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1 Summary — Zusammenfassung

Zusammenfassung

In dieser Arbeit geht es um die Isolierung und Strukturaufklarung bisher unerforschter
Sekundarmetabolite aus Fruchtkdérpern der Pilze Lactarius circellatus, Lactarius trivialis und

Mycena zephirus.

In der Spiteller-Gruppe wurde L. circellatus bereits zuvor auf seinen Gehalt an Sequiterpenoiden
untersucht und flnf unbekannte und mehrere bekannte Sequiterpenoide identifiziert und ihre
Strukturen aufgeklart. Allerdings konnten ihre Stereokonfiguration sowie die Protonen- und

Kohlenstoffresonanzen in ihren NMR-Spektren bisher nicht vollstandig zugeordnet werden.

Daher wurden erneut NMR-Spektren der zuvor isolierten Sequiterpene aufgenommen. Darlber
hinaus wurden Fruchtkérper von L. circellatus erneut extrahiert und auf das Vorhandensein neuer
Verbindungen untersucht, was zur Isolierung des bisher unbekannten Sequiterpenoids 12-

Hydroxy-15-carboxyblennin A (19) zusammen mit Hydroxyblennin A (34) flhrte.

Eine sorgfaltige Analyse der Kopplungskonstanten im 'H-NMR, eine Analyse der NOE-
Korrelationen in den NOESY-Spektren und eine detaillierte Analyse der Korrelationen in den
HMBC-Spektren hinsichtlich ihres Diederwinkels gemal} der Karplus-Beziehung ermdéglichten die
Bestimmung des relativen Konfiguration aller isolierten Sequiterpenoide, einschliel3lich der bisher
unveroffentlichten neuen Sequiterpenoide 12-Hydroxy-15-carboxyblennin A (19), 7,15-
Dihydroxyblennin A (20), 2,3-Epoxylactarorufin A (21), 14-Carboxydesoxylactarorufin A (22) und
13-Hydroxy-14-carboxydesoxylactarorufin A (23). Um die absolute Konfiguration der isolierten
Sequiterpenoide zu bestimmen, wurden CD-Spektren gemessen und mit den entsprechenden
berechneten CD-Spektren verglichen. Dadurch konnte die absolute Stereochemie der
Sequiterpenoide 19 bis 23 ermittelt werden. Allerdings stimmten die gemessenen und

berechneten CD-Spektren von 22 und 23 nicht perfekt tberein.
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Bisher gibt es keine Berichte Uber die Farbstoffe von L. circellatus, obwohl dieser auf der
Hutoberflache eine graugriine Farbe aufweist, ahnlich wie Lactarius blennius. Daher wurde das
Pigment isoliert und seine Struktur als Blennion (35) aufgeklart, das gleiche Pigment, das in L.
blennius vorhanden ist. Es wurde festgestellt, dass Blennion (35) in L. circellatus viel haufiger
vorkommt als in L. blennius, dem Pilz, aus dem es urspringlich isoliert wurde. Es wurden einige
biologische Tests durchgeflihrt, aber Blennion (35) zeigte keine Aktivitat. Dartber hinaus wurde
eine geringe Menge eines rosafarbenen Pigments in L. blennius gefunden, das mit Lilacinon (37)

verwandt ist, einem rosafarbenen Pigment, das zuvor aus L. lilacinus isoliert und strukturell

aufgeklart wurde.

Blennione (35)

Frische Fruchtkorper von Lactarius trivialis weisen auf der Hutoberflache eine intensive violette
Farbe auf, die mit zunehmendem Alter der Fruchtkdrper verblasst. Die dafir verantwortlichen
Farbstoffe wurden bisher nicht untersucht. Daher wurden die Fruchtkdrper von L. trivialis einer
umfassenden Untersuchung ihrer Sekundarmetaboliten mit einem Schwerpunkt auf ihre
Farbstoffen unterzogen.

Nicht ganz unerwartet erwies sich die Isolierung der Pigmente aus der Huthaut aufgrund der
geringen Stabilitat der Pigmente als schwierig, insbesondere wenn Methanol als Lésungsmittel
verwendet wurde. Eine Extraktion mit Aceton mit anschlieBender Saulenchromatographie an
Sephadex LH20 mit Aceton als Lésungsmittel und anschlieBende Reinigung der Pigmente mittels

2
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semipraparativer HPLC fuhrte jedoch zur Isolierung von funf farbigen Verbindungen, die als
Trivialine A (47), B, C, D und E bezeichnet wurden. Aufgrund ihrer HR-ESI-MS-Daten sind die funf
Pigmente der Verbindungen eng miteinander verwandt und weisen einen hohen Grad an
Ungesattigtheit auf. Nur im Falle von Trivialin A (47) und Trivialin B reichte die isolierte Menge
aus, um einen vollstdndigen Satz ein- und zweidimensionaler NMR-Spektren aufzunehmen.
Folglich konzentrierte sich die Strukturaufklarung auf diese beiden Verbindungen, die beide die
Summenformel C32H20N406 aufweisen. Aufgrund des hohen Ungesattigtheitsgrades und der
geringen Anzahl nicht austauschbarer Protonen, die zu einem Mangel an Korrelationen im HMBC
fuhrten, erwies sich die Strukturaufklarung als sehr anspruchsvoll. Dennoch konnte fir Trivialin A

(47) eine vorlaufige Struktur vorgeschlagen werden.
-

o O
0
O O/Zk
. NH
HN NN
Oy

0]

47

Darlber hinaus wurden Fruchtkérper von L. frivialis auf das Vorhandensein neuer
Sesquiterpenoide untersucht. So wurde die neue Verbindung 14-Hydroxylactarorufin B (53)
isoliert und ihre Struktur aufgeklart. Darliber hinaus wurde festgestellt, dass die bereits aus
anderen Pilzen bekannten Verbindungen Lactarufin B (27) und 14-Hydroxyblennin A (52) auch in

L. trivialis vorkommen.
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Bisher wurde 14-Hydroxyblennin A (52) nur aus Russula sanguinea beschrieben, die publizierten
NMR-Daten passen jedoch perfekt zu 15-Hydroxyblennin A (34), wahrend die NMR-Daten des
entsprechenden Sesquiterpens aus L. trivialis sehr gut zur Struktur von 14-Hydroxyblennin A (52)
passen. Folglich muss die Struktur im oben erwahnten Manuskript Uber R. sanguinea zu 15-

Hydroxyblennin A (34) revidiert werden.
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Neben Pilzen der Gattung Lactarius wurden im Rahmen dieser Arbeit auch Fruchtkorper von
Mycena zephirus auf ihr Vorkommen an Sekundarstoffen untersucht und die Strukturen zweier

Verbindungen als N°-Isopentylglutamin (54) und N°-2-Methylbutylglutamin (55) aufgeklart.
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Summary

This thesis is about the isolation and structure elucidation of so far uninvestigated secondary
metabolites from fruiting bodies of the mushrooms Lactarius circellatus, Lactarius trivialis and

Mycena zephirus.

In the Spiteller group L. circellatus has already been investigated before for its content of
sequiterpenoids and five unknown and several known sequiterpenoids have been identified and
their structures have been elucidated. However, their stereo configuration, the proton and carbon
resonances in their NMR spectra have not been fully assigned so far. Therefore, NMR spectra of
the previously isolated sequiterpenes were recorded again. Moreover, fruiting bodies of L.
circellatus were extracted again and investigated for the presence of new compounds, resulting in
the isolation of the so far unknown sequiterpenoid 12-hydroxy-15-carboxyblennin A (19) together
with hydroxyblennin A (34). A careful analysis of the coupling constants in the '"H NMR, the
analysis of the NOE correlations in the NOESY spectra, and a detailed analysis of the correlations
in the HMBC spectra in respect to their dihedral angle according to the Karplus relationship
allowed to determine the relative configuration of all isolated sequiterpenoids, including the so far
unpublished new sequiterpenoids 12-hydroxy-15-carboxyblennin A (19), 7,15-dihydroxyblennin A
(20), 2,3-epoxylactarorufin A (21),14-carboxy-deoxylactarorufin A (22), and 13-hydroxy-14-
carboxy-deoxylactarorufin A (23). To determine the absolute configuration of the isolated
sequiterpenoids, CD spectra were recorded and compared with the corresponding calculated CD
spectra. By these means the absolute stereochemistry of the sequiterpenoids 19 to 23 could be
determined. However, the measured and calculated CD spectra of 22 and 23 were not matching

perfectly.
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So far, there have been no reports about pigments from L. circellatus, despite the fact that it
exhibits on the surface of its cap a grayish green color similarly to L. blennius. Consequently, the

pigment was isolated and its structure elucidated to be blennione (35), the same pigment that is
5
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present in L. blennius. Blennione (35) was found to be much more abundant in L. circellatus than
in L. blennius, the mushroom it was originally isolated from. Some biological tests were performed
but blennione (35) displayed no activity. In addition, tiny amount of a pink pigment from L. blennius
was found related to lilacinone (37), a pink pigment that was isolated and structurally elucidated

before from L. lilacinus.

Blennione (35)

Fresh fruiting bodies of Lactarius trivialis display an intensive violet color on the cap surface that
is fading away upon ageing of the fruiting bodies. The responsibe pigments have not been
investigated so far. Therefore, fruiting bodies of L. trivialis were subjected to a comprehensive

investigation of their secondary metabolites with a focus on their pigments.

Not entirely unexpectedly, the isolation of the pigments from the skin cap turned out to be difficult
due to the low stability of the pigments, especially when methanol was used as a solvent. However,
an extraction with acetone with subesquent column chromatography on Sephadex LH20 with
acetone as a solvent followed by purification of the pigments with semi-preparative HPLC resulted
in the isolation of five colored compounds, that were named trivialines A (47), B, C, D, and E. Due
to their HR-ESI-MS data, the compounds five pigments are closely related to each other and show
a high degree of unsaturation. Only in the case of trivialine A (47) and trivialine B the isolated
amount was sufficient to record a full set of one and two dimensional NMR spectra. Consequently,
the structure elucidation focussed on these two compounds, both exhibiting a molecular formula
of Ca2H20N4Os. Due to the high degree of unsaturation, the low number of unexchangable protons,
leading to a lack of corellations in the HMBC, the structure elucidation turned out to be very

challenging. Nevertheless, for trivialine A (47) a tentative structure was proposed.
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Moreover, fruiting bodies of L. trivialis were investigated for the presence of new sesquiterpenoids.
Thus, the new compound 14-hydroxylactarorufin B (53) was isolated and its structure elucidated.
In addition, the lactarorufin B (27) and 14-hydroxyblennin A (52), both known from other

mushrooms, were also identified to be present in L. trivialis.
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So far, 14-hydroxyblennin A (52) was reported only from Russula sanguinea, but the published
NMR data fit perfectly to 15-hydroxyblennin A (34), while the NMR data from the corresponding
sesquiterpene from L. trivialis fit very well to the structure of 14-hydroxyblennin A (52).
Consequently, the structure in the above mentioned manuscript about R. sanguinea has to be

revised to 15-hydroxyblennin A (34).

Apart from mushrooms of the genus Lactarius, in this thesis also fruiting bodies of Mycena
zephirus were investigated in respect to their secondary metabolite content and the structures of
two compounds were elucidated to be N°-isopentylglutamine (54) and N°-2-methylbutylglutamine

(55), respectively.
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2.1 Secondary metabolites from fungi

2 Introduction

2.1 Secondary metabolites from fungi

Secondary metabolites or specialized metabolites are compounds that are created by living things,
including fungi, bacteria, plants, and animals that are not like primary metabolites directly
responsible for the main metabolic functions of the organism, such as the growth, maintenance,
and reproduction.!"! Nevertheless, secondary metabolites might play a very important role in the
organism acting as hormones, messenger substances, pigments, and fragrances, and might be
important for the chemical defence of an organism.? The latter occurs in mushrooms in several
different forms, such as constitutive chemical defence, wound-activated chemical defence, and

induced chemical defence.!

In pharmacy, secondary metabolites from a variety of fungal species have already been applied.
The most well-known example of this is the antibiotic penicillin G (1), commonly known as
benzylpenicillin, a B-lactam ring derivative, that was found in the mold Penicillium rubens.
Because of its antibiotic efficiency, the attention of research into bioactive secondary metabolites
increased worldwide.! Subsequently, more antibiotics have been extracted from fungi, including
cephalosporins (B-lactam ring derivatives) from the Acremonium fungal species, like

cephalosporin C (2) that was isolated from A. chrysogenum.®®!

O
YR 3;
') /—'OH
Penicillin G (1) Cephalosporin C (2

In addition to the medicinal benefits of naturally occurring substances isolated from fungi, some
secondary metabolites from fungi also act as fungicides such as strobulin A (3) which was isolated

from the mycelium of Strobilurus tenacellus.”

Strobilurin A (3)



2.2 Sesquiterpenes

2.2 Sesquiterpenes

Sesquiterpenes are a type of terpenes that is composed of three isoprene (4) molecules with a
molecular formula often consisting of fifteen carbon atoms and at least twenty-four hydrogen
atoms. So far, sequiterpenes with hundreds of different carbon skeletons have been isolated from
natural sources, such as marine plants, terrestrial plants, fungi, and microorganisms.® Some of
these metabolites extracted from Lactarius mushrooms can be considered characteristic for a
distinct member of this genus.!’ Many sequiterpenes exhibit interesting biological activities,
making them a great interest in research and scientific investigations.!"” For instance, some of

them have shown medicinal promise in slowing the growth of cancer.!""!

\)J\ o NP = =

Isoprene (4) Farnesol (5)
o0
P___P
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Farnesyl pyrophosphate (FPP) (6)

Ruzicka was the first one to propose that sesquiterpenes are products of the cyclization of an
intermediate that commonly occurs or exists in living beings.!'? Initially, farnesol (5) was proposed
to be the intermediate that forms the ring skeletons in such a group of compounds.
Subsequently, cyclization of the diphosphate ester farnesyl pyrophosphate (FPP) (6) can take

place resulting in a huge variety of different terpene skeletons, (Fig. 1).1'¥
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2.2 Sesquiterpenes
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Figure. 1. Proposed biosynthesis of sesquiterpenes from Lactarius mushrooms, by DANIEwsKI and VIDARI in 1999.F!

This wide variety of proposed classes of compounds was validated by the isolation of many
compounds related to them from natural sources such as fungi.l® However, not all of the skeletons
above have been found in mushrooms so far. Moreover, a large number of volatile sesquiterpenes

can also be produced.['®

One of the cyclization biosynthetic pathways starting with connection of carbons 1 and 11 in 6
produces after several more steps the so-called lactarane sesquiterpenes. The oxygenated
members of this class of compounds represent the majority of the sesquiterpenoids that have

been isolated from Lactarius species.! [Sesquiterpenoids are a class of natural product-derived
11



2.3 Karplus equation

compounds that are produced when cytochrome P450 monooxygenases oxygenate

sesquiterpenes.]!"®

Sesquiterpenoids isolated from Lactarius mushrooms consist of many classes the majority belong
to the 5-lactarnolide sesquiterpenes class, (Fig. 2). Also, a significant number of the isolated
sesquiterpenoids belong to furanolactarane and seco-5-lactaronlide sesquiterpenes. In this
research, the focus will be on the isolated compounds from L. circellatus and L. trivialis that belong

to the previously mentioned sesquiterpenoids classes.

Lactarane sesquiterpenes

5-Lactarnolide Furanolactarane Seco-5-lactarnolide 13-Lactarnolide
sesquiterpenes sesquiterpenes sesquiterpenes sesquiterpenes

Figure. 2. Some of sesquiterpenoids classes derived from lactarane sesquiterpenes that had been isolated from
Lactarius mushrooms.

2.3 Karplus equation

Some of the HMBC correlations of the methylene groups in the isolated sesquiterpenoids from the
Lactarius species in this research exhibit an anomaly as one proton in the methylene group
correlates with some of its neighboring carbons but not the other proton. This observation can be
explained using the Karplus equation. Accordingly, such a pattern can be used to assign the stereo
configuration of the methylene protons and other moieties in these compounds. Consequently, an

understanding of the Karplus equation came into effect.

12



2.3 Karplus equation

The Karplus equation (F1) shows the mathematical relationship between an observed coupling
constant value (J) and the dihedral angle (¢) between two neighboring (vicinal) hydrogen atoms, ']
(Fig. 3-Left).

F1 J (@) = A cos? (p) + Bcos (¢) + C
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Figure. 3. Left: Karplus curve.['® Right: Dihedral angle between atoms X and Y through atoms C1 and C2.['

The dihedral angle is when four atoms are connected together while the second and the third
atoms bond together in the middle, then the dihedral angle will be the angle between the imaginary
plane created from the bond between the first and the second atoms through this middle bond,
and the other imaginary plane created from the bond between the third and the fourth atoms
through the same middle bond, (Fig. 3-Right).

The Karplus equation is based on the assumption (supported by empirical data) that vicinal H-H
couplings (3Jun) should be at their maximum for protons with dihedral angles of 180° and 0°, and

that these couplings should be at their minimum for protons with 90°, which could be near zero.

These relationships can also be applied to couplings between hydrogen and carbon atoms (3Jic)
in the 2D-NMR experiment HMBC, which will be utilized here in this research. All kinds of coupling

constants will be referred to with (J).
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3 Aim and scope of this work

3 Aim and scope of this work

The aim of this research work is to investigate, isolate, elucidate and test biologically unknown
secondary metabolites from fruiting bodies of the fungi Lactarius circellatus, Lactarius trivialis, and

Mycena zephirus.

For this purpose, extracts have to be prepared using organic solvents such as methanol or
acetone. Then, the substance mixtures have to be separated using various separation methods
such as liquid-liquid partitioning, solid phase extraction, HPLC and size exclusion chromatography
in order to isolate the individual substances from these extracts. The structures of the isolated
compounds have to be subsequently elucidated using high-resolution mass spectrometry and
various NMR experiments. To evaluate the biological activity of the isolated compounds, agar

diffusion assays with selected bacteria as test organisms have to be performed.

In the case of L. circellatus, the aim is to assign the relative configuration of the stereo centres of
the new and known sesquiterpenoids isolated thereof using NMR spectroscopic methods. In
addition, the proton NMR resonances of the diastereotopic protons are to be completely assigned.
Moreover, CD spectra have to be recorded and compared with calculated CD spectra in order to
determine the absolute configurations of the new compounds. In addition, it is intended to isolate

new sesquiterpenoids as well as the dark green pigment from this mushroom.

The surface of the cap of fruiting bodies of L. frivialis shows a dark purple color, which has not
been investigated so far and gradually, fades after collection. The color change indicates a low
stability of the pigment. The structures of these previously unknown colored compounds should
be isolated and their structures elucidated. In addition, this fungus should be investigated for the

presence of potential new sesquiterpenoids.

No secondary metabolites have been reported from the mushroom M. zephirus. Therefore,
potential new secondary metabolites should be isolated and structurally elucidated from fruiting

bodies of this fungus.
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4.1.1 Description of L. circellatus

4 Results and discussion

4 1 Lactarius circellatus

4.1.1 Description of L. circellatus

Lactarius circellatus is a toxic fungus also known as banded or/and hornbeam milkcap
(Gebanderter Hainbuchenmilchling). It is a species of the family of Russulaceae
(Taublingsverwandten).?” The species is a mycorrhizal fungus of the hornbeam trees
(Hainbuche). This means the fungus has a coexistent relationship with the tree roots as the result
of a symbiotic union called mycorrhizal symbiosis, between a fungus and a plant.? This symbiosis
occurs at the level of plant roots, where fungal hypha extends from the fungal mycelium to colonize

the roots of the host plant.??

Figure. 4. Fruiting bodies of Lactarius circellatus.?®!

The mushroom has a smell of combined mild fruit-to-root aroma. The cap is between 5 to 10 cm
in diameter, with a color range between grey-brown to grey-dark olive with relatively white stems
that are 4 to 10 cm long, (Fig. 4). The lamellae are whitish, cream to ocher-orange colored. The

fruiting bodies appear between June and October.

15



4.1.2 Current state of knowledge

4.1.2 Current state of knowledge

Lactarius circellatus was investigated for the presence of sesquiterpenoids already some time
ago.”¥ In 1989 STERNER et,. al. were especially interested in bioactive compounds, such as
velleral (9), vellerol (10), 7-epi-piperdial (11), and epi-piperalol (12), lactarorufin N (13), the furanol
14, the furandiol 15, the dihydroxyfuran 16, lactardial (17), and blennin C (18). These compounds
are probably defence agents that are generated from stearoylvelutinal (7) and 8 upon injury of the

fruiting bodies via a wound-activated chemical defence mechanism.?*
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The fatty acid esters stearoylvelutinal (7) was isolated from Lactarius vellereus,'® while 6-

ketostearoylvelutinal (8) was isolated from Lactarius necator before.!?! These compounds are the

only sequiterpenoids that exist in intact fruiting bodies of Lactarius species.? Upon wounding of

the fruiting bodies, a hydrolyase is activated, cleaving the fatty acid residue off from

stearoylvelutinal (7) and ketostearoylvelutinal (8), respectively, leading to the degradation of the

resulting instable sequiterpenoid to the above mentioned sequiterpenoids 9 to 18. 24
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4.1.3 Isolation and structure elucidation of sesquiterpenoids

In the years 2016, 2017, and 2018, Dr. S. Tareq, a postdoctoral researcher in the Spiteller group,
reinvestigated L. circellatus for the presence of so far undescribed sequiterpenoids. He isolated
and elucidated the structures of the new compounds 7,15-dihydroxyblennin A (20), 2,3-
epoxylactarorufin A (21), 14-carboxy-deoxylactarorufin A (22) and 13-hydroxy-14-carboxy-
deoxylactarorufin A (23)." Moreover, he isolated and identified the known sequiterpenoids
lactarotropone (24), lactarorufin A (25), deoxylactarorufin A (26), lactarorufin B (27), the furan
alcohol 28, the methoxyfuranalcohol 29, 3,8-oxalactarorufin A (30), and 3,12-anhydrolactarorufin
A (31) for the first time in the mushroom L. circellatus alongside with furandiol 15, lactarorufin N
(13) and blennin C (18) that have been reported before to be present in this mushroom.?4
However, the stereochemistry of the compounds and the resonances of the diastereotopic protons

in the '"H NMR have not been fully assigned so far.

" Unpublished results.

4.1.3 Isolation and structure elucidation of sesquiterpenoids

Lactarius circellatus is closely related to L. blennius, which is known to produce anti-inflammatory
compounds.?”l Consequently, it is not astonishing that also L. circellatus contains interesting
bioactive secondary metabolites according to a previous investigation of this mushroom in the
Spiteller group by Dr. S. Tareq. Because the stereochemistry of the new compounds and the
resonances in the NMR have not been not completely assigned, the fruiting bodies of L. circellatus
were extracted, separated and spectra of the isolated compounds were recorded again to

investigate the above mentioned compounds further and to find new sequiterpenoids.

Thus, the new 5-lactarnolide sesquiterpene 12-hydroxy-15-carboxyblennin A (19) and the known

compound 15-hydroxyblennin A (34) were isolated and their structures elucidated.

Moreover, the relative and the absolute configuration of most stereocenters of the above
mentioned compounds were determined and the proton resonances of the diasterotopic protons

were assigned. For this purpose, especially NOESY and HMBC spectra were used.
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4.1.3 Isolation and structure elucidation of sesquiterpenoids

In addition, before this research, further investigations aiming to extract more sesquiterpenoids
compounds from L. circellatus were pursued and the new compounds 7,15-dihydroxyblennin A
(20), 2,3-epoxylactarorufin A (21), 14-carboxy-deoxylactarorufin A (22) and 13-hydroxy-14-
carboxy-deoxylactarorufin A (23) were extracted and their structure elucidated. Also the known
compounds, lactarotropone (24), lactarorufin A (25), deoxylactarorufin A (26), lactarorufin B (27),
furan alcohol 28, methoxyfuranalcohol 29, 3,8-oxalactarorufin A (30) and 3,12-
anhydrolactarorufin A (31) were extracted for the first time from the mushroom alongside with the
already known compounds furandiol 15, lactarorufin N (13) and blennin C (18) that were reported

to be exist in this mushroom.?4
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4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)

4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)

4.1.3.1.1 Structure elucidation

A fraction was prepared from the Lactarius circellatus flesh adapting the extraction method
described in section 6.3.1.3, followed by SPE filtration to produce a (1:1) pre-separation fraction.
This fraction was introduced to semi-preparative HPLC separation method A described in section
6.3.4.1, to produce 1.1 mg of compound 19 out of 135 g of the mushroom fruiting bodies. The

separated compound was detected with a UV-detector, at a wavelength of A 235 nm.

T

;

OH'  HO
12-Hydroxy-15-carboxyblennin
(19)

The HR-ESI-(+)-MS spectrum of compound 19 (Fig. 5) exhibits an [M+H]" ion at m/z 297.13238
and a corresponding [2M+H]" ion at m/z 593.25817 leading to the molecular formula C15H20Os.
Using the molecular formula, the degrees of unsaturation (DoU) can be calculated via the formula
F2 to be 6 DoU for compound 19.

F2 DoU = (2C+2+N-X-H) / 2

C is the number of carbons

N is the number of nitrogens

X is the number of halogens (F, ClI, Br, |)
H is the number of hydrogens

19



4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)
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Figure. 5. HR-ESI-(+)-MS and UV/Vis-spectrums of compound 19 from L. circellatus.

In Lactarius species such a molecular formula of 15 carbon atoms and a similar number of
hydrogen and oxygen atoms usually corresponds to a group of compounds called 5-lactarnolide
sesquiterpenes, (Fig. 6), that are extracted from Lactarius species. An additional factor that is
sesquiterpenes exhibit a very clear signal of [2M+H]" ion in MS spectrums. Accordingly, such a

frame structure was considered.

Figure. 6. 5-Lactarnolide sesquiterpenes general structure.

The 'H-NMR spectrum of 19, recorded at 297.2 K in CDzOD (Fig. 7), exhibits 17 non-
exchangeable protons. According to the HSQC and DEPT135 data, see section 9.1. The 15
signals displayed in the "*C-NMR spectrum were assigned to 1 CH3 group, 4 CH> groups, 6 CH

groups, and four quaternary carbon atoms.
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4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)
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Figure. 7. '"H-NMR-spectrum (600.22 MHz, CD30D, 297.2 K) of compound 19 from L. circellatus.

The HSQC and COSY-spectrums revealed the presence of a C=CH-CH moiety, two separated
oxygenated methylene groups CH>—0O, and two neighboring CH-CH>—C moieties one of them
coupling with a CH-CH(O)-CH fragment. The protons and carbon atoms of the C=CH-CH group
exhibit chemical shifts similar to those of the corresponding C=CH-CH fragment of lactarorufin N
(13). The vinylic proton in this moiety with chemical shifts at én 6.93 couples with the proton at éu
2.45 that is attached to a carbon that correlates in the HMBC (Fig. 8) with the oxygenated
methylene protons at 64 3.56 and &4 3.81. This corresponds also to similar spin systems in blennin
A (32)8 as well as blennin D (33)?® and 15-hydroxyblennin A (34).8% C=CH-CH fragment in
lactarorufin N (13) has similar chemical shifts with (C-3, éu 2.53, 6. 33.50), (C-4, 61 6.73, Oc
146.27), and (C-6, &. 127.35). This assumption was verified with the existence of HMBC
correlations with the carbonyl carbon at ¢ 173.94, that also one of the protons of the oxygenated
methylene CH>—O at (6n 4.49, 6c 70.85) correlates with. This will locate the typical lactone ring
that exists in such lactarane sesquiterpenes, accordingly assigning this carbonyl carbon to be at

position 5, therefore, the vinylic proton is at carbon 4.
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4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)

Figure. 8. Structure of compound 19 with selected HMBC correlations (—)
and HMBC correlations with Karplus relationship (—), (CD3OD).

The center proton in the CH-CH(OH)—-CH fragment with the chemical shift at (én 3.54, 6c 75.21)
correlates with the quaternary carbon in the C=CH-CH moiety as well as with one of the methylene
carbons in the CH-CH>—C moiety. Subsequently, this proton will be assigned to be at C-8, the
quaternary carbon to be at C-6, and the methylene carbon to be at C-10. The later methylene
group has correlations with the other methylene group CH-CH>—C moiety alongside the only
methyl CHs group in this compound also with the carboxylic acid carbon with the chemical shift at
Oc 183.41. This will form the typical cyclopentane ring in such lactarane compounds, also similar
in lactarorufin N (13) for carbons 1 and 10 (C-1, én 1.40 and 1.52, é¢c 45.58), (C-10, én 1.44 and
1.66, 6c 44.33). The previously assigned protons at C-1 from CH-CH>—C fragment and the vinylic
proton at C-4 have HMBC correlations with the carbon with chemical shift at ¢ 43.78. This will
continue and connect the coupling spin system to such compound and form the seven-membered
ring in the middle between the lactone ring and the cyclopentane ring, accordingly assigning this

carbon at position 3.

6.93 12

H 3.81 & 3.56

H H H OH

H H
409~ 4.49 3.54 257 145 OH

Figure. 9. Structure of compound 19 with selected NOESY correlations («), (CD30D).
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4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)

NOE experiments (Fig. 9) and the Karplus relationship from the HMBC data (Fig. 8) has been
used for assigning the relative stereo configuration of compound 19.1'" 3! The two protons at the
carbons connecting the cyclopentane ring and the seven-membered ring at on 2.41 (C-2) and at
On 2.35 (C-9) exhibit both correlations in the COSY and the NOESY with its neighboring protons.
The proton at 61 2.41 shows NOE correlation with the methylene proton at 4 2.53 at C-1 but not
with the other at 1.47. The proton at é4 2.35 exhibits correlations in the NOESY with the methylene
proton at oy 2.57 (C-10) and with the proton at én 3.33 (C-7). Accordingly, the previously
mentioned protons are oriented to the same side. Consequently, the proton at ou 1.47 (C-1) is

oriented in the opposite direction.
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Figure. 10. NOESY expanded-spectrums of selected correlations, (CD30D).
Left: between protons at 61 1.47 and 2.45. Right: between protons at 64 1.47 and 1.34.

This proton shows NOESY correlations with the methyl protons at 64 1.34 (C-14) and the proton
at o 2.45 (C-3) (Fig. 10), subsequently assigning them to be on the same side of the compound.
Therefore, the carboxyl group (C-15) is oriented to the opposite side as the methyl group (C-14).
Also, the proton at 61 1.47 has an HMBC correlation with neighbor carbons in three cases but not
to the other proton from this methylene group as it should be (Fig. 11), making the Karplus

relationship applied here.
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Figure. 11. HMBC concentrated-spectrum of selected correlations between protons at 64 1.40 and 4.6, (CDsOD).

The pattern of lacking correlations exists with all of the three methylene groups existing in this
compound. For example, the spectrum shows clearly how the two protons at o4 4.09 and 4.49 at
Oc 70.85 have HMBC correlations with carbon at ¢ 46.28 but only the proton at 61 4.09 has a
clear correlation with carbon at éc 75.21, with only small partial correlation with the other proton
in this methylene group. Also, there are two clear correlations between proton at én 4.49 and
carbons at 6c 129.93 and 173.94, with no such correlations existing with the other proton at én
4.09.

Similarly, protons of the methylene group at 6¢c 43.84 show such a pattern as the proton at 6 2.53
has HMBC correlation with carbon at ¢ 43.04 but not the other proton at &y 1.47. Also, the later
proton has three correlations with carbons at &c 26.86, 39.80, and 43.78 but there are no

correlations between these carbons and the other proton — at é1 2.53 — in this methylene group.

One more example is the HMBC data from the methylene group at 6c43.04, as it exhibits a similar
observation of the existence of correlations between one of the protons in this group with the
neighboring carbons but not the other proton. Using this information, a dihedral angle of 90° was
fixed between each proton and each carbon should show an HMBC correlation but it did not
(Fig. 12).

Applying the Karplus relationship role made assigning the stereo configurations for protons in the
methylene groups applicable to support the NOE data (Fig. 9), and even to serve as an alternative
when NOE data are not decisive or absent. Accordingly, one could with ease assign the relative

stereo configurations for the remaining protons.
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Figure. 12. Left: 3D module of compound 19 with perspective view from C-1 through C-2. Right: Newman projection
with perspective view from C-1 through C-2.

Considering that the protons that have previously been assigned using the NOE data should be
on the same side of the compound. These protons either exist on one side of the compound or
the other, and they will be designated with an (up) configuration when moieties exist on the upper
side of the drawn compound in (Fig. 16-page 29), or they will be designated with a (down)
configuration when they are existing in the downside of the compound. The next step now is to
consider the Karplus relationship applied observation on the HMBC data to assign the relative

configuration of compound 19.

First, a 90° dihedral angle is fixed between one of the methylene protons at 6c 43.84 and carbon
3 at 6¢c 43.78. Then matching this proposed stereo configuration with the NOE and HMBC data.
Finally, fixing the proton at 64 2.53 with a 90° dihedral angle with the carbon at position 3 (Fig. 12)
will have a consistency with the data from NOE and other HMBC correlations comply with the
observed Karplus relationship. Accordingly, this proton will be in the down configuration of this

compound's relative structure.
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Figure. 13. Up: 3D module of compound 19. Left down: Newman projection with perspective view from C-10 through

C-9. Right down: Newman projection with perspective view from C-10 through C-11.

Similarly, methylene protons at C-10 also correspond to the Karplus relationship (Fig. 13), as the
proton at 6 2.57 does not correlate with the methyl group carbon at &c 26.86 like the other proton
at o1 1.45. Subsequently, a 90° dihedral angle is fixed between these atoms (Fig. 13). In a similar
approach, such an angle is fixed between the proton at 4 1.45 and carbon 2 at 6¢c 39.80, as there

is no HMBC correlation between these atoms.

As a result, the proton at 4 1.45 will be in the up configuration in compound 19 relative structure.

Subsequently, the proton at 64 2.57 will be assigned in the down configuration.
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Figure. 14. NOESY expanded-spectrums of selected correlations, (CDsOD). Up left: between protons at 4 3.33 and
4.49. Up right: between protons at 4 3.33 and 2.35. Down: between protons at 4 3.54 and 4.09.

The methine proton at 4 3.33 at C-7 with down configuration shows NOE correlation with one of
the methylene protons at du 4.49 at carbon 13, also there is a correlation with the proton at én
2.35 at carbon 9, (Fig. 14), making them in the down configuration. And so, the other proton at én
4.09 will be in the up configuration, which itself has NOE correlation with the proton of the
oxygenated methine (6w 3.54, 6¢c 75.21) at C-8 assigning it to be in the up configuration also.
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Figure. 15. Left up: 3D module of compound 19 with perspective view from C-13 through C-7. Right up: Newman
projection with perspective view from C-10 through C-9. Left down: Newman projection with perspective view from C-
13 through C-7. Right down: Newman projection with perspective view from C-13 through C-7.

For the latest assignments of protons at C-13, the Karplus relationship agrees with them firmly.
As proton at 6y 4.09 doesn’t have correlations with the alkene carbon number 6 and the lactone
carbonyl carbon number 5, like the other proton at &4 3.33 in this methylene group. Subsequently,
a 90° dihedral angle is fixed between these atoms, (Fig. 15). Additionally, this proton — at 61 4.09 —
has HMBC correlation with carbon at 6¢c 75.21 at C-8 but not the other methylene proton at éu
4.49. And accordingly, a 90° dihedral angle is fixed between the later proton and C-8 atom. So,

this proton will be assigned to be in the down configuration, and the proton at 64 4.09 will be in the

opposite up configuration.

Also fixing the dihedral angle of 90° between the proton at 61 2.57 at carbon 10 with carbon 8 at

O0c 75.21 (Fig. 15) comes as compatible with the assignment of this proton to be in down
configuration.
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4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)

The final relative structure for compound 19 can be assigned accordingly in accordance with1D
and 2D-NMR data, see (Fig. 16) and (Tab. 1). The polarimetry data was also measured for this
compound in this research, [a]% —12.3 (MeOH; ¢ 0.001).

Figure. 16. Relative structure of compound 19 with assigned NMR shifts, (CDsOD).

Table. 1: NMR data for compound 19 in CDsOD.

position On (J in HZz) Oc

1 a:1.47 1H (dd, 13.3, 6.0) 43.84
B:2.53 1H (dd, 13.3, 7.2)

2 2.41 1H (dddd, 18.0, 13.3, 6.2, 2.5) 39.80

3 2.45 1H (ddd, 18.0, 10.0, 7.0) 43.78

4 6.93 1H (dd, 2.9, 2.9) 143.60

5 - 173.94

6 - 129.93

7 3.33 1H (ddd, overlapped with CDsOD signal) 46.28

8 3.54 1H (dd, 11.0, 6.0) 75.21

9 2.35 1H (dddd, 18.0, 14.0, 7.7, 6.0) 52.47

10 a:1.45 1H (dd appears as t, 12.3, 12.3) 43.04
B:2.57 1H (dd, 12.3, 6.0)

11 - 49.56

12 3.56 1H (dd, 10.8, 3.6) 64.75
3.81 1H (dd, 10.8, 6.1)

13 a:4.09 1H (dd appears as t, 9.0, 9.0) 70.85
B:4.49 1H (dd appears as t, 9.1, 9.1)

14 1.34 3H (s) 26.86

15 - 183.41
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4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)

4.1.3.1.2 MS/MS considerations
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Figure. 17. HR-ESI-(+)-MS/MS-spectrum of 19.

The MS/MS spectrum of compound 19 shows a great similarity with other MS/MS spectrums of
compounds belonging to this group of sesquiterpenes. See MS/MS spectrums for compounds 25,
34, and 52 in sections 9.6, 9.15, and 9.16 respectively. Accordingly, such data are not even helpful

to identify or characterize the compounds with the same molecular formula.

The MS/MS fragments show a gradual loss of H,O, CO, and CO, moieties and parts from the
precursor and sub-fragments ions. Consequently, in general, this pattern suggests a stable

molecule as the fragmentation of larger parts of the molecule is not favored.

4.1.3.1.3 CD investigations

To assign the absolute structure of compound 19, CD measurement was performed. The recorded
experimental CD spectrum was then compared with the calculated spectra from the two
enantiomers of the compound 19, (Fig. 18). Tarek Scheele from Bremen University calculated the
CD spectra of the enantiomers of compound 19. The enantiomer with most moieties that have
down stereo configurations of the compound will be designated with 2R,3R,7R,8S,9R,11S-19, and
the mirror image of it will be referred to as 2S,3S,7S,8R,9S, 11R-19.

30



4.1.3.1 12-Hydroxy-15-carboxyblennin A (19)
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Figure. 18. Left: Comparison of the experimental CD spectrum (black) of 12-hydroxy-15-carboxylblennin A (19), with
the calculated spectra for 2R,3R, 7R, 8S,9R, 11S-19 configuration (red) and 2S,3S,7S,8R,9S, 11R-19 configuration
(green). Right: the structures of the two enantiomers of 19.

The calculated red curve shows a high agreement with the experimental one. The comparison
thus clearly shows that configuration 2R,3R,7R,8S,9R, 11S from compound 19 is representing the
absolute configuration for this compound.

4.1.3.1.4 Biosynthetic considerations

Following the proposed biosynthetic pathway presented by GILARDONI et al. in 2014,5%2 here one
more step can be added to produce the compound 19. Such a mechanism starts with the fatty
acid esters 7 and/or 8 of the marasmane sesquiterpene velutinal to be converted to alcohol moiety.
Rearrangements of electrons cause the ring opening of the furan part which rearranges again to
produce the epi-piperalol (12). Farther rearrangements of electrons cause the formation of blennin
A (32) that oxidizes resulting in the attachment of a hydroxyl group at the terminal methyl group
attached to carbon 11 to form 15-hydroxyblennin A (34). Adding one more step of oxidation of the

latter compound, one more hydroxyl group can be attached to the methyl group at position 12 to
finally form the compound 19, see (Fig. 19).
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Figure. 19. Proposed biosynthetic pathway of formation of compound 19.

4.1.3.2 7,15-Dihydroxyblennin A (20)

4.1.3.2.1 Own contribution to 20

The stereo configurations assignments of the methylene groups in the already extracted and
elucidated compound 20 were investigated and achieved during this research on Lactarius

circellatus mushroom.

$
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OH:
OH

7,15-Dihydroxyblennin A (20)

The proposed structure of the new sesquiterpene compound 20 extracted from L. circellatus has
partial similarity with the structure of compound 19 regarding the chemical character of carbons 1,
2,4,5,6,8,9, 10 and 13. Such a resemblance is a usual occurrence in this group of compounds.
Accordingly, Karplus relationships are proven to exist in compound 20 HMBC-NMR data for two
methylene groups out of three (Fig. 20). Protons at C-1 don’t resonate with these relationships.
However, assigning the stereo configurations of the protons in all methylene groups in compound

20 is possible by using the same approach described in section 4.1.3.1.1.
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Figure. 20. HMBC concentrated-spectrums of selected correlations for, Left: protons at 4 4.26 and 4.28.
Right: protons between &4 1.30 and 2.10, (CD3sOD).

