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DIPLOMA THESIS TASK 
 
 
 

 

• Determine the best solvent system for the separation using the thin 

layer chromatography (TLC) 

 
 

• Perform Soxhlet extraction of the sample to obtain higher quantity of 

mixture of secondary metabolites (extract) for later stages  

 
 

• Perform the column chromatography of the extract and test the 

purity of fractions using with thin layer chromatography (TLC) 

 
 

• Perform additional purification with high performance liquid 

chromatography (HPLC) for the compounds which still have 

impactful amount of impurities 

 

• Characterize pure compounds using spectroscopic methods, 

specifically, mass spectrometry (MS) and nuclear magnetic 

resonance (NMR) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

ABSTRACT 
 

Stereocaulon glabrum is a species of the genus Stereocaulon, which 

belongs to the Stereocaulaceae family. This lichen is known for its distinctive 

traits and represents a potential source of important secondary metabolites. 

Understanding S. glabrum's chemical composition is of importance for 

investigating its possible applications in pharmacy to name the one. Stereocaulon 

genus is distinguished by its crustose-type primary thallus and fruticose type 

secondary thallus. This species colonizes numerous substrates, such as rocks, 

soil, and tree bark, and is distributed across various geographical regions, making 

it a very good candidate for future applications. According to previous studies, 

the genus Stereocaulon synthesizes a wide range of secondary metabolites that 

support the organism's biological functions, chemical interactions with its 

environment and also have potential in medicinal applications. These metabolites 

include depsides, depsidones, dibenzofurans, and other specific compound 

classes. Almost all of them are of phenolic nature displaying a diverse range of 

chemical structures. The typical secondary metabolites in the Stereocaulon 

genus are stictic acid, atranorin, lobaric acid, and other phenolic compounds. In 

order to identify similarities and potential differences in molecular identification, 

we will compare the compounds that we have identified in S. glabrum with those 

regularly found in other Stereocaulon species. The primary goal of this thesis is 

to perform a comprehensive analysis of the secondary metabolites present in S. 

glabrum. Some of the components present in this lichen were isolated and 

characterized using analytical and spectroscopic techniques such as 

chromatography, mass spectrometry, and NMR spectroscopy. 

We anticipate that the results of this research will advance our knowledge 

of Stereocaulon genus chemical diversity and pharmacological potential, offering 

important insights into the identification of new leads for drug development, 

discovery of new natural products, and new physiologically active chemicals in 

the future.  

 

Keywords: secondary metabolites, Stereocaulon glabrum, Antarctica, lichen, 

atranorin, lobaric acid, chromatography, mass spectrometry (MS), nuclear 

magnetic resonance (NMR). 



 

SAŽETAK 
 

Stereocaulon glabrum je vrsta iz roda Stereocaulon, koji pripada obitelji 

Stereocaulaceae. Ova vrsta lišaja je dobro poznata po svojim karakterističnim 

obilježjima te predstavlja potencijalni izvor važnih sekundarnih metabolita. 

Razumijevanje kemijskog sastava S. glabrum ključno je za istraživanje njegove 

moguće primjene kao npr. u polju farmacije. Rod Stereocaulon razlikuje se po 

svom korastom (krustoznom) primarnom talusu i žbunastom (frutikoznom) 

sekundarnom talusu. Ova vrsta poznata po tome što kolonizira brojne podloge, 

poput stijena, tla i kore drveća te je rasprostranjena diljem različitih geografskih 

područja, što ju čini dobrim kandidatom za buduće primjene. 

Prema ranijim istraživanjima, rod Stereocaulon je izvor mnogih 

sekundarnih metabolita koji podržavaju biološke funkcije organizma, kemijske 

interakcije sa svojim okolišem te predstavlja potencijal za medicinsku primjenu. 

S. glabrum sadrži metabolite koji uključuju: depside, depsidone, dibenzofurane i 

druge specifične klase spojeva. Gotovo svi od njih su fenolne prirode te se 

odlikuju raznovrsnim kemijskim strukturama. Karakteristični sekundarni 

metaboliti roda Stereocaulon su stiktinska kiselina, atranorin, lobarinska kiselina 

i drugi fenolni spojevi. Kako bismo prepoznali sličnosti i razlike u kemijskom 

sastavu, uspoređeni su spojevi koje smo identificirali u S. glabrum s onima koji 

se redovito nalaze u drugim vrstama roda Stereocaulon. Glavni cilj ovog rada je 

započeti sveobuhvatnu analizu sekundarnih metabolita prisutnih u S. glabrumu. 

Izolirani su i analizirani neki od različitih komponenti koje se nalaze u ovoj vrsti 

lišaja korištenjem analitičkih i spektroskopskih tehnika poput kromatografije, 

spektrometrije masa i NMR spektroskopije. 

Očekuje se da će rezultati ovog istraživanja unaprijediti naše znanje o 

kemijskoj raznolikosti roda Stereocaulon i farmakološkom potencijalu u smislu 

otkrivanja potencijalno novih lijekova, prirodnih proizvoda i fiziološki aktivnih 

kemijskih spojeva u budućnosti.  

 

Ključne riječi: sekundarni metaboliti, Stereocaulon glabrum, Antarktika, lišaj,  

atranorin, lobarinska kiselina, kromatografija, spektrometrija masa (MS), 

nuklearna magnetska rezonanca (NMR). 
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INTRODUCTION 
 

A lichen is a symbiotic organism formed by two major distinct partners: 

fungi (mycobiont) and/or algae/cyanobacteria as photobiont. Furthermore, the 

photobiont's primary role is photosynthesis, which provides food for the fungi, 

whereas the mycobiont is in charge of providing the shelter and absorbing water 

and nutrients for the algae/cyanobacteria. Even though these two partners form 

a symbiotic relationship, the chemical composition of lichens is completely 

different from the secondary metabolite profile when they are separated. They 

are also interesting subjects of research because of the distinctive structure of 

their secondary metabolites and their potential therapeutic uses, such as 

antioxidant, antimicrobial, antifungal, anticancer, among many others.1, 2 

 

Stereocaulon is an interesting candidate among many lichen genera, 

which has a rich supply of secondary metabolites with medicinal potential. 

Lichens are classified into three types of growth forms depending on their 

physical appearance and structure: fruticose (1), foliose (2) and crustose (3). 

Crustose lichens take the form of a tightly adherent crust or coating on their 

substrate, which can be rocks, soil, or tree bark. Foliose lichens have a leafy form 

and can be adhered to their substrate loosely. In terms of growth morphology, 

fruticose lichens are the most complex. They look like little branches or twigs and 

are shrub-like. Each variety exhibits unique structural traits and environmental 

adaptations, which are further addressed in the next section.5 

       

Figure 1. Growth forms – 1. fruticose (S. glabrum), 2. foliose (Usnea 

spp.)3, 3. crustose  (Lecanora conizaeoides)4 

1 
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S. glabrum is a fruticose-type lichen which has a structure similar to a small 

shrub and is distinguished from other types of growth by the presence of 

particular organs such as pseudopodetia, phyllocladia, cephalodia, and 

aphotecia.1 In the section that follows, these organs will be described in more 

detail. The origin of our S. glabrum samples is from the Paradise Bay in 

Antarctica. 

 

Lichens are also incredibly durable and can endure extreme 

environmental circumstances for extended periods of time when in a dormant 

state. They are also capable of re-starting their metabolic activity once favorable 

environmental conditions arise, even after a lengthy period of time. Extreme 

conditions like the Arctic, Antarctica, and high-altitude mountains make this 

particularly obvious. When lichens in the Artic and Antartic regions are buried in 

ice and snow throughout the winter, they typically go dormant. When the ice and 

snow melt and they are once again exposed to light, their metabolic activity 

resumes. Lichens adjust their pace of growth based on the water and resource 

availability. This is particularly clear in the lichens that thrive in the dry valleys of 

Antarctica, where precipitation is extremely sparse and it can go for years without 

snowing or raining. In these valleys, certain lichens develop at a rate of roughly 

0.001 millimeters per year. Since they grow so slow, a 3 cm wide lichen counts 

as an organism older than 3000 years, making lichens among of the oldest living 

organisms on Earth.6 

 

S. glabrum, is believed to be a source of numerous secondary metabolites 

of phenolic nature belonging to different structural families, including depsides, 

depsidones, diphenyethers, dibenzofurans, but also, terpenes and steroids 

among many others. These skeletons are typical of the Sterecaulon genus. 

