bohlmann et al. 1983).  

 

 

 

 



 104 

 

Figure 6. Previously reported diterpenoid 6 isolated from the leaves of D. viscosa ssp. spatulata.  

 

Key differences observed in 1D (1H, 13C) and HSQC spectral data compared to the 

previously discussed ent-labdanoid 5 included the presence of a single downfield 

methine resonance [δ
H
 5.38 (br s, 1H)/ δ

C 
122.0], suggestive of the presence of a 

single olefinic proton resonance, with the presence of one downfield δ
C 

135.3 ppm 

quaternary carbon signal further supporting this feature. Further, a total of seven 

methylene resonances observed in the 1H and HSQC 2D spectral data were 

consistent with a reduced derivative of the previously discussed diterpenoid 5. 

 

Examination of the COSY 2D NMR spectrum for compound 6 revealed similarities 

with diterpenoid 5, with cross-peaks observed between the downfield methine 

resonance δ
H 

3.86 (H-2) and two sets of methylene signals: [δ
H 

2.18 (dt, J = 11.9, 2.9 

Hz, 1H, H-1a) and 0.93–0.95 (m, 1H, H-1b)/ δ
C 

48.4 ppm (C-1)] and [δ
H
 1.75 (dt, J = 

12.1, 3.2 Hz, 1H, H-3a) and 1.11–1.17 (overlapped signal, 4H, H-3b)/ δ
C
 51.1 ppm (C-

3)], which were consistent with a hydroxyl group substitution at the C-2 position 

(Olivier et al. 2016). The presence of a !7,8 unsaturated system within the structure 

was indicated by observed COSY cross-peaks, as per the previous discussion of 

compound 5 [Figure 7 (a)].  
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Figure 7. (a) Key observed COSY, (b) HMBC, and (c) NOESY correlations for the isolated diterpenoid 

6. 

Examination of the 1H, 13C, and COSY NMR spectroscopic data identified the 

presence of a side-chain, which was determined to be a 3-methyl-pentan-1-ol chain 

substituted at the C-9 position of the decalin motif [Figure 7 (a)]. The feature of a δ
H
 

1.63 ppm (H-9) methine resonance with a sole COSY correlation towards δ
H
 1.15 

ppm (H-11) methylene signal supported the assigned substitution location at the C-

9 position. Observed COSY correlations aided the elucidation of the C-9 side chain, 

including cross-peaks from both the hydroxymethylene signal at δ
H
 3.63–3.71 (H-

15) and δ
H 1.53–1.59 ppm (H-13) methine resonance towards the δ

H 1.34/ 1.62–

1.65 ppm (H-14) methylene resonances. Further, COSY correlations observed 

between the δ
H 1.53–1.59 ppm (H-13) methine resonance and δ

H
 0.91 (H-16) 

methyl resonance supported the methyl position within the side-chain. The HMBC 

2D NMR spectroscopic data provided additional support to established key 

structural features of ent-labdane 6 [Figure 7 (b)]. 

 

The relative configuration of diterpenoid 6 was assigned via NOESY spectroscopic 

data [Figure 7 (c)], with cross-peaks observed between δ
H
 0.79 (H3-20) methyl 

resonance and δ
H
 3.86 (H1-2) methine resonance, supporting the assignment of a β-

OH orientation at the C-3 position. The optical rotation for compound 6 isolated in 

the present work {[α]D
22 + 3.6 (c 1.06, CHCl3)} was observed to be opposite in sign to 

the previously reported diastereomer which featured α-OH at the C-3 position {[α]D
24 

= – 1.5 (c = 0.61, CHCl3,)} (Bohlmann et al. 1983). This provided further support that 

diterpenoid 6 is a different diastereoisomer to that previously reported. However, 
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due to obscured and ambiguous signal noise, correlations at the C-16 stereocentre 

resonances were not evident, and hence assignment of relative stereochemistry at 

this position was unable to be determined via NOSEY. 

Upon structural elucidation of diterpenoid 6, this was found to be consistent with a 

previously isolated natural product initially isolated from the aerial parts of the 

South American species Aristeguietia pseudoarborea (Bohlmann 1983), and later 

isolated from the aerial parts of the Bolivian shrub Stevia samaipatensis (Zdero et 

al. 1988), however appears to be a different diastereoisomer, as discussed above. 

The proposed diterpenoid 6 also resembles a dehydro-derivative of a previously 

isolated ent-labdane diterpenoid from D. viscosa, reported by Olivier and co-

workers (Olivier et al. 2016). 

 

Compound 7 was isolated as a colourless film (13 mg, 0.01% w/w) (Figure 8). On the 

basis of the spectroscopic (1H and 13C NMR and IR) and mass spectrometry data, the 

molecular formula of C20H30O3 was proposed {HRESIMS data (m/z calculated [M + 

Na]+ 341.2087; found 341.2082)}.  

 

Figure 8. Novel diterpenoid 7 isolated from the leaves of D. viscosa ssp. spatulata.  

Examination of the 1H, 13C and HSQC NMR spectroscopic data for diterpenoid 7 

indicated key similarities with the previously discussed ent-labdane diterpenoids 4, 

5 and 6 isolated from the same D. viscosa specimen, as well as to the previously 

isolated derivative 2 (Figure 1) (Olivier et al. 2016). This included observed methine 

resonances at δH 7.35 (t, J = 1.5 Hz, 1H/ δC 142.8), 7.22 (s, 1H/ δC 138.8) and 6.28 (br 

s, 1H/ δC 111.0), in addition to δC 125.1 (C-13) quaternary carbon signal that were 
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all consistent with the presence of a furan moiety. Further, the presence of a δH 

5.40 (br s, 1H/ δc 122.0) methine signal, as well as a δc 135.0 quaternary carbon 

signal supported a partially-substituted unsaturated system. Three methyl 

resonances were observed at δH 0.88 (s, 3H/ δC  15.1), 0.84 (s, 3H/ δC 18.6 ), and 

1.74 (s, 3H/ δC 22.1), and hence featured one less methyl group than previously 

seen in the aforementioned ent-labdane derivatives.  

 

Upon examination of the 1H NMR and HSQC spectroscopic data indicated a key 

difference between diterpenoid 7 and the previously reported labdane 2, with the 

presence of one less methyl group and two downfield methylene signals at δH 3.38 

(d, J = 10.8 Hz, 1H), 3.16 (d, J = 10.8 Hz, 1H)/ δC 71.4 ppm, which were consistent 

with a hydroxymethylene group. Examination of both COSY and HMBC 2D NMR 

spectral data enabled the elucidation of the position of this group. Specifically, 

these methylene resonances lacked COSY cross-peaks to other protons, supporting 

their position adjacent to a quaternary carbon centre [Figure 9 (a)]. Further, 

examination of the HMBC spectrum indicated cross-peaks between the δH 3.38/ 

3.16 ppm methylene signals and the δc 39.3 (C-4) quaternary signal, in addition to 

both the δc 18.6 (C-18) ppm methyl resonance and δc 44.9 ppm (C-3) methylene 

carbon resonance, as well as between the δH 3.38 (C-19) methylene resonance and 

the downfield 65.0 ppm (C-2) methine carbon resonance [Figure 9 (b)]. Hence, this 

supported the presence of the hydroxymethylene signals at the C-19 position, 

germinal to the C-18 methyl group, consistent with a previously reported ent-

labdane derivative (Salmón et al. 1983).  

 

 

Figure 9. (a) Key COSY and (b) HMBC correlations observed for the novel diterpenoid 7. 
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The relative configuration of compound 7 for all stereocentres could not be assigned 

due to ambiguity within the NOESY 2D NMR spectral data, as well as overlap within 

the 1H NMR spectrum for H-1 and H-3 methylene protons, which otherwise may 

suggest stereochemistry based upon coupling constants. 1H NMR chemical shifts for 

protons at C-5, C-9 and C-10 were consistent with diterpenoid 6, and were therefore 

assigned as shown.  

Notably, to our knowledge this represents the first reported isolation of a naturally 

occurring ent-labdane compound that features a combination of a !7,8 unsaturated 

decalin system, C-19 hydroxymethylene group, and a side-chain at the C-9 position 

that features a furan moiety (Salmón et al. 1983). Prior literature reported the 

isolation of a related diterpenic acid derivative (9) from the leaves of Stevia lucida. 

However, due to the high instability of this compound under column 

chromatography conditions it was isolated as the methyl ester derivative (10), from 

which the alcohol (11) was prepared via LiAlH4 reduction (Salmón et al. 1983).  

 

Figure 10. Structural comparisons to related diterpenoids from Stevia lucida. The highly unstable 

natural product 9 was isolated as the methyl ester derivative 10, which was subsequently reduced to 

the isolated alcohol 11 (Salmón et al. 1983). 

Compound 8 was isolated as a colourless film (56 mg, 0.03% w/w). Examination of 

both 1D (1H, 13C) and 2D NMR (HSQC, COSY) spectroscopic and mass spectrometry 

data was consistent with an ent-labdanoid motif 8 (Figure 11). There is only one 

previous isolation reported for diterpenoid 8, with the observed 1H NMR 

spectroscopic data in the present study consistent with literature (Zdero et al. 1986). 

Key features of the 2D NMR spectroscopic data that supported the identity of 
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diterpenoid 8 included observed COSY correlations between H-2 and H-3 methine 

signals, supporting a 1,2-diol structure [Figure 11 (a)]. 

 

Figure 11. Diterpenoid 8 isolated from the leaves of D. viscosa ssp. spatulata, with (a) key COSY 

correlations observed for compound 8.  

Compound 8 was initially isolated from the Argentinian shrub Baccharis salicifolia 

(Zdero et al. 1986), with a diverse array of ent-labdane and clerodane diterpenoids 

also isolated within the same study. The observed optical rotation in the present 

work was an opposite sign to that reported in the initial isolation study, however 

irrespective of relative stereochemistry, only one isolation of diterpenoid 8 has been 

reported. Due to this variation, relative stereochemistry assigned for the compound 

8 isolated from D. viscosa ssp. spatulata should be regarded with caution, until 

NOESY NMR spectral data is obtained, or assignment of absolute stereochemistry via 

X-ray crystallographic analysis.  

 

Conclusion  

 

The present work detailed further phytochemical investigation of the leaves of D. 

viscosa ssp. spatulata, which resulted in the isolation of five ent-labdane 

diterpenoid natural products, including two previously unreported compounds. This 

study provides further insight in regards to the presence of ent-labdane 

diterpenoids in Dodonaea, and contributes to the prior existing literature for this 
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genus. In particular, this highlights the diversity of hydroxylation of the ent-labdane 

skeleton and C-9 group substitution upon the decalin scaffold. 

 Further to two prior studies (Olivier et al. 2016; Deans et al. 2018), the current 

work affords additional novel ent-labdane derivatives from D. viscosa ssp. 

spatulata. However, as alluded to in previous works, it may also be that these novel 

natural products were present in prior Dodonaea species, yet were not isolated or 

identified. Hence, whether these novel diterpenoids, in addition to those isolated 

previously (Olivier et al. 2016; Deans et al. 2018), are unique to D. viscosa ssp. 

spatulata cannot be ascertained at this a stage, and requires wider sampling of this 

subspecies. 

 

Due to limitations with both the absence of X-ray crystallographic data and 

ambiguity with some NOESY NMR spectral data for diterpenoids within this present 

work, the relative and absolute stereochemistry for some of these natural products 

are inconclusive. Further isolation studies upon D. viscosa ssp. spatulata may assist 

the determination of these conformations, especially via X-ray crystallographic 

analysis, to ultimately provide further insight into the distribution of ent-labdane 

diterpenoids within the Dodonaea genus. 

 
Experimental  

 

Plant material 

Leaf material was collected from a mature female Dodonaea viscosa ssp. spatulata 

specimen at the University of Tasmania Sandy Bay campus (location: 42° 54.270’ S, 

147° 19.489’ E; 106 m elevation) in May 2018. A voucher specimen (HO 594710) 

was lodged at the Tasmanian Herbarium, Hobart and identified by Miguel de Salas. 

Leaves were dried overnight in a 35 °C oven for 24 h prior to extraction. 

 

Diethyl ether extraction 

Whole dried D. viscosa leaves (215 g) were soaked in diethyl ether (1.5 L) for 0.5 h, 

after which the organic solvent was decanted, evaporated to dryness under 

reduced pressure, to afford a crude organic extract. The soaking process with 
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diethyl ether (1.5 L) was repeated once more. Upon analysis via TLC, both diethyl 

ether extracts observed to contain similar compositions and were combined, and 

concentrated under reduced pressure to afford a crude organic extract as an 

amorphous pale green solid. The crude extract was passed through a plug of silica 

gel (30% EtOAc/hexanes elution), with four fractions collected (4 × 100 mL). 

Following TLC analysis of these fractions, the second and third collected fractions 

were combined, and the solvent was removed under reduced pressure to afford a 

yellow amorphous solid. The fourth fraction was separately concentrated under 

reduced pressure to afford a pale green amorphous solid (4.6 g).  

 

‘Fraction 4’ purification 

1H NMR spectroscopic analysis and TLC analysis of the crude plug ‘Fraction 4’ (4.6 g) 

indicated a complex mixture of components. A portion of the overall mixture (2.2 g) 

was dissolved in CH2Cl2 and adsorbed onto silica gel, then subjected to automated 

flash column chromatography (24g normal phase silica gel cartridge; 0−100% 

EtOAc/hexanes) to afford three main portions as complex mixtures: Fraction A (458 

mg), Fraction B (328 mg), and Fraction C (384 mg), each as pale yellow amorphous 

solids. 

 

‘Fraction A’ purification 

Fraction A (458 mg) was dissolved in CH2Cl2, adsorbed onto C-18 capped silica gel 

and subjected to further purification via reversed phase automated flash column 

chromatography (12 g C-18 silica gel cartridge; 0−100% ACN/H2O elution). This 

afforded the novel diterpenoid 4 (33 mg, 0.03% w/w) as a colourless film, 

previously isolated diterpenoid 5 (19 mg, 0.02% w/w) as a colourless film, the 

diterpenoid 6 (19 mg) as a colourless film, and the novel compound 7 (13 mg, 

0.01% w/w) as a colourless film. 