The spectrum in (Fig. 20-right), shows decisively how the two protons at é4 1.33 and 2.07 at
carbon 1 have HMBC correlations with each of the carbons at ¢ 42.94, 46.96 and 70.97, but only
the proton at o4 1.33 has correlations with carbon 14 at ¢ 26.55 and carbon 8 at 6c 78.12.
Additionally, only the proton at &4 2.07 has correlations with both carbons at positions 1 and 2 at
Oc 42.46 and 45.07 respectively with only a trivial correlation between the proton at én 1.33 with
carbon at 6c 42.46. This can be attributed to the dihedral angle between them is not exactly 90°

but close to it.

Protons of the methylene group at C-13, &c 79.09 don’t show coupling correlations with
neighboring protons in the COSY spectrum, so in theory, they should act as an equivalent group.
However, they show an observation consistent with the Karplus relationship (Fig. 21) left. An
HMBC correlation between a partial part of what appears as an AB signal at 64 4.28 with carbon
6 at 6c 131.51 supports this observation. Such behavior could be explained as a long distance-
coupling with protons existing in two or three bonds away and there is a & system in its proximity.
Similar observations usually occur with sesquiterpenes with a double bond exists between
carbons in positions 6 and 7. Nevertheless, a small long-distance coupling causes the '"H-NMR
signal of these methylene protons not to be affected but in HMBC they show individual behavior.
Also, there is NOE correlation only between the proton at én 4.26 and the proton at 64 3.61,
section 9.2-(Fig. S13). Accordingly, two 'H-NMR shifts are assigned for each one of these protons
at 61 4.26 and 4.28.

The previously assigned "H and "*C-NMR shifts are shown in section 9.2-(Fig. S12).
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Figure. 21. Up: 3D module of compound 20 with perspective view from C-10 through C-9.
Down: Newman projections with perspective view from C-10 through C-9.

Assigning the proton at u 1.33 to be in the up configuration and the proton at 64 2.07 to be in the
down configuration agree with both HMBC and NOE-NMR data. A 90° dihedral angle is fixed
between the first one and carbon 2 at 6¢ 45.07, (Fig. 21-Down right), and also between the second
one and carbon 8 at ¢ 78.12, (Fig. 21-Down left). This method came to remove the doubt that the
proton at én 1.33 is in the up configuration because both protons have NOE correlations with the
proton at &4 3.61 at carbon 8 with the up configuration. In this case, the latest proton has a strong
NOE correlation with the proton at éu4 1.33 and a weak correlation with the proton at oy 2.07,

accordingly the NOE data doesn't provide decisive results.
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Figure. 22. Up: 3D module of compound 20 with perspective view from C-10 through C-11.
Down: Newman projections with perspective view from C-10 through C11.

Applying the previous assignments to the HMBC results regarding correlations with carbons 1 at
Oc 42.46 and 14 at &c 26.55 will confirm these assignments. As it’'s elaborated in (Fig. 22), the
proton at én 1.33 with the up configuration has no HMBC correlation with carbon 1 at 6c 42.46 due
to the dihedral angle between them being 90°. Moreover, the other proton — at 61 2.07 — shouldn’t
have HMBC correlation with carbon 14 at &c 26.55 as a result of the 90° dihedral angle between
them. This was also achieved when carbon 14 was assigned to be in the up configuration and so

carbon 15 in the down configuration, which in conclusion also confirmed these assignments.

For the protons in the methylene group at C-1 their stereo configurations assignments are a result
of the previous assignments of the methylene group at C-10 and confirm the stereo configurations
assignments of carbons 14 and 15. Therefore, the NOE correlation between protons at oy 1.42
and 1.10 will put this proton in the up configuration. This assignment can’t be decisive as there
are NOE correlations with both protons, the proton at 61 2.47 at carbon 3 with the up configuration
and the methyl protons at o4 1.19 at carbon 12 with down configuration, (9.2-Fig. S13), making

Karplus relationships an essential tool for assigning the stereo configurations of such protons.
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Figure. 23. Left: 3D module of compound 20 with perspective view from C-13 through C-7. Right: Newman projection
with perspective view from C-13 through C-7.

Simultaneously, another example of using the Karplus relationship in assigning stereo
configurations in the due compounds is assigning the hydroxyl group at C-7 to the down
configuration and proton at é+ 4.26 to be in the up configuration of the compound. This proton
could have NOE correlation with proton at 64 3.61 at C-8 in both cases whether the hydroxyl group
at carbon 7 at ¢ 78.04 is in the up configuration. But HMBC correlations give a reliable approach
to the most probable stereo configuration of the hydroxyl group, as there is only HMBC correlation
between the proton at 6+ 4.28 and carbon 6 at 6c 131.51 but not the other proton from this
methylene group. When applying both stereo configurations of the hydroxyl group, it becomes
clear that only the down configuration allows the two protons from the methylene group at carbon
13 to exist at the right angle to produce the resulting correlation, (Fig. 23). In other words, the
proton at &4 4.26 only exists in a dihedral angle of 90° with C-6 when the hydroxyl group at C-7 is
at the down stereo configuration, resulting in the observed lack of HMBC correlation. NOE
correlation between the proton at 4 4.26 and proton at &4 3.61 at carbon 8 with the up

configuration supports this assignment, (9.2-Fig. S13).

Figure. 24. Structure of compound 20, Left: with selected HMBC correlations (—) and HMBC correlations with
Karplus relationship (—). Right: With NOESY correlations (<), (CD30D).
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4.1.3.3 2,3-Epoxylactarorufin A (21)

The final relative structure of compound 20 with the assigned stereo configurations, HMBC, and
NOE correlations are shown in (Fig. 24).

The polarimetry data was also measured in this research, [a]% —10.3 (MeOH; ¢ 0.0013). The

negative sign came opposite to the results from the similar compounds 34 and 52.

4.1.3.2.2 CD investigations

CD measurement was recorded for compound 20 to assign the absolute structure. Comparison
was made between the recorded experimental CD spectrum with the calculated spectra from the
most probable enantiomer of compound 20 with the two linking protons at carbons 2 and 9 to be
in the down configuration 2R,3R,7S,8S,9R,11S-20, (Fig. 25).
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Figure. 25. Left: Comparison of the experimental CD spectrum (black) of 7,15-dihydroxyblennin A (20), with the
calculated spectra for 2R, 3R, 7S,8S,9R, 11S-20 configuration (red). Right: structure of 2R,3R,7S,8S,9R, 11S-20.

The comparison supports the most probable bio-synthetically 2R,3R,7S,8S,9R,11S-20
enantiomer, and accordingly assigning this configuration to be the absolute configuration of 7,15-
dihydroxyblennin A (20).

4.1.3.3 2,3-Epoxylactarorufin A (21)

4.1.3.3.1 Own contribution to 21

Using the same approach described in previous sections for compounds 19 and 20, the stereo
configurations of the protons in all of the four methylene groups in the new compound 21 were

assigned. Three groups of them showed strong HMBC correlations that agree with Karplus
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4.1.3.3 2,3-Epoxylactarorufin A (21)

relationships but the fourth one at C-4 showed only weak correlations but were enough to use
them to determine the orientation of the protons attached to this carbon. And also assigning the
stereo configurations of the methyl group at d4 1.38 and consequently the epoxy bridge between

carbons 2 and 3.

OH
2,3-Epoxylactarorufin A (21)

Compound 21 that already had been extracted and measured in NMR exhibit HMBC correlations
that indicate the presence of a 90° dihedral angle between protons at the methylene groups at

carbons 1, 4, 10, and 13 with their neighboring carbons, (Fig. 26).
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Figure. 26. HMBC concentrated-spectrums of correlations from previously extracted compound 21 from L. circellatus,
(CD3OD). Left: protons at 64 2.78 and 2.88. Right: protons between &4 1.65 and 2.00.

As proton at 64 1.67 from the methylene group at carbon 1 has a much stronger HMBC correlation
with the methyl group attached to carbon 11 at ¢ 29.60 than the other geminal proton at o4 1.97
in this chemical group. Also, the proton at &4 1.78 from the methylene group at carbon 10
correlates with the oxygenated carbon 8 at 6¢c 70.42 but not the other geminal proton at oy 1.89.
A similar observation was recorded for correlation with the previously mentioned carbon at &¢

29.60. Moreover, such a pattern was recorded for protons in the methylene group at carbon 13.
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Figure. 27. NOESY expanded-spectrums of selected correlations, (CDsOD). Up left: between protons at o4 4.27 and

protons at &4 1.17 and 1.78. Up right: between proton at &4 1.38 and protons at carbons 1 and 4. Down left: between

protons at &4 2.67 and 1.06. Down right: between protons at &4 1.06 and 1.17 and the methylene protons at C-1 and
C-10.

The recorded NOE data exhibit decisive information regarding the protons at the cyclopentane
part of this compound, (Fig. 27). As, there are NOE correlations between protons at 6 1.17, 1.67,
1.78, and 4.27 making them exist on the same side of this compound. Also, protons at é4 1.06,
1.89, 1.97, and 2.67 will be oriented on the opposite side of the compound structure. Following
the biological pathway for this type of compound (lactarane sesquiterpene) by assigning the bridge
proton at carbon 9 (at 61 2.67) to be in the down configuration, and consequently, the later protons
group to be also on the same side of the compound and the first protons group to be in the opposite

up configuration.

The protons from the methyl group attached to carbon 3 didn’t show decisive NOE results. As
these protons at én 1.38 show NOE correlations with both protons of each methylene group at
carbons 1 and 4, accordingly such data will not be attributed to assigning the stereo configurations
of them, (Fig. 27-Up right). Consequently, using the HMBC correlations for proton at oy 2.78
although weak with carbon 2 at 6¢ 72.70 to fix the dihedral angle between to be 90°. This can only
occur when this proton and the epoxy bridge are in the down configuration, and accordingly, the

methyl protons at 6 1.38 are in the up configuration.
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Figure. 28. Left: HMBC concentrated-spectrum of correlations from previously extracted compound 21 from L.
circellatus, for protons at 4 4.77 and 4.90. Right: NOESY expanded-spectrum of correlations between proton at én
4.27 and protons at oy 4.77 and 4.90, (CD3OD).

For protons at carbon 13, the latter method is the only decisive approach to determine their stereo
configurations, as proton at én 4.77 can only exist in the up configuration in this compound to not
have an HMBC correlation with its neighbouring carbons, (Fig. 28-Left). This assignment can be
supported by a weak but not decisive NOE correlation with the oxygenated proton at carbon 8,
(Fig. 28-Right).

The accompanied extracted information leads to assigning the relative structure of compound 21
presented in (Fig. 29). The polarimetry data was also measured for this compound in this research,
[a]%3 —16.2 (MeOH; ¢ 0.001).

Figure. 29. Relative structure of compound 21 with assignments, (CD3OD). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations («).

4.1.3.3.2 CD investigations

Similar to the approach adopted in compounds 19 and 20 for studying the probable configuration
of such types of compounds, a comparison was established between the experimental CD spectra
with the calculated spectra of the two enantiomers of 2,3-epoxylactarorufin A (21), (Fig. 30). It

becomes clear, that the calculated spectra from the enantiomer designated with 2R,3S,8S,9S-21
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4.1.3.4 14-Carboxy-deoxylactarorufin A (22)

which consist of proton at carbon 9 in the down configuration, agree with the experimental one.
Such results are expected for this type of compound with biological pathways leading to protons

in the linking carbons 2 and 9 to be in the down configuration of the compound structure.
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Figure. 30. Left: Comparison of the experimental CD spectrum (black) of 2,3-epoxylactarorufin A (21), with the
calculated spectra for 2R,3S,8S,9S-21 configuration (red) and 2S,3R,8R,9R-21 configuration (green). Right: the
structures of the two enantiomers of 21.

4.1.3.4 14-Carboxy-deoxylactarorufin A (22)

4.1.3.4.1 Own contribution to 22

The stereo configurations of the protons in three methylene groups out of four were assigned in
this research for the new compound 22 that was extracted and measured previously in NMR in
CDsOD. Moreover, the stereo configuration of the carboxylic group attached to carbon 11 was
also assigned. This was achieved using the combined NMR data from the previously measured
compound fraction in CD3;0D, section 9.3 - (Fig. S16), and from the same fraction remeasured in

this research in DMSO-d6, but exhibited signs of compound degradation.

‘, ",

;

oH
14-Carboxy-deoxylactarorufin A (22)

The new HMBC data shows more correlations that agree with Karplus relationships as a 90°
dihedral angle can be fixed between protons in the methylene groups at carbons 1, 4, and 10 and

with their neighboring carbons that should have HMBC correlations but yet they don't, (Fig. 31).
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Figure. 31. HMBC concentrated-spectrums of correlations from previously extracted compound 22
from L. circellatus, (DMSO-d6). Protons between oy 1.40 and 2.40.

Proton at éu 1.73 at carbon 1 has HMBC correlations with both carbons 9 and 10 at 6¢c 48.39 and
40.90 respectively but not the other geminal proton at éu 1.84. Also, the later proton has a
correlation with carbon 3 at 6c 33.90 but not the other geminal proton in this methylene group. The
same observation had been noticed for the methylene protons at carbon 4 which proton at 64 2.18
has correlations with carbons 2, 5, 7, and 12 at 6¢c 47.35, 174.33, 166.88, and 22.03 respectively
but not the other proton at &4 1.97 in this methylene group. At last, the proton at 61 1.47 correlates
with carbon 2 at 6c47.35 but not the other geminal proton at é4 2.30.
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4.1.3.4 14-Carboxy-deoxylactarorufin A (22)
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Figure. 32. NOESY concentrated-spectrum of correlations between protons at f1, &4 0.85 and 4.5 and f2, 64 0.80 and
1.17, (DMSO-d6).

NOE data show correlations between protons at oy 0.92, 1.13, 1.47, 1.73, and 1.90 making them
oriented on the same side in this compound, (Fig. 32). Also, protons at éu 1.67, 2.30, and 4.48
have correlations with each other making them accordingly oriented on the opposite side of the
previously mentioned protons. Consequently, the bridge protons at carbons 2 and 9 were assigned
to be in the down configuration in this compound to match the expected biosynthesis outcome that
was already reported for this type of compound to finally propose the relevant structure of the
compound 22. This will assign the first group of protons to be in the down configuration and the
other group to be in the opposite up configuration, so the carboxylic group at carbon 11 is also in
the up configuration. Regarding the methylene protons at carbon 4, the NOE correlations are
proven to be indecisive as both protons are coupling with the methyl protons at 61 0.92, making
the method described before in compounds 19 and 21 applied here. Upon testing both directions
for the proton at 64 2.18 to agree with the data from HMBC, it can be concluded that this proton is
in the down configuration. Subsequently, the relevant structure of compound 22 can be assigned,
see (Fig. 33) and section 9.4 - (Fig. S16).
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4.1.3.5 13-Hydroxy-14-carboxy-deoxylactarorufin A (23)

Figure. 33. Relative structure of compound 22 with assignments, (DMSO-d6). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<).

4.1.3.5 13-Hydroxy-14-carboxy-deoxylactarorufin A (23)

4.1.3.5.1 Own contribution to 23

In this research, the stereo configurations of all of the three methylene groups, the double
oxygenated proton at carbon 13 and the carboxylic acid moiety at carbon 11 were assigned for
the new compound 13-hydroxy-14-carboxy-deoxylactarorufin A (23) that was also already
extracted before from Lactarius circellatus mushroom. This task was achieved using the combined
NMR data that were already measured before and the one that was repeated in this research in
CDs0OD.

H

HO  OH
13-Hydroxy-14-carboxy-deoxylactarorufin A (23)

The new compound 23 is very similar to the previous new compound 22 which differs only by the
presence of an additional hydroxyl group at carbon 13. This assignment was verified by taking into
consideration the increased chemical shifts for both carbon 13 and the proton attached to it
towards the low field area in the 1D-NMR spectrums, (6 6.13, 6c 99.04).

The new HMBC data shows more correlations for the methylene protons at carbon 4 that Karpuls
relationships can interpret. These protons alongside the ones at carbon 1 show a lack of
correlations with their neighboring carbons which a 90° dihedral angle can be fixed between them

to explain such an occurrence, (Fig. 34).
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4.1.3.5 13-Hydroxy-14-carboxy-deoxylactarorufin A (23)
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Figure. 34. HMBC concentrated-spectrums of correlations from previously extracted compound 23
from L. circellatus, (CD3OD). Left: protons at 6y 2.09 and 2.34 (repeated measurement).
Right: protons at 64 1.90 and 1.95 (measured before).

Both protons at carbon 1 have HMBC correlations with the methyl carbon 15 at éc 26.44 but only
the proton at én 1.95 has correlations with carbons 3 and 14 but not the other geminal proton at
ox 1.90 in this methylene group. Also, the later proton has a much stronger correlation with carbon
10 at 8¢ 42.31 than the other proton in this methylene group, (Fig. 34-Right). Similar notice for the
methylene group protons at carbon 4, as proton at o4 2.34 has correlations with carbons 2, 5, 7,
and 22 at dc 49.69, 174.32, 164.69, and 22.69 respectively, but the other geminal proton at én
2.09 either hasn’t or only has a very weak correlation such as the one with carbon 7 at 6¢c 164.69,
(Fig. 34-Left).
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Figure. 35. NOESY expanded-spectrums of selected correlations, (CD3OD). Left: between proton at 4 4.51 (f2), and
protons at &y 1.67, 1.95, 2.48 and 6.13. Right: for methyl protons at &4 1.03 and 1.29 (f1).

The NOE data proved to be crucial in assigning the stereo configurations of the protons and

moieties in the compound 23. The oxygenated proton at é1 4.51 has NOE correlations with protons
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4.1.3.5 13-Hydroxy-14-carboxy-deoxylactarorufin A (23)

at on 1.67, 1.95, 2.48, and 6.13 making them oriented to the same side of this compound, (Fig.
35-Left). The methyl protons at o1 1.03 have NOE correlations with both methylene protons at
carbon 1 and also with both methylene protons at carbon 4 with a stronger one with proton at én
2.34. Also has a clear and pronounced correlation with the proton at d4 2.04 of the linking carbon
2, (Fig. 35-Right). This proton alongside with proton at oy 2.45 of the other linking carbon 9, has
NOE correlations with the other methyl group protons at én 1.29, which correlates with one of the
methylene protons at carbon 10, proton at é1 1.79 making them all located in the same side of this

compound.

Applying the previous data obtained from correlations from HMBC and NOE spectrums
accompanied with the method elaborated before in sections 4.1.3.1 and 4.1.3.2, the relative
structure of compound 23 can be determined. Starting from assigning both protons at o4 2.04 and
2.45 from the linking carbons 2 and 9 to be in the typical down configuration in compliance with
the biosynthetic pathways. This will also put both of the methyl groups at 64 1.03 and 1.29 to be
in the down configuration of this compound and so, the proton at 6+ 1.79. Consequently, the stereo
configurations of the other group of protons at éu 1.67, 1.95, 2.48, 4.51, and 6.13 are in the up
configuration side in the compound 23 and as a conclusion also the carboxylic acid group at
carbon 11. Regarding the assignments of the methylene protons at 61 1.90 and 1.95 at carbon 1,
these assignments were confirmed by applying a 90° dihedral angle between them and with the
carbon atoms that should have HMBC correlations but they didn’t. Which proton at &4 1.90 this
angle with both carbons 3 and 14 at 6c 36.58 and 184.48 respectively, when only in the down
configuration of this compound with taking into consideration the NOE correlations of the other

protons. The same applied to the other proton at 61 1.95.

The NOE results proved to be not decisive for assigning the stereo configurations of the methylene
protons at carbon 4. So, the previously described method was applied here to achieve this task.
Which proton at &4 2.09 can only be located in the up configuration of compound 23 to be
compliant with the lack of HMBC correlations with carbons 5, 7, and 12 in contrast to the other

geminal proton at 64 2.34.

Subsequently, the protons and moieties of compound 23 can be assigned and so the relative

structure is shown in (Fig. 36).

46



4.1.3.6 Lactarotropone (24)

Figure. 36. Relative structure of compound 23 with assignments, (CD3OD). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<>).

4.1.3.6 Lactarotropone (24)

4.1.3.6.1 History of 24

Lactarotropone was first extracted, elucidated, and named by DE BERNARDI et al. in 1984 from
Lactarius pallidus Persoon,®® also provided NMR data. Once again, BOSETTI et al. in 1989
extracted it from L. scrobiculatus®? with a proposed biosynthetic mechanism. Finally,

lactarotrpone was extracted from Chenopodium album Linn by QIN-GE et al. in 2020.5°

Lactarotropone (24)

4.1.3.6.2 Own contribution to 24

In the already extracted and assigned compound 24 the only change was to switch assignments
of data that were inquired in CD30D of each C-6 and C-7. Carbon atom at 6c 154.87 is assigned
to be at C-7 because protons at 4 5.22 at carbon 13 and proton at 4 2.45 at carbon 12 correlate
with both carbons at 6c 131.15 and 154.87 and it can't be distinguished between them. But only
proton at én 7.44 at carbon 4 correlates only with the latest carbon but not with others. So, one
presumes that this shift will belong to the carbon three bonds away from the proton at o 7.44.

The assignments and HMBC and NOE correlations are in section 9.5 - (Fig. S18).

To inquire about more data on the highly unstable compound 24 1D and 2D-NMR experiments
were performed in DMSO-d6. This was inspired to have chemical shifts with coupling splits.

Unfortunately, the new experiments didn’t express such a result, (Fig. 37), and subsequently the
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4.1.3.7 Lactarorufin A (25)

stereo configurations assignment of methylene protons wasn’t successful. The polarimetry was
also measured, and as expected, the results proved to be trivial due to the structured nature of
the compound, [«]% +1.1 (MeOH; ¢ 0.001).

H 7.31

Figure. 37. Structure of compound 24 with assignments of "H-NMR, (DMSO-d6).

4.1.3.7 Lactarorufin A (25)

4.1.3.7.1 History of 25

Lactarorufin A was first extracted and named by DANIEWSKI et al. in 1970 from Lactarius rufus
without a proposed structure, but with only elucidated parts from the compound that could be the
first attempt to introduce a structure for such a group of compounds, [a]?° +7.%° Then they
proposed a structure assigning the carbonyl group at C-13, and without stereo configurations
assignments, but he proposed a possible biogenetic pattern of the compound formation.*” VIDARI
et al. in 1976 managed to extract it from L. blennius with an adjusted structure in which they placed
the carbonyl group at the correct position at C-5 but with inverted stereo configurations
assignments, [a]?° +12.5 (CHCI3).1?®! Then DANIEWSKI et al. in 1976 assigned the correct stereo
configurations assignments afterward.!*® Then lactarorufin A was extracted from L. trivialis and L.
torminosus by SEPPA et al. in 1980.5% Also, it was extracted from L. vellerus*® and L. mitissimus®*"
by DANIEWSKI et al. in 1988 and 1990 respectively. Then it was extracted from Russula emetica
by KOBATA et al. in 1995 providing the most recent NMR data, [«]%* +11.3 (CHCIs; ¢ 0.4).4 Also,
it was extracted from Russula brevipes by SURI et al. in 1997 but with contradicted stereo
configurations assignments, [«]% +18.2 (MeOH; ¢ 0.1).1% Afterword, lactarorufin A was extracted
from Russula delica by YAOITA et al. in 2004,1“4! Clavicorona pyxidata by ZHENG et al. in 2009,
L. subvellereus by KIM et al. in 2010,8! Russula nobilis by MALAGON et al. in 2014,*"! Russula
nigricans by ISAKA et al. in 2017,8] Russula aruea Pers by ZHAO et al. in 2019,49 but with
contradicted stereo configurations assignments, and from Linum numidicum Murb and Linum
trigynum L. by MOUNA et al. in 2022,55% using LC-HRMS/MS.
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4.1.3.7 Lactarorufin A (25)
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Lactarorufin A (25)

4.1.3.7.2 Own contribution to 25

Stereo configuration assignments were achieved for the protons from three methylene groups in
this compound out of four, moreover assigning the direction of the two methyl groups C-14 and C-
15 that attached to C-11. This effort was established using NMR data from the previously extracted
lactarorufin A (25) from Lactarius circellatus and L. trivialis in this research. The assignments were
done using a similar approach described in sections 4.1.3.1.1 and 4.1.3.2.1. This compound
already extracted from L. circellatus and measured in CD3OD was measured again in CDCIs to
compare the chemical shifts with the last reference that provided NMR data in CDCIs for this
compound,®? also to extract more 2D-correlations as much as possible. The shifts are matching
but they didn’t provide additional 2D data.

As expected, the Karplus relationship was observed in such a compound, (Fig. 38). For example,
the proton at 6w 1.40 at carbon 1 correlates with carbons at 6¢c 30.43 and 74.03 but not the germinal
proton at 64 1.65. At the same time, the latest proton correlates with carbon 10 at 6¢ 46.27 but not

the other proton in this methylene group.
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Figure. 38. HMBC concentrated-spectrums of selected correlations for compound 25 extracted from L. trivialis,
(CD3OD). Left: protons between d4 2.40 and 2.80. Right: protons between 64 1.35 and 1.70.

Also, such a pattern is observed in protons from the methylene group at C-10, in which the proton
at on 1.39 has correlations with each of the carbons at 6c 30.43 and 69.08 but not the other. Also,
the proton at 6 1.61 correlates with the carbons at 6c 44.99 and 52.22 but not the other. Such
relations apply also to protons at C-4. These correlations and also NOE correlations from
lactarorufin A (25) extracted from L. trivialis are presented in (Fig. 39).
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4.1.3.8 Deoxylactarorufin A (26)

247 283,
H H OH 1.22

Figure. 39. Relative structure of compound 25, Left: with HMBC correlations with Karplus relationship (—).
Right: with NOESY correlations (<), (CDsOD).

Subsequently, the dihedral angle with a 90° angle was fixed between each methylene proton and
carbon three bonds away, which should have HMBC correlations like the other geminal methylene
proton but it didn’t. Accompanied by NOE data, the stereo configurations assignments are
explained for protons from methylene groups at C-1, C-4, and C-10, as well as for the two methyl
groups at C-14 and C-15, (Fig. 39). The Measured polarimetry data for the compound extracted
from L. circellatus mushroom, [a]% +22.3 (MeOH; ¢ 0.01) and the extracted from L. trivialis

mushroom, [a]% +23.5 (MeOH; ¢ 0.005) are compatible with the reported results.

4.1.3.8 Deoxylactarorufin A (26)

4.1.3.8.1 History of 26

Deoxylactarorufin A was first extracted from Lactarius necator, elucidated, and given the name 3-
Deoxylactarorufin A by DANIEWSKI et al. in 1977, but with an inverted stereo configuration of the
methyl group at C-3, they provided 'H-NMR, [a]_.2%  +70 (CHCIs; ¢ 0.1). Then he extracted it from

578 Hg
L. glyciosmus and L. subdulcis.®? Afterward, they changed the compound name to 3-Deosy-3-
epilactarorufin A.%¥1 Then they managed to find and extract this compound from each of L.
vellereus, L. turpis, L. spinosulus, L. vietus and L. blennius.®* Then they provide the final stereo
configuration of the methyl group at C-3 with it oriented into a down stereo configuration. Finally,
WUNDER et al. in 1996,1¢! extracted this compound from Lentinellus cochleatus providing "*C-NMR
data but with inverted numbering positions for carbons 14 and 15, C-3, [a]% +53 (CHClIs; ¢ 0.16).
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4.1.3.8 Deoxylactarorufin A (26)
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Deoxylactarorufin A (26)

4.1.3.8.2 Own contribution to 26

In this research, protons from three methylene groups in this compound out of four were assigned
with stereo configurations. This was achieved using already measured NMR data from the
previously extracted deoxylactarorufin A from Lactarius circellatus. The assignments were done
using a similar approach described in sections 4.1.3.1.1 and 4.1.3.2.1. To compare the chemical
shifts with the previous reference that supplied NMR data in CDCI; for this compound,®® as well
as to extract as many 2D-correlations as possible, this compound that had previously been
isolated from L. circellatus and measured in CDsOD was measured again in CDCls. The chemical

shifts lined up, and more 2D data were extracted.

In HMBC data, the Karplus relationship was noticed for protons from methylene groups at carbons
1 and 10. Although correlations of protons at C-1 are obvious, but proton at oy 1.75 has
correlations with an area of carbon shifts that have two cramped carbons, carbon 1 at 6c 48.74
and C-2, 6c 48.72, (Fig. 40-Left). So, the repeated measured data in CDCI3 provided a better
understanding of this correlation, (Fig. 40-Right). Due to the clearer signals of the intended
carbons, it becomes understandable that the proton at 4 1.79 in this solvent (at 6n 1.75 in CDsOD

solvent), has correlations with both carbons that become at 6c 47.87 and 47.32 in this solvent.
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Figure. 40. HMBC concentrated-spectrums of methylene protons at C-1 and C-10 in compound 26 extracted from
L.circellatus. Left: measured in (CD30D). Right: measured in (CDCls).
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4.1.3.9 Lactarorufin B (27)

Once again, using these HMBC-data as the previously mentioned method accompanied with
NOE-data, the stereo configurations were assigned for the methylene protons at carbons 1, 4, and
10, (Fig. 41). Also, the measured polarimetry for this compound agrees with the ones that have

been reported, although it was done in a different solvent, [«]% +37.3 (MeOH; ¢ 0.001).

247277 180
H H.

Figure. 41. Relative structure of compound 26 with assignments, selected HMBC correlations (—), HMIBC
correlations with Karplus relationship (—) and NOESY correlations (<), (CDCl3).

4.1.3.9 Lactarorufin B (27)

4.1.3.9.1 History of 27

Lactarorufin B (27) was first extracted from Lactarius rufus and named by DANIEWSKI et al. in 1970
but they didn’t provide a structure for the compound, [a]% +24.5%¢! Then they proposed a structure
but assigned the carbonyl group to be at C-13.%"1 Then they introduced the stereo configurations
assignments for moieties in this compound.®?® Then NAWROT et al. in 1983 assigned the carbonyl
group to be at the correct position at C-5.5%1 Afterward, DANIEWSKI et al. in 1990 managed to
extract this compound from L. mitissimus by providing NMR data but assigning the methyl group
at C-11 to be at position 15, [a]?° +27 (EtOH; ¢ 2.0).*" The position of the methyl group was
assigned finally to be at C-14.% Then, this compound was extracted from Russula delica by
YAOITA et al. in 2004.“4 Finally, YAOITA et al. in 2004 provided an absolute structure for lactarorufin

B but with inverted numbers of moieties at C-11.[60

Lactarorufin B (27)
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4.1.3.9 Lactarorufin B (27)

4.1.3.9.2 Own contribution to 27

The stereo configuration assignments for three methylene groups in lactarorufin B were achieved
in this research. This was done using the already measured NMR data in CD3OD from the already
extracted compound from Lactarius circellatus. Also, using NMR data measured in CDsOD and
CDCls from this compound that was extracted as a mixture with the isomer compound 53 in this
research from L. trivialis, section 4.2.6.2. These assighments come in agreement with the reported
results by (Yaoita et al., 2004)®% for each of the methylene groups at C-1, C-4, and C-10. Only
their paper was mostly in Japanese language and such agreement was obtained from the English
part. In this research, the assigning part was done using the argument described previously in
sections 4.1.3.1.1 and 4.1.3.2.1.

Methylene groups at carbons 1 and 4 have HMBC correlations with the Karplus relationship. As
proton at 64 1.36 has HMBC correlations with carbon 3 at 6c 73.15 and carbon 14 at 6¢c 26.36 but
not the other proton at 6y 1.86. Subsequently, this proton has HMBC correlation with carbon 10 at
Oc 40.40 but not the other geminal proton in this methylene group (Fig. 42-Right). Also, proton én
2.48 from the methylene group at carbon 4 has HMBC correlation with carbon 12 at ¢ 30.00 but
not the other geminal proton and correlates with carbon 2 at éc 53.44 stronger than the other

correlation between the other geminal proton at 4 2.61 with same carbon (Fig. 42-Left).
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Figure. 42. HMBC concentrated-spectrums of correlations from compound 27 previously extracted from L. circellatus,
(CD3OD). Left: protons at 64 2.48 and 2.61. Right: protons between &4 1.30 and 1.90.

Then, using these HMBC data as the method mentioned previously accompanied with NOE data,
the stereo configurations assignments were obtained for the protons at carbons 1, 4, and 10
(Fig. 43). Also, the measured polarimetry for this compound agrees with the ones that have been
reported, although it was done in a different solvent, [«]% +14.6 (MeOH; ¢ 0.0015).
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4.1.3.10 Furandiol 15

Figure. 43. Structure of compound 27 with assignments previously measured in (CD30D), selected HMBC
correlations (—), HMBC correlations with Karplus relationship (—) and NOESY correlations («).

4.1.3.10 Furandiol 15

4.1.3.10.1 History of 15

The furandiol 15 was first extracted and elucidated by NOzOE et al. in 1971 from Fomitopsis
insularis, the proposed structure was without stereo configurations assignments.®" Then the
compound was extracted from Lactarius scrobiculatus by DE BERNARDI et al. in 1976.1?1 They
provide NMR data and stereo configurations assignments but it was inverted, [a]% +30.8 (CHCIs).
Moreover, VIDARI et al. in 1976 extracted this compound from L. blennius.’?®! ANDINA et al. in 1980
managed to extract this compound from Russula sardonia, they introduced the correct stereo
configurations assignments.!®¥ Once again, DE BERNARDI et al. in 1984 extracted this compound
from L. pallidus Persoon, but they suspect that such a compound is only a result of decomposition
of stearoyl velutinal induced by extraction solvent.!®¥ Then, DANIEWSKI et al. in 1988 extracted the
compound from L. vellereus.*® Then it was extracted from L. circellatus and L. necator by
STERNER in 1989, and they also have skepticism that such a compound is a result of velutinal
degradation.?* Then BOSETTI et al. in 1989 came and concluded that this compound that they
extracted previously from L. scrobiculatus was not related to velutinal degradation.®* Also,
DANIEWSKI et al. in 1990 extracted the compound from L. mitissimus.*" Then, THOMPSON et al. in
1992 synthesized this furandiol and provided NMR data.®® Then, KOBATA et al. in 1995 succeeded
in extracting this compound from Russula emetica and they provided the most recent NMR data
of the compound but without assigning the resulted chemical shifts to the designated protons and
carbons in the compound structure, [a]* +31.0 (CHCIs; ¢ 0.1).42 Then this compound was
extracted again from Russula delica by YAOITA et al. in 2003,% from L. subvellereus by KiM et al.
in 2010,1¢! and finally from Russula nobilis by MALAGON et al. in 2014.17]
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4.1.3.10.2 Own contribution to 15

The assignments of the stereo configurations of the three methylene groups at C-1, C-4, and C-
10 in furandiol 15 were achieved in this research. This was done using the already measured NMR
data in CD3;OD from the already extracted compound from Lactarius circellatus, also, with
measuring the previous sample in CDCls. Also, using NMR data measured in CDsOD and CDCls;
from this compound that was extracted in this research from L. trivialis, section 4.2.6. The resulting
chemical shifts come in agreement with the reported results by KOBATA et al. in 1995 that were
measured in CDCI3.1*? These assignments were done using the approach described previously in
sections 4.1.3.1.1 and 4.1.3.2.1.
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Figure. 44. HMBC concentrated-spectrums of correlations from compound 15. Left: protons at 64 2.70 and 2.89, the
data from previously extracted compound from L. circellatus, (CD3zOD). Right: protons between protons at 4 1.15 and
1.60, the data from compound extracted from L. trivialis, (CDCI3).

The nature of chemical shifts in this compound made it necessary to use different deuterated
solvents in the 1D and 2D-NMR experiments and use the combined results to perfect the assigning
process. As methylene group at C-1 has one equivalent chemical shift for both protons at o4 1.48
when it's measured in CD3OD. Section 9.9 - (Fig. S30) shows assigning stereo configurations of
methylene protons only at carbons 1 and 4. These protons split into two chemical shifts at 64 1.17
and 1.41 when it's measured in CDCIs. However, the methyl group that attached at C-11 becomes
almost equivalent with one chemical shift at oy 0.98 when measured in CDCIs. At the same time,

the methylene protons at C-4 have more reliable 2D-NMR data when it's measured in CD3OD than
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4.1.3.10 Furandiol 15

when measured in CDClI3 solvent, as in the later, the chemical shift of proton at éu 2.71 will be
disturbed with the chemical shift of proton at on 2.70 at carbon 9. Subsequently, the combined

HMBC data from this compound resulted of using both in these deuterated solvents (Fig. 44).

Accordingly, one can infer that both protons at 6+ 1.41 and 1.57 from methylene groups at carbons
10 and 1 respectively don’'t have HMBC correlations with carbon 15 at ¢ 30.15 but the other
geminal protons do (Fig. 44-Right). Also, oppositely, these protons have HMBC correlations with
other carbons three bonds away, but not the other geminal protons. Such as, the proton at éx 1.57
at carbon 1 has HMBC correlations with carbons 9 and 10 at éc 46.03 and 45.12 respectively but
not the other geminal proton at &4 1.20. Moreover, proton at éu 1.41 at carbon 10 has HMBC
correlations with carbons 1 and 2 at 6c 45.06 and 51.05 respectively but not the other geminal

proton at én 1.17.

Such a pattern of compliance with the Karplus relationship is also noticed with protons at carbon
4 but not so pronounced as the previously mentioned examples. As proton at o4 2.71 has much
stronger HMBC correlations with carbons 2 and 12 at c 51.05 and 31.51 respectively than the
other geminal proton at én 2.90 at this methylene group (Fig. 44-Left). Using this information
alongside NOE data, the prober dihedral angle will be fixed between these protons and the
surrounding carbons to match with the observed Karplus relationship. Accordingly, the stereo
configurations assignments of the methylene protons in this compound will be reached (Fig. 45).
Also, the reported results for this compound come in agreement with the measured polarimetry
using a different solvent, [a]%? +14.6 (MeOH; ¢ 0.0015).

Figure. 45. Structure of compound 15 extracted from L. trivialis with assignments, selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—) and NOESY correlations («), (CDCls).
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4.1.3.11 Furan alcohol 28

4.1.3.11 Furan alcohol 28

4.1.3.11.1 History of 28

The furan alcohol 28 was first extracted from Fomitopsis insularis by NOZOE et al. in 1971, provided
NMR data and proposed a structure but without stereo configurations assignments, [a], +69.5.1"
Then MAGNUSSON et al. in 1974 managed to extract this compound from Lactarius vellereus, L.
pergamenus, and L. helvus.®® They also provided NMR data and proposed partial stereo
configuration assignments but it was inverted, [a]*+123.0 (MeOH and CHCIs; ¢ 0.6). Then,
VIDARI et al. in 1976 extracted this compound from L. blennius.?® Then, ANDINA et al. in 1980
succeeded in extracting this compound from Russula sardonia.®® They assigned the stereo
configurations of the hydroxyl group at C-8 and the proton at C-9 to be in the down configuration.
After that, STERNER in 1989 extracted this furan alcohol from L. circellatus and L. nector.?¥ They
refer to this compound as (hydroxyfuran) and (monohydroxyfuran). Moreover, PANG et al. in 1992
extracted this compound from L. scrobiculatus referring to it as (lactarane furan).’’l Also,
THOMPSON et al. in 1992 reported the total synthesis of this compound also providing NMR data.®4
Afterward, DE BERNARDI et al. in 1993 extracted this furan alcohol from L. chrysorrheus and also
from the previously reported L. scrobiculatus.® Finally, ALARCON et al. in 2013 extracted it from

Russula austrodelica but they provided a contradicted structure.!®

;

OH
Furan alcohol 28

4.1.3.11.2 Own contribution to 28

The previously extracted furan alcohol 28 was dissolved in CDs;OD and run in NMR with 1D and
2D experiments to acquire the chemical shifts and correlations to elucidate and identify this
compound structure. NOE data were missing, and accordingly, the compound fraction was
measured again to achieve such information. The resulting data proved this compound unstable
and will be degraded with time as the resulting NMR spectrums were for a mixture of compounds.
Subsequently, this compound was extracted again from Lactarius circellatus, followed by
performing 1D and 2D-NMR experiments, see section 9.10. By using the combined NMR data
from both extracts, the stereo configurations assignments were achieved for the three methylene
groups in this compound and also the stereo configurations of the two methyl groups attached to
carbon 11 were assigned. Also, such a process came with agreement with the stereo

configurations assignments for the protons at carbons 8 and 9.1
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4.1.3.11 Furan alcohol 28

HMBC correlations of furan alcohol 28 show observations can be explained using the Karplus
relationship. Such as the proton at oy 1.57 shows HMBC correlation with carbon at 6¢c 29.35 but
not the other geminal proton at éx 1.90 which itself correlates with carbon at éc 47.24 but not the
proton at én 1.57 (Fig. 46-Right). Also, protons at carbon 1 show such observation, such as the
obvious lack of correlations between proton at 64 2.06 and carbons 9 and 10 at 6c 49.44 and 47.40
respectively, in contrast to the other geminal proton at on 2.20 in this methylene group. Also,
protons at carbon 4 show a couple of set correlations that can be interpreted with the Karplus
relationship, but they are less clear than the previously mentioned examples as the proton at ou
3.37 still shows correlations with its neighboring carbons but much weaker than the other proton

in this methylene group, (Fig. 46-Left).
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Figure. 46. HMBC concentrated-spectrums of correlations from previously extracted compound 28 from L. circellatus,
(CD3OD). Left: protons at 64 2.96 and 3.37. Right: protons between &4 1.50 and 2.25.