Secondary metabolites are believed to play a role in the defense of the lichen 

against other organisms (bacteria, other lichens, rodents) and against 

environmental stressors like Reactive Oxygen Species (ROS) such as peroxides 

or superoxides formed under oxidative stress conditions (e.g. intense UV light). 

As a consequence, many of these compounds exhibit interesting therapeutic 

potential, such as the antibacterial and antimicrobial properties of Sterecaulon 
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vulcani and the antidiabetic and cytotoxic properties of Sterecaulon pascale, 

among others.5 

 

S. glabrum, the species that is the objective of this master thesis, was 

collected on Antarctica in January 2007 as part of the expedition conducted 

during the period of 2006-2007. In order to successfully isolate pure secondary 

metabolites from S. glabrum, the methodology involved extraction and different 

chromatographic techniques: column chromatography (CC) and high 

performance liquid chromatogrpahy (HPLC). The chemical structures of the 

isolated metabolites were elucidated by mass spectrometry (MS) and nuclear 

magnetic resonance (NMR). HPLC was used when CC was not enough to 

separate the compounds with the adequate level of purity to undertake the MS 

and NMR study. As a result of this thesis several already known compounds were 

isolated and identified, along with a novel compound that is still in the process of 

elucidation of its chemical structure. These results will contribute to the general 

knowledge of the Sterecaulon species as a whole. To our knowledge, and based 

on the data found in the literature, this is the first study on the chemical 

composition of S. glabrum. 
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1.GENERAL PART 
 

1.1. CHARACTERISTICS AND STRUCTURE OF GENUS 

Stereocaulon  

 

Stereocaulon glabrum, belongs to family Stereocaulaceae. The genus 

Stereocaulon currently contains approximately 130 species that are found all over 

the world. They can be found in a variety of ecosystems, from temperate to alpine. 

They flourish in a variety of environmental circumstances, including low 

temperatures, high UV radiation levels, and nutritional scarcity. They can also be 

used to monitor environmental factors such as air quality and pollution levels due 

to their capacity to sequester heavy metals and other pollutants. 

Regarding their physiology, in the Stereocaulon species the following 

organs are normally present: pseudopodetia (p), phyllocladia (ph), cephalodia 

(ce), and apothecia (a) (Figure 2).5, 6 

 

 

Figure 2. General morphology of Stereocaulon genus5 

 

The Stereocaulon genus has two types of thallus, the crustose, primary 

type and fruticose, secondary type. The term "thallus" in biology refers to the 

vegetative body or structure of certain organisms, notably those lacking genuine 

roots, stems, or leaves. Crustose thalluses are drought resistant and well adapted 
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to dry conditions; they resemble a crust that is firmly glued to a surface. Fruticose 

(stalked) thallus and filamentous forms appears like small, branching, and bushy 

structures growing on rocks, trees and variety of surfaces like exposed or nutrient 

poor substrates. Both growth forms can be found in Artic and Antartic regions. 

Pseudopodetia are specialized growth forms of lichens that resemble stalks or 

branches. Phyllocladia are specialized flattened or leaf-like stems that operate as 

photosynthetic organs in certain plants and execute the respiration (obtaining 

energy by breaking down organic molecules) and assimilation (transformation of 

inorganic compounds in organic compounds, process: photosynthesis) functions 

of a leaf. Their phyllocladia can have a variety of morphologies, ranging from 

granular to peltate, digitate even coralloid, papillose, with phyllocladioid 

branchlets.5 Branchlets on S. glabrum are phyllocladioid (Figure 3). 

 

 

 

Figure 3. Phyllocladioid branchlets of Stereocaulon glabrum     

 

The apothecia, which is a reproductive structure that houses spores, is 

one of most significant organs found in the secondary thallus. The terminal or 

lateral apothecia position has a convex or nearly spherical disc form, and its hue 

ranges from light brown to dark brown. Other organ is cephalodium which 

contains a secondary photobiont from a cyanobacteria (Nostoc, Rhizonema, or 

Stigonema) and is used for nitrogen fixation. Nitrogen fixation is a biological and 

chemical process that converts atmospheric nitrogen (N2) into a form that living 

organisms can utilise.5 
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1.2. SECONDARY METABOLITES OF STERECAULON GENUS 
 

Major secondary metabolites isolated from Stereocaulon species mostly 

consist of depsides, depsidones, diphenylethers, dibenzofurans, monoaromatic 

phenols, terpenoids, steroids, anthraquinones and polyols (Figure 4), most of 

them being of a phenolic nature.5 

 

Figure 4. Overview of secondary metabolites of the Stereocaulon genus 

 

1.2.1. DEPSIDES 
 

 Depsides are simple polyketides generated by the ester linkage of two or 

more hydroxybenzoic acid moieties, the -COOH group of one molecule is 

esterified with a hydroxyl group on the benzene ring of the second molecule. In 

other words, a lot of structures consist of two aromatic rings linked by an ester 

bond. They can be β-orsellinic acid or orsellinic acid relying on the existence of 

the C3 methyl group on both rings. As a result, orsellinic acid can be regarded as 

the building block of all depsides (Figure 5).5, 7   

 

 

Figure 5. Structure of orsellinic acid (left) and general structure of 

depsides (right) 
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1.2.1.1.  BIOLOGICAL ACTIVITY OF SOME DEPSIDES     

 

Nearly all species of the genus Stereocaulon contain atranorin (Figure 6), 

one of the most prevalent and well-known depsides. Atranorin has the potential 

to operate as a cytotoxic, antibacterial, antitumor and anti-inflammatory agent, 

according to a review of numerous research publications, 5, 8, 9, 10, 11, or even in 

depression treatment.12 

 

 

Figure 6. Atranorin 

 

Another common depside in genus Stereocaulon is lecanoric acid, found 

in Stereocaulon curtam and Stereocaulon corticulatum, (Figure 7). Lecanoric acid 

does not have the acid moiety esterified, like atranorin, and appears as a free 

acid. Lecanoric acid exhibits antioxidant and antimicrobial properties.5, 11   

 

 
 

Figure 7. Lecanoric acid 
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1.2.2. DEPSIDONES 
 

Depsidones are aromatic compounds formed by two 2,4-dihydroxybenzoic 

acid rings joined by ether and ester bonds (Figure 8). Their rings are based on 

the structure of orsellinic acid.5, 13 

 

             

Figure 8. General structure of depsidone 

 

 

1.2.2.2.  BIOLOGICAL ACTIVITY OF SOME DEPSIDONES   

 

Some examples of depsidones are colensoic and stictic acid (Figure 9). 

Colensoic acid, found in Stereocaulon colensoi, has shown significant potential 

as an anti-inflammatory and antioxidant.5,14,15 One interesting application is its 

potential neuroprotective properties, which may safeguard human health by 

halting the death of nerve cells.14 Stictic acid, found in Sterocaulon vulcani, exibits 

antimicrobial and antioxidant properties.5          

 

 

 

 

Figure 9. Colensoic acid (left), stictic acid (right) 
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1.2.3. DIPHENYLETHERS 
 

Diphenylethers, also known as pseudodepsidones, present two phenyl 

(aryl) groups linked by an oxygen atom (Figure 10).5 Like in the previously 

described classes of compounds, at least one of the moieties is a derivative of 

orsellinic acid. 