 

‘Fraction B’ purification 

Fraction B (328 mg) was dissolved in CH2Cl2 and adsorbed onto silica gel, then 

subjected to further purification via automated flash column chromatography 

(normal phase silica gel cartridge; 0−100% EtOAc/ hexanes elution). This afforded 
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further amounts of the previously isolated ent-labdane diterpenoid 6 (128 mg, 

overall yield 0.07% w/w) as a colourless film.  

 

‘Fraction C’ purification 

Due to the complex composition as observed via 1H NMR and TLC analyses, Fraction 

C (384 mg) was divided into two portions for further purification. A portion of this 

mixture (147 mg) was dissolved in CH2Cl2, adsorbed onto silica gel and subjected to 

purification via automated flash column chromatography (reversed phase C-18 

silica gel cartridge; 0−100% ACN/H2O elution). This afforded the previously reported 

ent-labdane diterpenoid 8 (30 mg) as a colourless film, in addition to co-eluted 

mixtures of minor ent-labdane diterpenoids that were not identified. The remaining 

co-eluted portion (237 mg) was adsorbed onto C-18 silica gel with CH2Cl2 then 

subjected to purification via reversed phase automated flash column 

chromatography (12g C-18 silica gel cartridge; 0−100% ACN/H2O elution), using a 

slower elution gradient to that previously adopted. This afforded further compound 

8 (23 mg, total yield 0.03% w/w) as a colourless film. Complex mixtures of multiple 

compounds suspected to be ent-labdane diterpenoids were unable to be purified 

(22 mg).  

 

Compound 4  
1H NMR (600 MHz, CDCl3): δ 7.34 (s, 1H), 7.23 (s, 1H), 6.27 (s, 1H), 

3.63 (t, J = 2.6 Hz, 1H), 3.26 (dd, J = 11.4, 4.8 Hz, 1H), 2.37–2.50 (m, 

2H), 1.98 (td, J = 13.6, 2.4 Hz, 1H), 1.71–1.74 (dt, J = 13.0, 3.4 Hz, 

1H), 1.59–1.66 (m, 4H), 1.50–1.55 (m, 1H), 1.47 (br s, 3H), 1.37 (d, J 

= 11.7 Hz, 1H), 1.26 (s, 3H), 1.16 (d, J = 3 Hz, 1H), 1.06 (td, J = 13.2, 

4.4 Hz, 1H), 0.99 (s, 3H), 0.94 (s, 3H), 0.79 (s, 3H).  

 

13C NMR (150 MHz, CDCl3): δ 142.8, 138.6, 125.2, 110.9, 78.9, 75.6, 75.0, 53.1, 45.9, 

38.6, 38.3, 37.2, 28.1, 28.0, 27.0, 26.9, 25.68, 25.67, 15.5, 15.0 

 

νmax (NaCl): 3417, 2962, 2932, 2874, 1462, 1389, 1061, 1032, 873, 737.  

O

H
HO OH

OH
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HRMS (ESI) m/z: C20H32O4Na [H+Na]+ calc. 359.2193; actual 359.2190    

 [α]D
22  + 1.55 (c 0.65, CHCl3).  

 

Compound 5  
1H NMR (600 MHz, CDCl3): δ 5.41 – 5.43 (m, 2H), 4.15 (d, J = 7.1 

Hz, 2H), 3.86 (tt, J = 11.4, 3.9 Hz, 1H), 2.21–2.26 (m, 1H), 2.15 

(dt, J = 11.9, 3.5 Hz, 1H), 1.94 – 2.00 (m, 2H), 1.80–1.86 (m, 1H), 

1.73–1.77 (m, 1H), 1.69–1.70 (overlapped br s, 6H), 1.66–1.68 

(m, 1H), 1.56–1.60 (m, 1.6 H), 1.29–1.35 (m, 1H), 1.13–1.18 (m, 

overlapped doublets, 2H), 0.92 (s, 6H), 0.79 (s, 3H). 

 

13C NMR (150 MHz, CDCl3): δ 140.1, 135.0, 123.6, 122.3, 65.2, 59.4, 54.5, 51.3, 49.5, 

48.4, 41.8, 38.6, 34.8, 33.1, 25.7, 23.6, 22.8, 22.1, 16.5, 14.5 

 

νmax (NaCl): 3307, 2958, 2924, 2850, 1462, 1437, 1389, 1383, 1365, 1051, 1031, 736. 

HRMS (ESI) m/z: C20H34O2Na; [H+Na]+ calc. 329.2451; actual 329.2447 

 [α]D
22  − 11.2 (c 0.41, CHCl3) {Lit. [α]D: −11.2 (c = 0.25%; CHCl3); Feresin et al. 2003}. 

 

Compound 6  
1H NMR (600 MHz, CDCl3): δ 5.38 (br s, 1H), 3.86 (tt, J = 15.4, 

11.5, 3.8 Hz, 1H), 3.63–3.71 (m, 2H), 2.18 (dt, J = 11.9, 2.9 Hz, 

1H), 2.07 (br s, 2.5 H – exchangeable OH signal), 1.94–2.00 (m, 

1H), 1.79–1.85 (m, 1H), 1.75 (dt, J = 12.1, 3.2 Hz, 1H), 1.69–1.70 

(m, 0.4 H), 1.67 (s, 3H), 1.62–1.65 (m, 1.5 H), 1.53–1.59 (m, 1H), 

1.49–1.51 (m, 1.7H), 1.31–1.37 (m, 1H), 1.11–1.17 (m, 4H), 0.93–

0.95 (m, 1H), 0.91–0.92 (overlapped s, 3 × CH3, 9H), 0.79 (s, 3H). 

 

13C NMR (150 MHz, CDCl3): δ 135.3, 122.0, 65.2, 61.1, 55.2, 51.1, 49.5, 48.4, 39.6, 

39.4, 38.7, 34.7, 33.2, 30.1, 24.3, 23.6, 22.8, 22.0, 19.9, 14.4 
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νmax (NaCl): 3326, 2958, 2926, 1462, 1389, 1264, 1047, 738. 

HRMS (ESI) m/z: C20H36O2Na; [M+Na]+ calc. 331.2608; actual 331.2602   

 [α]D
22  + 3.6 (c 1.06, CHCl3)  

 

Compound 7  

 1H NMR (400 MHz, CDCl3): δ 7.35 (t, J = 1.5 Hz, 1H), 7.22 (s, 1H), 

6.28 (br s, 1H), 5.40 (br s, 1H), 3.91 (dd, J = 11.4, 3.8 Hz, 1H), 3.38 

(d, J = 10.8 Hz, 1H), 3.16 (d, J = 10.8 Hz, 1H), 2.60–2.65 (m, 1H), 

2.36–2.41 (m, 1H), 2.14–2.18 (m, 1H), 1.85–1.90 (m, 2H), 1.77–1.80 

(m, 2H), 1.74 (s, 3H), 1.65–1.70 (m, 4H), 1.45–1.50 (m, 2H), 1.36 (t, J 

= 11.4 Hz, 1H), 0.88 (s, 3H), 0.86 (s, 1H), 0.84 (s, 3H). 

 

13C NMR (100 MHz, CDCl3): δ 142.8, 138.8, 135.0, 125.1, 122.0, 111.0, 71.4, 65.0, 

54.2, 48.0, 44.9, 42.6, 39.3, 38.3, 27.9, 26.9, 23.5, 22.1, 18.6, 15.1 

 

νmax (NaCl): 2928, 2364, 1458, 1384, 1166, 1050, 1025. 

HRMS (ESI) m/z  C20H30O3Na[H+Na]+ calc. 341.2087; actual 341.2082   

 [α]D
22   − 11.2 (c 0.38, CHCl3).  

 

Compound 8  

 

1H NMR (400 MHz, CDCl3): δ 7.35 (br s, 1H), 7.22 (br s, 1H), 6.28 (br 

s, 1H), 5.43 (br s, 1H), 3.67–3.71 (m, 1H), 3.01 (d, J = 9.6 Hz, 1H), 

2.60–2.65 (m, 1H), 2.35–2.40 (m, 1H), 2.16 (dd, J = 12.4, 4.6 Hz, 

1H), 1.95–1.98 (m, 2H), 1.89 (br s, 1H), 1.74 (s, 3H), 1.67–1.71 (m, 

1H), 1.44–1.50 (m, 1H), 1.29 (dd, J = 11.2, 5.8 Hz, 1H), 1.04 (d, J = 

12 Hz, 1H), 1.00 (s, 3H), 0.88 (s, 3H), 0.83 (s, 3H).  
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13C NMR (100 MHz, CDCl3): δ 142.8, 138.8, 134.7, 125.1, 122.2, 111.0, 83.6, 68.4, 

54.2, 49.5, 45.2, 39.0, 37.7, 28.3, 28.0, 26.9, 23.4, 22.0, 16.2, 14.6 

 

[α]D
22  + 2.0 (c 0.41, CHCl3)  
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Abstract 

 

This study assesses whether the distinct altitudinal cline in leaf morphology (decreased 

leaf width and length with increased altitude) in Tasmannia lanceolata is associated with 

changes in the leaf chemistry of wild populations. This research identified the presence 

of two distinct drimane sesquiterpenoid chemotypes: a subalpine woodland chemotype 

and wet sclerophyll forest chemotype. Isolation studies and 1H NMR spectroscopic 

analysis revealed that the subalpine woodland T. lanceolata populations (Mt. 

Wellington; Mt. Field) contained 1β-acetoxy-9-deoxyisomuzigadial as the major drimane 

sesquiterpenoid, and 3β-acetoxydrimenin as a minor component. In contrast, wet 

sclerophyll forest T. lanceolata populations (Mt. Wellington; Cradle Mountain) featured 

polygodial as the major drimane sesquiterpenoid. This study provides new evidence for 

the presence of distinct chemotypes within Tasmanian T. lanceolata populations.  

   

Keywords 
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Chemotypes; Sesquiterpenoids; Winteraceae; Tasmannia lanceolata; Tasmania; 

Pressurised Hot Water Extraction  

 

1. Introduction 

 

Drimane sesquiterpenoids are found in nature across diverse taxa, including eudicot 

angiosperms, fungi, marine sponges and mollusks and this group of natural products are 

regarded as useful chemosystematic markers (Jansen and de Groot 2004). The varied 

roles of these sesquiterpenoids within vascular plants have been investigated (for a 

recent review including drimane occurrence, biosynthesis and bioactivity, see Jansen 

and de Groot 2004). Specifically, the identity and distribution of drimane natural 

products has been extensively studied in the order Canellales (Cronq.) (Jansen & de 

Groot 2004), an ancient, mainly southern hemisphere group of trees and shrubs that 

contains two families, Canellaceae (Mart.) and Winteraceae (R. Br.) (APG IV 2016). The 

drimane chemical profiles of members in each of these families have been used to 

identify chemotypes (Jansen & de Groot 2004).  

Chemotypes are subsets of species, subspecies or varieties that feature distinctive, 

genetically-controlled differences in the quantity and identity of component(s) in their 

overall chemical fingerprint. Chemical variation may result from various environmental 

pressures, including adaptive responses or plastic responses. An example of plant 

adaptive responses includes the development of specific terpenoid secondary 

metabolite profiles within Tasmanian Eucalytptus globulus species, which provide 

protection from the mammalian herbivore Trichosurus vulpercula (common brushtail 

possum) (O'Reilly-Wapstra et al. 2004). Further, abiotic pressures can directly impact 

taxa phenotypes, resulting in phenotypic plasticity: changes in phenotype in the same 

genotypes, often in response to environmental change. Therefore, plastic responses to 

climate change have been widely observed (Franks et al. 2014; Gratani 2014). For 

example, Mediterranean wild thyme (Thymus vulgaris) populations indicated 
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phenotypic plasticity in the form of distinct chemotypes (“phenolic” and “nonphenolic”) 

that displayed varying sensitivities to freezing conditions (Thompson et al. 2013). 

 

Within the family Winteraceae, several southern hemisphere lineages feature drimane 

phytochemical profiles consistent with the presence of chemotypes. This includes 

infraspecific variation within foliage of the endemic New Zealand Pseudowintera 

colorata, where populations comprised of chemotypes that featured drimane 

dialdehydes polygodial (1) and 9-deoxymuzigadial (2), or exclusively one of these 

compounds (Perry et al. 1996). Further analysis of Pseudowintera species (P. colorata, P. 

axillaris, P. axillaris ´ colorata, P. insperata) identified chemotypes that featured 

combinations of the four drimanic sesquiterpenoids polygodial (1), 9-deoxymuzigadial 

(2), paxidal (3), in addition to significant yields of coumarate derivative 4 (2.2–6.9% w/w) 

via HPLC analysis (Wayman et al. 2010) (Figure 1). 

 
Figure 1. Drimane sesquiterpenoids isolated from endemic New Zealand Pseudowintera species. 

 

A native Australian member of the family Winteraceae, Tasmannia lanceolata (Poir.) A.C. 

Smith (Tasmanian native pepper) occupies a diverse range of habitats, including lowland 

forest understoreys to low alpine heathlands. It is regarded as an ancient species, with 

molecular dating estimates of ~32.5 million years old (Thomas et al. 2014) and 

chloroplast genomic analyses indicating the presence of very high genetic differentiation 

among T. lanceolata populations. Indeed, Worth and co-workers have identified 30 

haplotypes from 244 Tasmanian individuals (Worth et al. 2010). Hence, in both 
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ecological and evolutionary terms, T. lanceolata represents an excellent candidate from 

which differentiation into chemotypes may be observed.  

 

T. lanceolata has a long history of use in Australian indigenous medicine (for a recent 

review of T. lanceolata phytochemistry and pharmacology studies see Cock 2013). Both 

the leaves and berries of T. lanceolata feature a characteristic spicy and pungent taste, 

which today is exploited commercially for culinary and flavor purposes. Polygodial (1), 

the drimane sesquiterpenoid, which is reported to be one of the natural products 

responsible for imparting the characteristic spicy flavor of T. lanceolata (Mathie et al. 