Subsequently, using a similar approach described in sections 4.1.3.1.1 and 4.1.3.2.1, the dihedral
angle with 90° angle was fixed between each methylene proton and carbon three bonds away,
which should have HMBC correlations like the other geminal methylene proton but it didn't.
Accompanied with NOE data, the stereo configurations assignments are determined and

explained for the previously mentioned moieties in this compound (Fig. 47).

Also, the measured polarimetry for this compound agrees with the ones that have been reported
by the early research groups that extracted it,’®" %! [«]2® +5.4 (MeOH; ¢ 0.0017).
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4.1.3.12 Methoxyfuranalcohol 29

Figure. 47. Relative structure of compound 28 with assignments, (CD3;OD). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<).

Additionally, the assignments of carbons 6 and 7 can't be proven by NMR data as the neighboring
protons have extensive and similar HMBC correlations beyond the ability to conclude the exact
positions of these carbons. And so, these assignments were done due to the chemical
characteristics of these carbons. Carbon 7 is attached to the oxygenated carbon 8, and
accordingly, it can be inferred that carbon 7 will have slightly less electron density than carbon 6
and that will cause the chemical shift of this carbon to be shifted more in the downfield direction in
the NMR spectrum. This observation is noticed in the similar compounds furandiol 15 and

methoxyfuranalcohol 29.

4.1.3.12 Methoxyfuranalcohol 29

4.1.3.12.1 History of 29

The methoxyfuranalcohol 29 was first extracted from Lactarius vellereus, L. pergamenus, and also
from L. helvus (Russulaceae), and elucidated by MAGNUSSON et al. in 1974.15¢1 They refer to it as
(furan alcohol 9), and also they provided NMR data with different numbering system and with
inverted stereo configurations assignments, [«]%? +6.0 (MeOH; c 0.6). Then, KABATA et al. in 1995
extracted the compound from Russula emetica.*? They refer to it as (methoxyfuranalcohol), and
they provided the most recent reported NMR data with the correct stereo configurations
assignments for moieties from this compound but with inverted numbering assignments for C-14
and C-15, [a]ZD5 +29.0 (CHCI3; ¢ 0.2). Finally, ISAKA et al. in 2017 extracted this compound from R.

nigricans, [a]* +5.0 (MeOH; ¢ 0.32).18]
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4.1.3.12.2 Own contribution to 29

Applying the same method mentioned in sections 4.1.3.1.1 and 4.1.3.2.1, of fixating the angle
between atoms in this compound to agree with the HMBC correlations that align with the Karplus
relationship. This will result in assigning the stereo configurations of the protons from the three
methylene groups existing in this compound. As shown in (Fig. 48), these protons will show at
least once that when the compound is at the most stable structure formation, a dihedral angle of
90° between a proton and a neighboring carbon will be formed, making coupling between them

missing.

For example, the proton at &4 2.68 from the methylene group at carbon 4 doesn’t have an HMBC
correlation with carbon 12 at 6c 25.06 like the other geminal proton in this chemical group as would
be expected. Another example is the protons at carbon 1. These protons will also show such an
observation, as in two cases, the proton at é4 1.62 has correlations with carbons 9 and 10 at &c
48.44 and 45.20 respectively but not the other geminal proton at én 1.54. Also, this proton at én
1.54 has two correlations with carbons 3 and 14 at 6c 79.23 and 31.87 respectively but not the

other proton in this chemical group.
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Figure. 48. HMBC concentrated-spectrums of correlations from previously extracted compound 29 from L. circellatus,
(CD3OD). Left: protons at 64 2.68 and 2.86. Right: protons between &y 1.40 and 1.80.
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4.1.3.13 3,8-Oxalactarorufin A (30)

NOE data also show that protons at oy 4.56, 2.68, 1.54 and a methyl group at éx 1.12 exist on the
same side of this compound. Also, in the same way, protons at én 1.45, 2.468 and a methyl group
at on 1.07 exist in the opposite one. Adding this information from NOE data to the previously
extracted information from HMBC correlations, lead to the determination of the stereo

configurations of moieties in this compound as shown in the compound structure in (Fig. 49).

Figure. 49. Relative structure of compound 29 with assignments, (CD3;OD). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<>).

4.1.3.13 3,8-Oxalactarorufin A (30)

4.1.3.13.1 History of 30

3,8-Oxa-13-hydroxy-lactar-6-en-5-oic-acid y-lactone, was given the name 3,8-oxalactarorufin A
(30) in this research was first introduced by DANIEWSKI et al. in 1971 as a product of the chemical
reaction of lactarorufin A.B") Subsequently, the assignment of the carbonyl group was at the wrong
position at C-13, [a]3) +132. Then, they succeed in extracting this compound from Lactarius
necator providing NMR data and the stereo configurations assignments just with inverted
numbering of carbons at positions 14 and 15."% The epoxy bridge between C-3 and C-8 is in the
down configuration, [a]% +334.5 (CHCIs; ¢ 0.6). A similar but different compound with the name
(Rufuslactone) was extracted from L. rufus by LUO et al. in 2005.'" The compound has inverted
moieties of the seven-member ring part which the epoxy bridge between C-3 and C-8 is in the up
configuration. They provided NMR data for both compounds with the inverted numbering of
carbons 14 and 15, [a]?%° -5.87 (CHCIs; ¢ 0.24). After that, this compound was extracted from
Strobilurus stephanocystis by HIRAMATSU et al. in 2008.'2 Finally, MALAGON et al. in 2014

extracted this compound from Russula nobilis.*”) They refer to it as (5-lactaranolides epoxylactone

(+))-
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3,8-Oxalactarorufin A (30)
4.1.3.13.2 Own contribution to 30

In this study, the stereo configurations of the protons of the four methylene groups in this
compound at C-1, C-4, C-10, and C-13 were assigned. Also reviewing the most updated
assignments of this compound.”"! This was done using the already measured NMR data in CD;0OD
of the already extracted compound from the Lactarius circellatus mushroom. Moreover, NMR data
from the previous fraction was measured in CDCIs. The stereo configurations assignments were

done using the approach described previously in sections 4.1.3.1.1 and 4.1.3.2.1.

The previous elucidation of this compound was based on a comparison between the resulting
chemical shifts of the measured extracted compound with the reported chemical shifts of this
compound done by Luo et al. in 2005."1 The resulting chemical shifts come in agreement with the
reported one that was measured in CDCls, but that research group still reported such data without
assigning the stereo configurations for the targeted protons, also, there were mistakes in assigning
some of the NMR chemical shifts from this compound. First, they exchange the carbon chemical
shifts assignments between carbons 1 and 4 as they assign &c 31.2 to carbon 1 instead of carbon
4, and 6¢c 42.0 to carbon 4 instead of carbon 1. (PS The argument here is using their reported
shifts. In general, the chemical shifts are very similar to the one resulted here). The second
exchange is between the carbon chemical shifts assignments of carbons 2 and 9. Also, a third
wrong exchange is between assignments of carbon 12 and one of the methyl groups that attached
at carbon 11. The fourth mistake is, regardless of their numbering system they assign protons of
a methyl group at 61 0.98 to be in the up configuration and protons from the other methyl group at
on 1.00 to be in the down configuration of the compound, which is wrong. The opposite is the

correct assignment. The process of achieving the assignments is described next.

The nature of chemical shifts in this compound made it necessary to use different deuterated
solvents in the 1D and 2D-NMR experiments and use the combined results to perfect the assigning
process. As methylene group at carbon 4 has one equivalent chemical shift for both protons at éu
2.33 when it's measured in CDsOD. Section 9.11 - (Fig. S35) shows assigning stereo
configurations of methylene protons only at carbons 1, 10, and 13. These protons split into two
chemical shifts at 6w 2.34 and 2.44 when it's measured in CDCIs. However, the methylene protons
at carbons 1 and 10 have similar 2D-NMR data to the one measured in CD3;0OD. But protons at

carbon 13 have no data at all when the compound is measured again in CDCls. This observation
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is because these protons are exchanged with deuterium atoms from the deuterated solvent

CD3;0OD that was measured before. Such an encounter is discussed in detail in section 4.1.3.16.

Subsequently, the combined HMBC data from this compound resulting from using both of these

deuterated solvents will be in use but with a focus on data from CDCls, (Fig. 50).
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Figure. 50. HMBC concentrated-spectrums of correlations from compound 30 from L. circellatus.
Left: previously measured in (CD30D), for protons at é4 4.85 and 4.93. Middle: protons at 61 2.34 and 2.44.
Right: protons between &4 0.85 and 1.50, (CDCls).

The NMR data for compound 30 measured in CDClz show complaint with Karplus relationship for
methylene groups at carbons 1, 4, and 10 as shown in (Fig. 50-Middle and Right). For example,
proton at 64 0.89 at carbon 10 has HMBC correlations with carbons 8 and 14 at &c 74.74 and
29.19 respectively but not the other geminal proton at 4 1.45. In the same way, the latest proton
has correlations with carbons 1 and 2 at 6¢c 42.08 and 55.98 respectively but not the proton at o4
0.89. The same observation was noticed for methylene protons at carbon 1, as proton at 4 0.90
correlated with carbons 3 and 14 at 6c 80.82 and 29.19 respectively but not the other proton in
this methylene group at 4 1.41. Also, the later proton correlates with carbons 9 and 10 at 6¢ 54.22
and 40.07 respectively but not the other geminal proton. The same pattern of correlations was
noticed for protons at carbon 4, as the proton at én 2.44 has stronger and more pronounced
correlations with its neighboring carbons than the other geminal proton at 61 2.34. The later proton

correlates although weak with carbon 5 at 6¢c 172.75 but not the other proton at on 2.44.

Also using HMBC data from the previous measured fraction in CD3OD, such observation was
noticed for protons at C-13 (Fig. 50-Left). Proton at &1 4.85 that will be at 61 4.74 in data measured
in CDClIs solvent has correlations with carbons 5, 6, and 7 but not the other geminal proton at éu

4 .93 that will shift at 6y 4.83 in measurements done with CDCI; solvent.
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Figure. 51. Relative structure of compound 30 with assignments, (CDCIs). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<).

All together with correlations collected from NOE experiments in both deuterated solvents, and
fixing the dihedral angle with 90° between the atoms that don’t have HMBC correlations as
expected, will finally afford assigning the stereo configurations for methylene protons and other
moieties in this compound (Fig. 51). Also, the measured polarimetry data for this compound comes
in agreement with the reported one, [a]% +23.7 (MeOH; ¢ 0.00061).

4.1.3.14 Lactarorufin N (13)

4.1.3.14.1 History of 13

Lactarorufin N was first extracted from Lactarius necator by DANIEWSKI et al. in 1976.5% They
provided NMR data, [a]% -15.1 (CHCIs; ¢ 1.0). After that, they proposed stereo configuration
assignments with some contradicting assignments.® Then, this research group extracted this
compound from L. thejogallus, L. terminosus, and L. glyciosmus.®? They proposed stereo
configuration assignments for the compound but with assigning proton at C-7 to be in the down
configuration. This assignment is for the very similar isomer compound blennin A (32), which only
differs from lactarorufin N (13) by the direction of the proton at C-7. And subsequently, has an
opposite sign for the measured polarimetry, which is a positive sign for blennin A (32) and a
negative sign for lactarorufin N (13). Then, this research group, DANIEWSKI et al. in 1981, adjusts
the assignment of proton at C-7 to the correct up configuration.5® Also, they extracted this
compound from L. vietus.®™ Finally, STERNER in 1989 extracted lactarorufin N (13) from L.
circellatus.’?*

4.1.3.14.2 Own contribution to 13

In this study, proton and carbon chemical shifts were assigned to this compound as the last NMR

data reported were from 1976.%8 Also, the stereo configurations assignments for the three
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methylene groups in this compound at carbons 1, 10, and 13 were all achieved. This was done
using the already measured NMR data in CD30OD of the already extracted compound from the
Lactarius circellatus mushroom. The NOE experiment was not performed before so this
experiment was run in CD3OD. Moreover, NMR data from this compound were measured in
CDCls. The stereo configurations assignments were done using the approach described

previously in sections 4.1.3.1.1 and 4.1.3.2.1.

At first glance at the NMR chemical shifts of the previously extracted fraction from L. circellatus, it
is thought to be blennin A (32). This compound is a famous lactarane sesquiterpene that is already
extracted from a variant of mushroom species. It was extracted from; L. blennius,?® L.
torminosus,B% L. thejogallus and L. glyciosmus,®? Lentinellus cochleatus,®® L. piperatus,™
Strobilurus stephanocystis,"? Russula sanguinea,’ and from L. aurantiacus, L. subdulcis, and

R. sanguinaria.??

OH
Blennin A (32) Lactarorufin N (13)

However, upon measuring and processing the NOE-NMR experiment in CD3zOD and also the data
from full 1D and 2D-NMR experiments in CDCls. Moreover, the negative value for the measured
polarimetry for this fraction was convincing that such a compound is lactarorufin N (13) the isomer
of blennin A (32). They only differ in the stereo configuration of the proton at C-7 and in the sign
of polarimetry data, which is () for lactarorufin N (13) and (+) for blennin A (32).
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Figure. 52. HMBC concentrated-spectrums of correlations from compound 13 from L. circellatus, (CDCls).
Left: protons at o1 4.20 and 4.46. Right: protons between 64 1.35 and 1.70.
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The chemical shifts of the protons in this compound were not decisive for this research, as the
protons of methylene groups at carbons 1 and 10 resulted in shifts with two protons equivalent.
Section 9.12 - (Fig. 37) shows the assigning chemical shifts of this compound and the stereo
configurations of methylene protons only at carbon 13. This made it necessary to use different
deuterated solvents in the 1D and 2D-NMR experiments, and then use the combined results to
undergo the assigning process. Indeed, the new NMR data in CDCI3; were more distinguished. As
methylene group at carbon 1 has now two 'H-NMR shifts for their protons. These protons split into
two chemical shifts at 6u 1.40 and 1.52 when it's measured in CDCIs. Also, protons at carbon 10

have now two chemical shifts at o 1.44 and 1.66.

Protons at carbons 1, 10, and 13 show also observations in the HMBC-NMR data that can be
explained using the Karplus relationship. As shown in (Fig. 52-Right), the proton at o4 1.40 has a
much stronger correlation with the methyl carbon at d¢c 30.98 at carbon 14 than the other geminal
proton at én 1.52. Also, the later proton correlates with carbon at ¢ 44.33 at carbon 10 but not the
other proton in this methylene group. Also, such notice was observed from protons at carbon 10,
which proton at 6 1.44 has correlations with both carbons 8 and 14 at ¢ 70.90 and 30.98
respectively but not the other geminal proton at 6w 1.66. The later proton also correlates with
carbon 1 at 6c 45.58 but not the other proton in this methylene group. Moreover, such notice is
shown for the protons at carbon 13, in which the proton at oy 4.46 has HMBC correlation with

carbon 6 at 6¢c 127.35 but not the other proton at é4 4.20 from this methylene group, (Fig. 52-Left).

Figure. 53. Relative structure of compound 13 with assignments, (CDCl5). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations («).

Applying the obtained information from HMBC to fix the dihedral angle with 90° between the atoms
that has no correlations where it should be, as mentioned before, adding to it the crucial
information from NOE-data one can assign all stereo configurations for protons and moieties in
this compound as shown in (Fig. 53) above. Protons at 4 3.65 at carbon 7, & 1.44 at carbon 10,
6n 1.10 at carbon 14, &4 1.40 at carbon 1, and 6+ 2.53 at carbon 3 all are configured on the same

side of this compound structure, which is the up configuration making this compound to be
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identified as lactarorufin N. Also, the measured polarimetry data [a]% —66.8 (MeOH; ¢ 0.001),

comes in agreement with the reported one.F®

4.1.3.15 Blennin C (18)

4.1.3.15.1 History of 18

Blennin C was first extracted from Lactarius necator by DANIEWSKI et al. in 1975 referring to it as
(lactaronecatorin A)."%! They also provided NMR data but with a different numbering system

assigning the carbonyl group in the opposite carbon in the lactone ring in this compound, [a]ﬁg -

5.56. Then, DE BERNARDI et al. in 1976 extracted it from L. scrobiculatus but still the assignments
of C-5 and C-13 are inverted, also they provided NMR data, [«]* —7.3 (CHCIs).? Then, VIDARI et
al. in 1976 extracted the compound from L. blennius referring to it with the name (blennin C), also
provided NMR data and assigned the carbonyl group to be at the correct position at C-5.12% Then,
SEPPA et al. in 1980 succeeded in extracting this compound from L. ftrivialis and from L.
torminosus.B% Also, PYYSALO et al. in 1980 identified it from the latest mushroom using gas
chromatography (GC)."®! Afterwards, DANIEWSKI et al. in 1981 referring to this compound with the
name (lactaronecatorin), introduced an identification method using the HPLC for this compound
in mushrooms; L. thejogallus, L. terminosus, L. glyciosmus, L. subdulcis and the previously
mentioned L. necator.®? Then, DE BERNARDI et al. in 1984 extract this compound from L. pallidus
Persoon.® Then, DANIEWSKI et al. in 1984 again using HPLC method identified this compound in
L. turpis, L. vellereus, and L. vietus.®™ Then, DE BERNARDI et al. in 1986 assigned stereo
configurations assignments to this compound mainly assigning the methyl group at C-3 in the up
configuration.’”! Afterward, STERNER in 1989 extracted this compound from L. circellatus referring
to it with the name (lactaronecatorin A).?41 After that, DE BERNARDI et al. in 1993 extracted this
compound from L. chrysorrheus,®® in which they also proposed a biosynthetic route to the
formation of this compound. Then, WUNDER et al. in 1996 succeeded in extracting this compound
from Lentinellus cochleatus,® but they reported positive sign of the measured polarimetry,
[a]® +27.5 (CHClIs; ¢ 0.17). Afterward, YAOITA et al. in 2003 extracted the compound from Russula
delica.l®® After that, this compound was extracted from Strobilurus tephanocystis by HIRAMATSU
et al. in 2008.I"2 Finally, MALAGON et al. in 2014 extracted blennin C from R. nobilis with a negative

sign of polarimetry.”!

Blennin C (18)
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4.1.3.16 3,12-Anhydrolactarorufin A (31)

4.1.3.15.2 Own contribution to 18

NMR data measured in CD30D from the previously extracted blennin C from Lactarius circellatus
didn’t support the argument that is used in this research as most of the methylene groups show
only one equivalent chemical shift for these protons, see section 9.13 - (Fig S39). Subsequently,
the fraction of this compound was measured in CDCI3 to obtain more data. Unfortunately, the
results were similar and didn’t provide additional data, but even the assignments of carbons 1 and
10 were not secured for sure as there is not enough data to explain the exact positions of the

chemical shifts of these carbons, (Fig. 54).

Figure. 54. Structure of compound 18 with assignments, (CDCls).

However, the results of the measured polarimetry for this compound, [a]% —20.7 (MeOH; ¢ 0.002),
are in agreement with the negative sign data reported by DANIEWSKI et al. in 1975, and DE
BERNARDI et al. in 1976,%2 but don’t agree with the positive sign data reported by WUNDER et al.
in 1996.55¢1

4.1.3.16 3,12-Anhydrolactarorufin A (31)

4.1.3.16.1 History of 31

3,12-Anhydrolactarorufin A extracted for the first time from Lactarius necator by DANIEWSKI et al.
in 1981.52 They provided NMR data with partial stereo configurations assignments for protons at
carbons 2 and 9, [a]* +26.9 (CHClIs; ¢ 1.0). Afterward, using HPLC they identify the existence of
this compound in each of the following Lactarius mushrooms; L. turpis, L. controversus, L.
vellereus, L. pergamenus, L. vietus, L. spinosulus, and L. blennius.®™ Finally, this compound was
extracted from L. scrobiculatus by BOSETTI et al. in 1989, assigning the stereo configurations of

the hydroxyl group at C-8 to be in the down configuration.*
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3,12-Anhydrolactarorufin A (31)

4.1.3.16.2 Own contribution to 31

The stereo configuration assignments were reached in this research for three methylene groups
out of the four groups that exist in this compound. This was done using the already measured
NMR data in CDsOD from the already extracted compound from Lactarius circellatus. Also, using
NMR-data measured in DMSO-d6 for this compound. In this research, the assigning part was

done using the method described previously in sections 4.1.3.1.1 and 4.1.3.2.1.

Weak HMBC correlations of the protons at C-13 made it important to repeat the measurements in
the NMR experiments. Surprisingly, the resulting data don’t show at all the chemical shifts and
correlations of the protons in this methylene group, (Fig. 55-Middle). First, the possibility of
degradation of this compound was considered, but there were no other changes in the chemical
shifts of the rest of the protons in this compound. Then, after this fraction was measured in HR-
LCMS it was clear that the calculated molecular formula shows the existence of two deuterium
atoms in this compound instead of the normal hydrogen atoms expected in such a compound that
was extracted from a natural source. This was convincing enough to accept the idea that during
the previous measurements in the deuterated solvent CDsOD, there was an unusual protons
exchange with deuterium atoms. This caused the total disappearance of the chemical shifts of

these protons in the NMR spectrums.

Also, one of the protons in the methylene group at carbon 1 and one of the protons in the
methylene group at carbon 10, both have the same "H-chemical shift at 64 1.74 when compound
31 measured in CD30D, see section 9.14 - (Fig. S40). Accordingly, this made it necessary to use
different deuterated solvents in the 1D and 2D-NMR experiments and use the combined results
to produce more decisive assignments. Indeed, when using DMSO-d6 solvent the results were
slightly better, as those protons become at é4 1.64 for the proton at carbon 1 and at o4 1.62 for

the other proton at carbon 10.
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Figure. 55. HSQC-spectrums for compound 31. Left: previously measured, (CDs;OD). Middle: repeated
measurements, (CDsOD). Right: after processing which some protons exchanged back, (DMSO-d6).

Subsequently, an attempt was made to exchange back the protons of the methylene group at

carbon 13, see section 6.7.

Afterworlds, the HR-LCMS measurements show some protons exchange back but still the majority
of this fraction contains deuterium atoms (Fig. 56).
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Figure. 56. HR-LCMS-spectrum view for compound 31 after treatment with aqueous alcoholic solvent.
The results show the existence of the protonated ion of compound 31 with two deuterium atoms
as the major component, [M+H]" at m/z 251.16094, and the corresponding [2M+H]" ion at m/z
501.31496, not the expected ion of [M+H]" at m/z 249.14896. Also shows the existence of the

compound with only one atom of deuterium, as there is also the ion [M+H]" at m/z 250.15506. The
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generated molecular formulas for the previously mentioned ions and their corresponding

compounds are shown in (Tab. 2).

Table. 2. Measured molecular formulas of compound 31.

Meas. m/z lon Sum
Formula Formula
249.14896 | Ci5H2103 Ci15H2003
250.15506 | C15H20DO3 | C15H19DO3
251.16103 | C15H19D203 | C15H1sD203

Also, the signals that occasionally appear in HR-LCMS for this type of compound show agreement
in calculations with the existence of one or two deuterium atoms in combination in this compound.
Such as, [M+Na]" and [2M+Na]" ions at m/z 273.14327 and m/z 523.29654 respectively that
correspond to compound 31 with two deuterium atoms, see section 9.14 - (Fig. S41). All these
signals are major signals, indicating the compound with two exchanged deuterium atoms is the

main component in this compound combination.
The proposed mechanism of this exchange of atoms is shown in (Fig. 57).

An instantaneous rearrangement of the electrons of the y-lactone ring oxygen atoms will induce
proton loss from the methylene group at carbon 13 and deuterium atom gain at the nucleophilic
oxygen atom. Such an atom will be lost causing reformation of the carbonyl group and rearranging
the electrons to finally attack another deuterium atom from carbon 13 to form again the methylene
group that consists of one proton atom and one deuterium atom. This will put the compound in
status A. Continued exchange presses will also lead to the replacement of the other proton in this
moiety, causing the compound to reach status B which both protons at methylene group at carbon

13 will be replaced with deuterium atoms.

Figure. 57. Proposed mechanism of exchange protons at carbon 13 with deuterium atoms in compound 31.
A: one atom exchanged. B: two atoms exchanged.

Nevertheless, upon measuring this fraction after exchanging back some of the protons at carbon

13, the results show the chemical shifts of these protons appear back (Fig. 55-Right). Despite the
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appearance again of these chemical shifts and correlations in "H-NMR and HSQC-spectrums, it

still didn’t show correlations in HMBC-spectrums.

Methylene groups at carbons 1, 4, and 10 have HMBC correlations consonant with Karplus
relationships. Such as proton at 64 1.51 at carbon 1 has HMBC correlations with carbon 9 at ¢
48.89 and carbon 10 at 6c 44.94 but not the other proton at 1 1.64. Subsequently, the later proton
has HMBC correlation with carbon 13 at 6c 145.21 and carbon 14 at éc 29.49 but not the other
geminal proton in this methylene group (Fig. 58-Right). Also, the proton at 6y 3.05 from the
methylene group at carbon 4 has HMBC correlation with carbon 2 at 6¢c 43.81 and carbon 5 at &¢
173.85 but not the other geminal proton at 4 2.87 (Fig. 58-Middle). In the same manner, proton
at én 1.45 at carbon 10 has correlations with carbons 8 and 14 at ¢ 68.52 and 29.49 respectively
but not the other geminal proton at én 1.62. Also, the later proton correlates with carbon 2 at &¢
43.81 but not the other proton in this methylene group. Protons at carbon 13 in the lactone ring in
this compound have weak and indecisive HMBC correlations which can’t be used in this argument
(Fig. 58-Left).
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Figure. 58. HMBC concentrated-spectrums of correlations from compound 31 from L. circellatus.
Left: protons at 61 4.80 and 4.88, measured previously, (CD30D). Middle: protons at &4 2.87 and 3.05, (DMSO-d6).
Right: protons between 64 1.40 and 1.70, (DMSO-d6).
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4.1.3.17 15-Hydroxyblennin A (34)

Figure. 59. Relative structure of compound 31 from L. circellatus, with assignments.
Left: with HMBC correlations (—), HMBC correlations with Karplus relationship (—).
Right: with NOESY correlations (<), (DMSO-d6).

Combining information from the HMBC correlations with the Karplus relationship with NOE
correlations, one can assign the stereo configurations for protons and moieties in this compound
except protons at C-13 (Fig.59). Also, the measured polarimetry data,
[a]® +22.6 (MeOH; ¢ 0.001), agrees with the reported one.[®?!

4.1.3.17 15-Hydroxyblennin A (34)

4.1.3.17.1 History of 34

15-Hydroxyblennin A was first extracted by WIDEN et al. in 1979 from Lactarius torminosus
providing NMR data.?% The name is derived using the numbering system that takes into account
the two organic groups attached to C-11 to be in position 14 for the group in the up configuration,
and accordingly, in position 15 for the other moiety in the down configuration. So, due to the
hydroxyl group attached to the methylene group in the down configuration, the part (15-hydroxy)
was added to the name of the compound — blennin A (32) — without such a moiety. Subsequently,
when YAOITA et al. in 2012 reported extraction of the isomer compound 14-hydroxyblennin A (52)
from Russula sanguinea,’ in contradiction to the previously mentioned system. They used the
numbering system of the group attached at C11 in the down configuration to be in position 14, and
so, they described the already known compound 15-hydroxyblennin A (34). They also provided
NMR and polarimetry data, [a]} +42.3 (MeOH; ¢ 0.04), to this compound. Upon comparing them
with data from the two compounds 14-hydroxyblennin A (52) and 15-hydroxyblennin A (34) that
were extracted during this research from L. trivialis and L. circellatus respectively, it becomes
clear, that the NMR data they provide are matching with the data from 15-hydroxyblennin A (34).

This conclusion was mentioned before by GILARDONI et al. in 2014 in their report on lactarane
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sesquiterpenes from the European mushrooms.®2 Accordingly, before this research, there is no

NMR or polarimetry data were reported for compound 14-hydroxyblennin A (52).
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4.1.3.17.2 Own contribution to 34

15-Hydroxyblennin A (34) was extracted from Lactarius circellatus during this research from the
same fraction that compound 19 was extracted, section 4.1.3.1.1. Also, the stereo configurations
assignments for protons of the methylene groups at carbons 1, 10, and 13 were achieved. This
was done using NMR data from 1D and 2D experiments for the compound dissolved in CD30D.
Also, 1D-NMR measurements were performed for this compound in CDCIls to compare the
resulting data with the one reported from YAOITA et al. in 2012.[4 It's shown in (Tab. 3), the "H-
NMR data measured in CDClIs for each of compound 15-hydroxyblennin A (34) extracted from L.
circellatus, compound sangusulactones A extracted from Russula sanguineal and compound

14-hydroxyblennin A (52) extracted from L. trivialis.

Table 3: '"H-NMR data for compounds 34, sangusulactones Al"Y and 52 in CDCls.

position On (Jin Hz) On (Jin HZ) OH
34 sangusulactones A 52

1 a:1.47 1H (dd, 14.0, 5.0) a:1.42 1H (dd, 13.9, 4.4) 1.60 2H (m)
B:1.77 1H (dd, 13.9, 7.7) B:1.70 1H (dd, 13.9, 7.7)

2 2.14 1H (dddd, 10.0, 7.5, 5.0) 2.08 1H (m) 2.18 1H (m)

3 2.47 1H (dddd) 2.42 1H (m) 2.44 1H (m)

4 6.75 1H (dd appears as t, 3.0, 3.0) 6.68 1H (dd, 2.9, 2.9) 6.74 1H (dd)

5 - - -

6 - - -

7 3.32 1H (dddd) 3.29 1H (m) 3.33 1H (m)

8 3.62 1H (dd appears as t, 10.0, 10.0) 3.52 1H (dd, 10.3, 10.3) 3.63 1H (dd)

9 2.29 1H (dddd appears as tt, 10.2, 7.3) 2.23 1H (m) 2.38 1H (m)

10 a:1.33 1H (dd, 12.9, 11.0) a:1.25 1H (dd, 12.8, 11.7)  a:1.55 1H (m)
B:2.07 1H (dd, 13.0, 6.8) B:2.06 1H (dd, 12.8, 6.6) B:1.68 1H (dd)

11 - - -

12 1.17 3H (d, 7.3) 1.12 3H (d, 7.0) 1.14 3H (d)

13 a:4.13 1H (dd appears as t, 8.9, 8.9) a:4.09 1H (dd, 9.2, 8.8) a:4.13 1H (dd)
B:4.54 1H (dd appears as t, 9.2, 9.2) B:4.50 1H (dd, 9.2, 9.2) B:4.53 1H (dd)

14 1.12 3H (s) 3.27 1H (d, 11.0) 3.43 2H (s)

3.331H (d, 11.0)
15 3.38 2H (AB, 10.4) 1.06 3H (s) 1.04 3H (s)
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4.1.3.17 15-Hydroxyblennin A (34)

At first glance at these data, it becomes clear that such data from these very similar compounds
are almost the same. This is expected from such isomers that only differ in the stereo configuration
of the oxygenated carbon that is attached to carbon 11, regardless of the number given to it with
any numbering system. So, one should focus more on the chemical shifts of the protons at the
neighboring carbons to this moiety. Protons at carbons 1 and 10 in compound sangusulactones A
show much similarity with the same protons in compound 34 rather than the ones in compound
52. Also, it must be taken in consideration the coupling pattern of protons at carbon 1 in different
deuterated solvents. which 14-hydroxyblennin A (52) exhibits only one chemical shift in "TH-NMR
for both of them at &4 1.60 when it's measured in deuterated chloroform (Fig. 60), but exhibits two
separate signals for each one at &4 1.55 and 1.68 when it's measured in deuterated methanol as

it shows in (Tab. 8) from section 4.2.6.1.
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Figure. 60. HSQC expanded-spectrum for protons at C-1 and C-10 in compound 52,
extracted from L. trivialis, (CDCl3).

Such a coupling pattern was not reported about sangusulactones A. Consequently, it can be
concluded that the latter compound is actually 15-hydroxyblennin A (34), not 14-hydroxyblennin A

(52). *C-NMR data for these compounds didn’t provide decisive information, see (Tab. 4).

Moreover, YAOITA et al. proposed stereo configuration assignments for the protons in the
hydroxymethyl group in question here that attached to carbon 11 using NOESY data.” No such
results were obtained in this research for both sterecisomers. One can conclude that the bond
between the sp? hybridized carbons 11 and 14 will rotate freely without being hindered, and the
NOE correlations if any, will be equivalent with other protons in these compounds. Also, the same
happens for the bond between carbons 11 and 15. It can be suggested to use temperature control
NMR measurements in which a lower temperature can be tested, but no such approach has been

mentioned, or the use of anything other than traditional NOE experiments.
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Table 4: *C-NMR data for compounds 34, sangusulactones A", and 52 in CDCl;

position Oc Oc Oc
34 sangusulactones A 52
1 40.77 40.5 41.27
2 44.63 44 1 43.80
3 33.92 33.7 34.41
4 146.28 146.3 145.99
5 171.88 172.2 171.89
6 126.97 126.8 126.87
7 44.30 44 1 44.56
8 75.88 754 75.20
9 52.03 51.7 50.97
10 39.78 394 39.56
11 42.11 41.8 42.39
12 20.43 20.3 20.55
13 69.27 69.3 69.33
14 26.41 70.4 71.78
15 71.08 26.2 25.07
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Figure. 61. HMBC concentrated-spectrums of correlations from compound 34 from L. circellatus, (CD3OD).
Left: protons at 61 4.11 and 4.50. Right: protons between &4 1.30 and 2.10.

Protons of the methylene groups at carbons 10 and 13 show HMBC correlations that can be
explained with Karplus relationships, (Fig. 61). Which proton at 64 1.36 has HMBC correlations
with each of carbons 8 and 14 at éc 76.18 and 26.92 respectively but not the other geminal proton
at on 2.04. Also, the later proton has correlations with carbons 1 and 2 at ¢ 41.66 and 45.89
respectively but the other geminal proton at é4 1.36 only has a weak correlation with the later
carbon. Similarly, the proton at o4 4.11 from the methylene group at carbon 13 has an HMBC
correlation with carbon 8 at dc 76.18 but the proton at 4 4.50 only has a very weak correlation
that can discarded. Also, the later proton has clear correlations with carbons 5 and 6 at ¢ 174.12
and 128.67 but the other geminal proton in this methylene group doesn’t. Accordingly, a dihedral
angle with 90° was fixed between the protons and carbons that should have HMBC correlations

but they didn’t. Then, the information from the previous approach combined with data from NOE
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correlations, will conclude which protons from this compound will be in the up or down

configurations.

Subsequently, due to the correlations from NOE data, each of the protons at o4 4.50, 3.36, 2.29,
2.04, 3.30, 1.76, 2.12, and 1.17 should exist on the same side of this compound structure. And
so, protons at 64 4.11, 3.51, 1.36, 1.10, 1.47, and 2.54 should exist on the opposite side of this
structure. Due to the biological synthetic formation of this type of compound, one could expect the
stereo configurations of protons at carbons 2 and 9 to be in the down configuration in the
compound. Examining this assumption with the previously mentioned data including the fixed

dihedral angles between the due atoms, will reach the relative structure of this compound (Fig. 62).

12
1.17

~ 20.58
212 |:|1.76
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Figure. 62. Relative structure of compound 34 with assignments, (CD30D). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<).

The measured polarimetry of this fraction, [a]% +19.2 (MeOH; ¢ 0.0005), agrees with the reported
by YAOITA et al..[™

4.1.3.18 Investigation of the presence sesquiterpenes using LC-MS

With possession in hand of the sesquiterpenes compounds that were already extracted from
Lactarius circellatus mushroom and also the ones that were extracted during this research, a
comparison was performed between them and with processed samples from both mushrooms, L.

circellatus and L. blennius.

A small-scale extraction was performed from the flesh of one fruiting body from each mushroom
(approximately 10g), using a MeOH solvent. The raw extracts from both mushrooms were filtered
through solid phase extraction (SPE) using gradients of H,O and MeOH solvents, see section
6.3.2. The H20 fractions were discarded, and fractions 1:1 and MeOH were used. Compound 21
exhibits great deal of degradation that it exists in a trivial quantity by the time of mesearuing the
samples in HR-LCMS, (Tab. 5).
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Table. 5. Sesquiterpenes compounds exist in processed samples from L. circellatus and L.
blennius mushrooms.

cmpd # *exist in: rt exact mass cmpd # *exist in: rt exact mass
(min) (min)
19 2,4 13.30 296.13 27 2,4 13.20 282.15
20 1(more), 4 19.60 282.15 15 1,3 36.96 250.16
21 none 26.40 264.14 28 1,3 39.49? 232.15
22 2,4 25.30 280.13 30 1,3 30.82 248.14
23 1, 2, 4 (few) 24.12 296.13 13 1,3 36.96 250.16
24 1,3 32.45 24411 18 1,3 36.96 250.16
25 1,3 27.43 266.15 31 1,3 34.70 248.14
26 1,3 36.17 250.16 34 1,34 23.0 266.15

*  Sample 1: flesh extract from L. circellatus — SPE — MeOH fraction.

Sample 2: flesh extract from L. circellatus — SPE - 1:1 fraction.
Sample 3: flesh extract from L. blennius — SPE — MeOH fraction.

Sample 4: flesh extract from L. blennius — SPE — 1:1 fraction.

4.1.4 |solation and structure elucidation of Aminobenzoquinone Derivatives

4.1.4.1 Blennione (35)

One of the aim targets in this project of research Lactarius circellatus mushroom is to investigate

the presence of blennione (35) compound as it was suspected to be responsible for the gray-

green color of the cap skin of this mushroom. Blennione (35) is a green pigment that was extracted

and elucidated before from L. blennius.’® To enable the means of convenient comparison, the

green compound was extracted from both mushrooms L. circellatus and L. blennius.

Repeated LH20 column

Blennione (35)

Blennione (35) was extracted and elucidated from L. circellatus during this research using a similar

procedure with repeated use of LH20 column that was utilized to extract this compound from L.

blennius mushroom with adding the use of SPE method, see section 6.3.1.2.
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Figure. 63. Up: NOESY expanded-spectrums of selected correlations, (DMSO-d6), left: between protons at o4 3.69
and 7.12, right: between protons at é4 7.52 and 18.94. Down: Relative structure of compound (35) with assignments,

with selected HMBC correlations (—) and with NOESY correlations (<), (DMSO-d6).

The 1D and 2D-NMR measurements (Fig. 63), exhibit exact chemical shifts in comparison to the
reported one, see section 9.18. Also, blennione (35) was investigated and extracted from L. fluens
mushroom. The green compound was found to be in much higher abundance in L. circellatus than
in L. blennius although the external color of the two mushrooms indicates the opposite, also much

easier and more convenient to extract.

Blennione (35) was tested with three types of bacteria; Azospirillum brasilense, Bacillus

megaterium and Escherichia coli. The results showed a negative effect on the mentioned bacteria.
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4.1.4.2 Isolation of other colored fractions

A yellow fraction was separated from the LH20 column turned to be riboflavin (vitamin B,) (36)

comparing the retention time, mass, and UV data with a sample from the industrial compound.

Riboflavin (vitamin B,) (36)

The pink fraction was produced by applying the resulting fraction from the LH20 column to the
C18-ec cartridge as a last step of purification of the crud extract from L. blennius, but not from L.
circellatus. This fraction eluted with H,O:MeOH (1:1 v/v) gradient. This fraction was obtained

visually only from large-scale extractions.

Lilacinone (37)

This fraction was suspected to be the compound lilacinone (37) a pink pigment that was isolated

and elucidated from the pink mushroom L. lilacinus.l"

A comparison between this fraction with a crud extract from L. lilacinus mushroom, showed
different retention times and similar but yet different UV-spectra between the main compounds in
these samples, see (Fig. 64 and 65).

80



20000 3

1000

L TR T

aho
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In conclusion; there are two compounds (isomers) in L. lilacinus matching the molecular ion of m/z
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= 498.07 and the molecular formula of the pink compound that was extracted from L. blennius,

one of them matches the R; but not the UV absorption pattern, the other one (the main one) is
belong to lilacinone (37). No compounds match such mass in L. circellatus.

81



4.2.1 Description of L. trivialis

4.2 Lactarius trivialis

4.2.1 Description of L. trivialis

Lactarius trivialis is a fungus also known as northern milkcap (Nordischer Milchling) and is a
species of the family of Russulaceae (Taublingsverwandten). At first, it was described in 1815 as
Agaricus trivialis and in 1838 it was placed in the genus Lactarius (Milchlinge), to have now its
current name.® It has a cap 5 to 20 cm in diameter that can be flattened and spread later, and
light brown to dark purple, with the stem 4 to 10 cm long and 1 to 3 cm wide and also cream-
colored, (Fig. 66).8" The lamellae of the fungus have grown and are cream to ocher in color. The

flesh is whitish and has a fruity smell.

Figure. 66. Fruiting bodies of Lactarius trivialis.[?