 

Figure 10. General structure of diphenylether 

 

1.2.3.3. BIOLOGICAL ACTIVITY OF SOME DIPHENYLETHERS 

 

Sakisacaulon A and lobarin (Figure 11) are two examples of 

diphenylethers found in Stereocaulon species.   While specific biological qualities 

of sakisacaulon A, found in Stereocaulon sasakii, were not discovered, at least 

not by our research through research publications, lobarin, found in Sterocaulon 

halei, displayed antioxidant effects and may be exploited as a therapeutic 

candidate for diseases such as diabetes or obesity.5, 16, 17 

 

 

Figure 11. Sakisacaulon A (left), lobarin (right) 
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1.2.4. DIBENZOFURANS 
 

Two benzene rings are fused to a central furan ring to form the dibenzofuran 

backbone (Figure 12).5, 18 

 

         
 

Figure 12. General structure of dibenzofuran 
 
 

1.2.4.1. BIOLOGICAL ACTIVITY OF SOME DIBENZOFURANS  

 

Strepsilin which can be found in Stereocaulon azoreum, and the widely 

distributed usnic acid which can be found in Cladonia arbuscula and Usnea spp. 

are some examples of dibenzofurans (Figure 13).5, 15 The biological activity of 

usnic acid has been widely explored and reports about its potential use covers a 

wide range, from pesticide, to anticancer, antioxidant and antimicrobial agents.8,11 

 

 

Figure 13. Strepsilin (left), usnic acid (right) 

 

1.2.5.  MONOAROMATIC PHENOLS 
 

Monoaromatic phenolic compounds are a common and usually abundant 

group of secondary lichen metabolites that are also found in Stereocaulon 

species. They are chemical compounds made up of a single aromatic ring bearing 

to a hydroxyl (-OH) group.5 
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1.2.5.1. BIOLOGICAL ACTIVITY OF SOME MONOAROMATIC 

PHENOLS  

 

Some examples of common monoaromatic phenols are atranol and ethyl 

haematommate (Figure 14).  Atranol, can be found, for example, in Stereocaulon 

vesuvianum. It has demonstrated to have antibacterial activity as well as 

antioxidant potential. Ethyl haemmatomate, that has been described in, e.g., 

Stereocaulon paschale among many other Stereocaulon species exhibits 

antioxidant activity.5, 19, 20, 21 

 

 

Figure 14. Atranol (left), ethyl haemmatomate (right) 

 

1.2.6.  ANTRAQUINONES 
 

Anthraquinones are a widely distributed type of secondary metabolites that 

can be found in lichens, but also in plants and fungi or bacteria. They are derived 

from the acetate-mevalonate biosynthetic pathway and their backbone 

corresponds to that of anthracene, a polycyclic aromatic hydrocarbon comprised 

of three fused benzene rings and two keto groups (Figure 15). Even though most 

of the 700 anthraquinones described as secondary metabolites can be found in 

lichens 22 ,their presence in the Stereocaulon genus is very scarce.5 
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Figure 15. General structure of antraquinones 

1.2.6.1. BIOLOGICAL ACTIVITY OF SOME ANTRAQUINONES  

 

Due to their chemical structure, anthraquinones play a role in the electron 

transport chain in the primary metabolism in plants, but also in the secondary 

metabolism as defense compounds due to their wide array of biological activities, 

which include antioxidant, antibacterial, antifungal, or anticancer among many 

others.22 While most of the reports published refer to the biological activity of 

typical lichen secondary metabolites previously described, no reports on specific 

lichen anthraquinones could be found. To illustrate antraquinones, we used 

chrysophanol, which was isolated from Aloe excelsa, and danthron, which was 

isolated from a type the marine fungus Chromolaenicola (Figure 16). While 

danthron has the potential to increase the effectiveness of several antioxidant 

and anticancer agents in the treatment of cancer, chrysophanol has antibacterial 

potential.23, 24, 25 

 

 

Figure 16. Chrysophanol (left), danthron (right) 
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1.2.7.  TERPENOIDS 
 

Terpenoids, also known as isoprenoids, are a wide and diversified class 

of natural chemical compounds formed by the combination of isoprene (C5H8) 

units (Figure 17). Based on the isoprene unit as a building block, terpenoids are 

one of the most numerous groups of secondary metabolites in plants, bacteria 

and fungi. Depending on the number of isoprene units they possess, terpenoids 

can be classified in monoterpenes (C10, two isoprene units), sesquiterpenes 

(C15, three isoprene units), diterpenes (C20, four isoprene units), sesterterpenes 

(C25, five isoprene units), and triterpenes and steroids (C30, six isoprene units). 

The combination of isoprene units gives rise to an enormous variety of structures, 

which range out of the scope of this work. However, references to the isolation of 

terpenes in lichens are scarce, being all of them triterpenes or steroids. In the 

genus Sterecaulon there are reports of steroids from Stereocaulon azoreum and 

Stereocaulon tomentosum such as ergosterol peroxide, cerevisterol and 

brassicasterol, and some few triterpenes from S. azoreum: -amyrin, lupeol and 

taraxerol.5, 26   

 

  

Figure 17. Isoprene unit 

 

 

1.2.7.1. BIOLOGICAL ACTIVITY OF SOME TERPENOIDS 
 

Terpenoids include compounds like lupeol and taraxerol (Figure 18), which 

are both present in S. azoreum.5 While taraxerol may have antioxidative and 

antimicrobial characteristics, lupeol exibits an anti-inflammatory, anticancer, and 

antioxidant activities.5, 27, 28 
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Figure 18. Lupeol (left), taraxerol (right) 
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1.2.7.2. BIOLOGICAL ACTIVITIES OF SOME STEROIDS 
 

Steroids are compounds widely used in medicine for multiple purposes. 

Regarding the steroids isolated from the Stereocaulon genus, ergosterol (Figure 

19), isolated from the S. tomentosum presents prospective applications as an 

antioxidant and an antidiabetic drug.5, 29, 30 

 

 

 

Figure 19. Ergosterol 

 

 

 

1.2.8.  POLYOLS 
 

Polyols, also called sugar alcohols, are hydrogenated forms of 

carbohydrates in which the carboxyl group of either an aldehyde or a ketone has 

been reduced to a primary or secondary hydroxyl group, thus making the 

compound an alcohol.31 Common polyols widely present in many plant, lichen 

and insect species are glycerol, sorbitol, or mannitol. Sorbitol can be considered 

the reduced form of glucose, while mannitol could derive either from glucose or 

fructose (Figure 20). In lichens, most common polyols are those formed of four 

(tetrytols) and five (pentitols) carbon atoms. Erythritol (four carbons) is one of the 

most abundant polyols in lichens, but six carbon polyols such as mannitol can be 

also found (e.g., in S. colonsei).5 

 



16 
 

 

Figure 20. Common polyols found in plant, lichen and insect species 

 

1.2.8.1. BIOLOGICAL ACTIVITIES OF SOME POLYOLS 
 

As previously mentioned, polyols are present in many species of insects, 

plants, and fungi.26 The ability of concentrated sugar and polyols solutions to 

lower the freezing point of water has made of them natural anti-freezers to protect 

insects (glycerol) or plants (mannitol, sorbitol) from low-temperature conditions. 

In lichens, they have been suggested to play a key role in anhydrobiosis, the 

capacity to survive desiccation. This is of key importance as it will be one of the 

key factors explaining the resilience of lichens under extreme conditions, such as 

low temperature or drought, and has been related as an evolutionary 

advantage.32   

Regarding other possible biological activities xylitol may have antimicrobial 

and hypoglycemic properties.31, 33 

 

 

Figure 21. Mannitol (left), xylitol (right) 
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2. EXPERIMENTAL SECTION 
 

2.1. MATERIALS AND METHODS 
 

2.1.1.  INSTRUMENTAL TECHNIQUES 
 

Nuclear Magnetic Resonance (NMR) 
 

NMR experiments were conducted in a Bruker Avance Neo 400 MHz 

(Figure 22) and 500 MHz equipment. 1H and 13C spectra were recorded in CDCl3. 