2017), has been isolated from T. lanceolata berries (Mathie et al. 2017), and in significant 

yield from leaf material (up to 3.3% w/w) (Just et al. 2015). In addition, other drimane 

sesquiterpenoids have been isolated from the berries that feature chemosensate 

properties, including warburganal (5), 1β-acetoxy-9-deoxyisomuzigadial (6), epi-

polygodial (7), and 3β-acetoxy-7-ketoconfertifolin (8) (Figure 2) (Mathie et al. 2017).  

 

In 2015, a Tasmanian T. lanceolata individual from a wild East Tasmanian population was 

identified that did not contain detectable levels of polygodial (1), as judged by 1H NMR 

spectroscopic analysis. Rather, 1β-acetoxypolygodial (9) represented the principal 

drimane sesquiterpenoid, in addition to 1β-acetoxyisodrimeninol (10), in its leaves 

(Deans et. al 2015). For the first time, this suggested the presence of chemotypes within 

Tasmanian T. lanceolata, similar to the chemotypes observed within Pseudowintera 

species in New Zealand, as described above (Perry et al. 1996; Wayman et al. 2010) 

(Figure 2).  
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Figure 2. Representative drimane sesquiterpenoids previously isolated from T. lanceolata berries and 

leaves. 

 

Tasmanian T. lanceolata populations have been the focus of morphological studies, with 

key leaf morphological trends reported. This includes major altitudinal variation in leaf 

size, and independent of this, the presence of distinct northern and southern Tasmanian 

morphotypes regarding stomatal depth, and Barnes and co-workers noted: “Southern T. 

lanceolata has encrypted stomata, contrasting with the superficial stomata of the 

northern form, but is not considered sufficiently different to warrant separate 

taxonomic status. The boundary is difficult to explain in terms of modern environmental 

factors.” (Barnes et al. 2000). Analysis of T. lanceolata leaf cells provided insight into the 

physical partitioning of polygodial (1) via direct sampling, GC-MS and FT-IR analyses, with 

the leaf oil cells reported to contain a preponderance of polygodial (1) (Read and Menary 

2000). 

 

Mindful of the above-mentioned established genetic, morphological and chemical 

variation within T. lanceolata populations in Tasmania (Australia), we designed a pilot 

study to further investigate the phytochemical profiles across various Tasmanian 

habitats. This research was undertaken by employing a recently developed pressurized 

hot water extraction (PHWE) technique that has demonstrated broad utility for the 

extraction of a range of structurally diverse organic molecules (Just et al. 2015a; Just et 

al. 2016; Deans et al. 2016; Deans et al. 2018a) and allows for the rapid isolation of 

significant quantities of polygodial (1) (Just et al. 2015b). This technique also enables the 
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rapid generation of extracts for phytochemical profile analysis (Deans et al. 2017; Deans 

et al. 2018a; Deans et al. 2018b; Deans et al. 2018c). Herein we report the first 

phytochemical isolation study of Tasmanian T. lanceolata populations that specifically 

investigates the relationship of drimane sesquiterpenoid phytochemical profiles from 

different ecological landscapes and altitudes.  

 

2. Results 

 

2.1. Changes in leaf morphology  

Leaves from four wild T. lanceolata populations were sampled from two wet sclerophyll 

forest populations (Mt. Wellington; Cradle Mountain) and two subalpine woodland 

populations (Mt. Wellington; Mt. Field). The abovementioned wild populations indicated 

a significant qualitative altitudinal cline of leaf morphology. Specifically, we observed 

decreased leaf size (width and length) with increasing altitudes (Figure 3).  

 
 

Figure 3. Representative leaves from wild T. lanceolata populations sampled, with increasing site altitude 

from L–R: Wet sclerophyll forest populations: (a) Mt.Wellington (~630 m), and (b) Cradle Mountain (~890 

m). Subalpine woodland populations: (c) Mt. Field (~1070 m), and (d) Mt.Wellington (~1120 m). Scale bar 

shown with centimeter increments. Altitudes correspond to respective elevations above sea level. 

!

(a)$ (b)$ (c)$ (d)$
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Similarly, a clear altitudinal cline in leaf size has been previously observed across wild 

Tasmanian T. lanceolata populations (Barnes et al. 1999). Differentiation of leaf 

morphology and altitude has also been observed in other native Tasmanian species, 

including Nothofagus cunninghamii (myrtle beech) (Jordan and Hill 1994) and Eucalyptus 

urnigera (Thomas and Barber 1974). Factors driving global trends in leaf size variation 

were recently proposed, including the key climatic variables of mean environmental 

temperature, moisture and irradiance (Wright et al. 2017). The altitudinal cline observed 

across the four sampled T. lanceolata populations prompted us to determine the 

phytochemical profiles of leaf material from these respective populations.  

 

We used PHWE to prepare extracts from leaf samples obtained from 40 individual 

specimens across four wild Tasmanian populations of T. lanceolata in addition to leaf 

samples from three commercial sources. Liquid-liquid extraction of the aqueous PHWE 

extracts employing heptane provided crude extracts which were analyzed. 1H NMR 

spectroscopic analysis revealed the presence of distinct chemical profiles of drimane 

sesquiterpenoids across various altitudes and habitats, with a subalpine woodland 

chemotype (Mt. Wellington; Mt. Field) and wet sclerophyll forest chemotype (Mt. 

Wellington; Cradle Mountain). A simple graphical representation of chemotypes 

identified across the populations is shown in Figure 4. Three commercial sources of T. 

lanceolata were also analyzed. Each of these featured consistent chemical profiles in 

which polygodial (1) was the predominant drimane sesquiterpenoid present. Results of 

the drimane sesquiterpenoid phytochemical profiles (yield ranges and averages) for 

each population are summarised in Table 1. See the Supporting Information (Table S1) 

for the GPS locations of individuals within each T. lanceolata population.  
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Figure 4. Map of wild Tasmanian T. lanceolata populations sampled within this pilot study, with their 

respective drimane sesquiterpenoid chemotype profiles (red = subalpine woodland sites; green = wet 

sclerophyll forest sites). Altitudes correspond to elevations above sea level. 
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Table 1. Summary of drimane profiles of T. lanceolata populations as determined via 1H NMR 

spectroscopy.  

 
 Population  Wild 

Population 
Altitude (m) 

Polygodial (1) 
 (% w/w) 

1β-acetoxy-9-
deoxyisomuzigadial 

(6) (% w/w) 

3β-acetoxydrimenin 
(11) (% w/w) 

W
et

 Sc
le

ro
ph

yl
l 

Fo
re

st
  

Mt. Wellington  
(10 individuals) 

630 0.37–1.80   
(0.94 average)a 

– – 

Cradle Mountain 
(10 individuals)  

 890 0.14–0.64 
 (0.32 average)a 

– – 

Su
ba

lp
in

e 
W

oo
dl

an
d 

Mt. Wellington 
(11 individuals) 

1120 – 0.02–0.09  
(0.05 average)a 

trace amounts 
(<0.1 average)b 

Mt. Field 
(9 individuals) 

1070 – 0.05–0.33  
(0.15 average)a 

trace amounts 
(<0.1 average)b 

Co
m

m
er

cia
l S

ou
rc

es
 Northern 

Tasmania (A) 
N/Ac 1.05 – – 

Northern 
Tasmania (B) 

N/Ac 0.94 – – 

Southern 
Tasmania (C) 

N/Ac 0.47 – – 

 

aSee Appendix I for specific yields of individuals from each population. bDue to complex peak overlap 

with minor components in the 1H NMR spectra of crude extracts, specific yields of compound 11 are not 

reported. c Altitude of commercial T. lanceolata sources were not recorded as this does not reflect the 

wild population from which the initial genetic material was sourced. 

 
2.1 Drimane profiles – Mt. Wellington 

The wet sclerophyll forest population of Mt. Wellington featured consistent leaf 

phytochemical profiles. 1H NMR spectroscopic analysis determined that polygodial (1) 

was the principal drimane sesquiterpenoid component. Although the yields of polygodial 

varied across the population, no other minor drimane sesquiterpenoids were identified 

via 1H NMR spectroscopy (Table 1). In accordance with the 1H NMR spectroscopic data, 
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GC-MS analysis of the bulk heptane extracts from the Mt. Wellington wet sclerophyll T. 

lanceolata population predominately contained polygodial (1) (see Supporting 

Information). This more sensitive analytical technique also suggested the presence of 

minor non-polar components, as judged by comparison to both GC-MS library 

fragmentation spectral and retention time data (see Supporting Information). 

Specifically, GC-MS analysis of the Mt. Wellington wet sclerophyll samples suggested the 

presence of linalool (12), cubebol (13), and sesquiterpenoids trans-cadina-1,4-diene (14) 

and guaiol (15) in trace quantities (Figure 5).  

  

Figure 5. Other natural products suggested to be present in trace quantities in leaf samples from Mt. 

Wellington T. lanceolata populations (wet sclerophyll population: 12–15; subalpine woodland population: 

15 and 16) by employing GC-MS.  

The Mt. Wellington subalpine woodland T. lanceolata population featured drimane 

sesquiterpenoid chemical profiles that were significantly different to the 

aforementioned wet sclerophyll population. Specifically, the Mt. Wellington subalpine 

woodland population featured the sesquiterpenoid 1β-acetoxy-9-deoxyisomuzigadial 

(6) as the major drimane component, as well as 3-β-acetoxydrimenin (11) in trace 

amounts (Figure 4). Both compounds were isolated from a bulk leaf sample of the 

population and characterized via 1H and 13C NMR spectroscopy. In this way, we 

determined the isolated yield of drimane 6 (0.073% w/w) and 3β-acetoxydrimenin (11) 

(0.056% w/w) from the Mt. Wellington subalpine population (Table 1).  

16

HO
HO
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While compound 6 has been reported once (isolated from commercially-grown 

Tasmanian T. lanceolata berries), only limited characterization data was provided in this 

study (Mathie et al. 2017). Consequently, for 1β-acetoxy-9-deoxyisomuzigadial (6) was 

analyzed by one-dimensional (1H and13C) and two-dimensional NMR spectroscopy 

(HSQCMe, COSY and HMBC), which are consistent with the assigned structure. Key 1H 

NMR spectroscopic resonances include the presence of two methine aldehyde 

resonances at δ 9.88 ppm [d, J = 2.7 Hz, H-(C12)] and 9.39 ppm (s, H-(C11)], a methyl 

resonance at 0.88 ppm [s, H-(C-15)] and an olefinic methine resonance at 7.09 ppm [m, 

H-(C7)]. These data are consistent with an unsaturated drimane dialdehyde motif. 

However, key features within the A-ring of the drimane structure included two methyl 

resonances at δH 1.63 [s, H-(C14)] and 1.61ppm [s, H-(C13)], representing methyl signals 

on an alkene that were distinctly downfield in comparison to typical shifts within gem-

dimethyl-containing drimanes [e.g., δH 0.94 and 0.96 ppm for polygodial (1) (Just et al. 

2015)]. This was in addition to a proton signal at δ 4.89 ppm that was consistent with a 

downfield-shifted C-1 oxymethine. In addition, the presence of two additional 

quaternary olefinic resonances in the 13C NMR spectrum at δC 125.1 (C-3) and 124.3 ppm 

(C-4) supported the presence of an alkene between C-3 and C-4 and was in agreement 

with the previous report of compound 6 (Mathie et al. 2017).  

Key observed COSY correlations that supported the proposed structure 6 are provided 

in Figure 6a. This includes A-ring correlations between the methyl resonance δH 1.63 

ppm (H-14) and δH 2.22 methine resonance (H-5), as well as correlations of the C-2 

methylene resonances [2.01–2.06 (Hb); 2.39 (Ha)] to both the methyl resonance at δH 

1.61ppm (s, H-13) as well as the δH 4.89 ppm methine resonance. Furthermore, COSY 

correlations observed between the olefinic methine proton δH 7.09 ppm (H-7) and both 

the δH 3.32 ppm (H-9) methine resonance and H-6 methylene resonances [2.17–2.19 

(Hb); 2.68–2.71 (Ha)] supported the unsaturated B-ring drimane structure.  
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Figure 6. (a) Key COSY and (b) HMBC correlations observed for the structural elucidation of compound 6.  

1H, 13C and HSQCMe spectroscopic data were consistent with the presence of an acetoxy 

group at the C-1 position, with a methyl resonance at δH 2.08 ppm [s, (H-17); 21.5 ppm 

(C-17)], as well as the signal assigned to a carbonyl group [δC 170.4 ppm (C-16)]. 

Examination of the HMBC spectroscopic data revealed key cross-peaks that supported 

the structure of drimane 6 (Figure 6b). This included support of the aforementioned 

modifications to the A- and B-rings, including correlations from both methyl resonances 

at δH 1.61ppm (H/C-13) and 1.63 ppm (H/C-14) towards the quaternary olefinic carbon 

resonances at δC 125.1 (C-3) and 124.3 (C-4) ppm. In addition, HMBC correlations from 

both the δH 2.08 ppm methyl resonance and the downfield δH 4.89 ppm methine 

resonance H-(C1) towards the quaternary carbonyl δC 170.4 ppm (C-16) resonance 

supported the substitution of the acetoxy group in the C-1 position (Figure 6b). We 

determined the specific rotation of compound 6 {[α]22 –31.4 (c 0.47, CHCl3)}, which is the 

same sign as the related natural product 9-deoxyisomuzigadial (Al-Said et al. 1990).  