The fungus is particularly widespread in northern areas of North America and Europe.® As a
mycorrhizal fungus, it is usually found near birch or spruce trees (Fichten) or (Birken).B It is
therefore often found on moorlands, on the edges of moorlands, in swampy forests, and in spruce
or pine forests, as well as in moist coniferous forests. The fruiting bodies of the fungus can be
found from July to October. In Germany, the fungus only exists in mountainous or higher-hilly
areas.®® Due to its sharp taste,’® however, it is considered inedible in Central Europe, whereas
it is eaten after a special preparation in Eastern Europe,’®! such as parboiling or pickling.®®
ROTOLA-PUKKILA et al. in 2019 investigated the effect of cooking on umami compounds (umami
means: nice pungent taste, which is a class of flavors in foods besides sweet, sour, salty, and
bitter that correspond to the taste of glutamate, especially monosodium glutamate) in L. trivialis
with other wild mushrooms.®®”! The highest contents of such compounds were found to exist in the

cooked L. trivialis.
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4.2.2 Current state of knowledge

Lactarius trivialis was subjected to a study of the identification of volatile compounds from edible
mushrooms by PYYSALO in 1976.%8 The research reveals the existence of a wide range of known
alcohols, esters, and acids. In addition, the toxic stereomeric muscarines (Muscarine (38), epi-
Muscarine (39), and allo-Muscarine (40)) were detected in the mushroom by STADELMANN et al.

in 1976 but in very small amounts.®
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Afterwards, the known sesquiterpenoids compounds furandiol 15, blennin C (18), and lactarorufin
A (25) were isolated from L. trivialis by SEPPA et al. in 1980.5 No compounds belonging to this
group of alkaloids were reported from the mushroom until this research. Also from the same year,
KURKELA et al. in 1980 studied the presence of amino acids in the mushroom.® Stearoylvelutinal
(7) and 6-ketostearoylvelutinal (8) were also reported to be exist in L. trivialis as well as L.
circellatus by VIDARI and DANIEWSKI et al. in 1999.°!

HO l,

Ergocalciferol (Vitamin D,) (41) Ergosterol (42)

Very low contents of selenium were detected in L. trivialis which was picked in Finland by
PIEPPONEN et al. in 1983.°Y Also, ergocalciferol (vitamin D2) (41) was detected for the first time in
the mushroom by MATTILA et al. in 1994 using HPLC methods.? Ergosterol (42) a sterol
considered to be a provitamin for vitamin D2 when exposed to UV light, was detected by MATTILA

et al. in 2002 in L. trivialis.[®]

L. trivialis also went under several analytical and biological studies that are concerned about the
elemental analysis in this mushroom, such as the presence of *’Cs that was investigated in the
mushroom from Finland among other edible natural products by KOSTIAINEN in 2007.°% The
relatively high level of the radioactive isotope of Cesium element in the natural beings that were
affected by the Chernobyl accident in 1986 showed no significant change in the corresponding

area of the study. This exhibits no tangible reduction of the concretions of this radioactive isotope.
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Also, similar investigations and results were performed by VINICHUK et al. in 2010 for several fungi
from Sweden among them L. trivialis.®* Boron content was investigated in the mushroom by
LAVOLA et al. in 2011.1°% Also, VINICHUK et al. in 2012 and 2013 investigated the metal amounts in
the mushroom with other mushroom spices.® Finally, SHAO et al. in 2020 assembled and

annotated a complete mitochondrial genome from L. trivialis.”®"!

4.2.3 Motivation

The motivation for studying Lactarius trivialis mushrooms is that there are no reports about the
distinguished secondary metabolites from the skin of this mushroom cap. As it had been previously
recorded such compounds that were found in variant mushrooms from the Lactarius genus such
as the aminobenzoquinones blennione (35),[® and lilacinone (37),["® extracted from L. blennius
and L. lilacinus respectively. Also, necatorone (43),°®! and binecatorones (44-46),°% extracted
from L. necator and L. atroviridis. Such compounds are responsible for the distinguishing color of
each of these mushrooms. Mainly, compounds such as sesquiterpenes were reported to be

extracted from L. trivialis,*® and these compounds are usually targeted in the mushroom flesh.

NT
HO ~ R®
LA o
N7 OH H
0 H

Necatorone (43)

What also stimulated research into the skin of the mushroom is the fact that the mushroom cap
change of color that had been observed when the mushroom was picked. Before picking, the
mushroom had a light gray to light purple color, but then, the color began to change to be darker.
This indicates that changes are occurring in the fruiting bodies of L. trivialis when it is picked that
have a chemical nature. Therefore, it can be considered that there is a defense mechanism in this
mushroom. Especially since it has been reported that this mushroom has a pungent taste,® and
it can be considered edible but after treatment in a special way.®® So, this may be the mechanism
by which this fungus defends itself. Consequently, separate investigations were conducted

targeting the flesh and the cap of this mushroom separately.
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4.2.4 Initial investigations

At first, an attempt was made to extract the compounds responsible for the color in this mushroom
using conventional methods, where methanol was used as a solvent, and an extract with a pink
to dark red color was obtained. However, when this extract was examined in LC-MS, an unusually
large number of compounds were designated as potential candidates. Believing these were the
target compounds, an initial attempt was made to extract them. One of the first notes was these
compounds were unstable, which was puzzling at first. Then the idea emerged that perhaps the
methanol solvent played a role in this extract more than just an extraction solvent, as it might have

interacted chemically with some of these compounds.

It was necessary to consider a solvent that has a low probability of interacting chemically with the
targeted compounds. Because methanol and its likes contain alcoholic parts are excluded, it was
necessary to think about solvents that are less reactive or even inert. Therefore, it appears that
acetone solvent is the best candidate for this matter. Indeed, when the acetone solvent was used
in the extraction process, it showed that the resulting extract contained compounds with colors
closer to the color of the skin of the mushroom. Upon examining this extract using LC-MS, the
compounds present were more specific, so that they could be limited to a certain number of
compounds. When these compounds that were extracted using acetone were linked to the
compounds that were extracted using methanol, a link was found showing that the targeted
compounds had a methoxy added to them. Then the methanol acts not only as a solvent but as
part of a chemical reaction with the target compounds even if the extraction is at room temperature.
The stirring process probably acted as a catalyst in addition to the accessibility to react in the first

place.
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Figure. 67. Semipreparative-HPLC separation chromatograms for the (A1) SPE fraction,
see section 6.3.1.1. Detection wavelengths at 550 nm (up), at 440 nm (down).

Applying the extraction method A explained in section 6.3.1.1, several fractions were isolated from
the processed extraction from the cap skin of mushroom L. trivialis. Two different UV wavelengths
were used to detect the targeted compounds, at 440 and 550 nm, (Fig. 67) shows the

Semipreparative-HPLC separation chromatograms for (A1) SPE fraction.
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4.2.5.1 Trivialine A (47)

Figure. 68. UV/Vis-Spectrum of compound 47.
The spectrum was recorded from the semi-preparative HPLC, section 6.3.4.3.

Trivialine A (47) a yellow solid compound, was detected using UV wavelength at 440 nm and
exhibits an absorption maximum at A= 442 nm and a shoulder at 238 nm, also, shows UV
absorption at 314 nm indicating the existence of a conjugated = system in this molecule. The

UV/Vis-spectrum exhibit a large degree of saturation, (Fig. 68). LCESI-(+)-MS shows ion mass of
[M+H]* at m/z 557.02, (Fig. 69).
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Figure. 69. (Up): LCESI-(+)-MS and excluded ion of 557 chromatograms, from up to down, for compound 47. (Down):

is in section 6.3.4.3.

The measurement of this compound in HR-ESI-(+)-MS was delayed due to the unavailability of
from this fraction was kept
in —7°, a suspected high degree of degradation or conversion occurred. Such a conclusion was
made due to the already established high sensitivity of such fractions from this mushroom, and
R: of trivialine B (48), see
section 4.2.5.2. And the UV absorption spectrum is the same, compare (Fig. 71) with (Fig. 74). In
addition, a compound with [M+H]* ion at m/z 558.12867 at R; of 28.60

molecular formula of Cs2HxoN3O7 with the calculated [M+H]" ion at

min. This compound has a
558.13013 that comes in
agreement with the measured one. This molecular mass and the molecular formula were found in

a fraction that was isolated through the semi-preparative HPLC, see section 4.2.5.3.
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Figure. 70. (From up to down): HRESI-(+)-MS, excluded ion of 558.129 and excluded ion of 557.145 chromatograms,
for compound 47. Gradient is in section 6.3.4.3.

The resulting data show two isomers with the same mass and molecular formulas have R at 33.4
and 34.0 min. This observation was noted in the measured NMR experiments for this fraction with
the presence of at least two isomers with similar chemical shifts and with an intensity ratio (1:9).
Accordingly, the data from the more abundant isomer (R: = 33.4 min) will be considered to be the
one who represents the compound trivialine A (47). Subsequently, the correspondent [M+H]*
experimented ion at m/z557.14499 in the HR-ESI-(+)-MS that agrees with the calculated one with
557.14611, will suggest the molecular formula Cs2H21N4Os for trivialine A (47), (Fig. 70). As a

result, this compound has 25 degrees of unsaturation, see equation 2 in section 4.1.3.1.1.
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0

Figure. 71. UV/Vis-Spectrum of compound 47. The spectrum was recorded from the HRESI-(+)-MS.

The molecular formula of this compound that was concluded to be C32H21N4Os also using the initial

measurement in LCESI-(+)-MS that shows a compound with a molecular mass of [M+H]* at 557.02

with an Rt at 45.65 min, and the data extracted from the 1D-NMR experiments that show presence
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4.2.5.1 Trivialine A (47)

of 32 carbon atoms and 20 hydrogen atoms in compound 47, and the great deal of similarities in
chemical shifts and correlations in the 2D-NMR experiments with trivialine B (48). This will produce
the conclusion that both compounds are related to each other meaning that the more abundant
trivialine A (47) is the precursor of trivialine B (48), and the same molecular mass and formula,

indicates a bio-reaction of rearrangement causes the observed convergent.
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Figure. 72. "H-NMR and "H-NMR-spectrums with removed signal-free areas, (600.22 MHz, DMSO-d6, 297.1 K).
The 'H-NMR spectrum was recorded at 297 K in DMSO-d6 and shows 17 non-exchangeable
protons which HSQC-spectrum shows correlations that are interpreted to correspond to eleven
(CH), and two (OCHs) groups, (Fig.72). Additionally, this compound will contain three
exchangeable protons at 64 9.97, 12.28 and 12.33. These protons are attached to nitrogen atoms

according to "®N-HMBC data, (Fig. S114).
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Figure. 73. 'SC-NMR, DEPT135 and '3C-NMR-spectrums with removed signal-free areas,
(150.94 MHz, DMSO-d6, 297.1 K).

The *C-NMR spectrum contained two methoxy signals at 8¢ 56.02 and 56.57 and 30 carbon
signals between d¢ 89.67 and 162.94, these were assigned to eleven methine groups at d¢ 111.00,
111.32, 111.95, 113.16, 119.14, 119.97, 120.98, 121.07, 121.93, 122.65, 122.85 and a staggering

number of 19 quaternary carbon atoms, (Fig. 73).

The COSY-spectrum shows the presence of four distinguished spin systems and subsequently
combined with the data extracted from HMBC and NOESY-spectrums, four substructures that are
designated with symbols (A), (B), (C), and (D) can be identified, all of which are parts of benzene

rings.

According to the COSY-spectrum, there are four aromatic protons exist in one spin system that
exists in a substructure designated with symbol (A). The protons at 61 6.87 and 7.06 have COSY
correlations with each other and separately each one of them has one more correlation with

protons at dn 7.98 and 7.36 respectively.
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4.2.5.1 Trivialine A (47)

146.63

Substructure (A). HMBC correlations (—). NOESY correlation («).

The later protons have only one COSY coupling suggesting that these protons are adjacent to
quaternary carbons and accordingly, these four protons are neighbors to each other and
connected in a continuously. Proton at &4 7.06 has HMBC correlations with carbons at &¢ 122.85
and 131.89. Also, proton at 6+ 7.98 correlates with the later carbon making them located at meta-
position to this carbon that attached to a nitrogen atom, this conclusion was made due to its
chemical shift that would be shifted more towards the low filed area in the *C NMR spectrum.
Consequently, protons at 846.87 and 7.36 exist in para and ortho-positions respectively to carbon
at 8¢ 131.89. TOCSY data agrees with assigning the later protons to be in the same spin system,
section 9.19 - (Fig. S110 and S111). Moreover, an exchangeable proton at d4 12.28 has HMBC
correlations with carbons at &¢ 89.67, 122.41, 131.89, and 146.63 suggesting that it is located at
the nitrogen atom attached to carbon at 6¢ 131.89. The previous assumption was validated with a
SN-HMBC NMR experiment that shows "Ju.n coupling between this proton and a nitrogen atom
with the chemical shift at oy 122.9, see section 9.19 - (Fig. S114).

The singlet signal proton at 64 6.83 with no COSY correlations proved to be isolated. In addition,
this proton has HMBC correlations with carbons at ¢ 121.30, 123.06, 141.20, and 142.31 making
them located close to this proton and also suggesting that they exist in a benzene ring. Moreover,
the singlet (OCHs3) protons at &4 3.74 correlate with carbon at 8¢ 142.31 making this methoxy group
attached to this carbon and a moiety in this benzene ring. Also, there is NOE correlation between
this methoxy group and proton &4 6.83, making the later proton to be located in ortho-position to

this moiety. The previous atoms are located in the proposed substructure (B).

The chemical shift of the carbon at ¢ 141.20 suggests that a nitrogen atom is attached to it. In a
similar manner to the proposed substructure (A), the ®N-HMBC data showed that this nitrogen
atom at don 90.1 is attached to it an exchangeable proton at &4 9.97. This proton has HMBC
correlations with so many carbons which suggests a central position in this molecule. It has strong
correlations with carbons at ¢ 103.63 and 145.37, also, weaker correlations with carbons at dc¢
113.16 and 121.30, and much weaker correlations with carbons at d¢c 89.67, 98.20, 122.65,
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139.51, 141.20, and 162.94. In addition, it has a NOE correlation with the proton at 647.98 from

the substructure (A). The assignments of carbons at d¢c 123.06 and 141.20 could exchange.

7 68/\ /13.9.51

Substructure (B). HMBC correlations (—>). NOESY correlations («).

In a similar coupling pattern in the protons in the substructure (A), protons at &n 7.2667, 7.2706,
7.48, and 8.10 have COSY correlations located in the same spin system. Protons at &4 7.2667
and 7.2706 couple with each other and separately have one more correlation with protons at &u

7.48 and 8.10 respectively.

Consequently, the later protons couple only with one proton each from the previously mentioned
protons making them adjacent to quaternary carbons. So, this coupling pattern will suggest that
all of these protons are neighbors to each other in a direct manner that suggests they are in a
benzene ring. The HMBC data revealed that protons at &4 7.2706 and 7.48 exist in meta-position
to carbon at d¢c 121.59 as they couple with this carbon and with the carbon they attached to.
Accordingly, protons at &4 7.2667 and 8.10 exist in para and ortho-position respectively to the later
carbon. Also, the sixth carbon in this benzene ring at 8¢ 132.00 is attached to a hetero atom as in
substructure (A), and the similarity of their chemical shifts suggests also that it is attached to a

nitrogen atom. Subsequently, the previously mentioned atoms exist in the substructure (C).
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56.57

Substructures (C) and (D). HMBC correlations (—>). NOESY correlations («).

Finally, the more substituted substructure (D) will contain the last aromatic protons in this
compound, as protons at &4 7.5890 and 7.5973 couple with each other in the COSY-spectrum.
Also, the HMBC-spectrum revealed that the other (OCH3;) protons exist in this substructure as
these protons at &+ 3.58 coupled with carbon at &¢c 145.37 that also coupled with the mentioned
previously protons. Assigning the positions of these aromatic protons related to the later
oxygenated carbon proved challenging as there are long distant correlations due to the existence
of the conjugated & electrons, but due to proton at &4 7.5973 has couplings with the more distant
carbons at 6¢ 90.83, this will place it in the meta-position to this carbon and the other aromatic
proton in this benzene ring at the ortho-position. This assignment is confirmed with the existence
of NOE correlation between the methoxy group at this carbon and proton at &y 7.5890. In this
benzene ring, the other ortho-position will be assigned to carbon at &¢c 139.51 that will be
designated to be attached to a nitrogen atom due to its chemical shift more towered low filed area.

This nitrogen atom is most probably the secondary amino group linked to the substructure (B).

The latest substructures (C) and (D) have proven to be linked to each other as both protons at o4
7.5973 and 8.10 have HMBC correlations with the carbon at &8¢ 90.83 and also, they have NOE
correlation with each other. This will suggest that there is a third ring located between these

substructures.

The overall assessment of the chemical shifts of trivialine A (47) implies that the substructures (A)
and (B) are connected to form half of this compound, and the substructures (C) and (D) are also

connected with a great similarity to (A) and (B) half, suggesting an occurrence of a dimerization.
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Figure. 74. UV/Vis-Spectrum of compound 48.
The spectrum was recorded from the semi-preparative HPLC, section 6.3.4.3.

Trivialine B (48) a violet solid compound, was detected using UV wavelength at 550 nm and
exhibits an absorption maximum at A= 248 nm and a shoulder at 280 nm, also, at 399 and 549

nm indicating the existence of a conjugated = system in this molecule and giving the compound
its violet color, (Fig. 74). LCESI-(+)-MS shows ion mass of [M+H]" at m/z 557.10, (Fig. 75).
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4.2.5.2 Trivialine B (48)
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Figure. 75. (Up): LCESI-(+)-MS and excluded ion of 557 chromatograms, from up to down, for compound 48. (Down):
Molecular mass of [M+H]* at n/z 557.10 at the R; of 38.73 min. Gradient is in section 6.3.4.3.

The [M+H]" ion at m/z 557.14480 in the HR-ESI-(+)-MS with the experimented molecular formula
Cs2H21N4Os agrees with the calculated one with 557.14611, (Fig. S116). Accordingly, this

compound has 25 degrees of unsaturation, see equation in section 4.1.3.1.1.

Again, due to the self-degradation nature of such compound and due to the relatively long time

until the sample measured for the HRESI-(+)-MS, the resulting chromatogram of compound 48
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4.2.5.2 Trivialine B (48)

shows a mixture of compounds besides the main one, mainly a compound with [M+H]" ion at m/z
573.14014 at R; of 23.10 min. This compound has a molecular formula of Cs2H21N4O7 with the
calculated [M+H]" ion at 573.14102 that agrees with the measured one. Such a compound was
isolated separately in the semi-preparative HPLC, see section 4.2.5.4.

4680sp_6-37_BB7_01_2430.d: BPC +All MS, Masses excluded

i4680sp_6-37_BB7_01_2430.d: EIC 557.14500+0.01 +All MS, Masses excluded

i4680sp_6-37_BB7_01_2430.d: EIC 573.14500+0.1 +All MS, Masses excluded

5 10 15 20 25 30 35 40 4’5 Time [n:in]

Figure. 76. (From up to down): HRESI-(+)-MS, excluded ion of 557.145 and excluded ion of 573.145 chromatograms,
for compound 48. Gradient is in section 6.3.4.3.

L.

- 1!
— 77—
13.513.012.512.011.511.010.510.0 9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 55 50 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0
I 3 — NN
N <] — © M
~ - N =X
N S 1 Qo
— - o @0 o
I I I N
| ) I
I E— T T T
0.75 0.91 0.83 1.00
T T T T T T T T T T T T T T T T T T T T T
12.6 124 122 120 11.8 116 114 112 11.0 108 10.6 104 10.2 10.0 98 96 94 9.2 9.0 88 8.6
o0 N © — o NN Ow! <+ Mo
o N - © - © N 0 NY M- M~ o
M o ® O ¥ % nYT KNWbY TN
= S o N NN Mo NANA o o
0 o o N NN NN NN NNN [Rv-R-)
4 N/ N4 4 4 SN NI
i | | |
| | | |

t
|

! Hﬁ — e e
1.00 0.99 1.01 097 098 3.9 1.03
20 810 800 790 780 770 760 750 740 730 720 710 7.00 690 680 670
o n
@ ~
o [ee]
© o
o o
‘ \
~
<
JEee—— . .
J 39 38 37 36 |
i\
" i
0.98 3.123.06
‘ ‘ ‘ ; ; ; ; ; ; ; ; ; ;
5.0 5.5 5.0 45 4.0 35 2.0 15 1.0 05 0.0

3.0 2.5
f1 (ppm)

Figure. 77. Concentrated "H-NMR-spectrums of 48, (600.22 MHz, DMSO-d6, 296.7 K).

The 'H-NMR spectrum was recorded at 297 K in DMSO-d6 and shows 17 non-exchangeable

protons which HSQC-spectrum shows correlations that are interpreted to correspond to eleven

(CH), and two (OCHs) groups (Fig.77). Subsequently, this compound will contain three

exchangeable protons. The *C-NMR spectrum of 48 contained two methoxy signals at d¢ 56.89
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4.2.5.2 Trivialine B (48)

and 56.96 and 30 carbon signals between ¢ 90.32 and 166.33, these were assigned to eleven
methine groups at &¢ 101.26, 112.19, 117.75, 118.92, 119.20, 120.92, 121.16, 122.01, 122.93,
126.88, 129.17 and a staggering number of 19 quaternary carbon atoms (Fig. 78).
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Figure. 78. Concentrated '3C-NMR-spectrums of 48, (151.01 MHz, DMSO-d6, 297.1 K).

The COSY-spectrum shows also the presence of four spin systems similar to trivialine A (47), and
subsequently combined with the data extracted from HMBC and NOESY-spectrums, also four
substructures that designated with symbols (A), (B), (C), and (D) can be identified, all of them are

parts of benzene rings, see (Fig. 79).

The chemical shifts, the spin systems, and the same molecular formula in trivialine B (48) suggest
that this compound is either a diastereomer or a constitutional isomer to trivialine A (47) rather
than a different compound. The highly unstable nature of these compounds supports the
assumption of the later suggestion, which a rearrangement could cause the formation of trivialine
B (48) as trivialine A (47) will act as a precursor for more compounds in L. trivialis mushroom. This
could be validated when the resulting data from measuring the ftrivialines fractions in high-
resolution liquid chromatography, exhibit different degrees of degradations (or reformations)

causing of appearance of compounds with related molecular formulas, see section 4.2.5.4.
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4.2.5.3 Trivialines C (49), D (50), and E (51)

Figure. 79. Substructures (A), (B), (C), and (D).
HMBC correlations (—). NOESY correlation («).

4.2.5.3 Trivialines C (49), D (50), and E (51)

More compounds belonging to the trivialines class of compounds were isolated from L. trivialis
mushroom in this research. Consequently, the yellow trivialines C (49) and E (51) were detected
using UV wavelength at 440 nm, and trivialine D (50) with peach color was detected using UV
wavelength at 550 nm. The NMR data show a pattern and chemical shifts with a certain similarity
to trivialioines A (47) and B (48), see sections 9.21, 9.22, and 9.23. Due to the isolated small
masses of these compounds, the NMR data show fewer chemical shifts than the expected number

of hydrogen and carbon atoms from the measured molecular formulas.

4.2.5.4 Trivialines comparisons

Trivialines were measured in high-resolution LCMS to assign their molecular formulas. The
general form of the elemental formula consists of 32 carbon atoms, at least 20 hydrogen atoms,
and at least 6 oxygen and 4 nitrogen atoms. The molecular formulas are varied about the presence
of amino content. Moreover, each fraction exhibits a degree of degradation which shows the

presence of at least one related compound that has a similar molecular formula, see (Tab. 6).
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4.2.5.4 Trivialines comparisons

Table. 6. An overview of isolated trivialines.

Molecular mass (m/z), R;(min), Molecular

UV detection, R; formula (Analytical-HR-LCMS)
Trivialines | Color | (semi-preparative .
HPLC) Main compound Other compound(s)

A (47) Yellow | 440 nm, 47 min, 557, 33-34, C32H21N4Os | 558, 29, C32H20N307

B (48) Violet | 550 nm, 37 min 557, 33-34, C32H21N4Os | 573, 23, C32H21N4O7
557, 33-34, C32H21N4O¢
C (49) Yellow | 440 nm, 34 min 575, 32.5, C32H23N4O7 | 281, 32, C16H13N203
265, 15, C15HaN2O3
558, 29, C32H20N307
574, 19, C32H20N30s
576, 27, C32H22N30s
559, 18.5, C32H15NsO3

D (50) | Peach | 550 nm, 32 min | 573, 23, Cs2H21N4O7

E (51) Yellow | 440 nm, 29 min 573, 23, C32H21N40O7

The full NMR data for compounds (47) and (48), and the partial NMR data for compounds (49)
and (50) suggest that (47) and (49) are structurally close to each other, hence the yellow color of
both of them and the same UV absorption wavelength that they were detected at (440 nm), see
(Tab. 7). Also, (48) and (50), hence the violet and peach color respectively, and as well, the same
UV absorption wavelength used for detecting and isolating these compounds (550 nm). In
addition, compound (50) exhibits a high degree of degradation or chemical change with time
although the storing conditions, to the color eventually changed from peach to violet color.
Compound (51) has much less NMR data.

In general, the MS and NMR data for the isolated trivialines suggest two proposals for their
chemistry, they either two groups of compounds with very similar chemical structures, or, they all
have the same chemical structure but with different hetero atoms numbers and attachments,
hence the same number of carbon atoms (32), and altering numbers of oxygen and nitrogen

atoms.

The noticeable changes in the chemical shifts of hydrogen and carbon atoms in trivialines A (47)
and B (48) are marked in bold numbers in (Tab. 7). Most of the changes are in and around the

substructure B.
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4.2.5.4 Trivialines comparisons

Table. 7: NMR data for trivialines in DMSO-d6

Sub- A (47) 34 B (48) on C (49) o+ D (50) o+
structures | and (or) 6c | and (or) 6¢c | and (or) 6c | and (or) oc
131.89 152.23 M M
7.36 7.35 7.44 M
111.32 118.92 112.35
7.06 7.25
121.07 129.17 71'223; (72:) M
A 6.87 6.94 ' 6.91
119.97 122.93 120.30
7.98 8.60 8.02 8.50
122.85 126.88 121.31 125.39
122.41 125.84 M M
89.67 114.83 M M
146.63 147.50 M 147.18
162.09 161.84 M M
123.06 128.78 M M
141.20 154.08 M M
6.83 5.91 6.64 5.79
B 113.16 101.26 110.52 99.74
142.31 153.30 M M
3.74 (3H) 3.69 (3H) 3.73 (3H) 3.49 (3H)
56.02 56.96 56.72 55.59
121.30 137.84 M M
98.20 158.23 M 157.88
146.41 156.74 147.13 156.30
162.94 166.33 162.62 M
132.00 132.23 132.33 131.90
7.48 7.46 7.42 7.44
111.95 112.19 112.21 111.90
7.26 7.24 7.24
c 121.93 122.01 71'222 (12;') 120.30
7.27 7.27 121 '99 7.27
120.98 121.16 ' 120.95
8.10 8.14 7.98 8.13
119.14 119.20 119.48 118.97
121.59 121.96 M 121.71
90.83 90.32 90.98 90.07
131.12 131.04 129.44 130.70
103.63 106.47 98.95 106.00
7.59 8.00 7.15 7.97
111.00 117.75 106.30 117.31
D 7.58 7.76 7.29 7.75
122.65 120.92 117.52 120.64
3.58 (3H) 3.81 (3H) 3.88 (3H) 3.82 (3H)
56.57 56.89 56.55 56.67
145.37 143.14 144.22 142.20
139.51 141.90 143.02 142.95
exchange 12.33 12.27 12.15 12.27
able 12.28 10.13 12.23 M
9.97 9.52 5.86? M

M: Missing chemical shift.
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4.2.5.5 MS/MS considerations
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Figure. 80. HR-ESI-(+)-MS/MS-spectrum of 47.

The MS/MS spectrum of trivialine A (47) exhibits a clear sign of splitting in half pattern. This
suggests that there is a degree of dimerization in the structural shape of the compound 47,
(Fig. 80). Similar conclusions can be inferred from MS/MS spectrums of the other trivialines B (48),
D (50), and E (51), see sections 9.20, 9.22, and 9.23 respectively.

4.2.5.6 Proposed structures for trivialine A (47)

Several proposed structures were introduced as a potential chemical structure for the yellow
compound trivialine A (47). The most candidate structure is the proposed structure 1. This
structure exhibits the clear dimerization of two identical halves of an indol-containing moiety in a
hetero chain of cycles by linking them with one secondary amino bridge, see (Fig. 81). This
proposed structure can justify the very similarity in NMR chemical shifts between the substructures
A and B, with the other substructures C and D. But such a structure, doesn’t justify the measured

chemical formula.
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4.2.5.6 Proposed structures for trivialine A (47)

Chemical Formula: C35H55N4Og Chemical Formula: C35H50N4Og
Exact Mass: 558.15393 Exact Mass: 556.13828
Proposed structure 1 Proposed structure 2

Figure. 81. Proposed structures for trivialine A (47).

The other proposed structure 2, links in a similar manner two different halves through two amino
bridges, one is secondary and the other is tertiary. This proposed structure matches with the

measured chemical formula for trivialine A (47), but doesn’t match entirely the NMR chemical
shifts.

Figure. 82. Proposed structure 2 for trivialine A (47) with selected NMR chemical shifts.

In the proposed structure 2, the indol containing moiety half from 1 was adapted by altering the
positions of moieties in substructure B, see (Fig. 82). Also, the recorded NOE correlations were
justified between protons at 64 7.98 and 9.97 in the first half (designated in color blue) and protons
at 61 7.5973 and 8.10 in the second half (designated in green).

The chemical structure of trivialine A (47) is yet to be improved and configured.
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4.2.6.1 14-Hydroxyblennin A (52)

4.2.6 Isolation of sesquiterpenoids

In the effort of perusing more compounds from the flesh of L. trivialis mushroom, known and new
compounds belonging to the lactarane sesquiterpenes group of compounds were extracted.
Furandiol 15 and lactarorufin A (25) the already known and extracted from this mushroom were
extracted. Moreover, the known lactarorufin B (27) was also extracted and identified as a mixture
with the new diasterecisomer compound 14-hydroxylactarorufin B (53) for the first time from L.
trivialis mushroom. Also, compound 14-hydroxyblennin A (52) was extracted and elucidated from
this mushroom and it has been proven that this is the first time to have recorded NMR and LC-MS

data of this compound.

4.2.6.1 14-Hydroxyblennin A (52)

14-hydroxyblennin A (52) was reported to be extracted from Russula sanguinea by YAOITA et al.
in 2012, see section 4.1.3.17. In that research, they reported what it was believed to be
compound 52, but instead, they already reported the known compound 15-hydroxyblennin A (34).
This was established in the previously mentioned section. This compound was extracted in this
research from Lactarius trivialis. The close similarity between these isomers could cause
confusing to differentiate between them. The difference between these isomers can be proved
using the retention times in HR-LCMS and the comparison of the NMR chemical shifts of both

compounds.

T e

i

OH
14-Hydroxyblennin A (52)

In section 4.1.3.17.2, such a comparison of the NMR chemical shifts was established when using
CDCl; as the deuterated solvent. Also, here is a comparison was performed using CD30D as a

solvent, see (Tab. 8).
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4.2.6.1 14-Hydroxyblennin A (52)

Table 8: '"H-NMR data for compound 34, and 52 in CD3;0D.

position &u(Jin Hz) 34 OH (J in Hz) 52

1 a:1.47 1H (dd, 13.8, 4.9) a:1.68 1H (dd, 14.2, 5.3)
B:1.76 1H (dd, 13.8, 7.6) B:1.55 1H (dd, 13.4, 8.0)

2 2.12 1H (dddd, 12.0, 7.2, 4.9) 2.18 1H (dddd, 13.2, 7.9, 5.6)

3 2.54 1H (dddd) 2.47 1H (ddd, 13.9, 7.1, 3.8)

4 6.69 1H (dd appears as t, 3.0, 3.0) 6.65 1H (dd appears as t, 2.9, 2.9)

5 - -

6 - -

7 3.36 1H (dddd) 3.38 1H (dddd)

8 3.51 1H (dd appears as t, 10.0, 10.0) 3.53 1H (dd appears as t, 10.0, 10.0)

9 2.29 1H (dddd appears as tt, 10.0, 7.0)  2.39 1H (dddd appears as tt, 9.9, 7.4)

10 a:1.36 1H (dd, 13.3, 10.6) a:1.52 1H (dd appears as t, 12.0, 12.0)
B:2.04 1H (dd, 13.2, 6.9) B:1.72 1H (dd, 12.6, 6.5)

11 - -

12 1.17 3H (d, 7.3) 1.14 3H (d, 7.2)

13 a:4.11 1H (dd appears as t, 9.0, 9.0) 0:4.10 1H (dd appears as t, 9.0, 9.0)
:4.50 1H (dd appears as t, 9.1, 9.1) B:4.50 1H (dd appears as t, 9.1, 9.1)

14 1.10 3H (s) 3.352H (s)

15 3.30 2H (s) 1.04 3H (s)

Although most of the chemical shifts of these isomers are very similar to each other there is a
relatively significant differences in the chemical shifts of the neighboring protons of the inverted
moieties attached to carbon 11. These protons at carbons 1 and 10 show clearly that they were
affected by the position of the oxygenated carbon when it's at carbon 14 and when it’s at carbon
15. Although the coupling constants are similar in general, the chemical shifts are different. Such
as protons at carbon 1 at 6u 1.47 and 1.76 in 15-hydroxyblennin A (34) will change to be at én
1.55 and 1.68 in 14-hydroxyblennin A (52). Also, protons at carbon 10 at o4 1.36 and 2.04 will
change to be at 4 1.52 and 1.72 in these compounds respectively. These differences are
understandable due to the structural nature of these asymmetrical compounds, as moieties are
different on each side of these structures and so the chemical shifts will be affected in these

continuous spin systems. The carbon's chemical shifts don’t show such differences.
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Figure. 83. The Extracted-ion chromatograms (EIC) of the exact mass 267.159 from HR-LCMS measurements for (up
to down): SPE MeOH fraction from L. circellatus (black), SPE MeOH fraction from L. blennius (black), lactarorufin A
(25) (green), 15-hydroxyblennin A (34) (blue), and 14-hydroxyblennin A (52) (red). (Gradient method F1).

Data from HR-LCMS measurements show differences in retention times although it's small.
(Figure. 83) shows the Extracted-ion chromatograms (EIC) of the exact mass 267.159 from HPLC
measurements results for each of the following samples, (from up to down); SPE MeOH fraction
of the MeOH extract from L. circellatus flesh, SPE MeOH fraction of the MeOH extract from L.
blennius flesh, compound lactarorufin A (25), compound 15-hydroxyblennin A (34), and compound
14-hydroxyblennin A (52). All of these three compounds have the molecular weight of 266.34
g/mol and the chemical formula of C15sH2204, and yet a retention times are different. In the structural
isomer lactarorufin A with the retention time of 27.4 min is eluting relatively later than the intended
stereoisomer compounds 34 and 52. They elute at 22.7 min and 23.0 min respectively. Yet the
close retention times for these stereoisomers, but these are enough to be considered as indicators
to differentiate between such isomers. Additionally, it can be inferring that compound 14-
hydroxyblennin A (52) is exist in both mushrooms L. circellatus and L. blennius in addition to L.

trivialis.
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Figure. 84. HMBC concentrated-spectrums of correlations from compound 52 from L. circellatus, (CDsOD).
Left: protons at &4 4.10 and 4.50. Right: protons between &4 1.50 and 1.75.

For assigning the stereo configurations of the moieties and protons of the methylene groups in the
compound 14-hydroxyblennin A (52), the approach described in sections 4.1.3.1.1 and 4.1.3.2.1

was implemented.

The protons of all methylene groups at carbons 1, 10, and 13 in this compound show HMBC
correlations compatible with the Karplus relationship (Fig. 84). The proton at én 1.55 at carbon 1
has a much stronger HMBC correlation with carbon 10 at 6¢c 40.85 than the proton at 64 1.68 from
this methylene group. This is an indicator that the dihedral angle between the later proton and the
due carbon is not exactly 90°. Nevertheless, due to the trivial correlation, this angle is very near
the 90°. However, the results from protons at carbon 10 are more decisive. Which proton at én
1.52 has correlations with carbons 8 and 14 at 6¢c 75.94 and 72.17 but the other geminal proton at
On 1.72 has not. Also, the latter proton correlates with carbon 1 at 6¢c 42.12 but not the other proton
in this methylene group. In the same way, similar observations from protons of methylene groups
at C-13 were noticed. As proton at 4 4.10 has a much stronger correlation with carbon 8 at ¢
75.94 than the other geminal proton at &4 4.50. Also, this proton has even stronger correlations

with carbons 5 and 6 at 6c 174.12 and 128.52 than the other geminal proton in this methylene
group.
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Figure. 85. NOESY expanded-spectrums of selected correlations from compound 52, (CDsOD). Up left: between
protons at &y 3.35 and 4.10. Up right: for methyl protons at 4 1.04 and 1.14. Down left: for protons at 64 3.35, 3.38
and 3.53. Down right: between protons at 64 3.35 and 3.53 and methylene protons at C-1 and C-10.

The NOE data show sometimes less decisive results such as protons in the opposite direction will
correlate with the same proton but with different intensities. In this case, only the strongest
correlation among them will be initially considered. For example, the oxygenated protons at on
3.35 will correlate with all protons at the methylene groups at carbons 1 and 10 (Fig. 85-Down
right). So, only correlations with protons at éu 1.52 and 1.68 will be considered as a starter for the
argument's sake. Subsequently, protons at 64 1.04, 1.55, 1.72, 2.18, 2.39, 1.14, and 3.38 will be
assigned to be oriented towards the same side of this compound. At the same time, protons at én
3.35,1.68, 1.52, 2.47, 3.53, and 4.10 have NOE correlations between each other, and the stereo
configurations of them all will also exist on the same side of the compound. By assigning the usual
down configuration to protons at éu 2.18 and 2.39 at carbons 2 and 9 respectively, and upon
combining the previously extracted data from HMBC and NOE correlations, the relative structure

for compound 14-hydroxyblennin A (52) can be assigned.
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4.2.6.1 14-Hydroxyblennin A (52)
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Figure. 86. Up: 3D module of compound 62. Down left: Newman projection with perspective view from C-13 through
C7. Down right: Newman projection with perspective view from C-10 through C11.

The assigning of the relative structure of such compound was performed using the same method
described before, by fixing the dihedral angle with approximately a 90° between the hydrogen and
carbon atoms that should have HMBC correlations but they didn’t (Fig. 86-Up). Such an approach
will be the answer to the not decisive NOE data, and so, is serving as a tool for assigning the
stereo configurations of protons and moieties in this compound. (Fig. 86-Down left) shows
Newman projection from carbon 13 through carbon 7 after applying the interpreted information
from HMBC correlations. Such elaboration shows the relation between protons of the methylene
group at carbon 13 with carbons 6 and 8, in which proton at 4 4.10 can’t be in the down
configuration and still has NOE correlations with proton at &y 3.53 that is in the up configuration,
and located in the opposite side of protons at &y 2.39 and 3.38 that have NOE correlation between
them. Similarly, (Fig. 86-Down right) shows the positions of the methylene protons at C-10 in
relation to their neighboring carbons 1, 9, 14, and 15 in a manner that agrees with the Karplus
relationship. So, by assigning protons at carbons 2 and 9 to be in the down configuration and then
assigning the rest of the protons in accordance, the relative structure was assigned (Fig. 87). Also,
if the assigning process started from any other moiety taking into consideration HMBC and NOE
correlations with its neighboring atoms, then the relative structure will also be reached for this

compound.

109



4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

Figure. 87. Relative structure of compound 52 with assignments, (CD3;OD). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations (<).

The reversed position of the oxygen-containing carbon 14 in this stereoisomer of the compound
15-hydroxyblennin A (34) did not drastically change the polarimetry sign, since the sign of the

measured polarimetry for this compound is also positive, [a]% +82 (MeOH; ¢ 0.001).

4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

Lactarorufin B (27) and 14-hydroxylactarorufin B (53) were isolated from the extract of the flesh of
L. trivialis. Gradient G was used, see section 6.3.4.7, with the mobile phase water with 0.1% acetic
acid and acetonitrile and the C18-ec column. The UV/Vis absorption at 230 nm was used to isolate
the substances. (Fig. 88) shows two chromatograms of the two isolated substances. The upper
chromatogram already shows that the peak of the isolated substance consists of two peaks that
are hardly separated from each other. A change in the gradient (lower chromatogram) makes this
clearer. Therefore, instead of a single substance, two substances of equal mass were isolated.
However, a renewed attempt to separate these compounds from one another using an extended
adjusted gradient failed, which is why both substances were analyzed together. (5.16+0.02) mg

of both compounds 27 and 53 were isolated.

',/’// - O H

R

Lactarorufin B (27) 14-Hydroxylactarorufin B (53)

The naming of compound 53 came as the stereo configuration of the hydroxyl group that attached
to one of the two methyl groups at carbon 11 is in the up configuration of the compound i.e. it's

located at carbon 14 in contrast to the diastereomer lactarorufin B (27).
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

RT- 000-6999 SM- 7G
1261 N
100 6.56E0

12 88

Relative Abundance

6472 g5 45

1217 | \iaz
653 8.1 J 15.99 1933 2370 2681 2059 3487 4024 4265 4750 49.02 6308 6623 5248 fHE028

70 N
100 8.4BE8

3037

Relative Abundance

583 B31 1039 1518 1872 2368 3755 304 39.97 4745 4771 5097 5352 6983 6330 6569 69.37
e e B L L o T o e o e e e o L Ry O o o B
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time (min)

Figure. 88: Chromatograms of Compounds 27 and 53 isolated together. Above: BPC using gradient G. Below: BPC
using extended gradient. The chromatograms were recorded using the LC-MS, ESI ionization method, analytical
C18ec-column.