Coupling constants (J) are measured in hertz (Hz), and chemical shifts are 

expressed in parts per million (ppm). The residual peak of CHCl3 was used as a 

reference in 1H (7,26 ppm) and 13C (77 ppm). The acronyms br (broad), s (single), 

d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublet), dt (triplet 

of doublet), ddd (triplet of doublet of doublet), etc. are used to indicate multiplicity 

of signals. The multiplet is defined by the value at their midpoint. 

 

 

Figure 22. Bruker Avance Neo 400 MHz NMR 

 

Mass spectroscopy (MS) 

 

Mass spectra were recorded in a Waters Synapt G2 QTOF equipped with 

a UPLC (ESI-APCI)/(GC(APCGI) system. Pure samples were dissolved in MeOH 

for injection.  
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2.1.2. CHROMATOGRAPHIC TECHNIQUES 
 

Thin- Layer Chromatography (TLC) 
 

Merck Kieselgel 60 F254 plates with a 0.25 mm thickness and a 

fluorescent indicator were used for TLC testing. UV light (254 nm and 360 nm), 

and a chemical staining agents were used to observe the elution of compounds 

on the plates. Two diffrent chemical staining agents were used: a) oleum: a 

solution of 80 mL acetic acid (AcOH), 16 mL H2S04 and 4 mL of H2O; b) 

anisaldehyde: a solution of anisaldehyde (25 mL), ethanol (75 mL), concentrated 

sulfuric acid (1 mL), and acetic acid (5 mL). The plate was then heated for a short 

time at 100 oC in each instance until colors developed. Eluent ratios are stated 

as a percentage of the component with the highest polarity.  

 

Column Chromatography 

 

Merck silica gel with a particle size of 60-200 microns was utilized for 

atmospheric pressure columns. The mixtures to be separated were pre-adsorbed 

onto silica gel.  

 

High Performance Liquid Chromatography (HPLC)  

 

HPLC separations were carried out in a Merck-Hitachi L-7100 apparatus 

equipped with a quaternary pump and a refractive index detector Merck-Hitachi 

L-4000 (Figure 23). A LiChrospher Si-60 silica gel column with 10 µm, 1 × 25 cm 

packing (semi-preperative) was used for separations. Flow rate was set to a 1 

mL/min. Samples were checked for base line by TLC with the same solvent 

system that will be used for HPLC. Hexane; ethyl acetate combinations were 

used as eluents. Solvents were HPLC-grade and were degasified using an 

ultrasound bath prior to use.  
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Figure 23. HPLC equipment 

 

2.1.3.  EXTRACTION TECHNIQUES 
 

Soxhlet extraction 

 

Extraction of secondary metabolites was carried out in a Soxhlet 

apparatus equipped with a 100 mL round bottom flask, a 50 mL Soxhlet extractor 

and a condenser. 5 Soxhlet extractions were set in parallel on a heater plate. 

Solvents of increasing polarity (hexane, acetone, isopropanol) of HPLC-grade 

were used for extraction. Temperature was set in the plate to 150 oC (hexane, 

acetone) and 250 oC (isopropanol). 

 

2.1.4.  SOLVENTS AND DEVELOPERS 
 

Solvents used for Chromatographies (Column, HPLC, TLC) 
 

HPLC-grade solvents were used for chromatography, specifically hexane 

(Hex), ethyl acetate (AcOEt), acetone (Ace) and methanol. 

 

Developers and mobile phases used for Thin-layer chromatographies 
(TLC) 
 

TLC analysis was performed using two different developers: oleum and 

anisaldehyde. TLC was used for setting up the best solvent system for CC or 

HPLC, for following-up the separation in the CC and HPLC, and for checking 

purity of samples. Different mixtures of hexane, ethyl acetate, acetone, and 

methanol were checked for best results. A mixture of sulfuric acid:acetic 
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acid:water 4:80:16 (oleum) was used to burn the TLC plates after developing 

them and checking them under the UV lamp (254 nm, 360 nm). 

 

Solvents used for Soxhlet extraction 

 

HPLC-grade solvents of increasing polarity – hexane, acetone, and 

isopropanol were used sequentally. 

 

2.1.5. LICHEN MATERIAL 
 

Samples of Stereocaulon glabrum were collected in Paradise Bay (Caleta 

Cierva) on Antarctic Peninsula. The collecting place was Highlander Point (64o 

09’ 00” S, 60o 53’ 00” W) on 25th of January 2007 by Dr. sc. Juan Carlos García 

Galindo. S. glabrum can be found in patches in the snow-free cliffs facing the bay, 

far from the intertidal zones and in grounds about 10-30 m over the sea level. S. 

glabrum grows mixed with other lichen species and mosses (Figure 24). The 

lichen was stored in paper bags and kept in dark, at constant temperature of 15ºC 

and dry for 15 years.  

 

 

Figure 24. Left: sampling location at Caleta Cierva (Paradise Bay); right: patch 

of S. glabrum growing along with other Stereocaulon, lichen species and 

mosses. (Photo: © Juan Carlos García Galindo) 
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2.2. EXPERIMENTAL PART: SEPARATION TECHNIQUES 
 

2.2.1. SOXHLET EXTRACTION AND SAMPLE PREPARATION 
 
 

Lichen (27,3317 g) were finely cut into small pieces and divided into five 

parts that were introduced into small packets made with filter paper. Each sub-

sample was introduced in a Soxhlet apparatus that was set up on a heating plate. 

The system consisted of a 100 mL round bottom flask, a Soxhlet apparatus and 

a condenser at the top. All five Soxhlet systems were connected sequentially as 

shown in Figure 25. The round bottom flasks were filled with 60 mL of solvent 

and covered with aluminium foil for better heating. The extraction procedure 

consisted of 15 cycles of extraction for each solvent. A cycle is defined as follows: 

the solvent is heated to reflux and the vapour travels up through the distillation 

arm and condenses in the condenser; the solvent drips down over the extraction 

chamber containing the package with the sample; when the chamber is almost 

filled it is emptied through the syphon, and returns to the distillation round bottom 

flask, completing then a cycle.  

The extraction was performed by three consecutive extractions with 

solvents of increasing polarity: hexane, acetone, and isopropanol. Once the 

fifteen cycles with one solvent were completed all solvents were combined in a 

500 mL round bottom flask. Then, the 100 mL round bottom flasks of the Soxhlet 

system were filled up with another 60 mL of the following solvent. For each 

solvent – hexane, acetone, and isopropanol, the combined extracts obtained from 

the five Soxhlet apparatus were evaporated in a rotary evaporator (Figure 25).  

 

 

Figure 25. Soxhlet extraction system of S. glabrum (left), rotary 

evaporator (right) 
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Before evaporation of the hexane extract a significant amount of white 

crystals were formed (Figure 26). Crystals were separated from the hexane 

extract and recrystalized from hot hexane, and then left to crystalize in the fridge 

for 24 h. The crystals were washed with cold hexane and all the supernatants 

and washing liquids were added to the hexane extract. White crystals were then 

stored until analysis and labelled as compound SG1.  

 

 

Figure 26. Crystalline formation in hexane extract, SG1 crystals 

 

The results of the extraction are summarized in Table 1. The extracts will 

be subjected to Column Chromatography (CC) separation to isolate the major 

compounds present. 

 

Table 1. Weights obtained for the different extracts. 