The NMR spectroscopic data for 3β-acetoxydrimenin (11) were consistent with reported 

data (Sierra et al. 1985; Swarts et al. 1994). Sesquiterpenoid 11 was first isolated from 

the bark of the South American Winteraceae Drimys winteri (Sierra et al. 1985) and an 

asymmetric total synthesis was completed (Swarts et al. 1994). In this work, we 

confirmed the structure of 3β-acetoxydrimenin (11) by X-ray crystallography for the first 

time (see Supporting Information). The absolute stereochemistry chemistry of 

compound 11 is in agreement with the literature (Sierra et al. 1985; Swarts et al. 1994). 
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GC-MS analysis of the bulk heptane extracts from the Mt. Wellington subalpine 

population indicated the presence of polygodial (1) in trace quantities as judged by 

comparison to an authentic standard and GC-MS library fragmentation spectral and 

retention time data (see Supporting Information). GC-MS analysis also supported the 

presence of drimane sesquiterpenoids 6 and 11 as major components, and suggested 

the presence of the sesquiterpenoids guaiol (15) and α-elemol (16) (Figure 5), in addition 

to n-tetradecane.  

 

2.2 Drimane profile – Mt. Field 

We were prompted to perform wider sampling to ascertain whether the distinct drimane 

profiles associated with the subalpine woodland and wet sclerophyll forest T. lanceolata 

populations at Mt. Wellington were also evident in other wild Tasmanian T. lanceolata 

populations. To this end, individuals of a subalpine woodland T. lanceolata population 

located at Mt. Field were analyzed by the same approach outlined above. This Mt. Field 

population featured consistent leaf phytochemical profiles and contained the 

sesquiterpenoid 1β-acetoxy-9-deoxyisomuzigadial (6) as the major drimane component, 

as well as 3-β-acetoxydrimenin (11) in trace amounts as judged by 1H NMR spectroscopic 

analysis (Table 1). A bulk population sample was extracted, with both sesquiterpenoids 

6 (0.067% w/w) and 11 (0.023% w/w) isolated and characterized by 1H NMR 

spectroscopy. Although the yields of compounds 6 and 11 varied across the Mt. Field 

subalpine woodland T. lanceolata population, polygodial (1) was not detected by 1H 

NMR spectroscopy in the respective crude heptane extracts.  GC-MS analysis of a bulk 

sample from the Mt. Field population indicated the presence of polygodial (1) in trace 

quantities (see Supporting Information). GC-MS analysis also supported the presence of 

drimane sequiterpenoids 6 and 11 (see Supporting Information). In addition, the 

presence of several non-polar components was suggested by comparison to both GC-

MS library fragmentation spectral and retention time data. In the Mt. Field population, 

this included the sesquiterpenoids β-eudesmol (17), T-muurolol (18), and spathulenol 
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(19), as well as methyl isoeugenol (20) (Figure 7).  

 

Figure 7. Other natural products suggested to be present in trace quantities in the Mt. Field subalpine 

woodland T. lanceolata population by employing GC-MS.  

 

2.3 Drimane profile – Cradle Mountain 

 A wet sclerophyll forest population of T. lanceolata was sampled at Cradle Mountain 

and analyzed by the same approach outlined above. This population featured consistent 

leaf phytochemical profiles. The sesquiterpenoid polygodial (1) was the major drimane 

component identified by 1H NMR spectroscopic analysis (Table 1). A bulk population 

sample was extracted, with sesquiterpenoid 1 identified by 1H NMR spectroscopy. GC-

MS analysis of the bulk sample from the Cradle Mountain population supported the 

presence of polygodial (1) as the major drimane sesquiterpenoid component (see 

Supporting Information). In addition, the presence of several non-polar components was 

suggested by comparison to both GC-MS library fragmentation spectral and retention 

time data. In the Cradle Mountain population bulk sample this included the 

sesquiterpenoid β-eudesmol (17), eugenol (21) and myristicin (22) (Figure 8).  
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Figure 8. Other natural products suggested to be present in trace quantities in the Cradle Mountain wet 

sclerophyll forest T. lanceolata population by employing GC-MS.  

 

2.4 Drimane profiles – commercial sources 

The non-polar phytochemical profiles of three commercial T. lanceolata populations 

were also analyzed. These included two northern Tasmanian commercial clonal 

populations (Bronzewing Farm, Underwood), in addition to a commercial genetically-

diverse population grown in southern Tasmania (Diemen Pepper, Birches Bay). All of 

these commercial clonal populations were initially propagated from wild Tasmanian 

populations. Drimane sesquiterpenoid profiles of both northern Tasmanian commercial 

populations (“A” and B”) contained polygodial (1) as the predominant component (1.0% 

w/w and 0.94% w/w, respectively), as determined by 1H NMR spectroscopy. In addition, 

the leaf profiles of the southern Tasmanian population (male and female individuals) 

were analyzed, with polygodial (1) also the primary drimane sesquiterpenoid component 

(0.47% w/w) (Table 1). 

2.5 Polar profiles (ethyl acetate extracts) 

Following the aforementioned heptane extractions, the remaining aqueous extracts 

from each bulk T. lanceolata population samples were subjected to a further liquid-liquid 

extraction with ethyl acetate to afford a profile of more polar phytochemical 

components. In this way, we determined the phytochemical profiles of the more polar 

organic molecules present in these samples. These extracts displayed consistency across 

both the wild and commercial populations. Specifically, the ester chlorogenic acid (23) 

was a major component in each case, as judged by 1H NMR spectroscopy and isolation 

studies (Figure 9). (see Supporting Information for 1H NMR spectra of the crude ethyl 

acetate extracts from each population). As a phenolic ester of caffeic and quinic acids, 

chlorogenic acid (23), is regarded as the most widely distributed plant natural product 

within the caffeoyl ester subclass. The antioxidant activity of acid 23 has been 
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documented extensively (Shahidi and Chandrasekara 2010; Sato et al. 2011). 

 

Figure 9. Chlorogenic acid (23), isolated from T. lanceolata leaves. 

In a representative example, the ethyl acetate extract from the Mt. Field subalpine 

woodland T. lanceolata population was purified by flash column chromatography to 

afford colorless crystals of chlorogenic acid (23) as the major component (1.4 % w/w). 

The NMR spectroscopic data for compound 23 were consistent with the literature (Wang 

et al. 1999; Han et al. 2006). We also performed single crystal X-ray crystallographic 

analysis of acid 23, which confirmed the absolute stereochemistry of acid 23 as the 

hemihydrate (see Supporting Information).  

3. Summary and conclusions 

A pilot study of wild Tasmanian T. lanceolata populations indicated the presence of 

distinct drimane sesquiterpenoid chemotypes across varying altitudes. Significant 

variation between subalpine woodland populations and wet sclerophyll populations 

were observed. We noted the presence of at least two drimane chemotypes: a subalpine 

chemotype containing 1β-acetoxy-9-deoxyisomuzigadial as the major drimane 

component, and a wet sclerophyll forest chemotype that primarily contained polygodial. 

Internal population variation was minimal. The presence of minor drimane 

sesquiterpenoids were detected by 1H NMR spectroscopy and GC-MS analysis. 

 

These chemotypes are of particular interest because they provide evidence of functional 

diversity within species that is not apparent in traditional morphology-based taxonomy, 

and even in most DNA-based methods. The chemotypes can represent otherwise cryptic 
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ecotypes that are likely to be important for the ecology of ecosystems and evolution of 

species through their impact on herbivores and pathogens. In this regard, biological 

testing to investigate the utility of these drimane sesquiterpenoid components may 

provide insight towards the evolutionary advantage that these distinct chemotype 

profiles impart for the respective T. lanceolata populations.  

 

More extensive sampling is required to determine the phytochemical profiles of other 

Tasmanian T. lanceolata populations. This includes sampling more diverse habitats, 

altitudes, and regions that have previously been the subject of morphological studies 

(e.g. western and eastern Tasmania), in addition to sampling from other isolated island 

populations (Flinders Island; King Island; Bruny Island). Furthermore, comparing the 

phytochemical profiles of wild T. lanceolata populations from mainland Australia would 

allow the prevalence of chemotypes to be investigated and to determine whether these 

T. lanceolata chemotypes are restricted to Tasmanian populations.  

 

4. Experimental 

4.1 General 

NMR spectroscopy experiments were performed either on a Bruker Avance III NMR 

spectrometer operating at 400 MHz (1H) or 100 MHz (13C); or a Bruker Avance III NMR 

spectrometer operating at 600 MHz (1H) or 150 MHz (13C). NMR spectroscopic 

quantitation studies were performed on a Bruker Avance III NMR spectrometer 

operating at 400 MHz (1H), with a pulse width of 30° and a relaxation delay of 10 s. GC-

MS analysis was conducted employing a Shimadzu GCMS-QP2010 instrument, using a 

MEGA-XMLB column (30 m × 0.25 mm), and a temperature program from 50 °C to 300 

°C at 5 °C/min. Plant material was ground using a Sunbeam spice/ coffee bean grinder. 

PHWE was undertaken employing a Breville Espresso Machine Model 800ES. Flash 

column chromatography was performed using a Reveleris® X2 flash column 

chromatography system using silica gel cartridges. 
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4.2 Plant material 

Fresh leaves of Tasmannia lanceolata (Winteraceae) were obtained from mature 

specimens from four wild populations in Tasmania in July, August and September 2018 

(see below). Exact GPS coordinates and altitudes of collection sites are provided in the 

Supporting Information (Table S1). Fresh leaves from two northern Tasmanian 

commercial T. lanceolata clonal populations [voucher number HO5955156; samples BD-

2018-41 (A) and BD-2018-42 (B)] were collected from Bronzewing Farm (Underwood, 

Tasmania) in July 2018. Leaves from a commercial genetically-diverse T. lanceolata 

population from southern Tasmania were obtained as dried, ground material from 

Diemen Pepper (Birches Bay, Tasmania) in November 2018.  

Cradle Mountain – Wet Sclerophyll Forest (Site 1) 

Fresh leaves of T. lanceolata Poir. (Winteraceae) were obtained from ten individual 

mature specimens (A1–J1) in wet temperate rainforest at Cradle Mountain, Tasmania in 

July 2018 (see Supporting Information Table S1 for individual sample information). 

Individual voucher specimens were lodged at the Tasmanian Herbarium, Tasmanian 

Museum and Art Gallery (Hobart, Tasmania) as population vouchers (plates HO594860 

and HO594861), with individual voucher numbers for samples A1–J1 [specimens A1–E1 

(HO594860); specimens F1–J1 (HO594861). 

Mt. Field – Subalpine Woodland (Site 2) 

Fresh leaves of T. lanceolata (Winteraceae) were obtained from nine individual mature 

specimens (A2–I2) in a subalpine woodland at Mt. Field, Tasmania, in August 2018 (see 

Supporting Information Table S1 for individual sample information). Individual voucher 

specimens were lodged at the Tasmanian Herbarium, Tasmanian Museum and Art 

Gallery (Hobart, Tasmania) as population vouchers (plates HO5955162 and HO5955163), 

with individual voucher numbers for samples A2–I2 [specimens A2–D2 (HO5955163); 

specimens E2–I2 (HO5955162). 
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Mt. Wellington – Subalpine Woodland (Site 3) 

Fresh leaves of T. lanceolata (Winteraceae) were obtained from eleven individual 

mature specimens (A3–K3) in a subalpine woodland at Mt. Wellington (kunanyi) in 

September 2018 (see Supporting Information Table S1 for individual sample 

information). Individual voucher specimens were lodged at the Tasmanian Herbarium, 

Tasmanian Museum and Art Gallery (Hobart, Tasmania) as population vouchers (plates 

HO5955160 and HO5955161), with individual voucher numbers for samples A3–K3 

[specimens A3–F3 (HO5955161); specimens G3–K3 (HO5955160). 

Mt. Wellington – Wet Sclerophyll Forest (Site 4) 

Fresh leaves of T. lanceolata (Winteraceae) were obtained from ten individual mature 

specimens (A4–J4) from a wet sclerophyll forest at Mt. Wellington (kunanyi) in 

September 2018 (see Supporting Information Table S1 for individual sample 

information). Individual voucher specimens were lodged at the Tasmanian Herbarium, 

Tasmanian Museum and Art Gallery (Hobart, Tasmania) as population vouchers (plates 

HO5955157, HO5955158, HO5955159), with individual voucher numbers for samples 

A4–J4 [specimens A4–D4 (HO5955159); specimens E4–G4 (HO5955158); specimens H4–

J4 (HO5955157). 

4.3 Extraction of T. lanceolata: Mt. Wellington – wet sclerophyll forest (Site 4) 

4.3.1. PHWE of Bulk Population Sample (A4–J4)  

Fresh leaves collected from Mt. Wellington (detailed in Section 4.2) were air-dried at 

room temperature for 7 days. Dried T. lanceolata leaves (1.5 g) from each of the ten 

specimens (A4–J4) were then coarsely ground in a spice grinder, combined (total of 15 g 

leaf material from all ten specimens) and mixed with sand (4 g), placed into the 

portafilter (sample compartment) of an espresso machine and extracted using 35% v/v 

EtOH/H2O (200 mL of a hot solution). The ensuing extract was then concentrated under 

reduced pressure on a rotary evaporator to ~125 mL to remove EtOH (no heating was 

applied during this process), then extracted with heptane (4 × 50 mL). The organic 
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fractions were then combined, dried (MgSO4), filtered and concentrated under reduced 

pressure to provide a green residue (100 mg). Analysis via 1H NMR spectroscopy and TLC 

supported the presence of polygodial as the single major compound, so the crude extract 

(100 mg) was purified by automated flash chromatography (0–40% EtOAc/ hexanes; 7 

min; 4g silica cartridge), to afford polygodial (1) (97.5 mg, 0.65% w/w) (Just et al. 2015). 

Polygodial (1): 1H NMR (400 MHz, CDCl3) δ 9.51 (d, J = 2.9 Hz, 1H), 9.44 (s, 1H), 7.11–

7.12 (m, 1H), 2.81 (br s, 1H), 2.47–2.51 (apparent m, 1H), 2.27–2.33 (m, 1H), 1.81–1.84 

(apparent m, 1H), 1.46–1.54 (m, 3H), 1.36 (apparent td, J = 8.7, 2.5 Hz, 1H), 1.20–1.26 

(m, 2H), 0.94 (s, 3H), 0.93 (s, 3H), 0.91 (s, 3H) ppm.  