(Fig. 89) shows the UV/Vis spectrum of the colorless substances recorded during isolation of the
together isolated compounds 27 and 5§3. The target compounds have an absorption maximum of
223 nm.

3.0 mm

20000 250.00 300, 00 350,00 400,00 450,00 0000 550.00 400,00 £50.00

Figure. 89: UV/Vis-Spectrum of the Compounds 27 and 53. The spectrum was recorded from the semipreparative-
HPLC run with a flow rate of 5.0 mL/min and an injection volume of 250 L.

(Fig. 90) shows the MS/MS-spectrum of the quasi-molecular ion (m/z 283) of compounds 27 and
53. The quasi-molecular ion does not appear in the fragment spectrum, but can only be seen in
the MS spectrum see section 9.17 - (Fig. S79 and S80). Like that of compound 53, the spectrum

shows losses of neutral parts in the form of some water molecules as well as carbon monoxide
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

and carbon dioxide. The MS/MS spectrum in general suggests a stable molecule, which is similar

to the other lactarane sesquiterpenes compounds.
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Figure. 90: MS/MS-Spectrum of the quasi-molecular ion (m/z 283) of Compounds 27 and 53. The spectrum was
recorded from the HR-ESI-(+)-MS run with a flow rate of 0.5 mL/min and an injection volume of 5 pL.
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Figure. 91. "H-NMR-spectrum (600.22 MHz, CDCl3, 297.2 K) of compounds 27 and 53 from L. trivialis.

The mixture of compounds 27 and 53 were recorded in 1D and 2D-NMR in solvents CDsOD and
CDCls. The data from both solvents were used to elucidate compound 63 with more 2D
correlations recorded from the CDCl; solvent. (Fig. 91) shows the 'H-NMR spectrum of the mixture
fraction was recorded using CDCIs with only picked peaks of compound 53. The rest of the NMR

data are shown in section 9.17.

According to the 1D-NMR signals, the quantity of the new compound 53 is double that of

lactarorufin B (27). Moreover, as expected, some protons and carbons have either the same or
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

very close chemical shifts in both 'H and "*C-NMR spectrums. For example, the proton signal at
On 3.42 belongs to protons of both oxygenated methylene groups at carbon 14 and 15 for
compounds 14-haydroxylactarorufin B (53) and lactarorufin B (27) respectively. Also, proton
signals at on 4.76 and 4.89 are belonging to oxygenated methylene groups protons from both
compounds. In the case of proton signals at oy 2.56 and 2.70, they belong to both methylene

groups from both compounds and they are located at the same carbon atom at é¢c 34.72, (Fig. 92).
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Figure. 92. HSQC concentrated-spectrum (600.50 MHz, CDCl3, 297.2 K) of compounds 27 and 53 from L. trivialis.

The assigning of such signals was achieved by applying the bigger signals to be coupled together
and assigning them to compound 53. Also, comparing the different 2D-NMR couplings and
correlations and matching them to fit with bigger signals. After that, when it had been concluded
that one of the two compounds is lactarorufin B (27), the confirmation of assigning the bigger

signals in 'H and "*C-NMR data to the diastereomer compound 53 was established.

For assigning the stereo configurations of methylene protons and the rest of the moieties in
compound 53, the same approach as mentioned before was used for such a type of compound,
see sections 4.1.3.1.1 and 4.1.3.2.1.
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)
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Figure. 93. HMBC concentrated-spectrums of correlations from compound 53 from L. trivialis, (CDCI3).
Left: protons at &4 2.56 and 2.70. Right: protons between &4 1.20 and 1.65.

Three methylene groups out of four in compound 53 exhibit a pattern of HMBC correlations with
their neighboring carbons that can be interpreted with Karplus relationships. One of the methylene
protons at &4 2.56 at carbon 4 has a more pronounced correlation with carbon 2 at &c 48.88 than
the other geminal proton at &4 2.70, (Fig. 93-Left). Also, protons from both methylene groups at
carbons 1 and 10 show similar occurrences, as the proton at &4 1.40 has correlations with carbons
3 and 14 at &¢ 75.54 and 70.90 respectively but not the other geminal proton at d4 1.59 from this
methylene group at carbon 1, (Fig. 93-Right). Moreover, the later proton has HMBC correlations
with carbons 9 and 10 at &¢ 45.79 and 39.92 respectively but not the other geminal proton in this
moiety. Also, methylene protons at carbon 10 reveal a similar pattern as proton at &y 1.27 shows
two explicit correlations with carbons 8 and 14 at 6¢c 67.60 and 70.90 respectively but not the other
proton at &4 1.43 in this methylene group. At the same time, the later proton has correlations with

carbons 1 and 2 at ¢ 39.50 and 48.88 respectively but not the geminal proton in this group.

Such a pattern of correlations is explained using Karplus relationships, as the dihedral angle
between the proton and the carbon that should have HMBC correlation but yet they don’t, should

be either exactly or approximately 90°.
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)
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Figure. 94. NOESY expanded-spectrums of selected correlations from compound 53, (CDCls).
Up left: for proton at &4 4.19. Up middle: for protons at &4 4.39, (CD30D).
Up right: for proton at &4 2.92. Down left: for protons at &1 2.69 and 2.70.
Down right: for protons at &4 3.428.

NOESY data of compound 53 reveal key correlations between protons in the corresponding
compound. The oxygenated proton attached to carbon 8 at &4 4.19 has correlations with protons
atdn 1.43,2.92, and 4.61, (Fig. 94-Up left). The linking proton at &1 2.92 has also correlations with
protons at &4 1.03 and 1.43, (Fig. 94-Up right). These correlations caused confusion at first, as
the stereo configurations of the linking protons at carbons 2 and 9 in such types of compounds
exist in the down configuration of the compound due to the biological synthesis pathways. Applying
the information concluded from the HMBC data, it becomes clear that such correlations are
possible when the compound structure is stable in a more folded formation, which put the protons
at carbons 3 and 8 at &4 1.31 and 4.19 respectively to be the most distant from each other. This
conclusion came as the same mixture fraction was measured also in CD30D, and the NOE data
showed a clear correlation between the corresponding protons, (Fig. 94-Up middle). A similar
observation was noticed for the companion compound lactarorufin B (27) as the corresponding
protons at carbons 3 and 8 have NOE correlation when the fraction was measured in CD3;0D but
didn’t when it was measured in CDCIs. This could be attributed to the protic and aprotic
characteristics of these solvents, although it has not yet been proven. The related NMR spectrums
for this mixture measured in the deuterated solvents CD3OD and CDCl3 are shown in section 9.17.
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

One of the methylene protons at carbon 1 at &4 1.40 has NOE correlations with protons at &4 2.70
and 3.428 of the methylene groups at carbons 4 and 14 making the stereo configurations of them

are on the same side in this compound, (Fig. 94-Down spectrums).

The combined information from the HMBC and NOESY spectrums will assign protons at &4 1.27,
1.31, 1.40, 2.70, 3.428, 4.19, and 4.61 at carbons 10, 12, 1, 4, 14, 8, and 13 respectively to be
oriented in the same side of compound 53. At the same time, protons at o4 1.03, 1.43, 1.59, 2.56,
2.69, 2.92 and 4.95 at carbons 15, 10, 1, 4, 2, 9, and 13 respectively to be oriented in the opposite
side of the previous protons with taking in consideration the linking protons at &+ 2.69 and 2.92 at
carbons 2 and 9 respectively to be assumed to be in the down configuration. When applying the
Karplus relationship to the adherent HMBC correlations by fixing the dihedral angle with 90°
between the protons and carbons atoms that should have correlations but don't, it becomes clear
that the first group of protons is in the up configuration and consequently, the second group of

protons to be in the opposite down configuration.

The relative structure with protons and carbons assignments in CDCl; solvent of the new

compound 14-hydroxylactarorufin B (53) is shown in (Fig. 95).

Figure. 95. Relative structure of compound 53 with assignments, (CDCls). Left: selected HMBC correlations (—),
HMBC correlations with Karplus relationship (—). Right: NOESY correlations («).
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4.2.6.2 Lactarorufin B (27) and 14-Hydroxylactarorufin B (53)

The chemical shifts of protons and carbons of 14-hydroxylactarorufin B (53) are shown in (Tab. 9).

Table. 9: NMR data for compound 14-hydroxylactarorufin B (§3) in CDCls.

position OH (J in Hz) Oc

1 a: 1.40 1H (dd appears as t, 11.8, 11.8) 39.50
B:1.59 1H (dd, 12.7, 8.4)

2 2.69 1H (ddd) 48.88

3 - 75.54

4 a: 2.70 1H (ddd) 34.72
B:2.56 1H (dd)

5 - 175.64

6 - 123.26

7 - 160.69

8 419 1H (d, 3.9) 67.60

9 2.92 1H (dddd appears as tt, 12.3, 12.3, 4.2, 4.2) 45.79

10 a:1.27 1H (dd) 39.92
B:1.43 1H (dd, 11.9, 6.8)

11 - 42.31

12 1.31 3H (s) 31.59

13 a: 4.61 1H (dd appears as d, 17.2) 71.73
B: 4.95 1H (ddd appears as d, 17.2)

14 3.428 2H (s) 70.90

15 1.03 3H (s) 22.69

117



4.3.1 Description of M. zephirus

4.3 Mycena zephirus

4.3.1 Description of M. zephirus

Mycena zephirus, also known as the rusty-spotted helmet mushroom, comes from the family of
helmet mushrooms, (Fig. 96). It received its Latin name and thus its taxonomic classification from
Paul Kummer in 1871.1'%°! |n contrast to other mushrooms in the genus Mycena, M. zephirus has
hardly been researched. In particular, the secondary metabolites of the mushroom have not been
further investigated.

M. zephirus is found mostly in coniferous forests, especially in mountain spruce and pine forests
rich in moss. In Europe, this fungus is widespread and can also be found outside Europe, for

example on Ulleung Island in South Korea.!'%"!

Figure. 96. Fruiting bodies of Mycena zephirus.['%?]

The fruiting bodies appear from September to November, also the mushroom is largely colorless
in except for the reddish-brown spots on the top of the cap that give it its name and appear in older
mushrooms, (Fig. 96). The surface color ranges from impure white to beige to gray-brown, and
after a short time the reddish-brown, rust-colored spots form. As the mushroom ages, the lower
half of the stem may also turn rusty brown. The cap is 2-4 cm wide. In younger mushrooms, the
cap is bell-shaped. In older mushrooms, the cap is spread out and flat. The stem is 6-8 cm long
and has fine scales, their color ranges from beige to gray-brown, and in older fruit bodies a brown-
red coloration of the lower half of the stem is often observed. The spores are white in and are 10-
13 um long and 4-5 ym wide."®! The mushroom is not edible, but its taste and smell are said to

be reminiscent of radishes. Bioluminescence has been demonstrated in M. zephirus.['*¥
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4.3.2 Current state of knowledge

The mushroom is largely colorless, making it difficult to study. Many methods for preparing and
separating extracts from mushrooms rely on visual indicators, making the study of secondary
metabolites difficult. Before secondary metabolites can be identified, a suitable separation method
for the extracts must be found. The colorlessness of the mushroom may be one reason why so
little research has been done. Dyes are often of great research interest, for example, the blue
alkaloids sanguinones A and B alongside the red indoloquinone alkaloid sanguinolentaquinone
were isolated from M. sanguinolenta.'®® Two red alkaloid pigments mycenarubins A and B had
been also isolated from the fruiting bodies of M. rosea.l'®! Also, the red pigments haematopodin
B, mycenarubins D, E and, F were isolated from the fruiting bodies of M. haematopus.'"! The
orange polyene pigment mycenaaurin A was isolated also from the fruiting bodies of M.
aurantiomarginata.l'® And also the red compounds pelianthinarubins A and B that were extracted
from the fruiting bodies of the mushroom M. pelianthina.l'® Moreover, the pigments rosellins A
and B were extracted from the mushroom M. rosella.''"® Also, the colored compounds
mycenaflavins A, B, C, and D were targeted and extracted from the mushroom M. haematopus on

the based on of indicating interested colored pigments.t''"

4.3.2 Current state of knowledge

M. zephirus was previously targeted biologically through investigations far from any alkaloid
targeting studies. For example, this mushroom was investigated among a wide range of other
mushrooms to study the diversity of laccase genes in forest soil by LuIS et al. in 2004.0''? Also,
such biological studies investigated the relevance of conidiogenesis modes in the Agaricales by
WALTHER et al. in 2005.''31 M. zephirus was included in phylogenetic analysis by CHEW et al. in
2013."'4 Also, this mushroom was part of a systematic study of the antibacterial activity of
basidiomycota reported by CLERICUZIO et al. in 2021.111%]

4.3.3 Initial investigations

Due to this mushroom was never investigated for secondary metabolites, and several manual
techniques of separations were tested. These include the use of different extraction solvents,
liquid-liquid partitioning, preparative thin layer chromatography (TLC), separations through LH20

columns, and finally solid phase extractions (SPE).

The comparison between extractions using MeOH and H-O solvents shows indecisive results and
needs to be further investigated. A similar comparison between the use of MeOH and acetone

solvents in the extraction process is described in detail in section 4.3.5. Preparative-TLC was

119



4.3.4 Isolated compounds from M. zephirus

proved to be futile as well as the use of LH20 columns, especially the colorless nature of most of

the components that exist in this mushroom.

In conclusion, the typical SPE method of pre-separations was showed promising results. Although
this, the even improved SPE method was developed by the use of more gradient solvents in a
second separation of the resulted fractions from the first separation. This method is described in

detail in section 6.3.2.1.

4.3.4 |solated compounds from M. zephirus

A large-scale extraction was carried out using MeOH solvent. A detailed description of the large

scale MeOH extraction can be found in the experimental section 6.3.1.4.

4.3.4.1 L-y-glutamine derivative — N°-isopentylglutamine (54)

Compound 54 was isolated using time windows between 18.00 and 18.80 min, section 6.3.4.7
from the H,O:MeOH (1:1 v/v) fraction from the extended SPE of the methanol fraction of the first
SPE carried out to the extract obtained from the methanol extraction process, (Fig. 97). An amount
of 0.5 mg was obtained. The HR-ESI-(+)-MS spectrum of compound 54 exhibits an [M+H]" ion at
m/z 217.15506. The calculated neutral molecule of C1oH20N203 was derived. Subsequently, the

degrees of unsaturation (DoU) for this molecular formula are 2.
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4.3.4 Isolated compounds from M. zephirus

Figure. 98. Proposed structure of compound 54 with assignments, measured in CD30D.
With HMBC correlations (—), with NOESY correlations (<>).

The 'H NMR spectrum of 54, recorded at 297.2 K in CD3OD exhibits 16 non-exchangeable
protons, see section 9.24. The "*C-NMR spectrum shows 9 carbon signals, and according to the
HSQC and DEPT135 data, were assigned to 2 equivalent CHs groups, 4 CH> groups, 2 CH groups,
and 2 quaternary carbon atoms. The two equivalent methyl groups doublet signal at 61 0.92, (J=
6.6 Hz), show COSY correlation with the multiplet one proton at o 1.62, which coupled with the
triplet of doublets signal of the methylene protons at 64 1.39, (J=7.1, 7.1, 7.6 Hz). The latest two
groups of protons couple with the triplet methylene group at 64 3.19 which will indicate that it's a
doublet of doublet signal, accordingly, the J coupling will be two 7.5 Hz. This will place all of the
previously mentioned protons in one coupling spin system. Also, the chemical shift of the later
proton at 1 3.19 will indicate that a nitrogen atom is attached to it. This will conclude that such a
chain of (CH3)~CH-CH-CH>-N is in hand. The HMBC correlations will support such
conformation. The COSY spectrum will show that a similar second spin system also exists. The
triplet signal of the methine proton at 64 3.57, (J= 5.8, 5.8), coupled with the triplet of doublet signal
of the methylene protons at 61 2.09, (J= 6.0, 6.0, 8.5), which itself couples with a doublet of triplet
signal of the methylene protons at 61 2.41, (J= 1.0, 7.5, 7.5). This will place these protons in one
spin system. Also, the chemical shift of the proton at én 3.57 will suggest that such a proton is
attached to a hetero atom. This will attach the second nitrogen atom to this proton as the three
oxygen atoms in this compound belong to at least two carbonyl groups at 6c 174.81 and 174.99.
The splitting off of formic acid in MS/MS fragments is typical for amino acids, so the third oxygen
will be part of a carboxylic acid moiety, (Fig. 100). Also, the Ms/Ms fragments will conclude that a
pattern of losing an ammonia moiety which is usually noticed also to amino acids and their
derivatives. Accordingly, the later proton is attached to a nitrogen atom similar to the proton at on
3.19, with one of them attached to the NH. moiety. Consequently, a chain of CH.—CH>—CH-N also

exists in this compound.
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4.3.4 Isolated compounds from M. zephirus
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Figure. 99. HMBC concentrated-spectrum of correlations from the extracted compound 54 from Mycena zephirus, for
protons at d4 2.09, 2.41, 3.19 and 3.57 with carbons at 6c 174.81 and 174.99, (CDs;0OD).

Protons at 64 3.19 and 2.41 from the two separated spin systems have HMBC correlations with

the carbonyl group carbon at ¢ 174.99 making this carbon a linking point between them, (Fig. 99).

Proton at 64 3.57 has also correlations with the other carbonyl group carbon at &c 174.81, (this

carbon is located only with this HMBC correlation), then designating the second spin system in

this compound to contain the amino acid part. As a result, the proposed structure of compound 54

is shown in (Fig. 98).

4.3.4.1.1 MS/MS considerations
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Figure. 100: ESI-MS/MS-spectrum of compound 54.
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The losses of ammonia and formic acid from the molecular ion, which can be observed in the ESI-

MS/MS fragment spectrum, (Fig. 100) suggest an amino acid as a structural component. These

fragments and others for the molecular ion [M+H]" were formulated to check the proposed

structure.
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Figure. 101: Fragments for the proposed structure of compound 54.
For all peaks appearing in the ESI-MS/MS spectrum, fragments that conform to mechanisms could
be formulated for the structural proposal, (Fig. 101). The proposed structure could be
biosynthetically derived from the L-glutamic acid and/or L-glutamine, so one can predict the stereo
configuration of the amino moiety in compound 54 to be as similar to glutamic acid. Accordingly,

the stereo configuration of the stereogenic center at carbon 2 is predicted to be (S).

(0] o] 0] (0] )\A 0] (o)
()
S (S)
HO (S) OH HZNWJ\OH ”WJ\OH

NH, NH, NH,

L-glutamic acid L-glutamine N®-isopentyl-L-glutamine

The proposed structure of the L-y-glutamine derivative compound 54 has not yet been isolated
from fungi, nor are there any studies on its biosynthesis, effect, or function in metabolism.
However, compound 54 is available commercially under the name of N-(3-Methylbutyl)-L-

glutamine, with a relatively expensive price as one gram costs around 5000 US dollars. ¢!

4.3.4.2 L-y-glutamine derivative — N°-2-methylbutylglutamine (55)

Compound 55 was isolated using time windows between 18.80 and 19.50 min from the H>,O:MeOH

(1:1 v/v) fraction from the second extended SPE of the methanol fraction of the first SPE carried
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4.3.4 Isolated compounds from M. zephirus

out to the methanol extract like compound 54, (Fig. 102). A total of 0.5 mg was acquired.
Compound 55 has a [M+H]" ion at m/z 217.15398 according to its HR-ESI-(+)-MS spectra. The
calculated neutral molecule of C1oH20N203 was obtained. Therefore, for this chemical formula, the

degrees of unsaturation (DoU) are 2.
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Figure. 102: The isolated compound 55. Up: Base peak chromatogram; HPLC separation
with gradient in section 6.3.4.7. Down: Mass spectrum at a retention time of 21.76 min.
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4.3.4 Isolated compounds from M. zephirus

Figure. 103. Proposed structure of compound 55 with assignments, measured in CD30D.
With HMBC correlations (—), with NOESY correlations ().

The "H NMR spectrum of 55, which was recorded at 297.2 K in CD30D see section 9.25, exhibits
also 16 non-exchangeable protons. The '*C-NMR spectrum shows 10 carbon signals, and
according to the HSQC and DEPT135 data, were assigned to 2 CHs groups, 4 CH2 groups, 2 CH
groups, and 2 quaternary carbon atoms that according to their chemical shifts belonging to 2
carbonyl groups. The similar retention time of this compound in the preparative-HPLC separation,
the same mass, the same molecular formula, and the similar '"H and "*C chemical shifts with the
previous L-y-glutamine derivative 54 will suggest that these two compounds are related structurally

and accordingly, they are constitutional isomers.

The spin-spin splitting patterns of the "H-NMR signals of the two methyl groups in this compound
will indicate that the difference between the two isomers investigated here is located in the amine
half of their structures. As in compound 54 the proton signal of the two equivalent methyl groups
split into doublet indicating the presence of isopropyl moiety, while one of the methyl group's
proton signal in this compound splits into doublet (64 0.89) and the other methyl group signal splits
into triplet (6n 0.92). This will locate the later methyl group to exist in the terminal part of a
hydrocarbon chain, and consequently, the other methyl group will be a branch in this chain. In
COSY data, protons at én 0.92 couple with the methylene protons at é4 1.15 and 1.42 that
themselves couple with the methine proton at 4 1.54. The latter proton couples also with the other
methyl group protons at 1 0.89 and also with the protons of a-methylene amine moiety at 61 2.98
and 3.11. These data alongside HMBC data will conclude the presence of (2-methylbutyl) moiety.

The overall correlations will produce the relative structure of compound 55 shown in (Fig. 103).

Following the same approach proceeded for compound 54 of predicting the stereo configuration
of the amino moiety in this type of compound, the stereo configuration of the stereogenic center

at carbon 2 is predicted to be (S), reflecting on the proposed precursor L-glutamine.
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The proposed structure of the L-y-glutamine derivative compound 55 has been subjected to a
study of the involvement of enzymes in the metabolism of transglutaminase-catalyzed protein
crosslinks.['""I Moreover, this compound was mentioned to be detected by high-performance liquid
chromatography/quadrupole-time-of-flightmass spectrometry through its m/z value, characteristic

MS/MS fragmentation from commercial flower buds, and the roots of Hemerocallis citrina.l''®!

4.3.4.3 Compound 56

Compound 56 was isolated using quarter-minute time windows from 32.00 to 34.75 min from the
same extended SPE fraction used in the previous sections. The compound was isolated at 34 .00
min. An amount of 0.5 mg was obtained and some fractions with mixtures were also obtained,
(Fig. 104 and 105). The HR-ESI-(+)-MS spectrum of compound 56 exhibits an [M+H]" ion at m/z
602.31078. Three possible molecular formulas were calculated, Cs7H4oN503, C3sH4sNO7, and
C28H4gN304S.
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Figure. 104: Base peak chromatogram of the isolated compound 56.
HPLC separation with gradient in section 6.3.4.7.
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Figure. 105: Mass spectrum of the isolated compound 56 at retention time of 31.21 min.

All of the possible molecular formulas exhibit MS/MS fragments that support their elemental

component, see (Fig. 106) and (Tab. 10). This great deal of uncertainty can be referred to the big

molecular mass of this compound or the high quantity of impurities. The NMR data exhibits the

presence of impurities that prevented the precise assignment of the proton and carbon contents

in this compound.
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Figure. 106: ESI-MS/MS-spectrum of compound 56.
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4.3.4 Isolated compounds from M. zephirus

The masses and molecular formulas of the fragments are given in (Tab. 10).

Table. 10: Masses and calculated molecular formulas of the fragments of compound 56.

m/z lon Formula
602.31078 | C37H40N503
Cs6HasNO7
C28H48N30eS
527.27979 | CssH3sN4O
C34H3905
C26H43N207S
473.26858 | C3aH33N4
C31H3704
455.25766 | C31H3503
C23H39N205S
352.23133 | C16H34NO7
C20H34NO-S
272.11950 | C4gH14N3
C12H20N203S
170.09984 | CgH1sNS
95.08562 CrH14

4.3.4.4 Compound 57

Compound 57 was isolated at 33.00 min alongside 56, using the quarter-minute time windows.
Although the small peak of this compound in the crud extract mass chromatogram, but the mass
of the compound is same as the more prominent compound 57 (0.5 mg). The compound shows
great deal of degradation when measured in high resolution LC-MS. The HR-ESI-(+)-MS spectrum
of compound 57 exhibits [M+H]* ion at n/z 600.29487 with two possible molecular mass are
calculated, 600.29746 for [Cs7H3sNsO3]" and 600.29613 for [CssHa2NO7]*. The two derived
molecular formulas are similar to the first two derived molecular formulas of compound 57

indicating a possible relation to it.

The NMR data for compound 57 show the dominant presence of aliphatic protons as well as of
protons attached to heteroatom, see section 6.5.3.3. Also, at least one carbonyl group and two

aromatic carbons exist in this compound.

4.3.4.5 Qily green mixture

To precipitate protein residues and remove them a specific process was performed which contains
a centrifugation step. An aqueous phase and a green non-polar phase were resulted, (Fig. 107-
Left). Subsequently, the green (oily look-alike) phase was investigated. The green organic phase

was to be separated and examined separately.
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To remove polar substances that were transferred when the organic green phase was collected,
water and a non-polar solvent were used as solvents in the liquid/liquid partitioning procedure.
The H.O/Hexane combination was applied, (Fig. 107-Right). Consequently, the green viscous
liquid was dissolved in hexane and transferred to a separating funnel together with H-O to perform
the partitioning. The organic phase was collected and after further washing, the solvents were

removed under reduced pressure.

Figure. 107: Left: Separated green phase from the crude extract. Right: H,O and hexane liquid/liquid partitioning.

Then, size exclusion chromatography was carried out on the hexane extract to achieve further
separation. A green band was collected. The green viscous liquid obtained from the hexane phase

was afforded 2.49 + 0.01 g from approximately 500 g of extracted mushroom.

Oils are generally liquids that do not mix with water and have a higher viscosity. This is the case
here. Oily fats are mixtures of fatty acid triglycerides that are liquid at room temperature.[''® Since
volatile oils were extracted and identified before from the edible mushrooms Pleurotus ostreatus,
Pleurotus eryngii, and Pleurotus abalones via GC/MS among other techniques,!'?” this made it
suspected that such a mixture of compounds contains variant types of natural oils. Also, recently
a study on the production, composition, and potential applications of mushroom oils was
conducted.!'? Accordingly, it should be checked whether it is an oily fatty acid derivative to
characterize it. To make an initial comparison with known vegetable oils, an IR spectrum was
recorded for the green layer, as well as for sunflower oil and olive oil from Spain and Greece.
Since ftriglycerides consist of three fatty acids esterified with glycerol, characteristic absorption
maxima are to be expected in the range of 3000 to 2800 cm™' caused by C—H stretching vibrations
of alkanes and in the range of 1750 to 1735 cm™ caused by C=0 stretching vibrations of

carbonyls.['??]
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Figure. 108: IR spectra of olive oil Greece (A), Spain (B), sunflower oil (C) and the green layer (D); on the x-axis the
wave number [cm"] is shown in steps from 800 to 4000.

Table. 11: Wavenumbers and assignments in the IR spectrum of the green layer.

Wavenumber [cm™]

Assignment

3007, 2922

, 2852

C—H stretch - alkanes
=C-H stretch - alkenes

1742

C=0 stretch - carbonyls

1370

C—H rock - alkanes

1457, 1436

C—H bend - alkanes

1243, 1195

, 1169, 1118, 1093

C-0 stretch

It turns out that the peaks expected for fatty acids derivatives can be found not only in the

vegetable oils considered here but also in the viscous liquid from Mycena zephirus. In a general

comparison between the IR spectra, only very slight differences can be seen. Removed

compounds can be expected from the purification steps for the viscous green liquid, but these

differences are not visible in the recorded IR spectra. The IR spectra of the sunflower oil, the olive

oil, and the green liquid from the mushroom differ only minimally in the characteristic peaks, this

is probably due to the different triglycerides that occur in the oils. The similarity between the IR

spectra of the green viscous liquid and the vegetable oils is an indication that this is also an oily

fat, i.e. a mixture of triglycerides or related esters. An attempt to separate the green mixture was

performed using HPLC but with ineffective results. However, one fraction exhibits less mixture

than others and the recorded 'H-NMR spectra could support that this is an esterified fatty acid,

(Fig. 109).
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Figure. 109. "H-NMR spectrum of a fraction extracted with preparative-HPLC of the green layer, (600.50 MHz,
CDs0D, 297.1 K).

GC-MS measurement was performed for further investigation of the green layer, (Fig. 110).
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Figure. 110. GC-MS concentrated spectrum of the green layer fraction separated from M. zephirus.
Gradient at section 6.3.4.8.

The proposed compounds in (Tab. 12) were concluded by the Xcalibur software according to the
MS/MS fragments patterns compared to the ones in the software library.
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Table. 12. Proposed masses and structures for compounds separated in the GC-MS
measurement for the mixture of the green layer.

Peak Proposed structure(s) Exact
(retention Mass
time) ()
30.48 0 268.24
min
58
/\/\/\/\/\/\/\)I\O/
(0]
WVW/\)I\ 99
O
30.91 0 270.26
min
/\/\/\/\/\/\/\)I\O/ 60
34.14 0 294.26
m \/\/\/\)1\61
- - ~
O
34.26 0 296.27
e /\/\/\/\/\/\/\/\)1\62
G O/
(0]
/\/\/\/\/\/\/\/\)1\63
F O/
34.30 o] 296.27
" vawl\64/
O
34.71 0 298.29
mr /\/\/\/\/\/\/\/\)1\65
O/

The names of the proposed compounds for peaks with retention times 30.48, 30.91, 34.14, 34.26,
34.30, and 34.71 min, are; Methyl palmitoleate (E) (58), Methyl palmitoleate (Z) (59), methyl
palmitate (60), methyl (9Z,122)-octadeca-9,12-dienoate (61), methyl (E)-octadec-9-enoate (62),
methyl (E)-octadec-11-enoate (63), methyl oleate (64), and methyl stearate (65) respectively.
Such compounds come near the fatty acid that was recently reported to exist in other mushroom

species.['?"]

Moreover, these ester derivatives are already mentioned to exist in wild and edible mushrooms

alongside corresponding fatty acids.['**!
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4.3.6 Decomposition experiments

Using MeOH solvent in extraction and separation steps could interfere with the existing
compounds in some mushrooms as the solvent could lead to the decomposition of various
substances in the mushroom. Therefore, decomposition tests were performed using two extracts
using acetone solvent with one and methanol solvent with the other one. Samples to be tested
were taken directly after extraction, then after 11 days and 58 days. The period used was due to
the restricted access to the laboratories. The samples were measured on the high-resolution ESI-
MS/MS device and the chromatograms of the various samples were compared. When evaluating,
it should be noted that the samples were not taken at exact concentrations. Differences in signal
intensities can therefore occur due to concentration differences. The extracts were stored at

around -8 °C. The chromatograms obtained are shown in figures (111) and (112).

At first glance at the initial chromatograms of the extracts of the two solvents used here, acetone
and methanol, it becomes clear that both solvents can be used in the extraction method with
preferences for methanol solvent as it shows more extracted compounds as expected from such

a protic solvent, especially compounds 56 and 57 at 12.6 min.
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Fig. 111: Base peak chromatograms of the acetone extract (04.12.2020) after different periods of time in solution;
directly dried extract (top), after 11 d (middle), after 58 d (bottom) of M. zephirus; HPLC-MS separation using gradient
F1.
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Fig. 112: Base peak chromatograms of the MeOH extract (04.12.2020) after different periods of time in solution;
directly dried extract (top), after 11 d (middle), after 58 d (bottom) of M. zephirus; HPLC-MS separation using gradient

F1.

When comparing the chromatogrames, it is clear that degeneration has occurred in the non-polar
areas of both solvents. The remaining signals show a slight difference over the entire period. In
addition, the same masses are decomposed in both extracts. Most substances are therefore
stable in acetone and methanol solvents over a longer period. Both solvents can therefore be used

for further experiments with preferences of using methanol solvent.
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5 Outlook

In order to evaluate the bioactivity of the so far undescribed sesquiterpenoids of L. circellatus in
more detail, larger quantities of these secondary metabolites are required. Therefore, at least one
kilogram of this mushroom should be extracted and the compounds isolated by the improved
method, described in this thesis. Moreover, the extract should be investigated again for the

presence of so far unidentified secondary metabolites.

The pink compound that was found in tiny amounts in L. blennius and that might be closely related
to the known compound lilacinone (37) from L. lilacinus should be isolated in larger quantities and
the isolation procedure should be optimized. Then, a full set of NMR data should be recorded to
be able to elucidate its structure. Luckily, L. blennius is relatively widespread in Germany.

Therefore, it should be no problem to upscale the extraction to several kilograms of fruiting bodies.

To elucidate the structures of the pigments isolated from L. trivialis, they should be reisolated
according to the procedure described in this thesis. Then, a full set of NMR spectra of the trivialines
B (48), C (49), D (50), and E (51) should be recorded and their structures should be elucidated.
Moreover, by analysis of the data for trivialine A (47), the proposed tentative structure for this
compound should be confirmed or revised. In addition, more biological tests should be performed

with the pigments.

So far, the stereochemistry of the isolated glutamic acid derivatives 54 and 55 is unknown. To
determine its stereochemistry, the compounds should be hydrolyzed and the resulting glutamic
should be separated by HPLC on a suitable chiral HPLC column and the retention time compared
to those of authentic samples of L-glutamic acid and D-glutamic acid. Similarly, the stereochemistry
of the 2-methylbutylamine residue obtained by hydrolysis of compound 55 should be determined

to fully assign the configuration of the stereocenters in compound 55.
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6.1 Chemicals

Acetonitrile: CHEMSOLUTE®, gradient grade for the LC-MS, Th. Geyer GmbH & Co. KG,

Renningen
Acetic acid: ROTIPURAN® 100% p.a., Carl Roth GmbH & Co, Karlsruhe
Deionized Water: In-house treatment plant

Methanol: HiPerSolv CHROMANORM®, gradient grade for the LC-MS, VWR Chemicals,

Darmstadt

Acetone: >=99.8%, Analytical reagent grade, Fisher Chemical, Loughborough

6.2 Devices

FTIR:

FTIR-Spectrometer, Nicolet iS10, Thermo Scientific. Software: OMNIC 9.6, OMNIC 9.6

NMR:

Avance NEO 600 with Prodigy TCI Probe head, Bruker

CD;zOD: Calibration for "TH-NMR-Spectra & = 3.31 ppm and for *C-NMR-Spectra & = 49.00 ppm)

DMSO-de: Calibration for '"H-NMR-Spectra & = 2.50 ppm and for *C-NMR-Spectra
0 = 39.52 ppm)

CDCl;: Calibration for 'TH-NMR-Spectra & = 7.26 ppm and for "*C-NMR-Spectra & = 77.16 ppm)
LC-MS-1:

Pump: Quaternary Pump, 1100 series G1311A, Hewlett Packard

UV-Detector: 1100 series G1314A, Hewlett Packard

Autosampler: 1100 series G1313A, Hewlett Packard

MS-Detector: Esquire-LC, Bruker

LC-MS-2:

Pump: Binary Pump, 1100 series G1312A, Hewlett Packard

UV-Detector: DAD, Hewlett Packard
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Autosampler: 1100 series G1313A, Hewlett Packard

MS-Detector: LCQ Deca XP Plus, Thermo Finnigan

HR-LC-MS:

LC-Pump: Dionex Ultimate 3400 RS Pump, Thermo Scientific
UV-Detector: Dionex Ultimate 3000 RS Diode Array Detektor, Thermo Scientific
Autosampler: Dionex Ultimate 3000 RS Autosampler, Thermo Scientific
Column Oven: Dionex Ultimate 3000 RS Column Compartment
MS-Detector: Impact Il, Bruker

Semipreparative HPLC:

Pump: 510 HPLC Pump, Waters

UV/Vis-Detector 1: 996 Photodiode Array Detector, Waters
UV/Vis-Detector 2: Variable Wavelength Monitor, Knauer

Analytical Balance:

SARTORIUS (1615 MP), Sartorius Lab Instruments GmbH & Co. KG (d = 0.0001 g)
Solid Phase Extraction (SPE)

CHROMABOND® C18ec 3 mL / 500 mg Cartridge, Macherey-Nagel
CHROMABOND® C18ec 15 mL / 2000 mg Cartridge, Macherey-Nagel
CHROMABOND® C18ec 45 mL / 5000 mg Cartridge, Macherey-Nagel
Columns:

Semipreparative: VP 250/10 Nucleodur 100-5 C18ec, Macherey-Nagel
Analytical: EC 250/3 Nucleodur 100-5 C18ec, Macherey-Nagel
Polarimeter:

243 Polarimeter, Perkin-Elmer

CD-Spectrometer:

Chirascan plus, Applied Photophysics
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6 Experimental part

GC-MS

A mass spectrometer with a single quadrupole detector with an El ion source Finnigan
TraceDSQ from the company: THERMO FINNIGAN was used, to which a gas chromatograph
Finnigan TraceGC ultra with an AS3000 autosampler with PTV injector was connected. Helium

was used as the carrier gas.

Column: Optima® 5 ms Accent (15 m x 0.25 mm ID, 0.25 um Schichtdicke) Optima® 5 Accent
(30 m x0.25 mm ID, 0.25 pym layer thickness)

Centrifugation

Two different centrifuges were used, namely a HERAEUS SEPATECH Biofuge 15 for Eppendorf
cups and a coolable HETTICH Universal 16R centrifuge for larger quantities and protein

precipitations (Falcon tubes 15 and 50 ml).
Freeze drying

Two lyophyllisers model Christ alpha 1-2 and Christ alpha 1-4 from JURGENS (HERAEUS)

were used for freeze-drying aqueous samples. Rotary vane pumps, Pfeiffer
Autoclave

IBS INTEGRA BIOSCIENCES (ltaly), Fedegari Autoclave type

Incubator

Heraeus B5060 EK/CO2 gassing incubator (25.6°C). Heraeus Instruments B6060 (30°C).
Hereaus Instruments (38°C), Thermo SCIENTIFIC.

Sterile bench

TC 72 cleanroom workbench, GELAIRE FLOW LABORATORIES
A Fireboy Eco Bunsen burner, INTEGRA BIOSCIENCES

Device Software:

Qtof-Control 4.1

Data Analysis 3.0

Data Analysis 4.4

Thermo Xcalibur 2.0.7 SP2.48

MestReNova 11.0.4-18998
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6 Experimental part

TopSpin 4.1.3

Millenium Chromatography Manager Software Version 2.10
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6.3.1 Extraction methods

6.3 Isolation methods

6.3.1 Extraction methods

6.3.1.1 Extraction method A

From the still frozen solid fruiting bodies of L. trivialis (1.0 k@), the cap skin was peeled off using a
sharp blade, pictures 1 and 2.

The peeled skin was crushed with mortar and pestle and then placed in a 2.5 L Erlenmeyer flask,
with magnet ship for stirring and one Liter of acetone was added, and then covered with Aluminum
foil, pictures 3 and 4.

Afterward, the crushed skin was allowed to be
extracted for two hours with continuous
stirring under room temperature, pictures 5
and 6.

The extract was filtered using glass wool into
a 2.5 L round bottom flask and the acetone
solvent was evaporated to leave a non-
homogeneous water mixture. This process

will be repeated two times.
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6.3.1 Extraction methods

Then, the non-homogeneous water remains, will be partitioned with diethyl ether to remove the
polar compounds that dissolved in water, pictures 7 and 8. No further partitioning proceeded as
the sensitive nature of the targeted compounds in this mushroom prevented any unnecessary
risks of exposure to the surrounding elements.

Then, the combined mixture was filtered using C18ec cartridge — SPE — see section 6.3.2, starting
with H>O to 1:1 H.O-acetone then to acetone, to remove the water fraction and to separate the

dark red-brown layer that elutes through the 45 mL cartridge using acetone gradient.

This fraction was run into the acetone LH20 column, see section 6.3.3-D, at the rate of three drops
per minute for 18 hours to reach the reddish fraction, and within four more hours, this targeted
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6.3.1 Extraction methods

fraction was finally separated to be introduced for further separations and purifications, pictures
9-14. Then the targeted fraction (picture 14), will be submitted to solid phase extraction using a
gradient of water and acetone see section 6.3.2, for one more step of filtration and separation.
The water fraction was discarded. The water:acetone solvents gradient afforded fraction with pink
color (1:1), picture 15. Using the acetone solvent afforded two fractions, the first one with brown

color (A1) and the second one with violet color (A2), pictures 16 and 17 respectively.

Then apply the previous SPE fractions to the semi-preparative HPLC using gradient C, see section
6.3.4.3. The resulting fractions were allowed to be set in a freezer (—30°) overnight to freeze the

water part in a solvent mixture to separate any polar content of the fraction.

The (1:1) SPE fraction produces only one pink fraction at 15 minutes with 550 nm as the detecting
wavelength, picture 18. This fraction is a mixture of compounds, possibly the halves of the dimeric

designated compounds 47-51.
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6.3.1 Extraction methods

The (A1) SPE fraction produces three fractions with a violet color and one peach color when using
550 nm as detecting wavelength at 11.00, 15.50, 21.00, and 32.00 minutes, pictures 19-22
respectively. The fraction with R; at 32.00 min is compound 50.