 SG1 (white crystals) Hexane Acetone Isopropanol 

Weight (mg) 116 128,1 440,3 1204,8 

 

 

2.2.2. PRELIMINARY TLC STUDIES 
 

Prior to the isolation of the compounds it is necessary to optimize the 

separation conditions. Consequently, a preliminary study using TLC was 

addressed to determine the best solvent system for each extract. Previous 

studies (data not shown) showed that the best separations were obtained using 

mixtures of hexane:acetone and mixtures of hexane:ethyl acetate. Accordingly, 

a set of TLC experiments were run with both solvent systems and different 

polarities. The TLC experiments were run with samples obtained in the previous 

year by Soxhlet extraction and ultrasound extraction. Accordingly, samples are 
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named with the name of the extract and the technique used for extraction: HS, 

hexane Soxhlet extraction; HexU: hexane ultrasound; AceS: acetone Soxhlet; 

AceU: acetone ultrasound; iPrOHS: isopropanol Soxhlet; iPrOHU: isopropanol 

ultrasound. The solvent systems were set as follows: 

• Hexane:ethyl acetate: mixtures of hexane with a 10%, 20%, 40%, 60% 

and 100% of ethyl acetate 

• Hexane:acetone: mixtures of hexane with a 5%, 10%, 20% and 50% of 

acetone 

 

Comparison of the results of the TLC analysis (Figure 27) lead to two main 

conclusions: 

• The composition of the hexane and acetone extracts is similar 

• The solvent system that provided a better separation was hexane:ethyl 

acetate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. TLC plates of the solvent systems, a) hexane/ethyl acetate, b) 

hexane/acetone. HexS: hexane Soxhlet; HexU: hexane ultrasound; AceS: 

acetone Soxhlet; AceU: acetone ultrasound; iPrOHS: isopropanol Soxhlet; 

iPrOHU: isopropanol ultrasound 
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2.2.3. STUDY OF THE HEXANE AND ACETONE EXTRACTS 
 

In view of the similarity observed between the composition of the hexane 

and acetone extracts it was decided to combine both in a single sample that was 

then subjected to Column Chromatography (CC). The total weight of the 

combined sample was of 568,4 mg. 

 

The CC was prepared as follows: the sample was dissolved in the 

minimum amount of CHCl3 in a round bottom flask; then silica gel was added until 

a thick mixture was obtained. The solvent was then evaporated in the rotary 

evaporator and the sample was absorbed on the silica gel. A glass column fitted 

with a valve in the bottom was filled with silica gel trying to deposit it 

homogenously. Then, the silica gel with the extract absorbed was carefully 

deposited in the upper part and covered with more silica gel (Figure 28). 

 

 

Figure 28. The column chromatography system 

 

Once the column was set up a series of increasing polarity mixtures of 

hexane:ethyl acetate was added: 10%, 15%, and 20% −1 L each−; followed by 

40% and 60% −0.5 L each−. Finally, the column was washed by adding first 250 
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mL of ethyl acetate and 250 mL of methanol. A total number of 101 aliquots of 25 

mL were collected and their composition tested by TLC using as mobile phase 

the same mixture that was used in the CC at the time that each aliquot was 

obtained.  

 

The results of the TLC allowed to group the aliquots into eleven fractions 

F1-F11 (Figure 29), plus the crystal fraction SG1. Hexane:ethyl acetate 5% and 

10% was used for all fractions, and 20%, 40% and 60% were used for the more 

polar fractions F4-F11. Weights of the different fractions are shown in Table 2. 

 

Table 2. Masses of fractions F1-F11 obtained for the first CC. 

 F1 F2 F3 F4 F5 F6 

Weight (mg) 20.0 50.1 14.5 13.3 8.6 38.7 

 F7 F8 F9 F10 F11  

Weight (mg) 17.2 26.4 16.0 145.73 165.1  

 

 

       

Figure 29. TLC plates of the first column chromatography with 5% and 10% 

hexane:ethyl acetate 

 

The TLC results clearly show that F2 (50,1 mg) is SG1 almost pure. 

Consequently, SG1 was recrystallized from F2 fraction using hot hexane followed 

by controlled cooling in the fridge. SG1 crystallized again in white needles as it 

has been described previously. The amount obtained was of 13,1 mg. The 

washing liquids were added to F3 fraction. 
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2.2.4. STUDY OF THE F3 FRACTION 
 

TLC analysis of F3 (145 mg) showed three major compounds (Figure 30), 

one of them with the same Rf as SG1. Best solvent conditions for separation were 

set to hexane:ethyl acetate 5% according to TLC previous results. 

When preparing the fraction for CC, white crystals appear. Consequently, 

they were set apart and washed with cold hexane as previously described. The 

amount obtained of SG1 from F3 fraction was of 40 mg. The washing liquids and 

the rest of the fraction were prepared for CC and eluted with hexane:ethyl acetate 

5% (1L), 10% (0.5L), 100 % ethyl acetate (250 mL) and methanol (250 mL). A 

total number of 78 vials (25 mL each) were obtained and then analysed by TLC 

(developed with hexane:ethyl acetate 10% as eluent). The results allowed to 

combine them into five sub-fractions F3.1-F3.5. 

 

TLC analysis of the five sub-fractions lead to following conclusions: 

• Fraction F3.1 corresponds by Rf to SG1 

• Fractions F3.2 and F3.3 show a similar composition, with SG1 as one of the 

major compounds 

• Fractions F3.4 (SG2) and F3.5 (SG3) appears to be one single major product 

each 

 

 

 

Figure 30. TLC of the F3 fraction 
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2.2.5. STUDY OF THE F3.2 AND F3.3 FRACTION 
 

TLC analysis suggested to combine F3.2 and F3.3, that were then subjected 

to CC (250 mL with hexane: ethyl acetate 5%, and then 100 mL of methanol). 

TLC analysis (developed with hexane:ethyl acetate 10% as eluent) of the 40 vials 

allowed to combine them in 4 sub-fractions F3.2.1 (6.2 mg), F3.2.2 (42.8 mg), F3.2.3 

(7.3 mg) and F3.2.4 (58.7 mg, but with some silica gel). Results are shown in Figure 

31.  

 

Figure 31. TLC analysis of the column chromatography of subfractions F3.2 

and F3.3 

 

TLC analysis of the four sub-fractions lead to following conclusions: 

• Fraction F3.2.1 appears to be again SG1 by Rf value 

• Fraction F3.2.2 is still a mixture of, at least, 3 major compounds, including 

SG1 

• F3.2.3 appears to have a major compound, not totally pure, with a higher 

polarity than SG1. 

• F3.2.4 appears to be a major compound of higher polarity than F3.2.3 

 

2.2.6. STUDY OF THE F5, F6 AND F3.5 FRACTIONS 
 

The similarities observed by TLC in the composition of fractions F5, F6 and 

F3.5 suggested to combine them, and subject the combined fraction (58,9 mg) to 

CC (hexane:ethyl acetate 15 %, 250 mL; 25 %, 250 mL; 100 mL methanol). TLC 

analysis of the 39 vials lead to the combination in six different sub-fractions F5.1 

(1.8 mg), F5.2 (2.8 mg), F5.3 (24.1 mg), F5.4 (3.5 mg), F5.5 (0.8 mg) and F5.6 (15.4 

mg). Results are shown in Figure 32. 
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Figure 32. TLC plates of column chromatography subfractions F5, F6, and F3.5 

 

TLC analysis of the four sub-fractions lead to following conclusions: 

• F5.6 could be a major compound (SG7) 

• Effectively, additional purification was needed for all fractions 

 

 

2.2.7. THE SUMMARY OF ALL CC SEPARATIONS 
 

The results of all these separations are summarized in Sheme 1 and Table 

3. 