4.3.2. Ethyl Acetate Extraction of Bulk Population Sample  

Following the heptane solvent extraction, the remaining aqueous layer was subjected to 

an ethyl acetate extraction (4 × 50 mL). The organic fractions were then combined, dried 

(MgSO4), filtered and the solvent removed under reduced pressure to provide a green 

residue. This crude extract was analyzed via 1H NMR spectroscopy (acetone-d6). 

 

4.3.3. PHWE of Individual Samples (A4 – J4)  

Each individual sample (A4–J4) was extracted using PHWE, by an analogous method and 

on the same scale as described in Section 4.3.1. The ensuing PHWE mixture was 

extracted with heptane (4 × 50 mL). The organic fractions were then combined, dried 

(MgSO4) and filtered. 1,3,5-trimethoxybenzene (internal standard, 5.00 mL of a 0.0213 

M EtOH solution) was added and the solvent removed under reduced pressure to 

provide a green residue. The 1H NMR spectrum (CDCl3) of the crude extract enabled the 

yield of polygodial (1) to be determined. The ratio of polygodial (1) was determined by 

the averaged integration of the two aldehyde signals (9.53 & 9.45 ppm) relative to the 

singlet (6.08 ppm) corresponding to the methine signal of 1,3,5-trimethoxybenzene. This 

extraction process and analysis was conducted for each of the ten samples, with yield 

ranges and averages summarized in Table 1. See Supporting Information Table S2 for the 

yields for individuals within each population. 
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4.4 Extraction of T. lanceolata: Cradle Mountain (Site 1) 

4.4.1. PHWE of Bulk Site Sample. Fresh leaves collected from Cradle Mountain 

(mentioned in Section 4.2) were air-dried at room temperature for 7 days. Following this 

period, dried T. lanceolata leaves (1.5 g) from each of the ten specimens (A1–J1) were 

then coarsely ground in a spice grinder, combined (total of 15 g leaf material from all ten 

specimens) and mixed with sand (4 g), placed into the portafilter (sample compartment) 

of an espresso machine and extracted using 35% v/v EtOH/ H2O (200 mL of a hot 

solution). The ensuing extract was then concentrated under reduced pressure on a 

rotary evaporator to ~125 mL to remove EtOH (no heating was applied during this 

process). The ensuing PHWE mixture was extracted with heptane (4 × 50 mL). The 

organic fractions were then combined, dried (MgSO4), filtered and the solvent removed 

under reduced pressure to provide a green residue (79.4 mg). Analysis via 1H NMR 

spectroscopy and TLC supported the presence of polygodial (1) as the single major 

drimane sesquiterpenoid compound.  

4.4.2. Ethyl Acetate Extraction of Bulk Population Sample 

Following the heptane solvent extraction, the remaining aqueous layer was extracted 

with ethyl acetate and 1H NMR spectroscopic analysis was performed as described in 

4.3.2. 

 

4.4.3. PHWE of Individual Samples (A1–J1)  

Following the bulk extraction, each individual sample (A1–J1) was extracted in an 

identical method and quantities to that described in Section 4.3.3. The ensuing PHWE 

mixture was extracted with heptane (4 × 50 mL). The organic fractions were then 

combined, dried (MgSO4) and filtered. 1,3,5-trimethoxybenzene (internal standard, 5.00 

mL of a 0.0213M solution in EtOH) was added and the solvent removed under reduced 

pressure to provide a green residue. 
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 The 1H NMR spectrum (CDCl3) of the crude extract thus enabled the yield of polygodial 

to be determined. The ratio of polygodial (1) : 1,3,5-trimethoxybenzene standard was 

determined by the averaged integration of the two polygodial aldehyde signals (9.53 & 

9.45 ppm) relative to the singlet (6.08 ppm) corresponding to the methine signal of 1,3,5-

trimethoxybenzene. This extraction process and analysis was conducted for each of the 

ten samples, and summarized in Table 1. See Supporting Information Table S2 for the 

yields for individuals within each population. 

 

4.5. Extraction of T. lanceolata: Mt. Field (Site 2) 

4.5.1. PHWE of Bulk Sample. Fresh leaves collected from Mt. Field (mentioned in Section 

4.2) were air-dried at room temperature for 7 days. Following this period, a portion the 

dried T. lanceolata leaves (1.5 g) from each of the nine specimens (A2–I2) were then 

coarsely ground in a spice grinder, combined together (total of 13.5 g leaf material from 

all specimens) and mixed with sand (4 g), placed into the portafilter (sample 

compartment) of an espresso machine and extracted using 35% v/v EtOH/ H2O (200 mL 

of hot solution). The ensuing extract was then concentrated under reduced pressure on 

a rotary evaporator to ~ 125 mL to remove EtOH (no heating was applied during this 

process). The ensuing PHWE mixture was extracted with heptane (4 × 50 mL). The 

organic fractions were then combined, dried (MgSO4), filtered and the solvent removed 

under reduced pressure to provide a green residue (42 mg). Analysis via 1H NMR 

spectroscopy and TLC of the crude extract indicated the presence of a major compound 

that was not previously observed within T. lanceolata extracts, so the crude extract (42 

mg) was purified by automated flash column chromatography (0–40% ethyl acetate/ 

hexanes; 14 min; 4g silica cartridge), to afford 1β-acetoxy-9-deoxyisomuzigadial (6) as 

the major compound as a pale green film (10.3 mg, 0.067% w/w), and 3β-

acetoxydrimenin (11) as a minor component (3.4 mg, 0.023% w/w) as colorless crystals, 

with both supported by 1H and 13C NMR spectroscopic data. 

1β-Acetoxy-9-deoxyisomuzigadial (6). [α]22 –31.4 (c 0.47, CHCl3); 1H  NMR (600 MHz, 
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CDCl3) δ 9.88 (d, J = 2.7 Hz, 1H), 9.39 (s, 1H), 7.09 (apparent m, 1H), 4.89 (d, J = 10.4, 6.2 

Hz, 1H), 3.32 (apparent m, 1H), 2.68–2.71 (m, 1H), 2.39 (dd, J = 16.7, 5.8 Hz, 1H), 2.22 (br 

s, 1.3H), 2.17–2.19 (m, 0.7H), 2.08 (s, 3H), 2.01–2.06 (m, 1H), 1.63 (s, 3H), 1.61 (s, 3H), 

1.55 (br s, 2.5H, residual H2O signal), 0.88 (s, 3H) ppm; 13C NMR (150 MHz, CDCl3) δ 199.9, 

192.6, 170.4, 152.2, 140.8, 125.1, 124.3, 77.4, 55.9, 45.0, 40.3, 34.7, 26.6, 21.5, 19.0, 

15.4, 9.6 ppm; HRESIMS m/z [M + Na]+ calcd for C17H22O4Na 313.1416, found 313.1245.  

3β-Acetoxydrimenin (11). [α]22 –7.0 (c 0.15, CHCl3), lit. [α]20 –7.0 (c 0.9, CHCl3) (Sierra et 

al. 1986); m.p. 144–147 °C (lit. 173–174 °C); 1H NMR (600 MHz, CDCl3) δ 5.75 (br s, 1H), 

4.65–4.71 (m, 2H), 4.57 (dd, J = 11.5, 4.2 Hz, 1H), 2.77 (br s, 1H), 2.55 (dt, J = 14.2, 3.4 

Hz, 1H), 2.20–2.23 (m, 1H), 2.09–2.11 (m, 1H), 2.07 (s, 3H), 1.73–1.76 (m, 1H), 1.63–1.70 

(m, 1H), 1.55 (br s, 2.8H, residual H2O signal), 1.44 (apparent td, J = 13.0, 3.7 Hz, 2H), 

0.97 (s, 3H), 0.89 (d, J = 3.8 Hz, 6H) ppm; 13C NMR (150 MHz, CDCl3) δ ppm 174.9, 170.8, 

129.8, 120.8, 80.3, 69.9, 53.6, 49.2, 37.9, 36.0, 33.9, 27.7, 23.6, 23.0, 21.3, 15.9, 14.0 

ppm; see Supporting Information for X-ray crystallographic data. 

4.5.2. Ethyl Acetate Extraction of Bulk Population Sample & Purification 

Following the heptane solvent extraction, the remaining aqueous layer was subjected to 

an ethyl acetate extraction, evaporated to dryness and subjected to 1H NMR 

spectroscopic analysis identical to that described in 4.3.2. The resulting crude ethyl 

acetate extract (674 mg) was adsorbed onto silica gel and purified by automated flash 

chromatography (0–20% methanol/ ethyl acetate; 14 min; 12g silica cartridge), to afford 

chlorogenic acid (23) as the major component in small colorless needles, and as an 

amorphous beige solid (216 mg, 1.4% w/w).  

 

Chlorogenic acid (23). [α]22 –18.8 (c 1.02, MeOH), lit. [α]20 –44 (c 1.4, MeOH) (Lavault 

and Richomme 2004); 1H NMR (600 MHz, acetone-d6) δ 7.57 (d, J = 16 Hz, 1H), 7.16 (d, J 

= 1.9 Hz, 1H), 7.04 (dd, J = 8.1, 1.9 Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.28 (d, J = 16 Hz, 1H), 

5.39–5.43 (m, 1H), 4.27–4.28 (m, 1H), 3.80 (dd, J = 9, 3 Hz, 1H), 2.26–2.30 (m, 1H), 2.10–

2.20 (m, 2H), 2.02–2.05 (m, 1H)  ppm; 13C NMR (150 MHz, acetone-d6) 174.4., 166.4, 
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147.9, 145.4, 145.0, 126.8, 121.7, 115.5, 115.0, 114.4, 75.4, 72.7, 70.7, 70.5, 38.2, 37.0 

ppm. See Supporting Information for X-ray crystallographic data for chlorogenic acid 

(23). 

 

4.5.3. PHWE of Individual Samples (A2–I2)  

Following the bulk extraction, each individual sample (A2–I2) was extracted in an 

identical method and quantities to that described in Section 4.3.3. The ensuing PHWE 

mixture was extracted with heptane (4 × 50 mL). The organic fractions were then 

combined, dried (MgSO4) and filtered. 1,3,5-trimethoxybenzene (internal standard, 5.00 

mL of a 0.0213M solution in EtOH) was added and the solvent removed under reduced 

pressure to provide a green residue. The yield of the major component 1β-acetoxy-9-

deoxyisomuzigadial (6) was determined via 1H NMR spectroscopic analysis (CDCl3) of the 

crude heptane extracts. The ratio of 1β-acetoxy-9-deoxyisomuzigadial (6) was 

determined by the averaged integration of the two aldehyde signals (9.39 & 9.87 ppm) 

relative to the singlet (6.08 ppm) corresponding to the methine signal of 1,3,5-

trimethoxybenzene. This extraction process and analysis was conducted for each of the 

ten samples, and summarized in Table 1. See Supporting Information Table S2 for the 

yields for individuals within each population. 

 

4.6. Extraction of T. lanceolata: Mt. Wellington – Subalpine Woodland (Site 3) 

4.6.1. PHWE of Individual Samples (A3–K3)  

Fresh leaves collected from Mt. Wellington (mentioned in Section 4.2) were air-dried at 

room temperature for 7 days. Following this period, a portion of the dried T. lanceolata 

leaves (1.5 g) from each of the eleven specimens (A3–K3) were then coarsely ground in 

a spice grinder, combined (total of 16.5 g leaf material from all eleven specimens) and 

mixed with sand (4 g), placed into the portafilter (sample compartment) of an espresso 

machine and extracted using 35% v/v EtOH/ H2O (200 mL of a hot solution). The ensuing 

extract was then concentrated under reduced pressure on a rotary evaporator to ~125 

mL to remove EtOH (no heating was applied during this process). The ensuing PHWE 
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mixture was extracted with heptane (4 × 50 mL). The organic fractions were then 

combined, dried (MgSO4), filtered and the solvent removed under reduced pressure to 

provide a green residue (100 mg). Analysis via 1H NMR spectroscopy and TLC analysis of 

the crude extract indicated the presence of 1β-acetoxy-9-deoxyisomuzigadial (6) as the 

major compound, in addition to a mixture of minor components, so the crude extract 

(100 mg) was purified by automated flash chromatography (0–40% ethyl acetate/ 

hexanes; 7 min; 4g silica cartridge), to afford 1β-acetoxy-9-deoxyisomuzigadial (6) as the 

major compound (12.0 mg, 0.073% w/w), and 3β-acetoxydrimenin (11) as a minor 

component (9.3 mg, 0.056% w/w), as supported by 1H and 13C NMR spectroscopy. 

4.6.2. Ethyl Acetate Extraction of Bulk Population Sample 

Following the heptane solvent extraction, the remaining aqueous layer was extracted 

with ethyl acetate and 1H NMR spectroscopic analysis was performed as described in 

4.3.2. 

4.6.3. PHWE of Individual Samples (A3 – K3)  

Following the bulk extraction, each individual sample (A3–K3) was extracted in an 

identical method and quantities to that described in Section 4.3.3. The ensuing PHWE 

mixture was extracted with heptane (4 × 50 mL). The organic fractions were then 

combined, dried (MgSO4) and filtered. 1,3,5-trimethoxybenzene (internal standard, 5.00 

mL of a 0.0213M solution in EtOH) was added and the solvent removed under reduced 

pressure to provide a green residue. The yield of 1β-acetoxy-9-deoxyisomuzigadial (6) 

was determined by 1H NMR spectroscopic analysis via by the ratio of the averaged 

integration of the two aldehyde signals (9.39 & 9.87 ppm) relative to the integration of 

the singlet (6.08 ppm) corresponding to the methine signal of 1,3,5-trimethoxybenzene. 

This extraction process and analysis was conducted for each of the eleven samples, and 

with 1H NMR yield ranges summarized in Table 1. See Supporting Information (Table S2) 

for the yields for individuals within each population.  

 

4.6. PHWE of Commercial T. lanceolata  
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4.6.1. Bronzewing Farm 

Fresh leaves from two separate clonal female T. lanceolata populations (“A” and “B”) 

were collected from a commercial farm. The leaves were air dried for 1 week, after which 

the dried T. lanceolata leaves (15 g) were coarsely ground in a spice grinder, mixed with 

sand (4 g), and were extracted in an identical method to that described in Section 4.3. 