When using 440 nm as the detecting wavelength one fraction with peach color and four fractions
with yellow variants colors separated at 27.00, 29.00, 34.00, 47.00, and 50.00 minutes, pictures
24-28 respectively. The fraction with Rt at 29.00 min is compound 51. The fraction with R; at 34.00
min is compound 49. The fraction with R; at 47.00 min contains compound 47 with the most

abundant quantity.

The fractions with Ryat 11.00, 15.50, 21.00, 27.00, and 50.00 need further investigations to identify
the main compounds in them.

24

The (A2) SPE fraction produced only one violet fraction at 37.30 minutes with using 550 nm as
the detecting wavelength, picture 23. This is compound 48.
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6.3.1 Extraction methods

6.3.1.2 Extraction method B

As described previously, see section 6.3.1.1, from the still frozen solid fruiting bodies of L.
circellatus (1.5 kg), the cap skin was peeled off using a sharp blade. The peeled skin was crushed
with mortar and pestle and then placed in a 2.5 L Erlenmeyer flask, with magnet ship for stirring
and one Liter of MeOH was added, and then covered with Aluminum foil. Afterward, the crushed
skin was allowed to be extracted for two hours with continuous stirring under heating of 60°. The
extract was filtered using glass wool into a 2.5 L round bottom flask and the MeOH solvent was
evaporated to leave a non-homogeneous water mixture. This process will be repeated two times.
Then, the combined mixture was filtered using C18ec cartridge — SPE — see section 6.3.2, starting
with H20 to 1:1 H.O-MeOH then to MeOH, to remove the water fraction and to separate the green
layer that elutes through the 45 mL cartridge using MeOH gradient. This green fraction was run
into the MeOH LH20 column, see section 6.3.3-B, at the rate of three drops per minute for six

hours to afford the green compound blennione (35).

6.3.1.3 Extraction method C

The flesh of L. circellatus was extracted similarly to the skin, see section 6.3.1.1, where the
crushed flesh was extracted using one Liter of MeOH instead of acetone at room temperature two
times. The MeOH was evaporated under reduced pressure from the extract. The non-
homogeneous water remains, then will be partitioned with diethyl ether to remove the polar
compounds that dissolved in water. The water layer then partitioned with ethyl acetate. The ether
layer was then dried and then partitioned between Hexane and 1:4 aqueous MeOH. After that, as
an additional step, the aqueous MeOH layer can be partitioned between water and butanol
solvents but it proved to be futile in this case so it was skipped, but it can be useful in different

cases, (Fig. 113).
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6.3.1 Extraction methods

MeOH extract|

*dry the extract.
*partition between ether and water.

H50 Et;0
*evaporate what left of ether. *dry totally.
*partition with ethyl acetate. *partition between Hexane and ag.Ms0OH.
¥ v ¥ ¥
H,0:MeOH
Hz0 EtAc Hexane 2
1:4
*additional step.
*dry MeOH totally.
*partition with Butanol.
¥ v
H-;0 Butanol

Figure. 113. Diagram of the partitioning process of the MeOH extract from L. circellatus.

Both solvents in the Hexane and methanolic layers were evaporated. The dried methanolic layer
was filtered using SPE, water fraction was discarded. Then, the concentrated water-methanol and
methanol fractions alongside the dried Hexane layer were loaded in Semi-Prep HPLC for the

separation of the targeted lactarane compounds.

6.3.1.4 Extraction method D

A total mass of 506 g of Mycena zephirus mushroom was subjected to large-scale extraction. This
was performed by gradually crashing the fruiting bodies using mortar. Afterward, the crashed
mushrooms were extracted using 1 L of MeOH solvent in a 2.5 L Erlenmeyer flask at room
temperature and stirring. After two hours the solution was filtered through glass wool and a new
solvent was added. This was repeated three times in total until the solution showed hardly any
color so that as much as possible could be extracted. It was then extracted again with acetone to
test whether any substances that could not be extracted before were still dissolving. Then remove
protein residues and impurities, see section 6.3.1.5. Afterward, the resulting extract was applied

to the SPE technique for further separations and purifications, see section 6.3.2.
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6.3.2 Solid Phase Extraction (SPE)

6.3.1.5 Protein contents removal
Protein precipitation by freezing:

The protein content in the mushroom extract was removed by freezing the concentrated extracts
on a rotary evaporator under reduced pressure at 25 °C and dissolved in a 1:1 v/v H,O/MeOH
mixture. The extracts were completely frozen. Then extracts were thawed and centrifuged at 4000

rom for 5 min. The solution was separated from the precipitated solid by decanting.
Protein extraction via stepwise drying:

The protein content in the mushroom extract was removed by stepwise drying by first
concentrating the extract on a rotary evaporator under reduced pressure at 25 °C. As soon as
white residues were visible in the flask, the liquid was transferred to a clean flask. The white
residues were washed with the organic solvent used to remove any remaining substances soluble
in the organic solvent and then transferred to a clean flask. These steps were repeated until no
residues precipitated from the solution. The extracts were then completely dried on a rotary
evaporator. Such a method is useful when large masses of mushrooms are used in the

performance of large-scale extractions.

6.3.2 Solid Phase Extraction (SPE)

Solid phase extraction (SPE) was performed using a 45 mL C18ec cartridge. It can be performed

in acetone or methanol solvents. Here will describe using the latter solvent.

With H>O, H,O-MeOH (1:1 v/v), and MeOH solvents, the cartridge was first preconditioned before

the separation process, which left the packing ingredient always covered in a solvent.

Preconditioning:

e Pushing around 20 mL of MeOH through the cartridge three times. The pushing process
is performed using a syringe attached to an adapter that fits exactly to the open top of the

used cartridge.

‘T i ..I..':‘."I:'.I.':IJ!:!.-].I'll.I.'II|.iiiI . ;
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6.3.2 Solid Phase Extraction (SPE)

o After that, also three times, 20 mL of 1:1 H2O-MeOH solvent was pushed through the
cartridge.

e Then ending with pushing three times 20 mL of H2O solvent.
The C18ec soaked packing will act like a reverse phase column as the targeted sample of the

non-homogeneous water mixture will be introduced to the preconditioned cartridge.
Separation process:

o At first, the targeted mixture sample is loaded to the surface of the upper layer of the

packing material in a way not to be overloaded.

o Then, the water will be pushed out of the cartridge concentrating the intended mixture on
the surface of the packing. This will follow by adding 20 mL of water and pushing it out,

and by so, eluting with it the polar components of the extracted mixture.

o Afterward, 20 mL of 1:1 H,O-MeOH will be added and pushed out. This fraction will contain

compounds with medium-polar characters.

¢ Finally, adding 20 mL of MeOH and pushing it out will produce the fraction with the least
polar compounds.

By the end of this process, three SPE fractions; H20, 1:1 H,O-MeOH and MeOH will be afforded.

And if to use the cartridge again, then reconditioning it back as it's described in the preconditioning

part but with applying solvents only one time not three.

6.3.2.1 Extended SPE method

The MeOH extract from the mushroom Mycena zephirus was introduced to further separations
with solid phase extraction (SPE), using gradients of H,O and MeOH solvents, (Fig. 114). A certain
degree of separation was achieved with the SPE but not all of the signals have clear separation
and accordingly, not all could be isolated. Therefore, the SPE should be optimized. An extended
second SPE step was performed for the MeOH fraction, which is the most eligible and promising
fraction from the previous SPE step. The extended SPE method simply contains more mixtures of
the H.O and MeOH solvents.
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Figure. 114: Base peak chromatograms of SPE fractions, H20 (top), 1:1 (middle) and MeOH (bottom); HPLC
separation with gradient in section 6.3.4.6-1.

The new step performed with decreasing polarity has seven fractions rather than three in the
typical SPE method of separation and purification of the mushroom extract. The separation starts
with H>O then 8:1, then 3:1, 1:1, 1:3, 1:8 H.O/MeOH v/v, and finally MeOH, see (Tab. 13).

Table. 13: The fractions of the extended SPE with H.O/MeOH mixtures.

Extended SPE | Fractions

mixtures symbols
H>O/MeOH 8:1 M 1
H>O/MeOH 3:1 M2
H,O/MeOH 1:1 M3

HO/MeOH 1:3 M 4
H.O/MeOH 1:8 M5
MeOH M6

149



6.3.3 Size Exclusion Chromatography
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Figure. 115: Base peak chromatogram of the extended SPE fraction M 3 (top), EIC of compounds 54 and 55 (middle)

and compounds 56 and 57 (bottom), from SPE fraction M 3 of the MeOH extract;
HPLC-MS separation with gradient in section 6.3.4.6-2.

The extended step was proven to be useful as the targeted compounds have now better
separation and therefore can perform the preparative-HPLC with a more successful outcome,
(Fig. 115).

6.3.3 Size Exclusion Chromatography

A. Size exclusion chromatography used Sephadex LH-20 as the stationary phase and methanol
as the mobile phase. The column material was slurred with the eluent and placed as a suspension
in a glass column (30 cmx1.5 cm). The column material was then conditioned for 30 min. The
samples were then dissolved in the eluent and loaded onto the column. The drop rate was 2 to 3

drops per minute.

B. Size exclusion chromatography used Sephadex LH-20 as the stationary phase and methanol
as the mobile phase. The column material was slurred with the eluent and placed as a suspension
in a glass column (55 cmx3.0 cm). The column material was then conditioned for 20 min. The
samples were then dissolved in the eluent and loaded onto the column. The drop rate was 2 to 3

drops per minute.

C. Size exclusion chromatography used Sephadex LH-20 as the stationary phase and acetone as
the mobile phase. The column material was slurred with the eluent and placed as a suspension in

a glass column (30 cmx1.5 cm). The column material was then conditioned for 30 min. The
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6.3.4 Separation methods

samples were then dissolved in the eluent and loaded onto the column. The drop rate was 2 to 3

drops per minute.

D. Size exclusion chromatography used Sephadex LH-20 as the stationary phase and acetone as
the mobile phase. The column material was slurred with the eluent and placed as a suspension in
a glass column (55 cmx3.0 cm). The column material was then conditioned for 20 min. The
samples were then dissolved in the eluent and loaded onto the column. The drop rate was 2 to 3

drops per minute.

6.3.4 Separation methods

6.3.4.1 Separation method A

Gradient - RP18 - (Semi-Preparative HPLC):

Time [min]  H,O +0.1%HOAc  MeOH

0 90% 10%
50 30% 70%
60 0% 100%

The separation was carried out at room temperature with a C18ec column, (Nucleodur, 100 A, 5
Mm, 10 x 250 mm, Macherey-Nagel). The loaded samples were eluted with a flow rate of 3.5
mL/min, and the targeted fractions were separated using a UV-detector at a wavelength of A 235

nm.

6.3.4.2 Separation method B

Gradient - RP18 - (Analytical HPLC):

Time [min]  H,O + 0.1%HOAc MeOH

0 90% 10%
50 0% 100%

The separation was carried out on an analytical HR-LC-ESI-(+)-MS at room temperature with a
C18ec column, (Nucleodur, 100 A, 5 um, 3 x 250 mm, Macherey-Nagel). The loaded samples were
eluted with a flow rate of 0.66 mL/min, and the injection volume = 5 pL from the diluted samples.

The targeted compounds were detected using a wavelength range of A 130-600 nm.

151



6.3.4 Separation methods

6.3.4.3 Separation method C

Gradient - RP18:

Time [min] H,O + 0.1%HOAc  Acetonitrile

0 100% 0%

5 65% 35%
42 33% 67%
50 0% 100%

(Semi-Preparative HPLC): The separation was carried out at room temperature with a C18ec
column, (Nucleodur, 100 A, 5 ym, 10 x 250 mm, Macherey-Nagel). The loaded samples were
eluted with a flow rate of 4.0 mL/min, and the targeted fractions were separated using a UV-
detector at a wavelength of A 230 nm for compounds extracted from the mushroom flesh and at a

wavelength of A 440, 530, and 550 nm for compounds extracted from the mushroom skin.

(Analytical HPLC): The separation was carried out at room temperature with a C18ec column,
(Nucleodur, 100 A, 5 ym, 3 x 250 mm, Macherey-Nagel). The loaded samples were eluted with a
flow rate of 0.5 mL/min. The targeted compounds were detected using a wavelength range of A
130-600 nm.

6.3.4.4 Separation method D

Gradient - RP18 - (Analytical HPLC):

Time [min] H,O + 0.1%HOACc Acetonitrile

0 100% 0%

5 80% 20%
30 70% 30%
35 0% 100%

The separation was carried out at room temperature with a C18ec column, (Nucleodur, 100 A5
pum, 3 x 250 mm, Macherey-Nagel). The loaded samples were eluted with a flow rate of 0.5 mL/min.

The targeted compounds were detected using a wavelength range of A 130-600 nm.

6.3.4.5 Separation method E

Gradient - RP18 - (Analytical HPLC):

Time [min] H,O + 0.1%HOAc  Acetonitrile

0 100% 0%
50 0% 100%
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The separation was carried out at room temperature with C18ec column, (Nucleodur, 100 A, 5 um,
3 x 250 mm, Macherey-Nagel). The loaded samples were eluted with a flow rate of 0.5 mL/min.

The targeted compounds were detected using a wavelength range of A 130-800 nm.

6.3.4.6 Separation method F

Gradient - RP18 - (Analytical HPLC) - 1:

Time [min] H,O + 0.1%HOAc  Acetonitrile

0 100% 0%
30 0% 100%

Gradient - RP18 - (Analytical HPLC) - 2:

Time [min] H,O + 0.1%HOACc Acetonitrile

0 100% 0%
25 0% 100%

The separation was carried out at room temperature with a C18ec column, (Nucleodur, 100 A, 5
Mm, 3 x 250 mm, Macherey-Nagel). The loaded samples were eluted with a flow rate of 0.5 mL/min.

The targeted colorless compounds were not able to be detected using UV-detector.

6.3.4.7 Separation method G

Gradient - RP18:

Time [min] H,O + 0.1%HOAc Acetonitrile

0 100% 0%
60 0% 100%

(Semi-Preparative HPLC): The separation was carried out at room temperature with a C18ec
column, (Nucleodur, 100 A, 5 um, 10 x 250 mm, Macherey-Nagel). The loaded samples were
eluted with a flow rate of 5.0 mL/min. The targeted colorless compounds were not able to be
detected using a UV-detector, so, these compounds were separated using separating different
fractions with definite time windows, then testing the collected fractions in LCMS to finally narrow

the time windows to only contain the targeted compounds.
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6.3.4.8 Separation method H

Gradient on DB-5ms column (GCMS):

Time [min] °C

0 50
50
55 320
70 320

The separations were carried out with the specified temperature gradient on the GC-MS device.
The separation was carried out on a fused silica capillary column type DB-5ms (30 m x 0.25 mm,

0.25 pm) from Macherey-Nagel. The injection volumes were 0.5 pl.
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6.4 Sample Material

6.4 Sample Material
The used fungus was collected by Prof. Peter Spiteller and stored at -30°C.
6.4.1 Lactarius circellatus
Table. 14: L. circellatus mushroom collections are used for large-scale extraction.

Mushroom collection number Place/date of collection Mass (g)
140/19 Leutstetten 22.09.2004 300 g

6.4.2 Lactarius trivialis

Table. 15: L. trivialis mushroom collections are used for initial investigations and large-scale
extraction for the isolation of sesquiterpenoids.

Mushroom collection number Place/date of collection Mass (g)
139/17 Leutstetten 25.09.2017 100
184/17 Leutstetten 08.10.2017 108
57/18 Leutstetten 22.09.2018 170
54/18 Leutstetten 22.09.2018 105
1719 Leutstetten 09.2004 117
45/20 Leutstetten 09.2014 70
In total 670 g
Table. 16: L. trivialis mushroom collections are used for large-scale extraction for the isolation of
trivialines.
Mushroom collection number Place/date of collection Mass (g)
51/04 Hohenbirken / Penzberg 140
09.2004

116/04 Leutstetten 09.2004 150
17/20 Leutstetten 28.09.2020 321
45/20 Leutstetten 30.09.2020 140
105/21 Leutstetten 09.2021 62

31/21 Pilzausstellung 19.09.2021 187
01/22 Muhltal 09.2022 392
44/22 Pilzausstellung Miinchen 219

18.09.2022

In total 1611 g
6.4.3 Mycena zephirus

Table. 17: M. zephirus mushroom collections are used for large-scale extraction.

Mushroom collection number Place/date of collection Mass (g)
165/05 Reisberg 14.10.2005 108
124/07 Studentenwald BT 19.09.2007 128
117/07 Studentenwald BT 16.09.2007 59
127/09 Bayreuth 11.10.2009 98
139/20 Breitbrunn 25.10.2020 46
060/11 Wellenburg 26.09.2011 67
In total 506 g
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6.5 Experimental Data

6.5.1 Compounds from Lactarius circellatus

6.5.1.1 12-Hydroxy-15-carboxyblennin A (19)

Colorless oil - 1.0 mg from 300 g from the flesh of the frozen fruiting bodies.

HPLC

UV/Vis (H.O/MeOH)

CD (MeOH)

[a]®
LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 13.30 min / analytical - gradient at section 6.3.4.2

Rt = 24.37 min / semi-preparative - gradient at section 6.3.4.1

Amax (log €): 200 (2.5), 260 nm (0.4 mol'dm3cm™)

X (Ag): 205 (=1.1), 220 (~0.6), 245 nm (+0.42 mol”"dmcm™")

~12.3 (MeOH; ¢ 0.001)

m/z=297.132 [M + HJ*, 593.258 [2M + H]*

m/z = 297.13270 [M + H]*, calculated 297.13381 for [C15H210¢]"

(Precursor ion m/z (%) = 297.13270 (11.5)), qTOF 20-50 eV) m/z
(%) = 279.12240 (3.5), calculated 279.12320 for [CisH190s]%;
261.11163 (10.0), calculated 261.11270 for [C1sH1704]"; 249.11166
(9.0), calculated 249.11270 for [C1sH1704]%; 231.10119 (15.0),
calculated 231.10210 for [C14H1503]"; 215.10626 (42.5), calculated
215.10720 for [C14H1502]"; 203.10642 (55.2), calculated 203.10720 for
[C13H1502]*

(600.22 MHz, 297.2 K, CD;OD): &, = 6.93 (1 H, dd, J = 2.9, 2.9 Hz, H-
4), 4.49 (1 H, dd appears as t, J = 9.1, 9.1 Hz, Hp-13), 4.09 (1 H, dd
appears as t, J = 9.0, 9.0 Hz, Ha-13), 3.81 (1 H, dd, J = 6.1, 10.8 Hz, H-
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3C-NMR

12), 3.56 (1 H, dd, J = 3.6, 10.8 Hz, H-12), 3.54 (1 H, dd, J=6.0, 11.0
Hz, H-8), 3.33 (1 H, ddd, H-7), 2.57 (1 H, dd, J = 6.0, 12.3 Hz, HB-10),
253 (1 H,dd, J=7.2, 13.3 Hz, HB-1), 2.45 (1 H, ddd, 7.0, 10.0, 18.0
Hz, H-3), 2.41 (1 H, dddd, J = 2.5, 6.2, 13.3, 18.0 Hz, H-2), 2.35 (1 H,
dddd, J=6.0, 7.7, 14.0, 18.0 Hz, H-9), 1.47 (1 H, dd, J= 6.0, 13.3 Hz,
Ho-1), 1.45 (1 H, dd appears as t, J = 12.3, 12.3 Hz, Ho-10), 1.34 (3 H,
s, H-14)

(151.01 MHz, 297.2 K, CD;OD): &c = 183.41 (C-15), 173.94 (C-5),
143.60 (C-4), 129.93 (C-6), 75.21 (C-8), 70.85 (C-13), 64.75 (C-12),
52.47 (C-9), 49.56 (C-11), 46.28 (C-7), 43.84 (C-1), 43.78 (C-3), 43.04
(C-10), 39.80 (C-2), 26.86 (C-14)

6.5.1.2 7,15-Dihydroxyblennin A (20)

HPLC

UV/Vis (H20/MeOH)

CD (MeOH)

[a]®
LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

Rt = 19.61 min / analytical - gradient at section 6.3.4.2

Amax (l0g €): 200 nm (1.1 mol"dm3cm™™)

X (Ag): 210 (=0.2), 225 (=0.9), 250 nm (+0.3 mol-'dm3cm™)

~10.3 (MeOH; ¢ 0.0013)

m/z = 283.153 [M + H]*, 565.300 [2M + H]*

m/z = 283.15419 [M + H]*, calculated 283.15455 for [C15H230s]"
(Precursor ion m/z (%) = 283.15419 (15.6)), qTOF 20-50 eV) m/z
(%) = 265.14382 (17.3), calculated 265.14398 for [Ci5H2104]";

247.13315 (45.5), calculated 247.13342 for [CisH1003]"; 229.12263
(47.1), calculated 229.12285 for [C15H17O2]"
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H-NMR

BC-NMR

(600.22 MHz, 300 K, CD3OD)*: 64 =6.78 (1 H,d, J = 2.2 Hz, H-4), 4.28
(1 H, dd appears as t, J=10.0, 10.0 Hz, HB-13), 4.26 (1 H, dd appears
ast, J=10.0, 10.0 Hz, Ha-13), 3.61 (1 H, d, J = 9.8 Hz, H-8), 3.29, 3.35
(2 H, AB, J=10.7 Hz, H-15), 2.58 (1 H, dddd, J=7.0, 7.5, 12.1, 16.2
Hz, H-9), 2.47 (1 H, ddd, 2.0, 7.2, 10.0, H-3), 2.21 (1 H, dddd, J = 3.9,
4.5, 8.0, 14.5 Hz, H-2), 2.07 (1 H, dd, J=6.8, 13.0 Hz, HB-10), 1.81 (1
H, dd, J = 8.0, 13.8 Hz, HB-1), 1.42 (1 H, dd, J = 4.4, 13.8 Hz, Ha-1),
1.33 (1 H, dd appears as t, J=12.5, 12.5 Hz, Ho-10), 1.19 (3 H, d, J =
7.3 Hz, H-12), 1.10 (3 H, s, H-14)

(150.94 MHz, 300 K, CDs;OD)*: & = 173.72 (C-5), 151.53 (C-4),
131.51 (C-6), 79.09 (C-13), 78.12 (C-8), 78.04 (C-7), 70.97 (C-15),
46.96 (C-9), 45.07 (C-2), 42.94 (C-11), 42.46 (C-1), 40.89 (C-10), 36.26
(C-3), 26.55 (C-14), 21.07 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.

6.5.1.3 2,3-Epoxylactarorufin A (21)

HPLC

UV/Vis (H20/MeOH)

CD (MeOH)

]25

[a]

H-NMR

i HS
Ho g OHHB Hqg

21

Rt = 26.40 min / analytical - gradient at section 6.3.4.2

Amax (l0g €): 200 nm (0.6 mol'dm3cm™)

A (Ag): 200 (+1.5), 225 (-1.2), 250 nm (=0.4 mol'dm3*cm™™)

~16.2 (MeOH; ¢ 0.001)

(600.22 MHz, 300 K, CD3OD)*: 61 =4.90 (1 H, dddd appears as dd, J
=3.2,17.5 Hz, HB-13), 4.77 (1 H, dddd appears as d, J = 17.4 Hz, Ho-
13), 4.27 (1 H, ddddd, J = 10.7 Hz, H-8), 2.88 (1 H, dddd appears as d,
J =18.7 Hz, Ha-4), 2.78 (1 H, dddd appears as dq, J = 3.0, 3.0, 3.0,
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18.7 Hz, Hp-4), 2.67 (1 H, dddd appears as td, J = 8.0, 8.0, 12.3, Hz,
H-9), 1.97 (1 H, dd, J = 0.87, 14.2 Hz, HB-1), 1.89 (1 H, ddd appears
as dd, J = 8.0, 12.6 Hz, HB-10), 1.78 (1 H, dddd appears as dd, J =
10.2, 12.6 Hz, Ho-10), 1.67 (1 H, dd appears as d, J = 14.2 Hz, Ha-1),
1.38 3 H, s, H-12), 1.17 (3 H, d appears as s, H-14), 1.06 (3 H, ddd

appears as s, H-15)

13C-NMR (150.94 MHz, 300 K, CD;OD)*: &c = 177.38 (C-5), 165.05 (C-7),
121.50 (C-6), 72.70 (C-2), 72.46 (C-13), 70.42 (C-8), 62.27 (C-3),
4750 (C-1), 46.49 (C-9), 45.76 (C-10), 37.39 (C-11), 30.28 (C-4),
29.60 (C-14), 28.25 (C-15), 21.90 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.

6.5.1.4 14-Carboxyl-deoxylactarorufin A (22)

HPLC Rt = 25.31 min / analytical - gradient at section 6.3.4.2

UV/Vis (H20/MeOH)  Amax (log €): 200 (1.5), 2.15 (1.8), 260 nm (0.5 mol'dm3cm")

CD (MeOH) % (Ag): 200 (+1.6), 220 (~0.5), 245 nm (+0.40 mol'dm3cm’")
(] +25.6 (MeOH; ¢ 0.003)

LCESI-(+)-MS m/z=281.137 [M + HJ*, 561.269 [2M + HJ*

HRESI-(+)-MS m/z = 281.13840 [M + H]*, calculated 281.13890 for [C15H210s]*

HRESI-(+)-MSMS (Precursor ion m/z (%) = 281.13840 (66.1)), qTOF 20-50 eV) m/z
(%) = 263.12785 (87.3), calculated 263.12833 for [Ci5H1904]";
245.11734 (21.5), calculated 245.11777 for [C1sH1703]"; 235.13290
(42.0), calculated 235.13342 for [C1sH1903]"; 217.12234 (100.0),
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"H-NMR

3C-NMR

calculated 217.12285 for [C14H1702]"; 199.11175 (25.1), calculated
199.11229 for [C14H150]*

(600.22 MHz, 300 K, CDsOD)*: 64 =4.88 (1 H, ddd appears as d, J =
18.5 Hz, HB-13), 4.81 (1 H, ddd appears as d, J=17.5 Hz, Ha-13), 4.62
(1 H, ddd appears as d, J=11.3 Hz, H-8), 2.46 (1 H, ddd, H-9), 2.39 (1
H, dd, J=5.0, 13.5 Hz, Ho-10), 2.33 (1 H,d, J=17.3 Hz, Hp-4), 2.05 (1
H, dddd, Ho-4), 2.03 (1 H, dddd, H-2), 1.95 (1 H, dd appears as t, J =
12.5, 12.5 Hz, Ha-1), 1.92 (1 H, dd, J = 8.1, 12.5 Hz, HB-1), 1.77 (1 H,
ddd, H-3), 1.70 (1 H, dd, J=7.5, 13.5 Hz, HB-10), 1.27 (3 H, s, H-15),
1.02 (3H,d, J=6.3 Hz, H-12)

(600.51 MHz, 298.2 K, DMSO-d6)**: &4 =4.79 (1 H, ddd appears as d,
J=19.0 Hz, HB-13), 4.76 (1 H, ddd appears as d, J = 18.3 Hz, Hu-13),
4.48 (1 H, dddd appears as d, J = 10.6 Hz, H-8), 2.31 (1 H, ddd, H-9),
2.30 (1 H, dd, Ho-10), 2.18 (1 H, dddd appears as d, J = 17.6 Hz, HB-4),
1.97 (1 H, dddd, Ho-4), 1.90 (1 H, ddd, H-2), 1.84 (1 H, dd, Ha-1), 1.73 (1
H, dd, J=7.0,12.0 Hz, HB-1), 1.67 (1 H,dd, J= 7.0, 13.4 Hz, H-3), 1.47
(1 H, d, HB-10), 1.13 (3 H, s, H-15),0.92 (3 H, d, J= 6.3 Hz, H-12)

(151.94 MHz, 300 K, CDsOD)*: &c = 185.81 (C-14), 177.38 (C-5),
167.80 (C-7), 126.00 (C-6), 72.05 (C-13), 68.72 (C-8), 50.06 (C-9),
49.57 (C-11), 49.28 (C-2), 45.06 (C-1), 42.29 (C-10), 35.73 (C-3), 33.67
(C-4), 26.17 (C-15), 22.58 (C-12)

(151.01 MHz, 298.1 K, DMSO-d6)**: 5c = 181.86 (C-14), 174.33 (C-
5), 166.88 (C-7), 123.39 (C-6), 70.28 (C-13), 66.31 (C-8), 48.39 (C-9),
47.35 (C-2), 46.98 (C-11), 43.52 (C-1), 40.90 (C-10), 33.90 (C-3), 32.28
(C-4), 25.57 (C-15), 22.03 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.
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6.5.1.5 13-Hydroxy-14-carboxyl-deoxylactarorufin A (23)

HPLC

UV/Vis (H20/MeOH)
CD (MeOH)

25
[a]
LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 24.00 min / analytical - gradient at section 6.3.4.2

Amax (l0g €): 200 (1.3), 220 nm (1.0 mol"'dm3cm™)

L (Ag): 205 (+4.0), 225 (-2.5), 250 nm (+1.5 mol"'dm3cm™")

+44.1 (MeOH; ¢ 0.0026)

m/z=297.132 [M + HJ*, 593.257 [2M + H]*

m/z = 297.22137 [M + HJ*, calculated 297.13381 for [C15H210¢]"

(Precursorion m/z (%) = 297.22137 (1.1)), qTOF 20-50 eV) m/z (%)
= 279.12243 (17.3), calculated 279.12325 for [C15H190s]"; 261.11193
(70.5), calculated 261.11268 for [CisH1704]"; 243.10133 (15.8),
calculated 243.10212 for [C1sH1505]"; 233.11701 (58.6), calculated
233.11777 for [C14H1703]"; 215.10654 (100.0), calculated 215.10720
for [C14H1502]*; 187.11156 (50.0), calculated 187.11229 for [C13H150]*

(600.22 MHz, 300 K, CDsOD)*: é4 = 6.13 (1 H, ddd appears as s, H-
13), 4.51 (1 H, ddd appears as d, J = 9.2 Hz, H-8), 2.48 (1 H, d, Ha-
10), 2.45 (1 H, ddd, H-9), 2.34 (1 H,d, J = 17.7 Hz, Hp-4), 2.09 (1 H,
dddd, Ho-4), 2.04 (1 H, dddd, H-2), 1.95 (1 H, dd appears as t, J=12.3,
12.3 Hz, Ho-1), 1.90 (1 H, dd, J = 7.0, 12.2 Hz, HB-1), 1.79 (1 H, dd,
Hp-10), 1.67 (1 H, ddd, H-3), 1.29 (3 H, s, H-15), 1.03 (3 H, d, J=6.1
Hz, H-12)

(600.22 MHz, 297.1 K, DMSO-d6)**: o4 = 6.01 (1 H, ddd appears as
s, H-13), 4.34 (1 H, dddd, H-8), 2.47 (1 H, d, Ha-10), 2.18 (1 H, ddd,
H-9), 2.13 (1 H, dddd appears as d, J = 17.4 Hz, HB-4), 2.00 (1 H, dddd,
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3C-NMR

Ho-4), 1.86 (1 H, dd, Ha-1), 1.83 (1 H, dddd, H-2), 1.70 (1 H, dd, Hp-1),
1.48 (1 H, ddd, H-3), 1.32 (1 H, dd, HB-10), 1.13 (3 H, s, H-15), 0.93 (3
H, d, J = 5.9 Hz, H-12)

(150.94 MHz, 300 K, CDs;OD)*: 8¢ = 184.48 (C-14), 174.32 (C-5),
164.69 (C-7), 130.09 (C-6), 99.04 (C-13), 67.62 (C-8), 49.69 (C-2),
49.57 (C-9), 48.80 (C-11), 44.54 (C-1), 42.31 (C-10), 36.58 (C-3),
32.79 (C-4), 26.44 (C-15), 22.69 (C-12)

(150.94 MHz, 297.1 K, DMSO-d6)**: 5 = 183.08 (C-14), 171.98 (C-
5), 164.90 (C-7), 127.32 (C-6), 97.42 (C-13), 64.55 (C-8), 49.30 (C-9),
48.77 (C-2), 47.48 (C-11), 43.74 (C-1), 40.64 (C-10), 35.55 (C-3),
31.07 (C-4), 27.57 (C-15), 22.11 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.

6.5.1.6 Lactarotropone (24)

HPLC

]25

o)

LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

Rt = 32.45 min / analytical - gradient at section 6.3.4.2

+1.1 (MeOH; ¢ 0.001)

m/z= 245117 [M + H]*

m/z = 24511701 [M + H]*, calculated 245.11777 for [C15sH1703]"

(Precursor ion m/z (%) = 245.11701 (40.0)), gTOF 20-50 eV) m/z
(%) = 217.12110 (2.0), calculated 217.12285 for [C14H1702]";
201.12712 (2.0), calculated 201.12794 for [C1H70]"; 173.09542
(2.0), calculated 173.09664 for [C42H130]"; 159.07984 (4.0),
calculated 159.08099 for [C11H11O]"
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H-NMR (600.22 MHz, 300 K, CDsOD)*: 811 = 7.44 (1 H, H-4), 5.22 (2 H, H-13),
3.06 (2 H, H-1), 2.94 (2 H, H-10), 2.45 (3 H, H-12), 1.18 (6H, H-14, H-
15)

(600.22 MHz, 297.2 K, DMSO-d6)**: &y = 7.31 (1 H, H-4), 5.22 (2 H,
H-13), 2.99 (2 H, H-1), 2.83 (2 H, H-10), 2.39 (3 H, H-12), 1.11 (6H, H-
14, H-15)

13C-NMR (150.94 MHz, 300 K, CDs;OD)*: 8¢ = 180.42 (C-8), 174.56 (C-5),
156.09 (C-2), 155.13 (C-9), 154.87 (C-7), 148.51 (C-3), 131.15 (C-6),
127.65 (C-4), 71.10 (C-13), 54.50 (C-1), 50.72 (C-10), 36.21 (C-11),
29.09 (C-14, C-15), 25.81 (C-12)

(150.94 MHz, 297.1 K, DMSO-d6)**: 6c = 178.01 (C-8), 172.81 (C-5),
153.81 (C-7), 153.15 (C-2), 152.97 (C-9), 146.27 (C-3), 128.59 (C-6),
125.45 (C-4), 69.88 (C-13), 52.74 (C-1), 49.50 (C-10), 34.69 (C-11),
28.64 (C-14, C-15), 25.10 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.

6.5.1.7 Lactarorufin A (25)

HPLC Rt = 27.45 min / analytical - gradient at section 6.3.4.2
R: = 13.47 min / semi-preparative - gradient at section 6.3.4.3, when
the compound was extracted from L. trivialis.

UV/Vis (H20/MeOH)  Amax (log €): 200 (0.7), 220 nm (0.45 mol'dm3cm™")

CD (MeOH) A (Ag): 200 (+3.0), 220 (=3.1), 240 nm (+1.2 mol-'dm®*cm™")
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[a]®
LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

"H-NMR

3C-NMR

+23.5 (MeOH; ¢ 0.005)

m/z=267.159 [M + HJ*, 289.141 [M + NaJ*, 533.313 [2M + HJ*

m/z = 267.15691 [M + H]*, calculated 267.15963 for [C15H2304]"

(Precursorion m/z (%) = 267.15691 (1.0)), qTOF 20-50 eV) m/z (%)
=249.14911 (19.0), calculated 249.14907 for [C15H2103]"; 231.13799
(70.5), calculated 231.13850 for [C4sH1902]"; 213.12764 (10.1),
calculated 213.12794 for [C1sH170]"; 203.14323 (18.2), calculated
203.14359 for [C14H190]"; 187.14830 (50.1), calculated 187.14868 for
[C1aH1q]”

(600.50 MHz, 297.1 K, CD3;0OD)*: &4 =4.90 (1 H, ddd appears as d, J
=17.8 Hz, H-13),4.76 (1 H, ddd appears asd, J=17.8 Hz, H-13), 4.33
(1 H, dd appears as d, J = 7.0 Hz, H-8), 2.70 (1 H, dddd appears as
quintet, J = 8.2, 8.2, 8.2, 8.2 Hz, H-9), 2.63 (1 H, ddd appears as d, J
=18.0 Hz, Ha-4), 2.58 (1 H, ddd appears as q, J = 9.2, 9.2, 9.2 Hz, H-
2), 2.47 (1 H, ddd appears as d, J = 17.8 Hz, Hp-4), 1.65 (1 H, dd, J =
7.4,12.3 Hz, HB-1),1.61 (1 H,dd, J=7.2, 12.3 Hz, HB-10), 1.40 (1 H,
dd appears as t, J = 12.2, 12.2 Hz, Ho-1), 1.39 (1 H, dd, J=9.2, 12.3
Hz, Ha-10), 1.22 (3 H, s, H-12), 1.10 (3 H, s, H-14), 1.04 (3 H, s, H-15)

(600.50 MHz, 297.1 K, CDCls)**: & = 4.92 (1 H, H-13), 4.56 (1 H, H-
13), 4.07 (1 H, H-8), 2.88 (1 H, H-9), 2.66 (1 H, H-2), 2.65 (1 H, Ha-4),
2.52 (1 H, Hp-4), 1.64 (1 H, H-1), 1.49 (1 H, HB-10), 1.27 (3 H, H-12),
1.12 (1 H, Ha-1), 1.02 (3 H, H-14), 1.00 (1 H, Ha-10), 0.98 (3 H, H-15)

(150.94 MHz, 297.2 K, CD;OD)*: &c = 177.42 (C-5), 164.34 (C-7),
124.11 (C-6), 74.03 (C-3), 72.58 (C-13), 69.08 (C-8), 52.22 (C-2),
47.09 (C-9), 46.27 (C-10), 44.99 (C-1), 37.36 (C-11), 36.57 (C-4),
30.43 (C-14), 29.34 (C-12), 28.36 (C-15)

(151.01 MHz, 297.1 K, CDCls)**: 8¢ = 175.87 (C-5), 160.28 (C-7),
123.45 (C-6), 75.29 (C-3), 71.93 (C-13), 67.28 (C-8), 49.18 (C-2),
46.25 (C-9), 45.62 (C-10), 45.42 (C-1), 37.01 (C-11), 34.91 (C-4),
31.51 (C-12), 29.32 (C-14), 26.56 (C-15)
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*: These data are from the already extracted and measured compound from L. circellatus.
**. These data are from the same compound with repeated measurements in different solvent.

6.5.1.8 Deoxylactarorufin A (26)

HPLC

UV/Vis (H.O/MeOH)

CD (MeOH)

[a]®
LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 36.22 min / analytical - gradient at section 6.3.4.2

Amax (log €): 200 (0.6), 220 nm (0.3 mol'dm3cm™)

A (Ag): 200 (+4.0), 220 (—2.0), 240 nm (+0.3 mol""dm3cm™")

+37.3 (MeOH:; ¢ 0.001)

m/z=251.163 [M + HJ*, 523.301 [2M + H]*

m/z = 251.16372 [M + H]*, calculated 251.16472 for [C15H2303]"

(Precursor ion m/z (%) = 251.16372 (25.7)), qTOF 20-50 eV) m/z
(%) = 233.15334 (40.2), calculated 233.15415 for [C15H2102]";
215.14290 (5.5), calculated 215.14359 for [C1sH190]*; 205.15857
(10.1), calculated 205.15924 for [C14H210]"; 187.14783 (18.9),
calculated 187.14868 for [C14H19]"

(600.22 MHz, 300 K, CDsOD)*: &, = 4.87 (1 H, H-13), 4.81 (1 H, H-
13), 4.63 (1 H, H-8), 2.56 (1 H, H-9), 2.36 (1 H, Hp-4), 2.05 (1 H, H-2),
2.00 (1 H, Ha-4), 1.84 (1 H, H-3), 1.75 (1 H, HB-10), 1.71 (1 H, Hp-1),
1.56 (1 H, Ha-10), 1.29 (1 H, Ho-1), 1.10 (3 H, H-14), 0.99 (3 H, H-15),
0.98 (3 H, H-12)

(600.50 MHz, 297.1 K, CDCls)**: 5, = 4.87 (1 H, H-13), 4.78 (1 H, H-
13), 4.71 (1 H, H-8), 2.58 (1 H, H-9), 2.47 (1 H, HB-4), 2.052 (1 H, H-
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3C-NMR

2), 2.050 (1 H, Ha-4), 1.80 (1 H, H-3), 1.79 (1 H, HB-10), 1.725 (1 H,
HB-1), 1.40 (1 H, Ha-10), 1.24 (1 H, Ho-1), 1.10 (3 H, H-14), 0.98 (3 H,
H-15), 0.965 (3 H, H-12)

(150.94 MHz, 300 K, CDsOD)*: &c = 177.44 (C-5), 167.58 (C-7),
125.50 (C-6), 72.05 (C-13), 70.36 (C-8), 49.57 (C-9), 48.74 (C-1),
48.72 (C-2), 46.87 (C-10), 37.70 (C-11), 34.83 (C-4), 34.47 (C-3),
30.17 (C-14), 27.81 (C-15), 22.56 (C-12)

(151.01 MHz, 297.2 K, CDCls)**: 8¢ = 175.03 (C-5), 162.85 (C-7),
125.38 (C-6), 70.69 (C-8), 70.48 (C-13), 48.58 (C-9), 47.87 (C-1),
47.32 (C-2), 45.86 (C-10), 37.24 (C-11), 34.13 (C-4), 33.33 (C-3),
29.72 (C-14), 27.12 (C-15), 22.22 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.