 

Sheme 1. Overview of the separation tree of the low-medium polar fractions of 

the S. glabrum extract 
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Table 3.  Masses of fractions (CC – Column chromatography) 

 
1. CC 

 
Mass/ 

Mg 

 
2. CC 

 
Mass/ 

Mg 

 
3. CC 

 
Mass 
/Mg 

 
4. CC 

 
Mass/ 

Mg 

F0 38.1 F3.1 19.9 F3.2.1 6.2 F5.1 1.8 

F1 20 F3.2 Not 
obtained 

F3.2.2 42.8 F5.2 2.8 

F2 50.1 F3.3 0 F3.2.3 7.3 F5.3 24.1 

F3 145 F3.4 14.7 F3.2.4 58.7 F5.4 3.5 

F4 13.3 F3.5 11.6 
  

F5.5 0.8 

F5 8.6 SG1 Not 
obtained 

  
F5.6 15.4 

F6 38.7 
      

F7 17.2 
      

F8 26.4 
      

F9 16 
      

F10 145.73 
      

F11 165.1 
      

SG1 
       

 

2.2.8. HPLC PURIFICATIONS 
 

HPLC purification F3.4 fraction. 

 

Fraction F3.4 (14.7 mg) were subjected to High-Performance Liquid 

Chromatography (HPLC). Separation conditions were set to hexane:ethyl acetate 

25 % as mobile phase, in a semi-preparative HPLC column (Lichrospher ®) and 

1 mL/min flow. The sample was dissolved in a volume of hexane:ethyl acetate 

25% enough to inject the sample divided in three injections of 100 L each. The 

chromatogram is shown in Figure 33. 
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Figure 33. HPLC chromatogram of the fraction F3.4 

 

TLC analysis of the different peaks is shown in Figure 34. The results show 

the existence of pure compounds in vials 7 and 8 of the second and third 

injections. The rest of vials showed no clear results and were set apart for future 

study. The rest of vials showed no clear results and were subjected to NMR study. 

The 1H NMR spectra of the different fractions are shown in the annex of spectra. 

The results of this preliminary study showed the presence of signals in the 

different sub-fractions (F3.4.1 to F3.4.6) corresponding to SG1, a fatty acid and 

several aromatic compounds. However, none of them were pure enough to 

accomplish a complete NMR study to elucidate their structure and will be in need 

of further purification.  

 

Figure 34. TLC plates of HPLC analysis of fraction F3.4 (3 injections) 

 

HPLC purification of F3.2.2 fraction. 

 

Purification of fraction F3.2.2 (42.8 mg) was accomplished in a Lichrospher 

® semi-preparative column using as mobile phase a mixture of hexane:ethyl 

acetate (25%). The sample was divided into five injections (100 L each). The 

chromatogram is shown in Figure 35. 
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   Figure 35. Chromatogram of the fraction F3.2.2 

 

The TLC analysis of the vials showed the presence of SG1 and three more 

fractions where pure compounds appear to be present (possibly SG4, SG5 and 

SG6). 

 

HPLC purification of F3.2.3 fraction. 

 

Purification of fraction F3.2.3 (7.3 mg) was accomplished in a Lichrospher ® 

semi-preparative column using as mobile phase a mixture of hexane:ethyl 

acetate (25%). The sample was injected in a single injection (100 L each). The 

chromatogram is shown in Figure 36. 

 

 

Figure 36. Chromatogram of the fraction F3.2.3 

The TLC analysis of the vials did not show any pure compound. However, 

some of the vials present a major compound that could be subjected to NMR 

study. 

 

Regrettably, due to time constraints, the full examination of the remaining 

fractions remains incomplete and will be the objective of future work by the Cadiz 

research group. Nonetheless, preliminary findings from the TLC tests support the 
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possibility of identifying some compounds that will be subjected to NMR study to 

elucidate their structure. 

 

2.3. IDENTIFICATION AND CHARACTERIZATION OF COMPOUNDS 
 

2.3.1. NMR AND MS: SELECTION AND PREPARATION OF SAMPLES 
 

The final part of our experiment was to choose the fractions for the MS and 

NMR analysis. Based on the results of all previous TLC plates, we chose SG1 

crystals from the F3 fraction for mass spectrometry (SG1 crystals obtained after 

Soxhlet extraction), SG1 crystals from fractions F2 and F3, fractions F3.4 (SG2) 

and F5.6 (SG7) for nuclear magnetic resonance (NMR). All described samples 

were tested on a 400MHz equipment, whereas samples from fraction F5.6 were 

also studied on a 500MHz equipment.  

 

 

Figure 37. Left: NMR samples prepared: SG1, SG1 – F3, SG1 – F2, F3.4, F5.6, 

right: MS sample: SG1 – F3 
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All samples were dissolved in CDCl3 and the residual signal of CHCl3 was 

set to  7.26 ppm for the 1H NMR spectrum and to  77.0 ppm for the 13C NMR 

spectrum. Coupling constants (J) are given in Hz. Multiplicity of signals is 

indicated as: s (singlet), d (doublet), dd (doublet doublet), t (triplet) and q 

(quartet).  A comprehensive NMR study of each sample was accomplished by 

one- and two-dimensional homo- and heteronuclear experiments. 

• One-dimensional homonuclear experiments: 1H, 13C 

• Two-dimensional homonuclear experiments: 1H-1H COSY, 1H-1H 

     NOESY 

• Two-dimensional heteronuclear experiments: 1H-13C HSQC; 1H-13C         

HMBC 

 

 

2.3.2. RESULTS 
 

NMR STUDIES 
 

We successfully discovered two significant compounds during our NMR 

experiments: SG1 and SG7. Other substances we examined proved challenging 

to analyze due to time constraints or the necessity for additional purifications 

(their spectra can be found in the annex). 

 

SG1: Atranorin 

 

Compound SG1 was isolated as white needle crystals and identified as 

atranorin. The 1H and 13C NMR were recorded in a 400 MHz. 1H NMR spectrum 

(Figure 38) indicated that it was a pure compound and showed the presence of 6 

singlets corresponding to one proton each by their intensity, and four singlets 

corresponding to four different methyl groups. The residual signal of CHCl3 from 

CDCl3 can be observed at  7.26 ppm.  
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    Figure 38. 1H NMR spectrum (with integrals) of atranorin (SG1) 

 

Protons at  6.39 ppm (1H, s) and  6.50 ppm (1H, s) correspond to two 

separate aromatic rings penta-substituted, as they do not show any multiplicity, 

nor any correlation in the homonuclear two-dimensional 1H-1H COSY experiment 

(spectrum not shown). The signal at-  10.35 ppm (1H, s) is typical of an aldehyde 

proton while signals at  11.93 ppm (1H, s),  12.49 ppm (1H, s) and  12.54 ppm 

(1H, s) are typical of hydroxyl groups bound to an aromatic ring. Moreover, the 

heteronuclear two-dimensional 1H-13C HSQC experiment did not show any 

correlation among these signals and any 13C signal, thus confirming the 

hydroxylic nature of these three protons. The signal at  4.02 ppm (3H, s) is 

typical of methyl protons from ester group, while the signals at  2.08 ppm (3H, 

s),  2.53 ppm (3H, s) and  2.65 ppm (3H, s) correspond to methyl groups 

attached to a phenyl ring. 

 

The 13C NMR spectrum (Figure 39) showed signals corresponding to 19 

carbons. The assignment of the protonated carbons was made with the aid of the 

1H-13C correlations in the heteronuclear 1H-13C HSQC correlation experiment 

(Figure 40): methyl protons from ester group at  4.02 ppm (3H, s, H-10’) correlate 

with the 13C signal at  52.32 ppm (C-10’) (in red); the aromatic proton at  6.39 

ppm (1H, s, H-5) correlates with the carbon signal at  112.83  ppm (C-5, shown 

in blue in Figure 39), while the aromatic proton at  6.50 ppm (1H, s, H-5’)  

correlates with the carbon signal at   115.99 ppm (C-5’, shown in red in figure 

-Ph-OH 
-C(=O)H 

CHCl3 

Ph-H 

-CO-OCH3 

-Ph-CH3 
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39); the three aromatic methyl groups at  2.08 ppm (3H, s, H-8’),  2.53 ppm 

(3H, s, H-9’) and  2.68 ppm (3H, s, H-9) are connected to the 13C signals at  

9.34 ppm (C-8’),  24.00 ppm (C-9’) and  25.56 ppm (C-9), respectively 

(correlations shown in green in Figure 40). 