The ensuing PHWE extracts were then treated to the identical extraction method 

described in Section 4.3.1. The internal standard 1,3,5-trimethoxybenzene (5.00 mL of a 

0.0213M solution in EtOH) was added and the solvent removed under reduced pressure 

to provide a green residue. Analysis of the crude extract via 1H NMR spectrum (CDCl3) 

indicated that polygodial (1) was the major component, with the yield of polygodial (1) 

determined by the averaged integration of the two aldehyde methine signals (9.53 & 

9.45 ppm) relative to the singlet (6.08 ppm) corresponding to the methine signal of 1,3,5-

trimethoxybenzene. This process was conducted for each population respectively, with 

the yield data summarized in Table 1. Following the heptane solvent extraction, the 

remaining aqueous layer was extracted with ethyl acetate and 1H NMR spectroscopic 

analysis was performed as described in 4.3.2. 

 

4.6.2. Diemen Pepper 

Pre-prepared dried and ground T. lanceolata leaves (15 g) were mixed with sand (4g) 

and extracted via PHWE, heptane solvent extracted and analyzed in an identical method 

to that described in section 4.6.1. 1H NMR yields are summarized in Table 1. Following 

the heptane solvent extraction, the remaining aqueous layer was extracted with ethyl 

acetate and 1H NMR spectroscopic analysis was performed as described in 4.3.2. 

 

4.7. GC-MS Analysis of Samples 

Analysis of purified isolated compounds from T. lanceolata specimens (supported by 1H 

and 13C NMR), including compounds isolated from previous studies (Deans et al. 2015; 

Just et al. 2015) were conducted via GC-MS, for qualitative analysis of crude T. lanceolata 
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heptane and ethyl acetate extracts from each population. The following retention times 

were determined: polygodial (1) (34.869 min); 1β-acetoxy-9-deoxyisomuzigadial (6) 

(40.658 min); 3β-acetoxydrimenin (11) (40.495 min); 1β-acetoxypolygodial (9) (40.300 

min). Compound retention times, in addition to m/z ratios and fragmentation patterns, 

were used to determine the presence or absence of compounds within the complex 

organic extracts from the populations (see Supporting Information). 

 

4.8. X-Ray Crystallography Analysis 

X-ray crystallographic data for the structural determination of compound 11 was 

collected on the MX1 beamline of the Australian Synchrotron (Cowieson et al. 2015; 

McPhillips et al. 2002) with silicon double crystal monochromated radiation (λ = 0.71073 

Å). X-ray crystallographic data for the structural determination of compound 23 was 

recorded at 150 K with monochromated Cu Ka radiation (λ = 1.54178 Å) from an Incoatec 

IµS Cu microsource on a Bruker D8 Quest, equipped with a PHOTON 100 CMOS detector. 

The structures were solved by intrinsic phasing methods with SHELXT (Sheldrick 2015a) 

and refined with SHELXL (Sheldrick 2015b) in OLEX2 (Dolomanov et al. 2009). Non-

hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen 

atoms were visible in the diffraction map, but were included at calculated positions and 

ride on the atoms to which they are attached. The refined Flack parameter (Flack 1983) 

for compound 11 was inadequate to confidently assign absolute configuration of the 

stereogenic carbon atoms, and prompted further analysis using the likelihood method 

(Hooft et al. 2008). Analysis of the Bayesian statistics of the Bijvoet pairs was performed 

in PLATON (Spek 2009), which indicated the correct assignment of the absolute structure 

(see supporting information). Molecular graphics were produced with OLEX2 

(Dolomanov et al 2009). Crystallographic data have been deposited with the Cambridge 

Crystallographic Data Centre (1908879 and 1908880). 

  

5. Acknowledgements 

 



 145 

The authors gratefully acknowledge the University of Tasmania School of Natural 

Sciences – Chemistry and the Commonwealth Scientific and Industrial Research 

Organisation (CSIRO) for financial support, the Central Science Laboratory at the 

University of Tasmania for access to NMR spectroscopy services, Miguel de Salas from 

the Tasmanian Herbarium (Tasmanian Museum and Art Gallery) for the preparation of 

voucher specimens, both Bronzewing Farm and Diemen Pepper for the generous 

donations of commercial T. lanceolata leaf material, and MEGA for provision of a GC 

column. This research was undertaken in part on the MX1 beamline at the Australian 

Synchrotron, part of ANSTO. B.J.D and J.J thank the Australian Government for 

Research Training Program Scholarships, and B.J.D thanks the Tasmanian Museum and 

Art Gallery for the 2017 Wilson Bequest Bursary.  

 

6. References  

 

Al-Said, M. S., El-Khawaja, S. M., El-Feraly, F. S., Hufford, C. D., 1990. 9-Deoxy drimane 

sesquiterpenes from Canella winterana. Phytochem., 29, 975–977. 

 

APG IV, 2016. An update of the Angiosperm Phylogeny Group classification for the 

orders and families of flowering plants: APG IV. Bot. J. Linn. Soc., 181, 1–20. 

 

Barnes, R. W., Jordan. G. J., Hill, R. S., McCoull, C. J., 2000. A common boundary 

between distinct northern and southern morphotypes in two unrelated Tasmanian 

rainforest species. Aust. J. Bot., 48, 481–491.  

 

Cock, I. E., 2013. The phytochemistry and chemotherapeutic potential of Tasmannia 

lanceolata (Tasmanian pepper): A review. Pharmacogn. Commun., 3, 1–13. 

 

Cowieson, N. P., Aragao, D., Clift, M., Ericsson, D. J., Gee, C., Harrop, S.J., Mudie, N., 

Panjikar, S., Price, J. R., Riboldi-Tunnicliffe, A., Williamson R., Caradoc-Davies T., 2015. 



 146 

MX1: a bending-magnet crystallography beamline serving both chemical and 

macromolecular crystallography communities at the Australian Synchrotron. J. 

Synchrotron Rad., 22, 187–190. 

 

Deans, B. J., Bissember, A. C., Smith, J. A., 2016. Practical isolation of asperuloside from 

Coprosma quadrifida via rapid pressurised hot water extraction. Aust. J. Chem., 69, 

1219–1222. 

 

Deans, B.J., Just, J., Chhetri, J., Burt, L. K., Smith, J. N., Kilah, N. L., de Salas, M., Gueven, 

N., Bissember, A. C., Smith, J. A., 2017. Pressurized hot water extraction as a viable 

bioprospecting tool: isolation of coumarin natural products from previously unexamined 

Correa (Rutaceae) species. ChemistrySelect, 2, 2439–2443.  

 

Deans, B.J., Kilah, N.L., Jordan, G.J., Bissember, A.C., Smith, J.A., 2018a. Arbutin 

derivatives isolated from ancient Proteaceae: potential phytochemical markers present 

in Bellendena, Cenarrhenes and Persoonia genera. J. Nat. Prod. 81, 1241–1251. 

 

Deans, B. J., Tedone, L., Bissember, A. C., Smith, J. A., 2018b. Phytochemical profile of 

the rare, ancient clone Lomatia tasmanica and comparison to other endemic Tasmanian 

species L. tinctoria and L. polymorpha. Phytochem., 153, 74–78.  

 

Deans, B. J., Skierka, B. E., Karagiannakis, B. W., Vuong, D., Lacey, E., Smith, J. A., 

Bissember, A. C., 2018c. Siliquapyranone: a tannic acid tetrahydropyran-2-one isolated 

from the leaves of carob (Ceratonia siliqua) by pressurised hot water extraction. Aust. J. 

Chem., 71, 702–707. 

 

Deans, R. M., Gardiner, M. G., Horne, J., Hung, A. C., Hyland, C. J. T., Just, J., J. A. Smith, 

Yin, J., 2014. Isolation and characterization of 1β-Acetoxypolygodial from Tasmannia 

lanceolata. Asian J. Org. Chem., 3, 1193–1196. 



 147 

 

Doyle, J. A., 2000. Paleobotany, relationships, and geographic history of Winteraceae. 

Ann. Mo. Bot. Gard., 87, 303–316. 

 

Dolomanov, O. V., Bourhis, L. J., Gildea, R.J., Howard, J. A. K., Puschmann, H., 2009. 

OLEX2: a complete structure solution, refinement and analysis program. J. Appl. Cryst., 

42, 339–341. 

 

Flack, H. D., 1983. On enantiomorph-polarity estimation. Acta Cryst., A39, 876–881. 

 

Franks, S. J., Weber, J. J., Aitken, S. N., 2014. Evolutionary and plastic responses to 

climate change in terrestrial plant populations. Evolutionary Applications, 7, 123–139. 

 

Gratani, L., 2014. Plant phenotypic plasticity in response to environmental factors. 

Advances in Botany, vol. 2014, 17 pages, 2014. doi.: 10.1155/2014/208747. 

 

Han, T., Li, H., Zhang, Q., Zheng, H., Qin, L., 2006. New thiazinediones and other 

components from Xanthium strumarium. Chem. Nat. Compd., 42, 567–570.  

 

Hooft, R. W. W., Straver, L. H., Spek, A. L., 2008. Determination of absolute structure 

using Bayesian statistics on Bijvoet differences. J. Appl. Cryst., 41, 96–103. 

 

Jansen, B. M. J., de Groot, A., 2004. Occurrence, biological activity and synthesis of 

drimane sesquiterpenoids. Nat. Prod. Rep., 21, 449–477.  

 

Just J., Deans, B. J., Olivier, W. J., Paull, B., Bissember, A. C., Smith, J. A., 2015a. New 

method for the rapid extraction of natural products: efficient isolation of shikimic acid 

from star anise. Org. Lett., 17, 2428–2430. 

 



 148 

Just, J., Jordan, T.B., Paull, B., Bissember, A.C., Smith, J.A., 2015b. Practical isolation of 

polygodial from Tasmannia lanceolata: a viable scaffold for synthesis. Org. Biomol. 

Chem. 13, 11200–11207.  

 

Just, J., Bunton, G. L., Deans, B. J., Murray, N. L., Bissember, A. C., Smith, J. A, 

2016. Extraction of eugenol from cloves using an unmodified household espresso 

machine: an alternative to traditional steam-distillation. J. Chem. Educ., 93, 213–216. 

 

Lavault, M., Richomme, P., 2004. Constituents of Helichrysum stoechas variety 

olonnense. Chemistry of Natural Compounds, 40, 118–121. 

 

Mathie, K., Lainer, J., Spreng, S., Dawid, C., Andersson, D. A., Bevan, S., Hofmann, T., 

2017. Structure−pungency relationships and TRP channel activation of drimane 

sesquiterpenes in Tasmanian pepper (Tasmannia lanceolata). J. Agric. Food Chem., 65, 

5700−5712.  

 

McPhillips, T. M., McPhillips, S. E., Chiu, H. J., Cohen A. E., Deacon, A. M., Ellis, P. J., 

Garman, E., Gonzalez, A., Sauter, N.K., Phizackerley, R.P., Soltis, S.M., Kuhn, P., 2002. J. 

Synchrotron Rad., 9, 401–406. 

 

O'Reilly-Wapstra, J. M., McArthur C., Potts B. M., 2004. Linking plant genotype, plant 

defensive chemistry and mammal browsing in a Eucalyptus species. Functional Ecology, 

18, 677–684. 

 

Perry, N. B., Foster, L. M., Lorimer, S. D., 1996. Infraspecific variation of insecticidal 

sequiterpene dialdehydes in Pseudowintera colorata.  Phytochem., 43, 1201–1203. 

 

Read, C., Menary, R., 2000. Analysis of the contents of oil cells in Tasmannia lanceolata 

(Poir.) A. C. Smith (Winteraceae). Annals of Botany, 86, 1193−1197. 



 149 

 

Sato, Y., Itagaki, S., Kurokawa, T., Ogura, J., Kobayashi, M., Hirano, T., Sugawara, M., Iseki, 

K., 2011. In vitro and in vivo antioxidant properties of chlorogenic acid and caffeic acid. 

Int. J. Pharm., 403, 136–138. 

 

Shahidi, F., Chandrasekara, A., 2010. Hydroxycinnamates and their in vitro and in vivo 

antioxidant activities. Phytochem. Rev., 9, 147–170. 

 

Sheldrick, G. M., 2015a. SHELXT – Integrated space-group and crystal-structure 

determination Acta Cryst. A71, 3–8. 

 

Sheldrick, G. M., 2015b. Crystal structure refinement with SHELXL. Acta Cryst. C71, 3–8. 

 

Sierra, J. R., López, J. T., Cortés, M. J., 1985. (−)-3β-Acetoxydrimenin from the leaves of 

Drimys winteri. Phytochem., 25, 253–254. 

 

Spek, A. L., 2009. Structure validation in chemical crystallography. Acta Cryst., D65, 

148–155. 

 

Swarts, H. J., Verstegen-Haaksma, A. A., Jansen, B. J. M., de Groot, A., 1994. Total 

synthesis of drimane sesquiterpenes from S-(+)-carvone (part 5). Tetrahedron, 50, 

10083–10094. 

 

Thomas, D. A., Barber, H. N., 1974. Studies on leaf characteristics of a cline of 

Eucalyptus urnigera from Mount Wellington, Tasmania. II. Water repellency and the 

freezing of leaves. Aust. J. Bot., 22, 501–512. 

 



 150 

Thomas, N., Bruhl J. J., Ford A., Weston P. H., 2014. Molecular dating of Winteraceae 

reveals a complex biogeographical history involving both ancient Gondwanan vicariance 

and long-distance dispersal. J. Biogeogr., 41, 894–904. 

 

Thompson, J., Charpentier, A., Bouguet, G., Charmasson, F., Roset, S., Buatois, B., 

Vernet, P., Gouyone, P.-H., 2013. Evolution of a genetic polymorphism with climate 

change in a Mediterranean landscape. PNAS, 110, 2893–2897. 