6.5.1.9 Lactarorufin B (27)

HPLC

UV/Vis (H20/MeOH)

CD (MeOH)

[a]®

LCESI-(+)-MS

HRESI-(+)-MS

Rt = 13.24 min / analytical - gradient at section 6.3.4.2

R: = 7.34 min / semi-preparative - gradient at section 6.3.4.3, when the
compound was extracted as a mixture with compound 53 from L. trivialis.
Amax (log €): 200 (0.6), 220 nm (0.25 mol'dm3cm™™)

A (Ac): 200 (+1.8), 220 (~1.25), 240 nm (+0.4 mol"dmcm’")

+14.6 (MeOH; ¢ 0.0015)

m/z = 283.153 [M + H]*, 305.135 [M+Na]*, 565.300 [2M + H]*

m/z = 283.15141 [M + HJ*, calculated 283.15455 for [C15H2305]"
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HRESI-(+)-MSMS (Precursor ion m/z (%) = 283.15141 (0.5)), qTOF 20-50 eV) m/z (%)
= 265.14274 (0.7), calculated 265.14398 for [C15H2104]"; 247.13182
(9.0), calculated 247.13342 for [CisH1903]"; 229.12144 (13.5),
calculated 229.12285 for [C1sH1702]"; 185.13179 (18.1), calculated
185.13303 for [C14H17]"

H-NMR (600.50 MHz, 297.2 K, CDsOD)*: &4 = 4.90 (1 H, H-13), 4.79 (1 H, H-
13), 4.46 (1 H, H-8), 3.33 (2 H, H-15), 2.61 (1 H, Ha-4), 2.54 (1 H, H-
9), 2.48 (1 H, Hp-4), 2.42 (1 H, H-2), 1.86 (1 H, HB-1), 1.69 (1 H, Hp-
10), 1.51 (1 H, Ha-10), 1.36 (1 H, Ho-1), 1.23 (3 H, H-12), 1.11 (3 H,
H-14)

(600.22 MHz, 297.2 K, CDCls)**: & = 4.95 (1 H, H-13), 4.61 (1 H, H-
13), 4.12 (1 H, H-8), 3.422 (2 H, H-15), 2.83 (1 H, H-9), 2.70 (1 H, Hp-
4), 2.62 (1 H, H-2), 2.56 (1 H, Ho-4), 1.88 (1 H, Hp-1), 1.79 (1 H, Hp-
10), 1.31 (3 H, H-12), 1.11 (1 H, Ha-1), 1.05 (3 H, H-14), 1.00 (1 H, Ho-
10)

3C-NMR (151.01 MHz, 297.1 K, CDsOD)*: 6c = 177.49 (C-5), 166.29 (C-7),
123.79 (C-6), 73.15 (C-3), 72.23 (C-13), 70.53 (C-15), 68.99 (C-8),
53.44 (C-2), 46.20 (C-9), 42.42 (C-11), 40.40 (C-10), 39.22 (C-1),
35.05 (C-4), 30.00 (C-12), 26.36 (C-14)

(150.94 MHz, 297.1 K, CDCls)*™: 8¢ = 175.54 (C-5), 160.26 (C-7),
123.32 (C-6), 75.54 (C-3), 71.80 (C-13), 68.59 (C-15), 67.57 (C-8),
49.46 (C-2), 46.21 (C-9), 42.36 (C-11), 40.60 (C-10), 40.53 (C-1),
34.72 (C-4), 31.65 (C-12), 24.52 (C-14)

*: These data are from the repeated measurements of the already extracted compound from L. circellatus.
**: These data are from the mixture fraction from L. trivialis.
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6.5.1.10 Furandiol 15

HPLC

UV/Vis (H20/MeOH)
CD (MeOH)

25
[a]
LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 36.96 min / analytical - gradient at section 6.3.4.2

Amax (log €): 200 nm (0.8 mol''dm3cm™)

L (Ag): 200 (+0.9), 225 (-0.65), 250 nm (=0.25 mol'dm3cm™)

+14.6 (MeOH; ¢ 0.0015))

m/z=251.164 [M + H]*

m/z = 251.16360 [M + H]*, calculated 251.16472 for [C15H2303]"

(Precursor ion m/z (%) = 251.16360 (18.5)), qTOF 20-50 eV) m/z
(%) = 233.15323 (40.0), calculated 233.15415 for [C15H2102]";
215.14290 (35.5), calculated 215.14359 for [C1sH190]"; 195.10133
(22.1), calculated 195.10212 for [C11H1503]"

(600.22 MHz, 300 K, CD3s0OD)*: 6y = 7.34 (1 H, dddd appears as s, H-
13), 7.23 (1 H, dddd appears as s, H-5), 4.59 (1 H, ddd appears as d, J
= 7.0 Hz, H-8), 2.89 (1 H, dd, J = 1.3, 16.1 Hz, Ha-4), 2.70 (1 H, dd
appears as d, J = 16.1 Hz, Hp-4), 2.61 (1 H, dddd appears as quintet, J
=76,7.6,7.6,7.6 Hz, H-9), 2.51 (1 H, ddd appears as dt, J= 7.8, 12.3,
12.3 Hz, H-2), 1.60 (1 H, dd, J = 7.3, 12.5 Hz, HB-1), 148 2 H,d, J =
7.6 Hz, H-10), 1.40 (1 H, dd appears as t, J = 12.3, 12.3 Hz, Ho-1), 1.23
(3 H, H-12), 1.06 (3 H, H-14), 1.05 (3 H, H-15)

(600.50 MHz, 297.2 K, CDCl3)**: 64 =7.30 (1 H, s, H-13), 7.15 (1 H, dd
appears as s, H-5),4.60 (1 H,d, J=5.1 Hz, H-8),2.90 (1 H, d, J=16.8
Hz, Ho-4), 2.71 (1 H, d, J = 16.8 Hz, HB-4), 2.70 (1 H, dddd, H-9), 2.55
(1 H, ddd appears as q, J = 9.4, 9.4, 9.4 Hz, H-2), 1.57 (1 H, dd, J =
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3C-NMR

7.9, 12.3 Hz, Hp-1), 1.41 (1 H, dd, J = 6.8, 12.3 Hz, HB-10), 1.22 (3 H,
s, H-12), 1.20 (1 H, dd, Ho-1), 1.17 (1 H, dd, Ha-10), 0.98 (3 H, s, H-14),
0.98 (3 H, s, H-15)

(150.94 MHz, 300 K, CDs;OD)*: 8¢ = 142.16 (C-5), 141.95 (C-13),
129.29 (C-7), 120.46 (C-6), 74.19 (C-3), 68.04 (C-8), 53.27 (C-2), 47.75
(C-9), 45.72 (C-10), 45.10 (C-1), 37.19 (C-11), 34.11 (C-4), 31.39 (C-
12), 31.10 (C-14), 29.73 (C-15)

(151.01 MHz, 297.1 K, CDCls)**: 5c = 141.65 (C-13), 141.12 (C-5),
126.96 (C-7), 118.87 (C-6), 74.02 (C-3), 67.23 (C-8), 51.05 (C-2), 46.03
(C-9), 45.12 (C-10), 45.06 (C-1), 36.75 (C-11), 33.11 (C-4), 31.51 (C-
12), 30.15 (C-14), 28.20 (C-15)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the compound that was extracted from L. trivialis.

6.5.1.11 Furan alcohol 28

HPLC

UV/Vis (H20/MeOH)

CD (MeOH)

[a]®

LCESI-(+)-MS

HRESI-(+)-MS

R: = 39.86 min / analytical - gradient at section 6.3.4.2

Amax (l0g €): 200 nm (0.8 mol'dm3cm™™)

A (Ag): 205 (+5.0), 250 (-0.5), 300 nm (=1.2 mol'dm3*cm™™)

+5.4 (MeOH:; ¢ 0.0017)

m/z=233.153 [M + H]*

m/z = 233.15330 [M + HJ*, calculated 233.15415 for [C15H2102]"
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HRESI-(+)-MSMS

"H-NMR

3C-NMR

(Precursor ion m/z (%) = 233.15330 (22.2)), qTOF 20-50 eV) m/z
(%) = 215.14229 (4.0), calculated 215.14359 for [C15H190]";
187.14821 (6.5), calculated 187.14868 for [C1i4H19]"; 177.09027 (3.5),
calculated 177.09155 for [C11H1302]*

(600.22 MHz, 300 K, CD3OD)*: &y = 7.36 (1 H, H-13), 7.17 (1 H, H-5),
4.30 (1 H, H-8), 3.37 (1 H, HB-4), 2.96 (1 H, Ho-4), 2.93 (1 H, H-9), 2.20
(1 H, HB-1), 2.06 (1 H, Ha-1), 1.90 (1 H, HB-10), 1.73 (3 H, H-12), 1.57
(1 H, Ha-10), 1.13 (3 H, H-14), 0.90 (3 H, H-15)

(150.94 MHz, 300 K, CD;OD)*: &c = 141.98 (C-13), 139.08 (C-5),
138.34 (C-2), 130.61 (C-6,7), 128.96 (C-3), 122.36 (C-6,7), 71.05 (C-
8), 49.44 (C-9), 47.40 (C-10), 47.24 (C-1), 38.02 (C-11), 30.33 (C-4),
29.35 (C-14), 27.91 (C-15), 21.87 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.

6.5.1.12 Methoxyfuranalcohol 29

H-NMR

3C-NMR

(600.22 MHz, 297.2 K, CDsOD)*: &4 = 7.31 (1 H, H-13), 7.25 (1 H, H-
5), 4.56 (1 H, H-8), 3.15 (3 H, H-16), 2.86 (1 H, Hp-4), 2.68 (1 H, Ha-4),
2.460 (1 H, H-9), 1.73 (1 H, Ho-10), 1.62 (1 H, HB-1), 1.54 (1 H, Ha-1),
1.45 (1 H, HB-10), 1.21 (3 H, H-12), 1.12 (3 H, H-14), 1.07 (3 H, H-15)

(150.94 MHz, 297.2 K, CD;OD)*: & = 141.59 (C-5), 141.18 (C-13),
130.64 (C-7), 120.19 (C-6), 79.23 (C-3), 67.76 (C-8), 52.14 (C-2),
48.95 (C-16), 48.44 (C-9), 45.20 (C-10), 44.26 (C-1), 36.64 (C-11),
31.87 (C-14), 31.18 (C-15), 29.28 (C-4), 25.06 (C-12)

*: These data are from the compound that extracted again and measured from L. circellatus.
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6.5.1.13 3,8-Oxalactarorufin A (30)

HPLC

UV/Vis (H20/MeOH)
CD (MeOH)

25
[a]
LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 30.81 min / analytical - gradient at section 6.3.4.2

Amax (log €): 200 nm (0.7 mol"'dm3cm™)

A (Ae): 210 (+5.1), 230 (—4.5), 245 nm (+1.9 mol"'dm3cm™")

+23.7 (MeOH:; ¢ 0.00061)

m/z = 249.148 [M + H]*

m/z = 249.14686 [M + H]*, calculated 249.14907 for [C15H2103]"

(Precursor ion m/z (%) = 249.14686 (88.2)), qTOF 20-50 eV) m/z
(%) = 231.13699 (61.1), calculated 231.13850 for [Ci5H1902]";
221.15221 (60.0), calculated 221.15415 for [C1H2102]"; 213.12635
(20.0), calculated 213.12794 for [C4sH470]%; 203.14159 (79.0),
calculated 203.14359 for [C14sH190]*; 185.13157 (78.2), calculated
185.13303 for [C14H17]*

(600.22 MHz, 300 K, CD;OD)*: 611 = 4.93 (1 H, HB-13), 4.85 (1 H, Ha-
13), 4.69 (1 H, H-8), 3.35 (1 H, H-9), 2.85 (1 H, H-2), 2.33 (2 H, H-4),
1.50 (1 H, HB-10), 1.45 (3 H, H-12), 1.44 (1 H, H-1), 1.010 (3 H, H-15),
1.007 (3 H, H-14), 0.97 (1 H, Ha-10), 0.90 (1 H, Ho-1)

(600.50 MHz, 297.1 K, CDCls)**: 84 = 4.83 (1 H, HB-13), 4.74 (1 H, Ho-
13), 4.61 (1 H, H-8), 3.33 (1 H, H-9), 2.82 (1 H, H-2), 2.44 (1 H, Hp-4),
2.34 (1H, Ho-4), 1.48 (3 H, H-12), 1.45 (1 H, HB-10), 1.41 (1 H, Hp-1),
1.00 (3 H, H-14), 0.98 (3 H, H-15), 0.90 (1 H, Ha-1), 0.89 (1 H, Ha-10)
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3C-NMR

(150.94 MHz, 300 K, CDsOD)*: &¢ = 175.04 (C-5), 168.68 (C-7), 125.05
(C-6), 81.88 (C-3), 75.95 (C-8), 73.39 (C-13), 57.16 (C-2), 55.50 (C-9),
47.74 (C-11), 4317 (C-1), 40.98 (C-10), 31.98 (C-4), 29.45 (C-14),
27.87 (C-12), 27.36 (C-15)

(151.01 MHz, 297.1 K, CDCls)**: 8¢ = 172.75 (C-5), 165.62 (C-7),
124.92 (C-6), 80.82 (C-3), 74.74 (C-8), 71.32 (C-13), 55.98 (C-2), 54.22
(C-9), 47.16 (C-11), 42.08 (C-1), 40.07 (C-10), 31.36 (C-4), 29.19 (C-
14), 27.82 (C-12), 27.14 (C-15)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.

6.5.1.14 Lactarorufin N (13)

HPLC

UV/Vis (H20/MeOH)

CD (MeOH)

]25

[a]

LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

Rt = 37.03 min / analytical - gradient at section 6.3.4.2

Amax (log €): 200 (0.9), 225 nm (0.55 mol'dm3cm™™)

A (Ag): 200 (+0.3), 240 nm (=1.19 mol'"dm3cm™)

~66.8 (MeOH:; ¢ 0.001)

m/z = 251.164 [M + H]*, 523.303 [2M + Na]*

m/z = 251.16425 [M + H]*, calculated 251.16472 for [C15H2303]"

(Precursor ion m/z (%) = 251.16425 (83.4)), qTOF 20-50 eV) m/z
(%) = 233.15363 (41.5), calculated 233.15415 for [C15H2102]";
215.14283 (11.0), calculated 215.14359 for [C4sH190]*; 195.10147
(52.6), calculated 195.10212 for [C11H1503]"; 169.08577 (36.8),
calculated 169.08647 for [CoH1303]"
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H-NMR

3C-NMR

(600.22 MHz, 300 K, CDsOD)*: 6y =6.62 (1 H, dd, J = 3.2, 5.6 Hz, H-
4), 444 (1 H, dd appears as t, J = 9.0, 9.0 Hz, Ha-13), 4.18 (1 H, dd
appearsast, J=7.6, 8.8 Hz, HB-13), 3.92 (1 H, dd, J=4.5, 7.0 Hz, H-
8), 3.67 (1 H, dddd appears as m, H-7), 2.60 (1 H, m, H-3), 2.41 (1 H,
qd, J=7.5,7.5,10.0 Hz, H-9), 214 (1 H, qd, J=7.3, 7.3, 10.7 Hz, H-
2),1.61(2H,d, J=8.9 Hz, H-10), 1.49 (2 H, dd, J = 3.6, 6.8 Hz, H-1),
1.16 3H,d, J=6.8 Hz, H-12), 1.11 (3 H, s, H-14), 1.01 (3 H, s, H-15)

(600.50 MHz, 297.1 K, CDClz)**: 4 = 6.73 (1 H, dd, J = 3.2, 5.6 Hz,
H-4), 4.46 (1 H, dd appears as t, J=9.1, 9.1 Hz, Ha-13), 4.20 (1 H, dd
appears as t, J = 8.4, 8.4 Hz, Hp-13), 4.00 (1 H, dddd appears as m,
H-8), 3.65 (1 H, dddd appears as m, H-7), 2.53 (1 H, ddd appears as
m, H-3), 2.44 (1 H, dddd appears as qd, J=7.7,7.7, 7.7, 10.0 Hz, H-
9),2.12 (1 H, dddd appearsasqd, J=7.9,7.9,7.9, 10.0 Hz, H-2), 1.66
(1H,dd,J=7.7,12.6 Hz, HB-10),1.52 (1 H, dd, J=6.7, 13.0 Hz, Hp-
1),1.44 (1 H,dd, J=10.1,12.6 Hz, Ho-10), 1.40 (1 H,dd, J=8.4,12.9
Hz, Ha-1), 1.15 (3 H, d, J= 6.8 Hz, H-12), 1.10 (3 H, s, H-14), 1.00 (3
H, s, H-15)

(150.94 MHz, 300 K, CD;OD)*: 8¢ = 173.73 (C-5), 147.02 (C-4),
129.29 (C-6), 70.95 (C-8), 69.77 (C-13), 46.48 (C-9), 46.48 (C-1),
45.89 (C-2), 45.05 (C-10), 42.77 (C-7), 36.70 (C-11), 34.50 (C-3),
31.40 (C-14), 30.32 (C-15), 20.05 (C-12)

(151.01 MHz, 297.2 K, CDCls)**: ¢ = 171.19 (C-5), 146.27 (C-4),
127.35 (C-6), 70.90 (C-8), 67.96 (C-13), 45.58 (C-1), 44.77 (C-2),
44.71 (C-9), 44.33 (C-10), 41.78 (C-7), 36.28 (C-11), 33.50 (C-3),
30.98 (C-14), 29.51 (C-15), 19.83 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.
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6.5.1.15 Blennin C (18)

HPLC

(o]
LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

3C-NMR

Rt = 36.94 min / analytical - gradient at section 6.3.4.2

~20.7 (MeOH:; ¢ 0.002)

m/z=251.164 [M + H]*, 523.302 [2M + Na]*

m/z = 251.16285 [M + H]*, calculated 251.16472 for [C15H2303]"

(Precursorion m/z (%) = 251.16285 (80.0)), gTOF 20-50 eV) m/z (%)
= 233.15251 (32.0), calculated 233.15415 for [C1sH2102]"; 215.14178
(9.4), calculated 215.14359 for [C15H190]"

(600.22 MHz, 300.1 K, CDs0D)*: &y = 5.22 (1 H, H-9), 4.85 (2 H, H-13),
4.52 (2 H, H-8), 2.56 (1 H, H-3), 2.41 (1 H, H-4), 2.21 (1 H, H-4), 2.10 (2
H, H-1), 2.08 (2 H, H-10), 1.07 (3 H, H-14,15), 1.06 (3 H, H-14,15), 0.99
(3 H, H-12)

(600.50 MHz, 297.2 K, CDCls)**: &4 = 5.17 (1 H, H-9), 4.84 (2 H, H-13),
4.56 (2 H, H-8), 2.50 (1 H, H-3), 2.36 (1 H, H-4), 2.13 (1 H, H-4), 2.04 (2
H, H-1,10), 2.04 (2 H, H-1,10), 1.02 (3 H, H-14,15), 1.01 (3 H, H-14,15),
0.93 (3 H, H-12)

(150.94 MHz, 300 K, CD;OD)*: &¢ = 177.27 (C-5), 163.59 (C-7), 148.08
(C-2), 126.18 (C-6), 123.01 (C-9), 72.00 (C-13), 58.00 (C-8), 48.37 (C-
10), 48.29 (C-1), 39.10 (C-11), 35.50 (C-3), 30.38 (C-4), 30.22 (C-14),
30.22 (C-15), 19.42 (C-12)

(151.01 MHz, 297.2 K, CDCls)**: &c = 175.69 (C-5), 161.37 (C-7),
146.55 (C-2), 125.43 (C-6), 122.01 (C-9), 70.89 (C-13), 57.57 (C-8),
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47.53 (C-1,10), 47.37 (C-1,10), 38.15 (C-11), 34.02 (C-3), 29.87 (C-
14,15), 29.82 (C-14,15), 29.58 (C-4), 18.95 (C-12)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.

6.5.1.16 3,12-Anhydrolactarorufin A (31)

HPLC

UV/Vis (H.O/MeOH)

CD (MeOH)

]25

o)

LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 34.81 min / analytical - gradient at section 6.3.4.2

Amax (log €): 200 (0.7), 220 nm (0.35 mol'dm3cm™™)

X (Ag): 200 (+0.6), 220 (=2.2), 235 (=1.0), 260 nm (=0.3 mol-'dm3cm™)

+22.6 (MeOH:; ¢ 0.001)

m/z = 249.148 [M + H]*, 498.296 [2M + H]*

m/z = 249.14778 [M + H]*, calculated 249.14907 for [C15H2103]"

(Precursor ion m/z (%) = 249.14778 (37.1)), qTOF 20-50 eV) m/z
(%) = 231.13674 (42.6), calculated 231.13850 for [CisH1902]%;
213.12739 (19.0), calculated 213.12794 for [CisH470]"; 203.14193
(78.1), calculated 203.14359 for [C1H19O]"; 175.14742 (40.0),
calculated 175.14868 for [C13H19]"

(600.22 MHz, 300 K, CD3OD)*: 64 = 5.00 (1 H, s, Ha-12), 4.95 (1 H, s,
Hb-12), 4.88 (1 H, dd appears as d, J = 18.2 Hz, H-13), 4.80 (1 H, dtd
appears as d, J=1.3, 2.7, 18.2 Hz, H-13), 4.39 (1 H, dddd appears as
dq, J=1.6, 11.3 Hz, H-8), 3.15 (1 H, ddt appearsas d, J=1.8,3.1, 17.3
Hz, Hp-4), 3.00 (1 H, ddd appears as td, J = 6.9, 11.2, 11.6 Hz, H-2),
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2.92 (1 H, dd appears as d, J =17.2 Hz, Ho-4), 2.71 (1 H, dddd appears
astdd, J=7.4,9.1,10.9 Hz, H-9), 1.74 (1 H, dd appears as t, J = 11.5,
11.5 Hz, Ho-1), 1.74 (1 H, dd, J = 6.0, 12.7 Hz, HB-10), 1.61 (1 H, ddd,
J=24,6.9,12.4 Hz, HB-1), 1.52 (1 H, dd, J=9.2, 13.0 Hz, Ha-10), 1.15
(3H, s, H-14),1.04 (3 H, s, H-15)

(600.22 MHz, 297.1 K, DMSO-d6)**: dH =4.98 (1 H, s, Ha-12), 4.88 (1
H, s, Hb-12),4.81 (1 H, H-13),4.75 (1 H, H-13), 4.23 (1 H, dddd appears
asd, J=11.3 Hz, H-8), 3.05 (1 H, ddt appears as d, J = 17.2 Hz, HB-4),
2.91 (1 H, H-2), 2.87 (1 H, dd appears as d, J = 17.6 Hz, Ho-4), 2.62 (1
H, H-9), 1.64 (1 H, dd appears as t, J = 11.8, 11.8 Hz, Ho-1), 1.62 (1 H,
ddd, J=2.0, 7.5, 13.1 Hz, HB-10), 1.51 (1 H, ddd, J =2.1, 6.9, 12.3 Hz,
HB-1), 1.45 (1 H, dd, J=9.2, 12.9 Hz, Ha-10), 1.10 (3 H, s, H-14), 0.97
(3 H, s, H-15)

13C-NMR (150.94 MHz, 300 K, CD;OD)*: &c = 176.80 (C-5), 167.93 (C-7),
146.51 (C-3), 124.12 (C-6), 112.57 (C-12), 72.01 (C-13), 70.80 (C-8),
50.76 (C-9), 46.22 (C-10), 45.79 (C-2), 45.43 (C-1), 38.32 (C-11), 36.49
(C-4), 29.99 (C-14), 27.65 (C-15)

(150.94 MHz, 297.2 K, DMSO-d6)**: 5c = 173.85 (C-5), 166.59 (C-7),
145.21 (C-3), 121.77 (C-6), 111.79 (C-12), 70.19 (C-13), 68.52 (C-8),
48.89 (C-9), 44.94 (C-10), 43.83 (C-1), 43.81 (C-2), 36.90 (C-11), 33.05
(C-4), 29.49 (C-14), 27.09 (C-15)

*: These data are from the already extracted and measured compound from L. circellatus.
**: These data are from the same compound with repeated measurements in different solvent.

6.5.1.17 15-Hydroxyblennin A (34)

Colorless oil - 0.5 mg from 300 g from the flesh of the frozen fruiting bodies.
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HPLC

UV/Vis (H,O/MeOH)

CD (MeOH)

]25

[al?

LCESI-(+)-MS
HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

Rt = 23.00 min / analytical - gradient at section 6.3.4.2

Rt = 31.67 min / semi-preparative - gradient at section 6.3.4.1

Amax (l0g €): 227 nm (1.5 mol"'dmicm™)

A (Ae): 205 (—1.6), 220 (=0.5), 250 nm (+0.55 mol'dm3cm-")

+19.2 (MeOH; ¢ 0.0005)

m/z = 267.159 [M + HJ*, 533.311 [2M + H]*

m/z = 267.15912 [M + HJ*, calculated 267.15963 for [C15H2304]"

(Precursor ion m/z (%) = 267.15912 (18.5)), qTOF 20-50 eV) m/z
(%) = 249.14852 (40.0), calculated 249.14907 for [C15H2103]";
231.13799 (35.5), calculated 231.13850 for [C1sH1902]"; 219.13797
(22.1), calculated 219.13850 for [C14H190O2]"; 203.14302 (27.4),
calculated 203.14360 for [C14sH190O]*; 189.09098 (25.3), calculated
189.09160 for [C12H1302]*; 185.13249 (35.6), calculated 185.13300 for
[C1aH17]*

(600.22 MHz, 297.2 K, CD3;0D): 64 = 6.69 (1 H, dd appears as t, J =
3.0, 3.0 Hz, H-4), 4.50 (1 H, dd appears as t, J = 9.1, 9.1 Hz, HB-13),
4.11 (1 H,dd appears ast, J=9.0,9.0 Hz, Ha-13), 3.51 (1 H, dd appears
as t, J=10.0, 10.0 Hz, H-8), 3.36 (1 H, dddd, H-7), 3.32 & 3.27 (2 H,
AB, J = 10.6, 10.6 Hz, H-15), 2.54 (1 H, dddd, H-3), 2.29 (1 H, dddd
appears as tt, J = 7.0, 10.0 Hz, H-9), 2.12 (1 H, dddd, J=4.9, 7.2, 12.0
Hz, H-2),2.04 (1 H, dd, J=6.9, 13.2 Hz, HB-10), 1.76 (1 H, dd, J = 7.6,
13.8 Hz, HB-1), 1.47 (1 H, dd, J=4.9, 13.8 Hz, Ha-1), 1.36 (1 H, dd, J =
10.6, 13.3 Hz, Ha-10), 1.17 3 H, d, J = 7.3 Hz, H-12), 1.10 (3 H, s, H-
14)

(600.22 MHz, 297.2 K, CDCls): 64 =6.75 (1 H, dd appears as t, J = 3.0,
3.0 Hz, H-4), 4.54 (1 H, dd appears as t, J =9.2, 9.2 Hz, HB-13), 4.13 (1
H, dd appears as t, J = 8.9, 8.9 Hz, Ha-13), 3.62 (1 H, dd appears as t,
J=10.0, 10.0 Hz, H-8), 3.40 & 3.36 (2 H, AB, J=10.4, 10.4 Hz, H-15),
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3.32 (1 H, dddd, H-7), 2.47 (1 H, dddd, H-3), 2.29 (1 H, dddd appears
astt, J=7.3, 10.2 Hz, H-9), 2.14 (1 H, dddd, J=5.0, 7.5, 10.0 Hz, H-2),
2.07 (1 H,dd, J=6.8, 13.0 Hz, Hp-10), 1.77 (1 H, dd, J = 7.7, 13.9 Hz,
HB-1), 1.47 (1 H, dd, J = 5.0, 14.0 Hz, Ho-1), 1.33 (1 H, dd, J = 11.0,
12.9 Hz, Ho-10), 1.17 (3H, d, J= 7.3 Hz, H-12), 1.12 (3 H, s, H-14)

13C-NMR (151.01 MHz, 297.2 K, CDs;OD): &c = 174.12 (C-5), 147.43 (C-4),
128.67 (C-6), 76.18 (C-8), 71.50 (C-15), 70.82 (C-13), 52.82 (C-9),
45.89 (C-2), 45.50 (C-7), 42.87 (C-11), 41.66 (C-1), 40.97 (C-10), 34.86
(C-3), 26.92 (C-14), 20.58 (C-12)

(151.01 MHz, 297.2 K, CDCls): 6¢ = 171.88 (C-5), 146.28 (C-4), 126.97
(C-6), 75.88 (C-8), 71.08 (C-15), 69.27 (C-13), 52.03 (C-9), 44.63 (C-2),
44.30 (C-7), 42.11 (C-11), 40.77 (C-1), 39.78 (C-10), 33.92 (C-3), 26.41
(C-14), 20.43 (C-12)

6.5.1.18 Blennione (35)

Organism *Activity

Escherichia coli -
Azospirillum brasilense -

Bacillus megaterium -

*: Applying 1.0 ymol from the compound.

Green solid - 0.35 mg from 28 g from the skin of the frozen fruiting bodies of L. blennius.

1.74 mg from 11 g from the skin of the frozen fruiting bodies of L. circellatus.

HPLC R¢ = 23.5 min / analytical - gradient at section 6.3.4.5
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UV/NVis (H2O0/MeOH)  Amax (log €): 252, 342, 426 and 672 nm

LCESI-(-)-MS m/z= 347 [M-H]"

"H-NMR (600.51 MHz, 294.7 K, DMSO-d6): 6y = 18.94 (1 H, s, H-9 (OH)), 14.21
(1 H, s, H-8 (OH)), 9.67 (1 H, s, H-9’ (NH)), 9.08 (1 H, s, H-9' (NH)),
9.03 (1 H, by integration, H-10 (NH)), 7.52 (1 H, s, H-6’), 7.12 (1 H, s,
H-6), 6.25 (1 H, s, H-10 (NH)), 3.69 (3 H, s, H-8)

BC-NMR (151.01 MHz, 2947 K, DMSO-d6): 6c = 188.42 (C-2°), 177.62 (C-5),
173.43 (C-7), 169.07 (C-7°), 167.49 (C-2), 154.69 (C-4), 147.14 (C-4),
146.49 (C-17), 137.97 (C-5), 122.74 (C-6°), 116.21 (C-6), 106.12 (C-1),
100.62 (C-3), 96.15 (C-3), 55.97 (C-8)

6.5.2 Compounds Isolated from Lactarius trivialis

6.5.2.1 Trivialine A (47)

Proposed structure 2
of 47

Organism *Activity

Escherichia coli -
Aspergillus restrictus -
Bacillus subtilis -
Bacillus megaterium -

Bacillus pumilus -

*: Applying 1.0 ymol from the compound.
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Yellow solid - 3.5 mg from the skin of 1611 g of the frozen fruiting bodies.

HPLC

UV/Vis (H,O/MeCN)

LCESI-(+)-MS

HRESI-(+)-MS*

HRESI-(+)-MSMS

H-NMR

3C-NMR

®N-HMBC

Rt = 46.00 min / analytical - (low resolution) gradient at section 6.3.4.3
R¢* = 33.40 and 34.00 min / analytical - (high resolution) gradient at
section 6.3.4.3

Rt = 47.00 min / semi-preparative - gradient at section 6.3.4.3

Amax (%): 238 (60), 314 (70), 442 nm (90)

m/z = 557.02 [M + HJ*

m/z = 557.14499 [M + H]*, calculated 557.14611 for [C32H21N4Os]*

(Precursor ion m/z (%) = 557.14499 (80.1)), qTOF 20-50 eV) m/z
(%) = 293.09162 (18.3), calculated 293.09262 for [C17H13N203]%;
277.06032 (38.0), calculated 277.06132 for [C1sHgN2O3]"; 265.06040
(35.0), calculated 265.06132 for [C4sH9N2Os]"; 249.06552 (15.0),
calculated 2249.06640 for [C15HoN2O2]*

(600.22 MHz, 297.1 K, DMSO-d6): 5,1 = 12.33 (1 H, s, NH-n2), 12.28 (1
H, s, NH-n1), 9.97 (1 H, s, NH-n3), 8.10 (1 H, d**, H-21), 7.98 (1 H, d, J
= 8.3 Hz, H-5), 7.5973 (1 H, d, J = 8.5 Hz, H-27), 7.5890 (1 H, d, J= 8.5
Hz, H-28), 7.48 (1 H, d**, H-18), 7.36 (1 H, d, J = 7.9 Hz, H-2), 7.2706
(1 H, dd**, H-20), 7.2667 (1 H, dd**, H-19), 7.06 (1 H, dt, J = 0.8, 7.6,
7.6, Hz, H-3), 6.87 (1 H, dt, J= 0.9, 7.8, 7.8 Hz, H-4), 6.83 (1 H, s, H-
13), 3.74 (3 H, s, H-16), 3.58 (3 H, s, H-30)

(150.94 MHz, 297.1 K, DMSO-d6): &¢ = 162.94 (C-25), 162.09 (C-10),
146.63 (C-8), 146.41 (C-24), 145.37 (C-29), 142.31 (C-12), 141.20 (C-
15), 139.51 (C-31), 132.00 (C-17), 131.89 (C-1), 131.12 (C-32), 123.06
(C-14), 122.85 (C-5), 122.65 (C-28), 122.41 (C-6), 121.93 (C-19),
121.59 (C-22), 121.30 (C-11), 121.07 (C-3), 120.98 (C-20), 119.97 (C-
4), 119.14 (C-21), 113.16 (C-13), 111.95 (C-18), 111.32 (C-2), 111.00
(C-27), 103.63 (C-26), 98.20 (C-9), 90.83 (C-23), 89.67 (C-7), 56.57 (C-
30), 56.02 (C-16)

(600.50, 60.85 MHz, 297.2 K, DMSO-d6): "Ju.n = 12.33-121.7 (NH-n2),
12.28-122.9 (NH-n1), 9.97-90.1 (NH-n3). 3Ji.n = 6.83-90.1.
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*: The fraction was measured after four weeks of isolation resulting in a certain degree of degradation.
**: The signals shapes are disturbed with signals from the other isomer. COSY spectrum shows clear coupling correlations.

6.5.2.2 Trivialine B (48)

Violet solid - 0.4 mg from the skin of 1611 g of the frozen fruiting bodies.

HPLC Rt = 38.76 min / analytical (low resolution) - gradient at section 6.3.4.3
R¢* = 33.50 min / analytical (high resolution) - gradient at section 6.3.4.3

Rt = 37.30 min / semi-preparative - gradient at section 6.3.4.3

UV/Vis (H:O/MeCN)  Amax (%): 210 (90), 248 (80), 280 (70), 399 (25), 549 nm (35)

LCESI-(+)-MS m/z=557.10 [M + H]*

HRESI-(+)-MS m/z = 557.14480 [M + H]* and 579.12698 [M + Na]*, calculated
579.12805 for [Ca2H20N4OeNa]*

HRESI-(+)-MSMS (Precursor ion m/z (%) = 557.14480 (95.1) calculated 557.14611 for
[C32H21N4Og]*), qTOF 20-50 eV) m/z (%) = 293.09156 (25.2),
calculated 293.09262 for [C17H13N2O3]"; 277.06016 (35.2), calculated
277.06132 for [C1sH9N20O3]"; 265.06027 (30.0), calculated 265.06132
for [CisHoN2Os]*;  249.06563 (20.2), calculated 249.06640 for
[C1sH9N20-]"; 222.05478 (20.0), calculated 222.05550 for [C14HsNO2]*

"H-NMR (600.22 MHz, 296.7 K, DMSO-d6): o4 = 12.27 (1 H, broad signal,
NH,OH), 10.19 (1 H, s, NH,OH), 9.52 (1 H, broad signal, NH,OH), 8.60
(1H,d,J=8.0Hz),814 (1H,d, J=7.6 Hz), 8.00 (1 H, d, J= 8.7 Hz),
776 (1H,d,J=8.7Hz), 746 (1H,d, J=76Hz),7.35(1H,d,J=7.6
Hz), 7.27 (1 H, dd appears as t, J=7.3, 7.3 Hz), 7.25 (1 H, dd), 7.24 (1
H, dd), 6.94 (1 H, dd, appears as t, J=7.7, 7.7 Hz), 5.91 (1 H, s), 3.81
(3H,s),3.69(3H,s)

3C-NMR (151.01 MHz, 297.1 K, DMSO-d6): 6c = 166.33, 161.84, 158.23,
156.74, 154.08, 153.30, 152.23, 147.50, 143.14, 141.90, 137.84,
132.23, 131.04, 129.17, 128.78, 126.88, 125.84, 122.93, 122.01,
121.96, 121.16, 120.92, 119.20, 118.92, 117.75, 114.83, 112.19,
106.47, 101.26, 90.32, 56.96, 56.89

181



6.5 Experimental Data

*: The fraction was measured after four weeks of isolation resulting in a certain degree of degradation.

6.5.2.3 Trivialine C (49)

Yellow solid - 1.0 mg from the skin of 1611 g of the frozen fruiting bodies.

HPLC

UV/Vis (H20/MeCN)

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR**

3C-NMR**

Rt = 34.80 min / analytical - (low resolution) gradient at section 6.3.4.3
R¢* = 32.50 min / analytical - (high resolution) gradient at section 6.3.4.3

Rt = 34.00 min / semi-preparative - gradient at section 6.3.4.3

hmax (%): 255 (80), 360 shoulder (360), 433 nm (35)

m/z=575.03 [M + H]*

m/z = 575.15571 [M + H]" and 597.13744 [M + Na]*, calculated
597.13862 for [C32H22N4O7Na]*

(Precursor ion m/z (%) = 575.15571 (70.1)), qTOF 20-50 eV) m/z
471.14479 (85.1), calculated 471.14571 for [C29H19N4O3]"; 428.12310
(90.0), calculated 428.12464 for [C24H1sN3Os]*; 251.08100 (10.0),
calculated 251.08205 for [C15H11N20O2]*

(600.51 MHz, 297.2 K, DMSO-d6): 5 = 12.15 (1 H, s, NH), 8.02 (1H),
7.98 (1 H, d**), 7.44 (1H), 7.23 (2H), 7.42 (1 H, d***), 7.29 (1 H, d, J
= 8.25 Hz), 7.20 (2 H****, dd***), 7.15 (1 H, d, J = 8.25 Hz), 6.64 (1H),
5.86 (1H,s),3.88 (3H,s),3.73(3H,s)

(151.01 MHz, 297.1 K, DMSO-d6)*****: 6c = 162.62, 147.13, 144.22,
143.02, 132.33, 129.44, 121.99, 121.74, 121.31, 121.17, 119.48,
117.52,112.35, 112.21, 110.52, 106.30, 98.95, 90.98, 56.72, 56.55

*: The fraction was measured after four weeks of isolation resulting in a certain degree of degradation.

**: The reported chemical shifts are less than the expected in accordance to the calculated molecular formula.

***: The signals shapes are disturbed with the signals from the other isomer, with clear couplings in COSY spectrum.
**** Numbers of hydrogen atoms according to integration.

***+* The chemical shifts of '3C are extracted from '3C, DEPT135, and HMBC NMR experiments.
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6.5.2.4 Trivialine D (50)

Peach colored solid - 1.8 mg from the skin of 1611 g of the frozen fruiting bodies.

HPLC

UV/Vis (H20/MeCN)

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR**

3C-NMR**

Rt = 31.65 min / analytical (low resolution) - gradient at section 6.3.4.3
R¢* = 23.50 min / analytical (high resolution) - gradient at section 6.3.4.3

Rt = 32.00 min / semi-preparative - gradient at section 6.3.4.3

dmax (%): 250 (55), 271 (50), 300 (40), 394 (30), 520 nm (30)

m/z=573.12 [M + HJ*

m/z = 573.14084 [M + H]*, calculated 573.14102 for [C32H21N4O7]*

(Precursor ion m/z (%) = 573.14084 (95.0)), gTOF 20-50 eV) m/z
(%) = 293.09172 (17.3), calculated 293.09262 for [C17H13N2O3]%;
280.08400 (20.7), calculated 280.08479 for  [C4sH12N203];
265.06040 (75.4), calculated 265.06132 for [C15HgN2O3]*

(600.51 MHz, 297.1 K, DMSO-d6): &y = 12.27 (1 H, s, NH,0H), 8.50 (1
H,d, J=7.7Hz), 813 (1H,d, J=75Hz),7.97 (1 H, d, J = 8.7 Hz),
7.75(1 H, d, J=8.7 Hz), 7.44 (1 H, d, J = 7.8 Hz), 7.27 (1 H, m), 7.24
(1 H, m), 7.07 (1 H, m), 7.05 (1 H, m), 6.91 (1H), 5.79 (1H, s), 3.82 (3
H, s), 3.49 (3H, s)

(150.94 MHz, 297.2 K, DMSO-d6): 6c = 157.88, 156.30, 147.18,
142.95, 142.20, 131.90, 130.70, 125.39, 121.71, 120.95, 120.64,
120.30, 118.97, 117.31, 111.90, 106.00, 99.74, 90.07, 56.67, 55.59

*: The fraction was measured after four weeks of isolation resulting in a certain degree of degradation.
**: The reported chemical shifts are less than the expected in accordance to the calculated molecular formula.

