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Zusammenfassung

Der Anstieg von bakteriellen Resistenzen, Uberpopulation und der Klimawandel sind nur ein
paar wenige der Herausforderungen, mit welchen unser Gesundheitssystem in der heutigen Zeit
konfrontiert ist. Dementsprechend sind Ausbriiche von infektiosen Krankheiten in den letzten
Jahrzenten spiirbar angestiegen. Daher ist es essenziell, nach neuen antiviralen und
antibakteriellen Medikamenten zu forschen, vor allem, um vulnerable Patientlnnengruppen zu
schiitzen. GroBes Potential fiir neue Wirkstoffe fiir die Medikamentenentwicklung liegt in
marinen Organismen. Zu diesen zdhlt unter anderem die Seescheide Ritterella rubra, aus
welcher die ersten Rubrolide isoliert wurden. Neben diesen marinen Organismen, produziert
auch der Pilz Aspergillus terreus Rubrolide. Je nach Substitutionsmuster zeigen Rubrolide
antivirale und/oder antibakterielle Eigenschaften, Zytotoxizitdt, Inhibition von Aldose-
Reduktase, entziindungshemmende Aktivitdt und selektive Inhibition von Phosphatase 1 und
2A. Der Fokus dieser Arbeit liegt auf der Synthese von 3-Iod-Rubrolid C und 3-Brom-Rubrolid
R, zwei Derivate von Rubrolid C und R, um sie darauffolgend Bioaktivitétstests zu unterziehen.
3-lIod-Rubrolid C wurde iiber sieben Schritte synthetisiert, inklusive literaturbekannter
Methoden, wie der Suzuki-Miyaura Kreuzkupplungsreaktion, der Tsuji-Trost Allylierung und
der vinylogen Aldolkondensation. Die Verbindung in Z-Konfiguration wurde erfolgreich
hergestellt, mit einer Ausbeute von 12%. Das zweite Naturstoffanalogon, 3-Brom-Rubrolid R,
wurde iiber vier Schritte hergestellt. Die Suzuki-Miyaura Reaktion und die vinyloge
Aldolkondensation wurden auch hier durchgefiihrt. Das finale Produkt in Z-Konfiguration

wurde mit einer Ausbeute von 15% erfolgreich synthetisiert.



Abstract

The rise of antimicrobial resistances, overpopulation and climate change are only a few of the
challenges that recent times pose to our public health system. Accordingly, over the last few
decades, emergences of infectious diseases have perceptibly increased. Therefore, research for
possible new antiviral and antibacterial drugs is essential, especially for the protection of more
vulnerable population groups. In marine organisms, there lies huge potential for discovering
new active agents for drug development. Among these, there is the marine ascidian Ritterella
rubra, from which the first rubrolides were isolated. Besides these marine organisms, the fungus
Aspergillus terreus produces rubrolides as well. Rubrolides hold antiviral and/or antibacterial
activity, cytotoxicity, inhibition of aldose reductase, anti-inflammatory activity and selective
inhibition of phosphatases 1 and 2A. This work focuses on the synthesis of 3-iodo-rubrolide C
and 3-bromo-rubrolide R, two derivatives of rubrolides C and R, for the purpose of
implementing further biological activity tests. 3-iodo-rubrolide C was obtained by a seven-step
synthesis, including literature known procedures like the Suzuki-Miyaura cross-coupling
reaction, the Tsuji-Trost allylation and vinylogous aldol condensation. The compound was
successfully synthesized in Z-configuration in 12% yield. The second natural product, 3-bromo-
rubrolide R, was attained in four steps. Suzuki-Miyaura cross-coupling and vinylogous aldol
condensation had to be performed here as well. The final product was also successfully obtained

in Z-configuration in 15% yield.
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1. Introduction

From 1940 to 2004, 335 emergences of known or new infections were recorded globally.!!! 54%
of them were caused by bacteria and 25% by viruses or prions.!”! Possible reasons for these
developments are the rise in population, the development of drug resistances, aging population,
increased international travel and in particular the consequences of climate change.!'! Due to
global warming and more frequent precipitation, pathogens and also their vectors, like
mosquitos, are changing their transmission patterns and are more likely to spread. This is,
among other factors, because of the climate’s direct influence on their growth, virulence and
survival.B’! For example, the occurrence of Dengue fever, which is transmitted by mosquitos
and is one of the fastest spreading diseases worldwide, rose by 30 times, considering the last 50
years. Every year there are 100-390 million new Dengue infections recorded globally.l*! As
these changes are very likely to persist and even be amplified in the future, it is of great urgency

to find new active ingredients for the development of new antibacterial and antiviral drugs.!

1.1. Rubrolides

Rubrolides are natural products that have been isolated from the marine ascidian Ritterella
rubra and from Aspergillus terreus.’! These marine natural products were isolated for the first
time by Miao et al. in 1991.1% The ascidian Ritterella rubra belongs to the family of Ritterellidae
and is part of the sub-phylum Tunicata.!”’ It is a filter-feeding invertebrate that can be found in
various oceans, especially in the southwestern Pacific Ocean.®! On the other hand, Aspergillus
terreus belongs to the genus Aspergillus, which is a group of sapotrophic fungi, found
particularly in dust, soil and compost heaps but also in stored rice, corn and barley.”®! Rubrolides
potentially hold antibacterial and antiviral effects, cytotoxicity, inhibition of aldose reductase,

anti-inflammatory activity and selective inhibition of phosphatases 1 and 2A 1% 1]

1.2. Chemical structures and biological activities of rubrolides

1.2.1. General chemical structure of rubrolides

Rubrolides incorporate isolated, polysubstituted butenolides. Most rubrolides contain phenolic,

brominated substituents and some are chlorinated in position 3 of the furanone framework. The



basic chemical structure of rubrolides, in which R’ typically stands for a hydrogen atom or a
methyl group, R’ represents a hydrogen atom, a bromine atom or alkyl chains and R’ mostly

happens to be a hydrogen or a chlorine atom, is shown in figure 1.!!]