 

Wang, H., Nair, M. G., Strasburg, G. M., Booren, A. M., Gray, J. I., 1999. Antioxidant 

polyphenols from tart cherries (Prunus cerasus). J. Agric. Food Chem. 47, 840–844.  

 

Wayman K. A., de Lange P. J., Larsen, L., Sansom C.E., Perry N. B., 2010. 

Chemotaxonomy of Pseudowintera: sesquiterpene dialdehyde variants are species 

markers. Phytochem., 71, 766–772.  

 

Worth, J. R. P., Jordan, G. J., Marthick, J. R., McKinnon, G. E., Vaillancourt, R. E., 2010. 

Chloroplast evidence for geographic stasis of the Australian bird-dispersed shrub 

Tasmannia lanceolata (Winteraceae). Mol. Ecol., 19, 2949–2963. 

 

Wright, I. J., Dong, N., Maire, V., Prentice, I. C., Westoby, M., Diaz, S., Gallagher, R. V., 

Jacobs, B. F., Kooyman, R., Law, E.A., Leishman, M. R., Niinemets, U., Reich, P. B., Sack, 

L., Villar, R., Wang, H., Wilf, P., 2017. Global climatic drivers of leaf size. Science, 357, 

917–921.  

 



 151 

Chapter 4.5. Pressurised Hot Water Extraction and Isolation Studies of Native 

Australian Myoporum montanum R. Br. (Myoporaceae) 

 

Introduction 

Members of the Myoporaceae family, including Myoporum and Eremophila spp., 

are highly valued from an ethnopharmacological perspective. Both genera 

represent plants of rich cultural significance that have also featured in traditional 

medicinal practices (Appetiti 2005). In recent years, growing concern of toxicity of 

the phytochemical constituents of Myoporum spp. towards livestock has been 

raised. This has prompted extensive phytochemical studies as well as 

pharmacological testing of isolated natural products to better understand the 

toxicity of Myoporum species (Blackburne et al. 1971; Métra & Sutherland 1983; 

Grant et al. 1985; Sutherland & Rodwell 1989; Zaleta-Pinet et al. 2016). From 

these investigations, furanosesquiterpenoids were identified as key constituents 

of the Myoporum species, and hence were suspected to be the active toxic 

components. Specifically, furanosesquiterpenoids 1–7 were isolated from the 

leaves of the Western Australian species M. montanum R. Br. (Figure 1) 

(Sutherland & Rodwell 1989; Carman et. al 1999). Biosynthetically, it is proposed 

that these sesquiterpenoids originate from the aldol condensation of myoporone 

(7) (Blackburne et al. 1971; Carman et. al 1999).  

 
 

Figure 1. Furanosesquitepenoids 1–6 isolated from the leaves of M. montanum and proposed 

biosynthetic precursor, myoporone (7). 
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The furanosesquiterpenoid natural products previously isolated from 

Myoporaceae spp. in the abovementioned studies are most commonly obtained 

via traditional extraction methods, including steam distillation and maceration 

with organic solvents. This study sought to apply a recently developed pressurised 

hot water extraction (PHWE) (Just et al. 2015a; Just et al. 2015b; Just et al. 2016; 

Deans et al. 2016;Deans et al. 2017; Deans et al. 2018a; Deans et al. 2018c; Ho et. 

al 2018) method for the extraction of M. montanum, and isolation and analysis of 

its phytochemical components. 

 

Results and Discussion  

Dried M. montanum leaves (20 g) were extracted via the PHWE method, with the 

crude extract subjected to liquid-liquid extraction with heptane (3 × 50 mL) to 

provide the crude Extract A. The remaining aqueous mixture was extracted with 

EtOAc (3 × 60 mL) to provide the crude Extract B. The remaining aqueous extract 

was concentrated to afford Extract C.  

 

Heptane extract (Extract A) 
1H NMR spectroscopic analysis (CDCl3) and TLC analysis of the crude Extract A were 

consistent with the presence of two major components. Following flash column 

chromatography  myomontanone (4) (343 mg; 1.71% w/w yield), and Perillup 

ketol (3) (80.3 mg; 0.40% w/w yield) were isolated. Both natural products have 

been isolated previously from M. montanum (Métra & Sutherland 1983; 

Sutherland & Rodwell 1989). The respective structures of myomontanone (4) and 

Perillup ketol (3) were assigned after analysis by 1D (1H, 13C) and 2D (HSQC, COSY, 

HMBC) NMR spectroscopy. 

 

Both 1D (1H and 13C) and 2D (HSQC, COSY, HMBC) NMR spectroscopic data of 

myomontanone (4) were consistent with literature values (Métra & Sutherland 

1983). Several key features within the 1H NMR data supported the proposed 

structure of furanosesquiterpenoid 4. This included the presence of three finely-

coupled methine resonances (δH 7.88, 7.41 and 6.77 ppm) consistent with a 5-
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substituted furan moiety; the presence of 3 methyl signals: 2 non-equivalent 

methyl signals (δH 0.84 and 0.82 ppm); and a partially deshielded methyl 

resonance (δH 1.08 ppm, H3-14). The 13C NMR spectrum displayed a δC 189.4 (C-4) 

quaternary carbonyl signal consistent with a ketone moiety, and the presence of 

quaternary resonances δC 152.9 (C-5) and 136.3 (C-9) supported an unsaturated 

ring system. These data were in agreement with the literature (Métra & 

Sutherland 1983).  

Key 2D NMR spectroscopic data (COSY, HMBC) provided clear evidence for 

myomontanone (4), as opposed to the isomeric ketone myodesmone (8), which 

was previously isolated from related Western Australian Myoporum species (M. 

deserti and M. acuminatum) (Figure 2). The latter compound features a methyl 

substitution at the C-8 position (Blackburne et al. 1971). The location of the methyl 

group at the C-7 position within the cyclopentane ring was supported by observed 

COSY correlations (Figure 3a), including 3J correlations between δH 1.08 ppm (H3-

14) methyl signal and δH 2.41 (H-7) methine resonance, in addition to correlations 

from this H-7 methine signal towards two distinct sets of methylene resonances 

{δH 2.12/2.64 (H-6) and δH 2.93/2.42 (H-8)}. These data were consistent with 

literature (Métra & Sutherland 1983). The distinct lack of COSY cross-peaks 

between the 2 methylene sets (H-6 and H-8) supported a C-7 methyl group, and 

hence identity of myomontanone (4). Examination of the HMBC 2D NMR 

spectroscopic data provided additional support for the structural elucidation of 

(4), with these depicted in Figure 3b.  

 

 
Figure 2. Furanosesquitepenoid myodesmone (8), previously isolated from the leaves of M. deserti 

and M. acuminatum, and the structural isomer of myomontanone (4). 

 

O

O

8
myodesmone



 154 

 

 

Figure 3. (a) Key COSY, and (b) HMBC 2D NMR spectroscopic correlations observed for 

myomontanone (4).  

 

In the present study, the absolute stereochemistry for myomontanone (4) was 

unable to be assigned in lieu of optical rotation data or X-ray diffraction data. 

However, as the plant material from which the first reported isolation of 

myomontanone 4 was suspected to be M. montanum (“Australian shrub 

Myoporum montanum(?) (Myoporaceae family)” according to the authors (Métra 

& Sutherland 1983), this is likely to be the same species investigated within the 

present study. Hence, it is highly probable that myomontanone (4) isolated in the 

present study features stereochemistry consistent with the proposed (+)-(S)-

myomontanone (4) (Métra & Sutherland 1983).  

 

Both 1D and 2D NMR spectroscopic data for furanosesquiterpenoid 3 were 

consistent with that previously reported for Perillup ketol (3), a natural product 

isolated from a native Western Australian plant suspected to be M. montanum 

(Sutherland & Rodwell 1989). Following the isolation of Perillup ketol (3) and 

several other related sesquiterpenoids (Sutherland & Rodwell 1989), the original 

samples of compounds isolated in the 1989 study were reexamined. NMR 

spectroscopic analysis was performed in order to assign all signals, and determine 

spatial correlations via NOESY experiments. In addition, single-crystal X-ray 

crystallographic analysis allowed the assignment of absolute stereochemistry for 

compound 3, which was found to be in agreement with the NOESY data (Carman 

et. al 1999) and the aforementioned 1989 study by Sutherland and Rodwell 

(1989). In the present study, the structure Perillup ketol (3) was secured by single-

crystal X-ray diffraction analysis with absolute stereochemistry assigned. The 
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absolute stereochemistry was consistent that previously reported for Perillup 

ketol (Carman et al. 1999). 

 

The biological activity of furanosesquiterpenoid natural products isolated from 

Myoporaceae have attracted significant attention, particularly with regards to 

feedstock toxicity for livestock in Australia. Relative to other Myoporum 

furanosesquiterpenoids, myomontanone (4) is notable with respect to bioactivity. 

Specifically, at LD50 dosage compound 4 exhibits acute pneumotoxicity in mice 

models, as opposed to hepatotoxicity (Hrdlicka et al. 1985). Further examination 

of the bioactivity of myomontanone (4) via intraperitoneal injection of LD50 

dosages in mice revealed a mild oedemagenic response in the early stages of 

administration and minimal cell damage observed. However, this was followed by 

a delayed but acute injury to type I pneumocytes and the proliferation of type II 

cells, which represents a key indicator of significant cell damage (Hrdlicka et al. 

1990). The distinct pneumatoxicity of myomontanone (4) in comparison to other 

furanosesquiterpenoid natural products has been proposed to suggest different 

mechanisms of toxicity in a mammalian model (Hrdlicka et al. 1990). Hence, from 

a drug discovery standpoint the demonstrated biocompatibility of 

myomontanone (4) may suggest that this scaffold could represent a viable drug 

lead. No prior bioacivity data has been reported for Perillup ketol (3). In light of 

the distinctive bioactivity displayed by furanosesquiterpenoids found in 

Myoporaceae,(Hrdlicka et al. 1990; Richmond & Ghisalberti 1995; Zaleta-Pinet et 

al. 2016) such studies are certainly warranted.  

 

EtOAc extract (Extract B) 
1H NMR spectroscopic analysis (acetone-D6) and TLC analysis of crude Extract B 

were consistent with the presence of one major organic component. Following 

flash column chromatography verbascoside (9) (81 mg; 0.41% w/w yield) was 

isolated (Figure 4a). 1H and 13C NMR spectroscopic data were in agreement with 

previous reports of glycoside 9 (Sticher & Lahloub 1982). The structures of the 

sugar moieties and bond connections within glycoside 9 were elucidated primarily 

via key HSQC, COSY and HMBC experiments. Examination of the HMBC 2D NMR 
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spectroscopic data supported the identity of the isolated glycoside as 

verbascoside (see Figure 4b), rather than its isomer, isoverbascoside (10) (Figure 

5). Specifically, the observed HMBC correlation towards the δC 166.9 ppm 

quaternary carbonyl signal (C-9’”) from the δH 4.94 ppm methine resonance (H-

4’), as well as both δH 6.29 (d, J = 16 Hz, H-8’”) and 7.61 (d, J = 16 Hz, H-7’”) trans-

olefinic methine resonances (caffeoyl moiety) were consistent with verbascoside 

(9). These data supported the location of the ester linkage at the 4’ position within 

the D-glucose moiety. In contrast, isomer (10) features an ester connection via the 

6’-position of the glucose moiety. Reciprocated HMBC correlations observed 

between δH 3.84/ δC 80.3 (H/C-3’) and δH 5.21/ δC 101.6 (H/C-1”) D-rhamnose 

anomeric proton resonance supported the 3’–1” connection between the D-

glucose and L-rhamnose moieties within verbascoside (9). Further, HMBC cross-

peaks between the D-glucose anomeric resonance δH 4.39/ δC 102.8 (H/C-1’) and 

two sets of methylene signals {δH ~3.75/4.06 / δC 70.9 (C-8) and δH 2.79–3.85/ δC 

35.2 (C-7)} provided evidence for a connection between the C-1’ position of the 

D-glucose moiety and the 3, 4-dihydroxy-β-phenylethanol moiety. These 2D NMR 

correlations (HMBC, COSY) were consistent with reported data (Sticher & Lahloub 

1982).  

  

 

Figure 4. (a) Verbascoside (9) isolated from M. montanum, and (b) key HMBC correlations 

observed within glycoside 9.  
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Figure 5. Isoverbascoside (10), isomer of verbascoside (9), which has been previously isolated from 

Myoporum species.  

 

Both verbascoside (9) and isoverbascoside (10) have been isolated from the leaves 

Myoporum montioides via maceration (Kanemoto et al. 2008). In this study, the 

leaves (2.08 kg) were extracted via three successive week-long macerations using 

MeOH (1L) each time. The extract was concentrated and extracted with hexanes, 

EtOAc and 1-BuOH. Subjecting the 1-BuOH fraction to droplet counter current 

chromatography (DCCC) afforded verbascoside (9) (204.5 mg; 0.01% w/w yield), 

and isoverbascoside (10) (3.9 mg, 0.0002% w/w yield). In comparison, the PHWE 

method adopted in the current study represents a much more rapid protocol that 

significantly reduces organic solvent usage in the initial extraction process (using 

a predominately water-based solvent system) and provides verbascoside (0.41% 

w/w) in a significantly higher yield.  

 

Verbascoside (9) has been isolated from members of the genus Verbascum 

(Scrophulariaceae), including V. phlomoides (Hein 1959) and V. sinuatum (Scarpati 

and Delle 1963). Isoverbascoside (10) was also isolated from the latter species and 

was proposed to be an artefact of isolation. In addition, natural product 9 has 

been isolated from several Myoporum species, including from the leaves of the 

New Zealand species M. laetum (Lahloub et al. 2003) and the Japanese species M. 

bontiodes (Kanemoto et al. 2008). The biological activity displayed by 

verbascoside (9) has been extensively studied. Molecule 9 exhibits antioxidative 
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(Zhou & Zheng 1991; Xiong et al. 1996; Wong et al. 2001) and antiinflammatory 

(Schapoval et al. 1998), and heptatoprotective activity (Xiong et al. 1998). The 

antioxidative activity of verbascoside (9) prompted studies to investigate its 

efficacy to protect against Aβ-induced oxidative stress in brain cells, which is one 

of the proposed routes for the development of Alzheimer's disease. When 

administered to Aβ25–35-induced SH–SY5Y neuroblastoma cells, verbascoside (9) 

exhibited anti-apoptotic activity and neuroprotective effects against Aβ-induced 

cell injury (Wang et al. 2009). Verbascoside has exhibited suppressive effects on 

lung metastasis of B16 melanoma cells in mice (Ohno et al. 2002) and inhibition 

of tyrosinase, a key enzyme in the production of melanins (Karioti et al. 2007).  