6.5.2.5 Trivialine E (51)

Yellow solid - 1.0 mg from the skin of 1611 g of the frozen fruiting bodies.

HPLC

Rt = 27.21 min / analytical - (low resolution) gradient at section 6.3.4.3
R¢* = 23.30 min / analytical - (high resolution) gradient at section 6.3.4.3

Rt = 29.00 min / semi-preparative - gradient at section 6.3.4.3
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UV/Vis (H:O/MeCN)  Amax (%): 250 (70), 310 sholuder (22), 432.9 nm (30)

LCESI-(+)-MS m/z=573.23 [M + HJ*

HRESI-(+)-MS m/z = 573.14016 [M + HJ*, calculated 573.14102 for [Ca2H21N4O7]*

HRESI-(+)-MSMS (Precursor ion m/z (%) = 573.14016 (85.2)), qTOF 20-50 eV) m/z
(%) = 293.09169 (20.0), calculated 293.09262 for [Ci7H13N203];
280.08371 (22.0), calculated 280.08345 for [C1sH10N502]%;
265.06003 (85.0), calculated 265.06132 for [C1sH9N205]*; 250.08500
(0.7), calculated 250.08680 for [C16H12NO2]*

H-NMR** (600.22 MHz, 297.2 K, DMSO-d6): &y = 8.03 (1 H, m), 7.45 (1 H, m),
7.23 (1 H, m), 3.72 (3 H, s), 3.47 (3 H, s)

3C-NMR** (150.94 MHz, 297.2 K, DMSO-d6): 6c = 153.37, 148.69, 146.22,
142.95, 130.44, 125.12, 123.97, 121.61, 121.52, 120.89, 119.11,
111.90, 93.32, 90.56, 56.78, 56.18

*: The fraction was measured after four weeks of isolation resulting in a certain degree of degradation.
**: The reported chemical shifts are less than the expected in accordance to the calculated molecular formula.

6.5.2.6 14-Hydroxyblennin A (52)

Colorless oil - 2.1 mg from 243 g of the flesh of the frozen fruiting bodies.

HPLC Rt = 22.71 min / analytical - gradient at section 6.3.4.2

Rt = 9.60 min / semi-preparative - gradient at section 6.3.4.3

UV/Vis (H20/MeCN)  Amax (log €): 220 nm (2.6 mol'dm3cm™)
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LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

A (Ae): 205 (=1.2), 220 (0.1), 245 nm (+1.75 mol"'"dm3cm™)

+82 (MeOH; ¢ 0.001)

m/z = 267.159 [M + HJ*, 533.312 [2M + HJ*

m/z = 267.15966 [M + H]*, calculated 267.15963 for [C15H2304]"

(Precursor ion m/z (%) = 267.15966 (22.5)), qTOF 20-50 eV) m/z
(%) = 249.14903 (38.3), calculated 249.14907 for [C15H2103]";
231.13849 (62.4), calculated 231.13850 for [C1sH1902]"; 219.13839
(24.1), calculated 219.13850 for [C1H1002]"; 213.12780 (21.7),
calculated 213.12794 for [C1sH170]*; 203.14337 (37.3), calculated
203.14359 for [C14H190]"; 189.09132 (25.2), calculated 189.09155 for
[C12H1302]"; 185.13283 (45.2), calculated 185.13303 for [C1sH17]";
177.09140 (9.7), calculated 177.09155 for [C11H1302]"

(600.50 MHz, 297.2 K, CDs0OD): 64 = 6.65 (1 H, dd appears as t, J =
2.9, 2.9 Hz, H-4),4.50 (1 H, dd appears as t, J = 9.1, 9.1 Hz, HB-13),
4,10 (1 H, dd appears as t, J = 9.0, 9.0 Hz, Ha-13), 3.53 (1 H, dd
appears as t, J=10.0, 10.0 Hz, H-8), 3.38 (1 H, dddd, H-7), 3.35 (2 H,
s, H-14), 2.47 (1 H, ddd, J = 3.8, 7.1, 13.9 Hz, H-3), 2.39 (1 H, dddd
appears as tt, J=7.4,9.9 Hz, H-9), 2.18 (1 H, dddd, J=5.6,7.9, 13.2
Hz, H-2),1.72 (1 H, dd, J=6.5, 12.6 Hz, HB-10), 1.68 (1 H, dd, J= 5.3,
14.2 Hz, Ha-1), 1.55 (1 H, dd, J = 8.0, 13.4 Hz, HB-1), 1.52 (1 H, dd
appears as t, J = 12.0, 12.0 Hz, Ha-10), 1.14 (3 H, d, J = 7.2 Hz, H-
12),1.04 (3 H, s, H-15)

(600.50 MHz, 297.2 K, CDCls3): 64 =6.74 (1 H, dd, H-4), 4.53 (1 H, dd
appears as t, J = 8.9, 8.9 Hz, HB-13), 4.13 (1 H, dd appears as t, J =
9.0, 9.0 Hz, Ha-13), 3.63 (1 H, dd appears as t, J = 10.0, 10.0 Hz, H-
8), 3.43 (2 H, s, H-14), 3.33 (1 H, m, H-7), 2.44 (1 H, m, H-3), 2.38 (1
H, m, H-9), 2.18 (1 H, m, H-2), 1.68 (1 H, dd, J = 6.0, 12.0 Hz, HB-10),
1.60 (2 H, m, H-1), 1.55 (1 H, m, Ho-10), 1.14 (3 H, d, J = 7.1 Hz, H-
12),1.04 (3 H, s, H-15)

185



6.5 Experimental Data

3C-NMR

(151.01 MHz, 297.1 K, CDsOD): ¢ = 174.12 (C-5), 147.22 (C-4),
128.52 (C-6), 75.94 (C-8), 72.17 (C-14), 70.83 (C-13), 52.12 (C-9),
45.74 (C-7), 45.04 (C-2), 43.27 (C-11), 42.12 (C-1), 40.85 (C-10),
35.25 (C-3), 25.66 (C-15), 20.81 (C-12)

(151.01 MHz, 296.9 K, CDCl): 6c = 171.89 (C-5), 145.99 (C-4),
126.87 (C-6), 75.20 (C-8), 71.78 (C-14), 69.33 (C-13), 50.97 (C-9),
4456 (C-7), 43.80 (C-2), 42.39 (C-11), 41.27 (C-1), 39.56 (C-10),
34.41 (C-3), 25.07 (C-15), 20.55 (C-12)

6.5.2.7 14-Hydroxylactarorufin B (53)

53

Colorless oil - 5.1 mg mixture with lactarorufin B (27), from 243 g of the flesh of the frozen

fruiting bodies.

HPLC

UV/Vis (H20/MeCN)

CD (MeOH)

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

R: = 12.61 min / analytical - gradient at section 6.3.4.3

Rt = 27.30 min / analytical - gradient at section 6.3.4.4

Rt = 7.34 min / semi-preparative - gradient at section 6.3.4.3
Amax (log €): 220 nm

A (Ag): 205 (5.7), 220 (-3.5), 240 nm (+2.9 mol'dm3cm")
m/z = 283.15 [M + H]", 565.30 [2M + H]*

m/z = 283.15440 [M + H]", calculated 283.15455 for [C15H230s]"

(Precursor ion m/z = 283.15440), qTOF 20-50 eV) m/z = 265.14367,
calculated 265.14398 for [C15H2104]"

(600.50 MHz, 297.1 K, CD30D): ): 64 = 4.89 (1 H, ddd appears as d,
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J=17.9 Hz, H-13),4.76 (1 H, dd appears as d, J = 17.9 Hz, H-13),
439 (1 H,d, J=7.6 Hz, H-8), 3.36 (2 H, s, H-14), 2.67 (1 H, dddd
appears as quintet, J = 8.0, 8.0, 8.0, 8.0 Hz, H-9), 2.62 (1 H, d, 171
Hz, H-4), 2.56 (1 H, ddd, H-2), 2.49 (1 H, d, J = 171 Hz, H-4), 1.61 (1
H, dd, J = 8.0, 13.0 Hz, Ha-10), 1.59 (1 H, dd appears as t, J = 12.3,
12.3 Hz, Ho-1), 1.52 (1 H,dd, J=7.4, 12.3 Hz, HB-1), 1.46 (1 H, dd, J
=7.2,13.0 Hz, HB-10), 1.229 (3 H, s, H-12), 1.04 (3 H, s, H-15)

(600.22 MHz, 297.2 K, CDCls): o4 =4.95 (1 H, ddd appears as d, J =
17.2 Hz, HB-13),4.61 (1 H, dd appearsasd, J=17.2 Hz, Ho-13),4.19
(1H,d, J=3.9Hz, H-8),3.428 (2 H, s, H-14), 2.92 (1 H, dddd appears
astt,J=4.2,4.2,12.3, 12.3 Hz, H-9), 2.70 (1 H, ddd, Ha-4), 2.69 (1 H,
ddd, H-2), 2.56 (1 H, dd, HB-4), 1.59 (1 H, dd, J = 8.4, 12.7 Hz, HB-1),
143 (1 H,dd, J=6.8, 11.9 Hz, HB-10), 1.40 (1 H, dd appears as t, J =
11.8, 11.8 Hz, Ho-1), 1.31 (3 H, s, H-12), 1.27 (1 H, dd, Ha-10), 1.03
(3 H, s, H-15)

13C-NMR (151.00 MHz, 297.2 K, CDsOD): 8¢ = 177.45 (C-5), 165.04 (C-7),
124.03 (C-6), 73.84 (C-3), 72.45 (C-13), 71.55 (C-14), 68.94 (C-8),
52.07 (C-2), 46.43 (C-9), 42.91 (C-11), 40.57 (C-10), 39.22 (C-1),
35.98 (C-4), 29.68 (C-12), 24.44 (C-15).

(150.94 MHz, 297.1 K, CDCls): 8c = 175.64 (C-5), 160.69 (C-7),
123.26 (C-6), 75.54 (C-3), 71.73 (C-13), 70.90 (C-14), 67.60 (C-8),
48.88 (C-2), 45.79 (C-9), 42.31 (C-11), 39.92 (C-10), 39.50 (C-1),
34.72 (C-4), 31.59 (C-12), 22.69 (C-15)

6.5.3 Compounds Isolated from Mycena zephirus

6.5.3.1 N°-isopentylglutamine (54)

54

Colorless solid - 0.5 mg from 506 g of the frozen fruiting bodies.
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6.5 Experimental Data

HPLC

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

"H-NMR

3C-NMR

Rt = 14.14 min / analytical - (low resolution) gradient at section 6.3.4.6
Rt* = 12.90 min / analytical - (high resolution) gradient at section 6.3.4.7
R: = 18.30-18.80 min / semi-preparative - gradient at section 6.3.4.

m/z=217 [M + HJ*

m/z = 217.15506 [M + H]*, calculated 217.15522 for [C15H21N203]*

(Precursorion m/z (%) = 217.15506 (2.5)), qTOF 20-50 eV) m/z (%)
= 200.12838 (17.0), calculated 200.12867 for [C10H1sNO3]*;
171.14911 (6.0), calculated 171.14974 for [CoH19N20O]*; 130.05007
(10.0), calculated 130.05042 for [CsHsNOs]"; 102.05515 (2.0),
calculated 102.05550 for [C4sHsNO]"; 84.04461 (9.5), calculated
84.04494 for [C4sHeNO]*; 71.08570 (1.2), calculated 71.08607 for
[CsH14]"; 56.04953 (1.0), calculated 56.05002 for [C3HsN]*

(600.22 MHz, 298.1 K, CDs0OD): 64 =3.57 (1 H,t, J=5.8, 5.8 Hz, H-
2),3.19 (2 H,dd appears as t, J=7.5,7.5Hz, H6), 241 (2 H, dt, J =
1.0,7.5,7.5 Hz, H-4), 2.09 (2 H, td, J= 6.0, 6.0, 8.5 Hz, H-3), 1.62 (1
H, m, H-8),1.39 (2 H,td, J=7.1,7.1,7.6 Hz, H-7),0.92 (6 H,d, J=6.6
Hz, H-9&10).

(151.01 MHz, 297.1 K, CDsOD): 8¢ = 174.99 (C-5), 174.81 (C-1),
55.94 (C-2), 39.26 (C-7), 38.78 (C-6), 33.26 (C-4), 28.77 (C-3), 26.89
(C-8), 22.79 (C-9&10).

*: The fraction exhibits a great deal of degradation.

6.5.3.2 N°-2-methylbutylglutamine (55)

@ 0
8 6 3 )
7
5 NT5 1 OH
H 4
10 NH,
55

Colorless oil - 0.5 mg from 506 g of the frozen fruiting bodies.

HPLC

Rt =21.67 min / analytical - (low resolution) gradient at section 6.3.4.7
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6.5 Experimental Data

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

"H-NMR

3C-NMR

Rt = 13.48 min / analytical - (high resolution) gradient at section 6.3.4.7
Rt = 18.80-19.50 min / semi-preparative - gradient at section 6.3.4.7

m/z=217.04 [M + HJ*

m/z = 217.15398 [M + H]*, calculated 217.15522 for [C1oH21N203]*

(Precursorion m/z (%) = 217.15398 (1.5)), qTOF 20-50 eV) m/z (%)
= 200.12774 (90.0), calculated 200.12867 for [C1oH1sNOs]*;
171.14873 (25.7), calculated 171.14974 for [CoH19sN2O]"; 130.04966
(55.6), calculated 130.05042 for [CsHsNOs]*; 88.11213 (33.8),
calculated 88.11262 for [CsH1N]"; 84.04441 (40.0), calculated
84.04494 for [C4HsNO]*

(600.50 MHz, 296.1 K, CDs;OD): &, = 3.58 (1 H, t, J = 6.0, 6.0 Hz, H-
2),3.11 (1 H, dd, J=6.2, 13.2 Hz, H-6), 2.98 (1 H, dd, J=7.2, 13.2 Hz,
H-6), 2.43 (2 H, t, J= 7.2, 7.2 Hz, H-4), 2.09 (2 H, td, J = 6.0, 6.0, 8.4
Hz, H-3), 1.54 (1 H, m, H-7), 1.42 (1 H, m, H-8), 1.15 (1 H, m, H-8),
0.92 (3H,t, J=7.5,7.5 Hz, H-9), 0.89 (3 H, d, J = 6.7 Hz, H-10)

(151.01 MHz, 296.2 K, CDsOD): 8¢ = 175.07 (C-5), 173.82 (C-1),
55.73 (C-2), 46.30 (C-6), 36.09 (C-7), 33.15 (C-4), 28.11 (C-3), 28.05
(C-8), 17.49 (C-10), 11.61 (C-9)

6.5.3.3 Compound 56

Colorless oil - 0.5 mg from 506 g of the frozen fruiting bodies.

HPLC

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

Rt = 31.21 min / analytical - (low resolution) gradient at section 6.3.4.7
Rt = 30.20 min / analytical - (high resolution) gradient at section 6.3.4.7

Rt = 34.00 min / semi-preparative - gradient at section 6.3.4.7

m/z=602.21 [M + HJ*

m/z = 602.31078 [M + H]*, two possible molecular mass are calculated;
602.31312 for [C37H40N503]" and 602.31178 for [C3sH4sNO7]*

(Precursor ion m/z (%) = 602.31078 (90.0)), qTOF 20-50 eV) m/z
(%) = 527.27979 (10.0), calculated 527.28109 for [CssH3sN4O]* or
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6.6 Method for biological activity

527.27975 for [CasH390s]*; 473.26858 (15.0), calculated 473.27052
for [Ca2H33Nas]* or 473.26919 for [CsiH3704]"; 455.25766 (95.0),
calculated 455.25862 for [C31H3503]"; 352.23133 (25.5), calculated
352.23353 for [C16H34NO7]*; 272.11950 (60.4), calculated 272.11877
for [C1sH1aNa]*

6.5.3.4 Compound 57

Colorless oil - 0.5 mg from 506 g of the frozen fruiting bodies.

HPLC

LCESI-(+)-MS

HRESI-(+)-MS

HRESI-(+)-MSMS

H-NMR

3C-NMR

Rt = 30.70 min / analytical - (low resolution) gradient at section 6.3.4.7
Rt = 29.04 min / analytical - (high resolution) gradient at section 6.3.4.7

Rt = 33.00 min / semi-preparative - gradient at section 6.3.4.7

m/z = 600.01 [M + H]*

m/z = 600.29487 [M + H]*, two possible molecular mass are calculated;
600.29746 for [C37H3sN503]" and 600.29613 for [C3sH42NO7]*
(Precursor ion m/z (%) = 600.29487 (11.5)), qTOF 20-50 eV) m/z
(%) = 525.26341 (3.5), calculated 525.26544 for [CssH33N4O]" or
525.26410 for [CasH370s]"; 471.25286 (9.0), calculated 471.25487
for [Cs2H31N4]® or 471.25354 for [C31H3s04]"; 453.24182 (42.5),
calculated 453.24297 for [C31H3305]"; 231.04382 (55.2), calculated
231.04460 for [C16H7O2]"

(600.50 MHz, 297.2 K, CD;OD): 84 = 5.70 (1 H, m), 5.70 (1 H, m), 4.04
(1H, dd), 3.92 (1 H, dd), 3.44 (1 H, m), 2.2 (3 H, t), 1.63-150 (9 H, m),
1.35-1.28 (25 H, s), 0.91 (6 H, dt)

(151.01 MHz, 297.1 K, CD30OD): 6c = 180.92, 136.64, 130.95, 76.58,
75.71,703.14, 38.34, 37.60, 33.58, 33.14, 30.57, 27.13, 26.90, 26.59,
26.26, 23.73, 14.44, 14.41

6.6 Method for biological activity

Bio Test Procedure

Preparation of mediums and plates
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6.6 Method for biological activity

Two bottles each of 500 mL were prepared; the first one consisted of 10 g of LB Broth an
d 7.5 g of Agar dissolved in 500 mL water. The second consists of 5 g of LB Broth dissolv
ed in 250 mL water.

The bottles were sterilized alongside any tool that would be used in the process. The steri
lization proceeds in the (Auto claver) which it’s like a press pot in it the water will be heate
d until vaporization under 120 C° then the steam sterilizes the objects inside. The process
will be done throw 110 minutes, approximately two hours.

The sterilized tools and bottles were transferred to the UV-sterilized hood. After that, the s
till-hot liquid from the first bottle will be poured into the (circled plastic test plates), just eno
ugh to cover a third of the plate’s capacity. The plates should be kept uncovered as the h
ot liquid will form water drops to condense inside a covered one. The plates were left to ¢
ool down for half an hour then were covered with clean covers, were sealed in parafiim, a

nd were stored for several hours.

Preparation of bacteria

The preparation of bacteria is achieved through two methods.

The first one:

Adding 20 pL from bacteria containers to the circled plates then adding 200 pL from the
first bottle prepared earlier (that contains LB Broth and Agar). Then a triangle-shaped head
metal rod that was previously sterilized through heating with a gas torch was used to mix

the bacteria with the LB liquid and spread it equally on the surface of the test plates.
The second method:

Adding pL from bacteria to test tubes that already contain 2 mL of LB Broth (from the
second bottle). This is the preferable method to use as it provides an easy source of ready-

to-use bacteria as they are already in liquid form.

Now firmly the containers used for bacteria were closed and left in the incubator for several
days until the bacteria grew and spread enough to be used as a source of bacteria in the

biological test.

Preparation of test samples

On a small circular paper (produced using a paper puncher on filter paper), 10 uL of antib

iotic material called (Gentamicin Sulfate-50 mg/mL) was added, then was left to dry for th

ree hours as it dissolved in water and needed extra time to dry. This plate is characterize

d by a positive sign (+).

A solution of 0.1 mol/L (from the targeted compound that is targeted to be tested) was pre
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6.7 Procedure of exchange deuterium atoms with hydrogen atoms

pared. Then, 10 pL from this solution was piped out and added to the small circular paper
, and left to dry. And like that, the amount taken from the sample is 1.0 pmol.

e The same procedure was performed on the solvent used to dissolve the sample, which wi
Il take also 10 pL from it to the plates that will be characterized with a negative sign (-).

Performing the bioactivity test

o For each type of bacteria applied to the test, three dry plates (LB + Agar) are used, the (+
), the (sample), and the (-). To each plate 20 pL from the designated bacteria in the midd
le, then 200 pL from the LB liquid (the second bottle) was added and all that was spread e
qually on the plate surface using the triangle-shaped head metal rod. After that, it was left
to dry.

e Then using sterilized forceps, the small circular papers that were prepared before were a
dded to the middle of each plate as the sign designated. The antibiotics paper on the (+) p
late, the sample paper on the (sample) plate, and the solvent paper on the (-) plate.

e The plates were covered and placed in the incubator for one day and the effect of the sm

all papers on the bacteria in the plates was observed, See (Fig. 116).

1 l""""%\ ‘f?hﬁm\ ﬁ
E ': .

-
— N \./

Figure. 116. Left: biological test for the activity of blennione (35) against Escherichia coli.
Right: biological test for the activity of trivialine A (47) against Bacillus subtilis.

6.7 Procedure of exchange deuterium atoms with hydrogen atoms
Procedure of exchange deuterium atoms with hydrogen atoms in compound 31.

The fraction was dissolved in 20 mL of a 1:1 mixture of HO and methanol and placed in a 50 mL
round bottom flask. The solution was left to stir gently under room temperature for one hour, and

then the solvent was evaporated under reduced pressure. This process was repeated two times.

The reason why no more harsh conditions were implemented is to avoid the risk of degradation
or even react with the alcoholic solvent especially due to the existence of the alkene moiety in this

compound
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7 List of abbreviations

7 List of abbreviations

Abs. absorption

Ac acetyl

AcOH acetic acid

amu atomic mass unit

AU absorbance Unit

BPC base peak chromatogram

c concentration

°C degrees Celsius

C18ec HPLC-column packing with (193nipolar) C18 endcapping

COSY correlation spectroscopy

CD circular dichroism

CDCls deuterated chloroform

CDsOD deuterated methanol

D20 deuterated H.O

d doublet

dd doublet of doublet

dt doublet of triplet

DAD diode array detector

DMSO-De¢ deuterated dimethyl sulfoxide

DEPT135 distortionless enhancement by polarization transfer angle 135° (CH and CHs
opposite to CHy)

dc chemical shifts of *C

OH chemical shifts of 'H

EIC extracted ion chromatogram

ESI electrospray ionization

EtOAc ethyl acetate

EtOH ethanol

eV electron volts

g gram

GC gas chromatography

H.0 water

HPLC high performance liquid chromatography

HR high resolution

HSQC heteronuclear single quantum coherence

HMBC heteronuclear multiple bond correlation

Hz hertz

h hour

IUPAC international union of pure and applied chemistry

J coupling constant

K kelvin

L liter

A wavelength

m multiplet

M molecular weight

Me methyl

MeCN acetonitrile

MeOH methanol

min minute

mi milliliter

MS mass spectrometry, mass spectrometer, mass spectrum
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7 List of abbreviations

m/z
MS/MS or
MS?2
M-fraction
nm

NMR
NOESY
PDA

ppm

R¢
ROESY
RP

RT

rom

S

SPE

sp.

t

td

0

TOCSY
uv

Vis
WNM-fraction
W-fraction

mass-to-charge ratio
tandem mass spectrometry experiment

SPE methanol fraction
nanometer

nuclear magnetic resonance
nuclear overhauser effect spectroscopy
photo diode array

parts per million

retention time

rotating-frame nuclear overhauser effect spectroscopy
reversed phase

room temperature

rounds per minute

singlet

solid phase extraction
Species

triplet

triplet of doublet

measured ellipticity

total correlation spectroscopy
ultraviolet

visible light

SPE water/methanol fraction
SPE water fraction
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9.1 12-Hydroxy-15-carboxyblennin A (19)
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Figure. $1. HR-ESI-(+)-MS, UV/Vis and mass excluded chromatograms.

Table. S1. MS/MS fragments with molecular formula for compound 19.
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40

Meas. m/z lon Sum
Formula | Formula
297.13270 | C15H2106 | C15H2006
279.12240 | C15H1905
261.11163 | C15H1704
249.11166 | C14H1704
231.10119 | C14H1503
215.10626 | C14H1502
203.10642 | C13H1502
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Figure. 83. HSQC-spectrum (600.50, 151.01 MHz, CD30D, 297.1 K).
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Figure. S4. HSQC-spectrum with removed signal-free areas (600.50, 151.01 MHz, CD30D, 297.1 K).
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9.2 7,15-Dihydroxyblennin (20)

6.78 H 12

Figure. $12. Structure of compound 20 with assignments done previously, (CDs;OD).

_ M P

-3.55 .
360 140
(- £
r a
o
-3.65 =
| bl
-3.70
| - 1.45
-3.75
I T T T T T T T T T T T T T 7 T T T T T
432 430 428 426 424 4.22 2.45 240 120 1.15 1.10
f2 (ppm) f2 (ppm)

Figure. $13. ROESY expanded-spectrums of selected correlations, (CD30D).
Left: between 6H 3.61 and 4.26 ppm. Right: between 6H 1.42 and 2.47, 1.19, 1.10 ppm.
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9.3 14-Carboxyl-deoxylactarorufin A (22)
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Figure. S14. CD-spectrum of the experimental measurement.
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Figure. $15. HMBC concentrated-spectrums of correlations from previously extracted compound 22 from L.
circellatus, (CD3OD). Protons between 6y 1.60 and 2.50 correlate with, left: carbons between &¢ 22.0 and 52.0, right:
carbons between dc 68.0 and 186.3.
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Figure. $16. Relative structure of compound 22 with assignments, measured in CD3OD. Left: selected HMBC
correlations (—), HMBC correlations with Karplus relationship (—). Right: NOESY correlations («).

9.4 13-Hydroxy-14-carboxyl-deoxylactarorufin A (23)
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Figure. $17. CD-spectrum of the experimental measurement.
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9.5 Lactaropone (24)

Figure. S18. Structure of compound 24 with assignments done previously of 'H and '*C-NMR, (CDs;0OD).
Left: with selected HMBC correlations (—). Right: with NOE correlations («).
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Figure. $19. CD-spectrum of the experimental measurement.
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9.6 Lactarorufin A (25)

Figure. S20. Structure of compound 25 with assignments of 'H and "*C-NMR extracted from L. circellatus, (CDCl3).
With HMBC correlations with Karplus relationship (—). With NOE correlations (<2).
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Figure. $21. HR-ESI-(+)-Ms/Ms-spectrum.
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Figure. $26. *C-NMR, DEPT135 and *C-NMR-spectrums with removed signal-free areas (151.01 MHz, CD;0D,
297.2 K). From L. trivialis.

9.7 Deoxylactarorufin A (26)

Figure. $27. Structure of compound 26 with assignments already measured in (CDCl3). Left: with HMBC correlations
with Karplus relationship (—). Right: with NOESY correlations («).
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Figure. $28. CD-spectrum of the experimental measurement.

9.8 Lactarorufin B (27)
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Figure. $29. CD-spectrum of the experimental measurement.
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9.9 Furandiol 15

Figure. $30. Structure of the previously extracted compound 15 from L. circellatus, assignments.
Left: with HMBC correlations (—), HMBC correlations with Karplus relationship (—).
Right: with NOESY correlations (<), (CD3OD).

0.8

0.6

04

0.2

Delta Epsilon

-0.2

-0.4

-0B

-08

200 250 300 350 400 450 500
Vwawvelength (nm)

Figure. S31. CD-spectrum of the experimental measurement.
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9.10 Furan alcohol 28
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Figure. $32. CD-spectrum of the experimental measurement.
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Figure. S33. NOESY-spectrum (600.50, 600.50 MHz, CD30D, 297.2 K).
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Figure. S34. NOESY-spectrum with removed signal-free areas (600.50, 600.50 MHz, CD3s0D, 297.2 K).
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9.11 3,8-Oxalactarorufin A (30)

Figure. $35. Structure of the previously extracted compound 30 from L. circellatus, with assignments,
with HMBC correlations (—), HMBC correlations with Karplus relationship (—)
and with NOESY correlations (<), (CDsOD).
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Figure. $36. CD-spectrum of the experimental measurement.

217



9 Attachments

9.12 Lactarorufin N (13)

Figure. $37. Structure of the previously extracted compound 13 from L. circellatus, with assignments, with NOESY
correlations (<), (CD30D).

04
02
0
-
g 02
2
04
w
2 s
6 U
a
-08
-1
-12

200 250 300 350 400 450 500
VWavelength (nm)

Figure. $38. CD-spectrum of the experimental measurement.
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9.13 Blennin C (18)

Figure. $39. Structure of the previously extracted compound 18 from L. circellatus, with assignments, with HMBC
correlations (—) and with NOESY correlations (<), (CDsOD).

9.14 3,12-Anhydrolactarorufin A (31)

Figure. S40. Structure of the previously extracted compound 31 from L. circellatus, assignments.
Left: with HMBC correlations (—), HMBC correlations with Karplus relationship (—).
Right: with NOESY correlations (<), (CD3OD).
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Figure. S41. Mass signal from HR-LCMS for compound 31.
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Figure. S42. From up to down: Mass signal from HR-LCMS for compound 31. Generated ion with compound attached
to Na atom, [M+Na]*. Generated ion with compound with one deuterium atom attached to Na atom, [MD+Na]".
Generated ion with compound with two deuterium atoms attached to Na atom, [MD>+Na]*.
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Figure. S43. From up to down: Mass signal from HR-LCMS for compound 31. Generated ion with compound attached
to Na atom, [2M+Na]*. Generated ion with compound with one deuterium atom attached to Na atom, [2MD+Na]*.
Generated ion with compound with two deuterium atoms attached to Na atom, [2MD»+Na]*.
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Figure. S44. CD-spectrum of the experimental measurement.
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Intens. i4232sp_13_BB7_01_1383.d: BPC +All MS, Masses excluded

inf&A9 3 14232sp_13_BB7_01_1383.d: UV Chromatogram, 220-750 nm
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Figure. $45. HR-ESI-(+)-MS, UV/Vis and mass excluded chromatograms, gradient in section 6.3.4.7.
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Figure. S46. HR-ESI-(+)-MS and UV/Vis-spectrums of compound 34 from L. circellatus.
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Figure. S47. HR-ESI-(+)-MS/MS-spectrum.
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Figure. S48. 'H-NMR and '"H-NMR-spectrums with removed signal-free areas (600.22 MHz, CD;0D, 297.2 K).
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Figure. $S49. 3C-NMR, DEPT135 '3C-NMR-spectrums with removed signal-free areas (151.01 MHz, CD;0D, 297.2

K).
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Figure. $50. HSQC-spectrum (600.50, 151.01 MHz, CD30D, 297.1 K).
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Figure. $51. HSQC-spectrum with removed signal-free areas (600.50, 151.01 MHz, CD30D, 297.1 K).

6.8 6.6 6.4 6.2 6.0 5.8 5.6 5.4 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0
f2 (ppm)

Figure. §52. COSY-spectrum (600.22, 600.22 MHz, CD30D, 297.1 K).
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Figure. §53. TOCSY-spectrum (600.22, 600.22 MHz, CD30D, 297.1 K).
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Figure. S54. HMBC-spectrum (600.50, 151.01 MHz, CD30D, 297.2 K).
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Figure. $55. HMBC-spectrum with removed signal-free areas (600.50, 151.01 MHz, CD30D, 297.2 K).
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Figure. $56. NOESY-spectrum (600.50, 600.50 MHz, CD30D, 297.2 K).
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Figure. $58. 'H-NMR and '"H-NMR-spectrums with removed signal-free areas (600.22 MHz, CDCl3, 297.2 K).
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Figure. $59. ®C-NMR, DEPT135 and *C-NMR-spectrums with removed signal-free areas (151.01 MHz, CDCls,

297.2 K).

Figure. $60. Structure of the previously extracted compound 34 from L. circellatus, (CDCls).
With assignments, with HMBC correlations (—), HMBC correlations with
Karplus relationship (—) and with NOESY correlations (—).
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Figure. S61. CD-spectrum of the experimental measurement.
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Figure. $62. HR-ESI-(+)-MS, UV/Vis and mass excluded chromatograms.
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Figure. S63. HR-ESI-(+)-MS and UV/Vis-spectrums of compound 52 from L. trivialis, gradient in section 6.3.4.2.
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Figure. S64. HR-ESI-(+)-MS/MS-spectrum.
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Figure. $65. "H-NMR and '"H-NMR-spectrums with removed signal-free areas (600.22 MHz, CDs0D, 297.2 K).
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Figure. S79: Mass-Spectrum of Compound 27.
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Figure. S80: Mass-Spectrum of Compound 53.
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9.18 Blennione (35)
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Figure. $93. LC-MS-spectrums of the extracted blennione (35), (gradient E).
Up to down: from L. circellatus, L. fluens and from L. blennius stems.
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Figure. S94. Moleculer mass of blennione (35), (-ve mode).
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Figure. S97. 3C-NMR and "*C-NMR-spectrums with removed signal-free areas (151.01 MHz, DMSO-d6, 294.7 K).
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Figure. $99. HMBC-spectrum (600.51, 151.01 MHz, DMSO-d6, 294.7 K).
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Figure. S101. NOESY-spectrum (600.51, 600.51 MHz, DMSO-d6, 294.7 K).
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Figure. $105. HMBC-spectrum (600.50, 151.01 MHz, DMSO-d6, 297.1 K).
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Figure. $109. COSY-spectrum with removed signal-free areas (600.50, 600.50 MHz, DMSO-d6, 297.2 K).
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Figure. $116. HR-ESI-(+)-MS/MS-spectrum.

257

f1 (ppm)



9 Attachments

s |

|55
160
65
170
175
180
-85
190
95
100
105
110
115
- ° 120

r125

130

8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4 fg.(z é.o) 5.8 5.6 5.4 5.2 5.0 4.8 4.6 44 4.2 40 3.8 3.6
ppm
Figure. $117. HSQC-spectrum (600.51, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. $119. COSY-spectrum (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. $120. COSY-spectrum with removed signal-free areas (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. $121. TOCSY-spectrum with removed signal-free areas (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. $125. NOESY-spectrum (600.50, 600.50 MHz, DMSO-d6, 297.2 K).
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Figure. $126. NOESY-spectrum with removed signal-free areas (600.50, 600.50 MHz, DMSO-d6, 297.2 K).

262



9 Attachments

9.21 Trivialine C (49)

RT: 0.00 - 53.99
100 34.82 NL: 5.04E7
Base Peak MS
QuY_Latr_6_34min_
80 5micro - 575-34.8
3502 min - good
33.79
60
17.58 20,55 2591
40 1264 1646 t 21.70
1048
53.07
ettt
34.82 NL: 5.04E7
Base Peak m/z=
] 574.50-575.50 MS
80 QuY_Latr_6_34min_
] 35.02 5micro - 575 - 34.8
i min - good
GOj
40
20
1 203 3.80 7.69 11.26 13.65 1856 2217 2612  30.37 \;3,5,.615737&11 43.11 4539 53.45
ot——— 7T T T T T T T S T T T
0 5 10 15 20 25 30 35 40 45 50
Time (min)
QuY _Latr 6_34min_5micro - 575 - 34.8 min - T: 3486 AV: 1 NL: 2.55E7
T: + ¢ ESIFullms [80.00-1000.00]
575.03
590.88
14467 19085  287.03 397.57 458.87  566.05 [ Il 597.98 716.21 820.37 943.44 979.75
100 200 300 400 500 600 700 800 900 1000
m/z

Figure. $127. (Up): LCESI-(+)-MS and excluded ion of 575 chromatograms, from up to down.
(Down): Molecular mass of [M+H]* at m/z 575.03 at the R; of 34.82 min. Gradient is in section 6.3.4.3.
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Figure. $130. HSQC-spectrum (600.50, 151.01 MHz, DMSO-d6, 297.1 K).
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Figure. $131. HSQC-spectrum with removed signal-free areas (600.50, 151.01 MHz, DMSO-d6, 297.1 K).
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Figure. $132. COSY-spectrum (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. $133. COSY-spectrum with removed signal-free areas (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. $134. HMBC-spectrum (600.50, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. $135. HMBC-spectrum with removed signal-free areas (600.50, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. $136. NOESY-spectrum (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. $138. (Up): LCESI-(+)-MS and excluded ion of 573 chromatograms, from up to down.
(Down): Molecular mass of [M+H]* at m/z 573.12 at the R; of 31.65 min. Gradient is in section 6.3.4.3.
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Figure. S141. "H-NMR and "H-NMR-spectrums with removed signal-free areas (600.51 MHz, DMSO-d6, 297.1 K).
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Figure. S142. *C-NMR, DEPT135 and "*C-NMR-spectrums with removed signal-free areas (150.94 MHz, DMSO-d6,
297.2 K).
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Figure. $143. HSQC-spectrum (600.50, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. S144. HSQC-spectrum with removed signal-free areas (600.50, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. $145. HMBC-spectrum (600.50, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. $146. HMBC-spectrum with removed signal-free areas (600.50, 151.01 MHz, DMSO-d6, 297.2 K).
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Figure. $147. Concentrated COSY-spectrum (600.50, 600.50 MHz, DMSO-d6, 297.1 K).
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Figure. S148. NOESY-spectrum (600.50, 600.50 MHz, DMSO-d6, 297.2 K).
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Figure. $149. NOESY-spectrum with removed signal-free areas (600.50, 600.50 MHz, DMSO-d6, 297.2 K).
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Figure. $150. (Up): LCESI-(+)-MS and excluded ion of 573 chromatograms, from up to down.
(Down): Molecular mass of [M+H]* at m/z 573.23 at the R; of 27.21 min. Gradient is in section 6.3.4.3.
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Figure. $151. HR-ESI-(+)-MS/MS-spectrum.
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Figure. $152. UV/Vis-Spectrum. The spectrum was recorded from the semi-preparative HPLC, section 6.3.4.3.
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Figure. S153. '"H-NMR and '"H-NMR-spectrums with removed signal-free areas (600.22 MHz, DMSO-d6, 297.2 K).
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Figure. S154. "*C-NMR and 3C-NMR-spectrums with removed signal-free areas (150.94 MHz, DMSO-d6, 297.2 K).
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Figure. $155. HSQC-spectrum (600.50, 150.94 MHz, DMSO-d6, 297.1 K).
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Figure. $156. HSQC-spectrum with removed signal-free areas (600.50, 150.94 MHz, DMSO-d6, 297.1 K).

279

f1 (ppm)

f1 (ppm)



9 Attachments

9.24 NP-isopentylglutamine (54)

L

T s s N —
1.00 2.00 1.83 1.98 1.46 211 5.91
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
36 35 3.4 33 32 3.1 3.0 29 28 27 26 25 24 23 22 21 20 1.9 1.8 1.7 1.6 L5 14 13 12 11 1.0 09
N O ¢ O N T T 0 = o NN o % T NN D N ST O -
o NN NS o - O 0 @ WO LWnMm QW WL NN -
0 MN W0 o NO O O N W S NHdOO (=2
n nwn AN~ <t m (=== =} O W WYL T mmmm
o o o o o o NN N NSNS i Nk
NTe N N Ny SN2 Ny

! | 1y o
3.60 3.55 3.25 3.20 3.15 245 240 2235 2.10 2.05 165 160 145 140 135 0.95 0.90

f1 (ppm)
Figure. $157. "H-NMR and "H-NMR-spectrums with removed signal-free areas (600.22 MHz, CD30OD, 297.2 K).
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Figure. $158. '3C-NMR, DEPT135 and "3C-NMR-spectrums with removed signal-free areas (151.01 MHz, CD3OD,
297.1 K).
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Figure. $159. HSQC-spectrum (600.50, 151.01 MHz, CD30D, 297.2 K).
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Figure. $160. COSY-spectrum (600.50, 600.50 MHz, CDs0D, 297.2 K).
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Figure. $161. HMBC-spectrum (600.50, 151.01 MHz, CD30D, 297.2 K).
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Figure. $162. NOESY-spectrum (600.50, 600.50 MHz, CD30D, 297.2 K).
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Figure. $163. '"H-NMR and "H-NMR-spectrums with removed signal-free areas (600.50 MHz, CD30D, 296.1 K).

200 190 180 170 160 150 140 130 120 100

S8 m o oy a o
10 m ~ ” QrQ N
NN "] "] © 0B N o
- - n < MmN N -
i I} Y \[ J |
" | L. |
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 1«
DEPT135
m o o n - o —
~ ] Q - -Q N o
%] © 0 ] - K] ~ -
n ~ 5] ™ NN - i
| | | | ' | |
| ! ! 1
J T | ey | |
56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12
™~ o 0 o [+ n — o —
o ] N 5] =} - - o <+ 1)
" 4 I ] 9 ) 0 0 N -
N N n < ) ™ NN — -
| | | | | | Y4 | |
! |

176 0 175 5 175 0 174 5 174 0 173 56 0

Figure. $164. '3C-NMR, DEPT135 and "3C-NMR-spectrums with removed signal-free areas (151.01 MHz, CD3zOD,
296.2 K).
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Figure. $166. COSY-spectrum (600.50, 600.50 MHz, CDs0D, 296.1 K).
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Figure. $165. HSQC-spectrum (600.50, 151.01 MHz, CD30D, 296.1 K).
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Figure. $167. HMBC-spectrum (600.50, 151.01 MHz, CD30D, 296.2 K).
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Figure. S168. NOESY-spectrum (600.50, 600.50 MHz, CD30D, 296.2 K).
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