 

Finally, the correlations find in the 1H-1H homonuclear NOESY experiment 

clearly stated that the methyl group at  2.68 ppm shows a strong nOe correlation 

with the aromatic proton at  6.39 ppm (Figure 41, in blue); on the other hand, 

the aromatic proton at  6.50 ppm shows a strong nOe correlation with the methyl 

group at  2.53 ppm and a less strong one with the methyl protons from ester 

group at  4.08 ppm (Figure 41, in red).  

 

 

 

          

  

Figure 39. 13C NMR spectrum of atranorin (SG1) 

 

-CHO (C-8) 

C-5’ 

C-5 
MeO- (C-10’) 

C-9’ 

C-9 
C-8’ 
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Figure 40. 1H -13C HSQC heteronuclear correlation spectrum 

 of atranorin (SG1) 

 

 

 

 

The 1H-1H NOESY correlations clearly allow to separate the signals of the 

two different aromatic rings of atranorin: ring A (blue) and ring B (red). 

 

 

 

Ring A Ring B 



37 
 

 

Figure 41. 1H-1H NOESY homonuclear correlation spectrum 

  of atranorin (SG1) 

 

The position of the carbonyl groups of the ester group on ring A and ring 

B was made based on the positive correlation found in the two-dimensional 

heteronuclear 1H-13C HMBC correlation experiment (Figure 42). 

 

Ring A: the correlation between the aromatic proton at  6.39 ppm (1H, s, 

H-3, ring A) with the carbonyl signal at  193.82 ppm (C-8) (blue correlation in 

Figure 42) confirms the presence of the aldehyde group at ring A; on the other 

hand, the methyl group at 2.68 ppm (3H, s, H-9, ring A) positively correlates with 

the signal of the carbon in ester group of ring A at  169.67 ppm (C-7). 

 

Ring B: the correlation between the methoxy group at  4.02 ppm (3H, s, 

-OMe) clearly allows to establish that the carbonyl group of the methyl 

carboxylate (C-7’) is the 13C signal at  172.18 ppm (red correlation in Figure 42); 

the carbonyl signal shows a weak long-range correlation with the aromatic proton 

signal at  6.50 ppm (1H, s, H-5, ring B), thus stablishing the position of the 

carboxymethyl group in ring B.  
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Thus, the nature of the two rings is clearly established. No positive long-

range correlations could be found between the two rings, probably due to the long 

distance between any protonated carbon in one ring and the carbons in the other 

ring. 

 

 

 

 

 

 

 

 

 

 

Ring A Ring B 

-CHO 

-COOMe 

-COOPh 
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Figure 42. 1H-13C HMBC long-range heteronuclear correlation spectrum 

 of atranorin (SG1) 

 

The rest of the quaternary signals were assigned based on the long-

distance correlations found between the 1H and the 13C chemical shift signals in 

the heteronuclear 1H-13C HMBC experiment. The assignment of the experimental 

signals of SG1 (Tables 4 and 5) are in good agreement with those reported in the 

literature for atranorin,34 thus confirming the identity of SG1.  

 

Table 4. 1H chemical shifts of atranorin (400 MHz) 

 H-5 H-8 H-9 H-5’ H-8’ 

 (ppm) 6.39 (s) 10.34 (s) 2.68 (s) 6.50 (s) 2.08 (s) 

 H-9’ H-10’ -OH -OH -OH 

 (ppm) 2.53 (s) 4.02 11.93 (s) 12-49 (s) 12.54 (s) 

 

 

 

 

Table 5. 13C chemical shifts of atranorin (400 MHz). 

 C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 

 (ppm) 102.81 169.06 108.52 167.46 112.83 152.41 169.67 193.82 

 C-9 C-1’ C-2’ C-3’ C-4’ C-5’ C-6’ C-7’ 

 (ppm) 25.56 110.23 162.83 115.99 151.96 172.18 9.34 172.18 

 C-8’ C-9’ C-10’      

 (ppm) 9.34 24.00 52.32      

 

 

SG7: Bourgeanic acid (BA) 

 

While we were able to extract some information on various biological 

activities of atranorin in the general section of the thesis, no biological activities 

of bourgeanic acid have been reported so far. Compound SG7 was isolated as 

an amorphous white powder and identified as bourgeanic acid. The 1H and 13C 

NMR were recorded in a 500 MHz. 1H NMR spectrum (Figure 43) indicated that 
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it was a pure compound and showed the presence of several distinct signals in 

good accordance with the structure of BA: two double doublets at  5.15 ppm 

(1H, dd; J = 2.6 Hz, J = 9.6 Hz, H-3’) and  3.68 ppm (1H, dd; J = 2.5 Hz, J = 9.4 

Hz, H-3) corresponding to protons next to oxygen atoms belonging to a ester 

group (H-3’) and a hydroxyl group (H-3), respectively. Additionally, a broad singlet 

at  4.4 ppm (1H, br, −OH) can be assigned to the proton of the hydroxyl group. 

 

Figure 43. 1H-NMR spectrum of bourgeanic acid. 

 

The analysis of the correlations found in the homonuclear two-dimensional 

1H-1H COSY experiment (Figure 44) allowed to establish the following 

correlations: 

 

• The signal corresponding the H-3’ proton showed correlations in the 

homonuclear two-dimensional 1H-1H COSY with the signal H-2’ at   2,78 

ppm (1H, dq; J = 7.1 Hz, J = 9.5 Hz, H-2’) and the methyl group Me-12’ 

at   1.16 ppm (3H, d; J = 7.1 Hz, H-12’); additionally, the correlation 

between the signal at  1.89 ppm (1H, ddq; J = 2.6 Hz, J = 6.0 Hz, J = 6.0 

Hz, H-4’) allows to establish the methyl group Me-13’ at  0,89 ppm (3H, 

d; J = 6.8 Hz, H-13’) (blue correlations) 

• In a similar way, the signal corresponding to the H-3 proton allows to 

assign the proton signals of H-2 at  2.59 ppm (1H, dq; J = 7.1 Hz, J = 9.1 

Hz, H-2) and H-4  1.70 ppm (1H, ddq; J = 2.5 Hz, J = 6.8 Hz, J = 6.8 Hz, 

H-3’ H-3 

-OH H-2’ H-2 

H-12’ 

H-9’ 

H-13’ 

H-10’ 

H-4’ H-4 
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H-4); the correlation between H-2 and the signal at   1,08 ppm (3H, d; J 

= 7.1 Hz, H-9’) allows to establish the position of the methyl group C-9’; 

finally, the correlation between the signal corresponding to H-4 and the 

signal at   0.81 ppm (3H, d; J = 6.8 Hz, H-10’) allows to establish the 

position of the methyl group C-10’; 

 

 

 

 

 

Figure 44. 1H-1H COSY correlations of bourgeanic acid. 

 

The 13C NMR spectrum shows signals typical of an alkylic compound with two 

carbonyl groups at  178.17 ppm and  175.77 ppm, two carbons bearing an 

oxygen atom at  76.50 ppm and  74.80 ppm, and eighteen alkylic carbons 

(Figure 45). The correlations found in the two-dimensional 1H-13C heteronuclear 

HSQC experiment (Figure 46) allowed to: 

H-3’ 

H-2’ 

H-12’ 
H-13’ 

H-4’ 
H-4 

H-3 

H-2’ 

H-2 

H-9’ 

H-3’ 

H-3 

H-2 
H-10’ 
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• assign the carbon signals at  76.50 (C-3’),  42.07 (C-2’) and  30.96 (C-

4’, overlapped with C-4) (in blue), 

• assign the carbon signals  74.80 (C-3),  44.08 (C-2) and  30.96 (C-4, 

overlapped with C-4’) (in red), 

• assign the methyl groups at 12.67 (C-10’), 13.73 (C-12’), 13.78 (C-13’) 

and 14.40 (C-9’) (in green). 