 

Aqueous extract (Extract C) 
1H NMR spectroscopic analysis (CD3OD, D2O), and TLC analysis of the crude Extract 

C were consistent with the presence of one major organic component. This crude 

solid was triturated with propan-2-ol/EtOAc, filtered and concentrated to give a 

single product. Analysis of the ensuing solid residue by 1D (1H and 13C) and 2D 

(COSY) NMR spectroscopy (D2O) and single-crystal X-ray crystallography were 

consistent with mannitol (11) (Figure 6) (Bock et al. 1981). 

 

 
Figure 6. Mannitol (11) isolated from the aqueous extract of M. montanum leaves via PHWE.  

 

Applications: semi-synthesis 

The PHWE extraction of M. montanum has identified leaf material as an abundant 

source of the furanosesquiterpenoid natural products myomontanone (4) and 

Perillup ketol (3). These natural products feature scaffolds that may find use in 

semi-synthesis or as lead compounds or advanced precursors of molecules of 

therapeutic value. For example, myomontanone (4) features a molecular scaffold 

that could be readily utilised within natural product synthesis and medicinal 
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chemistry. For example, selective oxidation at the C-6 position the 3-

methylcyclopentene ring to form a 3-methylcyclopentanone would afford the 

natural product merrekentrone D (13), with only one reported isolation from 

Merremia kentrocaulos (Jenett-Siems et al. 2001). A synthetic route to 

merrekentrone D (13) has been reported (Eagan et al. 2015). The keys steps 

involved subjecting an unsymmetrical anhydride to a Wittig reaction to provide 

ester 12 in 37% yield. Merrekentrone D (13) was prepared from intermediate 12 

after conversion to the corresponding acid chloride and arylation (Figure 7). The 

authors noted that  considerable challenges were encountered with the Wittig 

reaction and this low-yielding transformation represented the most efficient 

route to the target (Eagan et al. 2015). 

 

 
Figure 7. Part of the synthetic route of the natural product merrekentrone D (13) from derivative 

12, proposed by Eagan and co-workers (2015). 

 

It is possible through the furanosesquiterpenoids isolated from M. montanum in 

this present study, these could facilitate the semi-synthesis of diverse natural 

products, including, but certainly not limited to merrekentrone D (13). 

 

Concluding Remarks & Future Applications 

 

The PHWE of M. montanum further demonstrates the suitability of this technique 

for the extraction and isolation of structurally-diverse natural products. This study 

identified M. montanum as a rich source of two known furanosesquiterpenoids of 

myomontanone (4) (1.71% w/w) and Perillup ketol (3) (0.40% w/w).  
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Plant material  

Fresh leaves were collected from a number of healthy mature specimens of 

Myoporum montanum from the University of Tasmanian Sandy Bay campus, 

Tasmania, in July 2017 (42.903263° S, 147.326021° E). A specimen of M. 

montanum was provided to the Tasmanian Herbarium, Tasmanian Museum and 

Art Gallery, and verified by Dr. Miguel de Salas (voucher number HO597487). The 

leaf material was dried in an oven maintained at 40 °C for 24 h prior to extraction.  

 

PHWE extraction 

Dried M. montanum leaf material (10.0 g) was finely ground with an automated 

spice grinder, mixed with sand (2 g), placed into the portafilter (sample 

compartment) of an unmodified espresso machine, and extracted using 35% v/v 

EtOH/H2O (200 mL of a hot solution). This extraction process was repeated with 

another dried M. montanum leaf sample (10.0 g; 20.0 g extracted in total). The 

ensuing extracts were combined, then concentrated under reduced pressure on a 

rotary evaporator to remove EtOH (45 °C bath temperature). The PHWE mixture 

was then extracted with heptane (3 × 50 mL), and the combined organic extracts 

were dried (MgSO4), filtered, and solvent concentrated under reduced pressure 

to provide a crude dark oil (687mg; Extract A). Crude Extract A was dissolved in 

hexanes, and subjected to purification via automated flash column 

chromatography (0–100% EtOAc/ hexanes; 12 g silica column), to afford the major 

component furanosesquiterpenoid myomontanone (4) as a fragrant pale-yellow 

oil (343 mg; 1.71% w/w yield), as well as Perillup ketol (3) (80.3 mg; 0.40% w/w 

yield) as colourless long needles. 

 

Following the above-mentioned heptane extraction (Extract A), the remaining 

aqueous phase was extracted with EtOAc (3 × 60 mL), and then the combined 

organic extracts were dried (MgSO4), filtered, and concentrated under reduced 

pressure to provide a crude pale-brown solid (267 mg; Extract B). Crude Extract B 

(267 mg) was adsorbed onto silica gel and subjected to automated flash column 

chromatography (0–40% MeOH/ CH2Cl2; 12 silica cartridge) to afford the major 
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component verbascoside (9) as a pale yellow amorphous solid (81 mg; 0.41% w/w 

yield).  

 

Following the above-mentioned EtOAc extraction (Extract B), the remaining 

aqueous phase was concentrated under reduced pressure (45 °C bath 

temperature) to provide a crude brown amorphous solid (7.6 g; Extract C). A solid-

liquid extraction was conducted of crude Extract C solid (100 mL of 20% propan-

2-ol/EtOAc solution). The ensuing mixture was swirled in a water bath maintained 

at 50 °C. After 1 h, the mixture was filtered, and concentrated under reduced 

pressure to afford a pale-yellow solid (152 mg). 1H NMR analysis (CD3OD) was 

consistent with the presence of one major organic component, which was 

identified as mannitol (11). The remaining crude solid was evaporated to dryness 

affording a flaky brown solid (7.5 g). Analysis by 1D and 2D NMR spectroscopy 

(D2O) supported the identity of the major organic aqueous component as 

mannitol (11). Preliminary single-crystal X-ray crystallographic data indicated a 

unit cell that matched that of mannitol (11).  

 

Myomontanone (4)  
1H NMR (600 MHz, CDCl3) δ 7.88 (dd, J = 1.4, 0.8 Hz, 1H 1H), 7.41 

(apparent t, J = 1.5 Hz, 1H), 6.77 (dd, J = 1.9, 0.8 Hz, 1H), 2.89–2.93 

(m, 1H), 2.60–2.65 (m, 1H), 2.36–2.42 (m, 2H), 2.18–2.25 (m, 2H), 

2.08–2.12 (m, 1H), 1.77–1.83 (m, 1H), 1.08 (d, J = 6.6 Hz, 3H), 0.84 

(d, J = 6.6 Hz, 3H), 0.82 (d, J = 6.6 Hz, 3H) ppm; 
13C NMR (150 MHz, CDCl3) δ 189.4, 152.9, 147.4, 143.6, 136.3, 

128.4, 109.5, 45.5, 43.7, 39.3, 31.5, 23.7, 22.7, 22.5, 21.1 ppm  
 

Perillup ketol (3)  
1H NMR (600 MHz, CDCl3) δ 8.10 (m, 1H), 7.42 (m, 1H), 6.79 (dd, J 

= 1.8, 0.6 Hz, 1H), 3.48 (dd, J = 9, 6 Hz, 1H), 2.25–2.30 (m, 1H), 

2.16–2.23 (m, 1H), 1.71–1.77 (m, 1H), 1.58–1.63 (m, 1H), 1.52 (dd, 

J =15, 5.6 Hz, 1H), 1.41 (dd, J =13, 7.8 Hz, 1H), 1.18 (ddd, J =15, 7, 
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0.9 Hz, 1H), 1.08 (d, J =6.6 Hz, 3H), 0.89 (d, J =6.6 Hz, 5H; overlapped signals with 

minor components), 0.87 (d, J =6.6 Hz, 3H) ppm; 
13C NMR (150 MHz, CDCl3) δ 196.0, 148.4, 144.1, 128.9, 108.9, 85.0, 61.1, 47.4, 

44.8, 35.0, 30.3, 24.7, 24.5, 24.2, 22.2 ppm. 
 

Verbascoside (9)  
1H NMR (600 MHz, CD3OD) δ 7.61 (d, J = 16 Hz, 1H), 7.07 

(d, J = 2 Hz, 1H), 6.97 (dd, J = 8, 2 Hz, 1H), 6.80 (d, J = 8 Hz, 

1H), 6.72 (d, J = 2 Hz, 1H), 6.70 (d, J = 8 Hz, 1H), 6.59 (dd, 

J = 8, 2 Hz, 1H), 6.29 (d, J = 16 Hz, 1H), 5.21 (d, J = 1.5 Hz, 

1H), 4.94 (apparent t, J = 9.2 Hz, 1H), 4.39 (d, J = 8 Hz, 1H), 

4.05–4.09 (m, 1H), 3.94 (apparent dd, J = 3.2, 1.8 Hz, 1H), 

3.84 (t, J = 9 Hz, 1H), 3.72–3.77 (m, 1H), 3.62–3.66 (m, 

1H), 3.53–3.61 (m, 4H), 3.41 (apparent dd, J = 9, 8 Hz, 1H), 

3.30–3.31 (m, 1H), 2.79–3.85 (m, 2H), 1.10 (d, J = 6 Hz, 3H) ppm;  
13C NMR (150 MHz, CD3OD) δ 166.9, 148.4, 146.6, 145.4, 144.7, 143.3, 130.1, 

126.3, 121.8, 119.9, 115.7, 115.1, 114.9, 113.9, 113.3, 102.8, 101.6, 80.3, 74.8, 

74.6, 72.4, 71.0, 70.9, 70.7, 69.2, 69.0, 61.0, 35.2, 17.1 ppm. 
 

Mannitol (11)  
1H NMR (600 MHz, D2O) δ 3.90 (dd, J = 11.8, 2.7 Hz, 1H), 3.84 (d, 

J = 8.3 Hz, 1H), 3.80 (td, J = 8.7, 6.2, 3.0 Hz, 1H), 3.71 (dd, J = 11.3, 

5.7 Hz, 1H) ppm; 
13C NMR (150 MHz, D2O) δ 70.9, 69.3, 63.2 ppm 

 

X-Ray Crystallography 

X-ray crystallographic data for the structural determination of compound 3 was 

recorded at 100 K with monochromated Cu Kα radiation (λ = 1.54178 Å) from an 

Incoatec IμS Cu microsource on a Bruker D8 Quest, equipped with a PHOTON 100 

CMOS detector. The structures were solved by intrinsic phasing methods with 

SHELXT (Sheldrick 2015a) and refined with SHELXL (Sheldrick 2015b) in OLEX2 

(Dolomanov et al. 2009). Non-hydrogen atoms were refined with anisotropic 
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displacement parameters. Hydrogen atoms were visible in the diffraction map, 

but were included at calculated positions and ride on the atoms to which they are 

attached. The absolute configuration was determined through use of the Flack 

(1983) and Hooft (Hooft et al. 2008) parameters, and furthermore through the 

analysis of the Bayesian statistics of the Bijvoet pairs was performed in PLATON 

using the likelihood method (Spek 2009) which indicated the correct assignment 

of the absolute structure. Molecular graphics were produced with OLEX2 

(Dolomanov et al. 2009). Crystallographic data have been deposited with the 

Cambridge Crystallographic Data Centre (1907660). See Table S1 in the Supporting 

Information for X-ray crystallographic data parameters and Figure S1 for the 

molecular representation of compound 3. 
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Chapter 5: Experimental Details  

5.1 General Experimental Details  

Plant material was ground using a Sunbeam spice/coffee bean grinder. 

Pressurised hot water extraction (PHWE) was undertaken employing a Breville 

Espresso Machine Model 800ES.  

Automated gradient flash chromatography was carried out using a Reveleris® X2 

Flash Chromatography System using silica gel cartridges. Flash column 

chromatography was performed using Merck flash grade silica (32-63 μm). 

NMR spectra were recorded on a Bruker NMR spectrometer operating at 400 or 

600 MHz (1H) and 100 or 150 MHz (13C). Unless otherwise specified, 1H and 13C 

NMR spectra were referenced to the solvent signals. The following abbreviations 

were used to describe 1H, and 13C splitting patterns: s = singlet, br s = broad singlet, 

d = doublet, t = triplet, tt = triplet of triplets, dd = doublet of doublets (etc.), q = 

quartet, m = multiplet. 

IR spectra were recorded using a Shimadzu FTIR 8400s instrument on NaCl plates 

as thin films for all solid and liquid samples.  

Unless otherwise specified, mass spectrometry and high-resolution mass 

spectrometry were performed on a Kratos Concept ISQ mass instrument using 

electron impact mass spectrometry or by electrospray ionization by direct infusion 

into an LTQ-Orbitrap XL mass spectrometer using a syringe pump. Accurate mass 

was measured by “peak matching” at 10000 resolution against 

perfluorokerosene. Unless otherwise specified, analyses were performed by The 

Central Science Laboratory at the University of Tasmania.  

Optical Rotations were recorded using a Rudolph research analytical Autopol III 

automatic polarimeter.  
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Merck silica gel 60 F254 aluminium backed sheets were used for analytical thin layer 

chromatography. TLC plates were visualised under a 254 nm UV lamp and or by 

treatment with a phosphomolybdic acid (37.5 g), ceric sulfate (7.5 g), sulfuric acid 

(37.5 mL), water (720 mL) dip or a potassium permanganate dip (3 g KMnO4, 20 g 

K2CO3, 5 mL 5 % aqueous NaOH, 300 mL water), followed by heating.  

All solvents and reagents were either purchased at high purity suitable for 

immediate use, or when necessary purified by standard laboratory procedures.  
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