 

 

Figure 45. 13C NMR spectrum of bourgeanic acid (SG2) 

 

 

-COOR (C-1, C1’) 

R-C(OH)-R 

alkylic carbons 
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Figure 46. 1H-13C HSQC heteronuclear correlation spectrum 

 of bourgeanic acid (SG2) 

 

 

 

 

The rest of the 1H and 13C signals were assigned based on the long-

distance correlations found between the 1H and the 13C chemical shift signals in 

the heteronuclear 1H-13C HMBC experiment. The assignment of the experimental 

signals of SG2 (Tables 6 and 7) are in good agreement with those reported in the 

literature for bourgeanic acid35 ,thus confirming the identity of SG7.  
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Table 6. 1H chemical shifts of bourgeanic acid (500 MHz). Coupling constants 

are given in Hertz (in parenthesis); a: signals can be interchanged 

 H-2 H-3 H-4 H-5 H-6 

 (ppm) 2.59 (dq, 

7.1, 9.1) 

3.68 (dd, 

2.5, 9.4) 

1.70 (ddq, 

2.5, 6.8, 6.8) 

  

 H-7 H-8 H-9’ H-10’ H-11’ 

 (ppm)  0.85 (t, 7.5)a 1.08 (d, 7.1) 0.81 (d, 6.8)  

 H-2’ H-3’ H-4’ H-5’ H-6’ 

 (ppm)  2.78 (dq, 

7.1, 9.5) 

5.15 (dd, 

2.6, 9.6)  

1.89 (ddq, 

2.6, 6.0, 6.0) 

  

 H-7’ H-8’ H-12’ H-13’ H-14’ 

 (ppm)  0.83 (t, 7.5)a 1.16 (d, 7.1) 0.89 (d, 6.8)  

 

 

Table 7. 13C chemical shifts of bourgeanic acid (500 MHz). a: signals can be 

interchanged: *: overlapped signals. 

 C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 

 (ppm) 175.57 44.08 74.80 30.96*    11.14a 

 C-1’ C-2’ C-3’ C-4’ C-5’ C-6’ C-7’ C-8’ 

 (ppm) 178.17 42.07 76.50 30.96*    10.39a 

 C-9’ C-10’ C-11’ C-12’ C-13’ C-14’   

 (ppm) 14.90 12.67  13.73 13.78    

 

In summary, our SG1 compound, now known as atranorin, was first 

discovered in a hexane extract as white crystals (116 mg). Our second encounter 

with pure SG1 (indicated by TLC results) was after column chromatography, 

specifically F2 (50,1 mg) and F3.1 (19,9 mg) fractions. SG7, now known as 

bourgeanic acid, was isolated by column chromatography, specifically in an F5.6 

fraction with a total weight of 15,4 mg.  
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3. CONCLUSIONS 
 
 

Based on all the research done in this thesis on the lichen Sterecaulon 

glabrum, the following conclusions may be drawn: 

 

• The optimal separation conditions are provided by the hexane:ethyl 

acetate solvent system, according to the preliminary TLC study's 

results. 

• From all utilized fractions, a total of 169,1 mg of SG1 pure crystals 

(atranorin) were separated (hexane extract = 116,1 mg, F2 fraction = 

13,1 mg, F3 fraction = 40 mg). 

• Pure crystals (SG1) were formed directly in our extract (hexane) and 

fractions (F2 and F3) before starting any separation processes with CC 

and HPLC.  

• The signals that follow assist us in determining the SG1 (atranorin) 

structure. The existence of two aromatic rings was indicated by 

distinctive peaks in the 5 to 6 ppm range of the 1H NMR spectra, which 

provided primary support for the identification. Furthermore, the 

presence of three hydroxyl groups was verified using the HSQC, which 

identifies 1H–13C direct bonding. The characterization of the compound 

is further enhanced by the presence of an aldehyde group, which 

usually resides in the range between 10-12 ppm in the 1H NMR 

spectrum. 

• Atranorin, a depside that was successfully isolated from our sample, is 

one of the most abundant secondary metabolites found in the 

Stereocaulon genus. 

• Total weight of the F5.6 fraction which contained SG7, known as 

bourgeanic acid, was 15,4 mg.  

• To obtain SG7 three CC were needed in total, the main one in which 

we obtained eleven different fractions and SG1 crystals, second one 

which focused only on F3 fraction and third one which combined F5, F6 

and F3.5 fraction. 
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• We successfully isolated a less common secondary metabolite known 

as bourgeanic acid, which can also be found in Stereocaulon 

tomentosum. 
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4. ABBREVIATIONS 
 

ROS – Reactive oxygen species 
 
CC – Column chromatography 
 
HPLC – High performance liquid chromatography 
 
TLC – Thin layer chromatography 
 
Rf – Retention factor 
 
NMR – Nuclear magnetic resonance 
 
COSY – Correlation spectroscopy 
 
NOESY – Nuclear Overhauser effect spectroscopy 
 
nOE - Nuclear Ovenhauser effect 
 
HSQC – Heteronuclear single quantum coherence 
 
HMBC – Heteronuclear multiple bond correlation 
 
MS – Mass spectrometry 
 
UV – Ultra-violet 
 
QTOF – Quadropole time- of- flight 
 
UPLC – Ultra performance liquid chromatography 
 
GC – Gas chromatography 
 
spp. – several species 
 
BA – Bourgeanic acid 
 
HexS – Hexane Soxhlet extraction 
 
HexU – Hexane ultrasound 
 
AceS – Acetone Soxhlet extraction 
 
AceU – Acetone ultrasound 
 
iPrOHS – Isopropanol Soxhlet extraction 
 
iPrOHU – Isopropanol ultrasound 
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6. SUPPLEMENTARY/ANNEX 
 

 

Section 1. Spectra of atranorin 

 

 

Figure S1 1H - NMR spectrum (500 MHz) of atranorin. 

 

 

Figure S2 13C - NMR spectrum (500 MHz) of atranorin. 
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Figure S3 1H -1H NOESY correlation spectrum (400 MHz) of atranorin. 

 

 

Figure S4 1H -13C HSQC correlation spectrum (400 MHz) of atranorin. 
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Figure S5 1H -13C HMBC long-range correlation spectrum (500 MHz) of 

atranorin 

 

 

Section 2. Spectra of bourgeanic acid 

 

 

Figure S6 1H - NMR spectrum (400 MHz) of bourgeanic acid. 
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Figure S7 13C - NMR spectrum (500 MHz) of bourgeanic acid. 

 

 

Figure S8 1H -1H COSY correlation spectrum (500 MHz) of bourgeanic acid. 
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Figure S9 1H -13C HSQC heteronuclear correlation spectrum (500 MHz) of 

bourgeanic acid. 

 

 

Figure S10 1H -13C HMBC long-range heteronuclear correlation spectrum (500 

MHz) of bourgeanic acid. 
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Section 3. Spectra (NMR) of fraction F3.4 (HPLC) 

 

 

 

Figure S11 1H – NMR SPECTRUM OF F3.4.1 FRACTION 

 

 

Figure S12 1H - NMR spectrum (400 MHz) of fraction F.3.4.2 
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Figure S13 1H - NMR spectrum (400 MHz) of fraction F.3.4.3 

 

 

Figure S14 1H-NMR spectrum (400 MHz) of fraction F.3.4.4 

 



60 
 

 

Figure S15 1H-NMR spectrum (400 MHz) of fraction F.3.4.5 

 

 

Figure S16 1H-NMR spectrum (400 MHz) of fraction F.3.4.6 
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Figure S17 1H-NMR spectrum (400 MHz) of fraction F.3.4.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