Figure I: General chemical structure of rubrolides.

1.2.2. Rubrolide C 2

Rubrolide C 2 is substituted with two bromine substituents in positions 3" and 5 (Figure 2). It
occurs as a red amorphous solid.[®!

In 2024, Wu and co-workers reported that rubrolide C 2 exhibits some herbicidal inhibitory
effect against rapeseed.!'*! Additionally, it showed inhibitory activity against S. aureus and

Bacillus subtilis growth with a minimal inhibitory concentration of 2-11 pg/disc.['#!

Figure 2: Chemical structure of rubrolide C 2.



1.2.3. Rubrolide R 3

Rubrolide R 3 was isolated in 2014 from Aspergillus terreus.!'> It is not halogenated and is
substituted with a prenyl group at the aromatic C-ring. In biological activity tests, rubrolide R
3 displayed an effect on Influenza A virus (HIN1) with an ICso value of 221.6 um.[P! Tt
demonstrated a slight antioxidant effect against DPPH and a strong antioxidant effect against
ABTS as well.['®) Moreover, it showcased antiviral activity against pHIN1 (pandemic swine

flu) and H3N2 (seasonal flu).[!”]

Figure 3: Chemical structure of rubrolide R 3.

Rubrolide R 3 was synthesized for the first time by M. Schacht in 2017 [ 8 and by K.

Damodar in 2017 as well.['*]

1.3. Suzuki-Miyaura cross-coupling reaction

In 2010, R. Heck, E. Negishi and A. Suzuki were awarded the Nobel prize for their work on
palladium catalyzed cross-couplings in organic synthesis.[*”) The Pd-catalyzed cross-coupling
reaction, which uses boronic acids or boronic esters as coupling partners, is named Suzuki-
Miyaura reaction and was developed by Suzuki and Miyaura in 1979.2'1 For the synthesis of
rubrolides, a Suzuki-Miyaura cross-coupling reaction has often been employed.!'”> 22! The
Suzuki-Miyaura reaction involves organic halides or pseudohalides (4) and organoboron

compounds (5), which form, in presence of a palladium catalyst, a new carbon-carbon bond (6)



and 7 (Scheme 1).2!! Additionally to Pd-catalysts, the sufficient catalytic activity of gold **! or

nickel **! has been proven as well.

R. _OH Pd-catalyst
B + R—X ~ R-R' + %DX(OH)
OH base 3
4 5 6 7

Scheme 1: Suzuki-Miyaura cross-coupling reaction.

During the reaction, an organic rest R is transferred from the boron atom to the organic rest R’
of the halide or triflate 5. In this manner, a new C-C bond is formed, which results in R-R 6.
The exact mechanism behind this was unknown for decades. In 2016, Thomas and Denmark
proposed two possible explanations for the reaction mechanism. They discovered the three
intermediate structures right before the carbon transfer via low-temperature nuclear magnetic

resonance spectroscopy and the nuclear Overhauser effect.*”]

3. reductive elimination 3. reductive elimination

PdLn R—R
R—R' 8 6
R—B(OH),
4
R'—B(OH);
1 1. oxidative —
addition R—X L
o > :
OH g R—Pd'-OH
12 !
L 14
R—B(OH), /
4
% %
R—Pd"—X 3
2. transmetalation II_ O 2. transmetalation
OH
9 12

Scheme 2: Catalytic cycle of the Suzuki-Miyaura cross-coupling reaction (scheme adapted from
Thomas and Denmark).?’!

Three steps are involved in the proposed mechanism. It starts with oxidative addition, in which
a halide or pseudohalide 5 is added to the Pd° complex 8. Thereby, Pd’is oxidized to Pd",
consequently forming a stable trans-o-Pd” complex 9. This step is the rate determining step of

this cycle and is the same for both pathways.[*®! The second step is the transmetalation. In this



step, a ligand exchange between the boronic acid 4 and the palladium complex 9 takes place.
At this stage, two mechanistically different pathways are described. In pathway A, base 12
coordinates to the boronic acid 4 to form boronate 11. Whereas in pathway B, activation of the
palladium complex 9 by base 12 leads to complex 14. Until now, it is still not completely
discovered how exactly these pathways take place. In literature, both pathways were described.
NOE studies of three palladium complexes, which were formed during the transmetalation

process, demystified the mechanism of the Suzuki-Miyaura cross coupling reaction.*!

(\ gl ik ij\:’”\m v

, ~o—H i—PrsP— Pd——o—Pd—P—(CHCH3)3 ~ \o
~ H
((CH3)2CH)3 —P—Pd—Pz -Prs ’ ~ /O ~H ((CH3)2CH)3——P—Pd
H
NOE H

Figure 4: Palladium complexes, which can be formed during transmetalation in the Suzuki-Miyaura
reaction.*!

The last step, reductive elimination, decreases the coordination and oxidation state of the
palladium.>”) Hence, the palladium catalyst 8 is recovered and can enter the catalytic cycle
again. The desired cross-coupling product 6 is formed. Reductive elimination is the same for

pathway A and pathway B.1**

1.4. Tsuji-Trost allylation

The Tsuji-Trost allylation is another key step in the synthesis of rubrolide R 3 and a very
relevant reaction to build up C-C, C-N or C-O bonds. The Tsuji-Trost reaction generally
proceeds with high regio- stereo- and chemoselectivity.?®! During the reaction, allylic reagent
16 with a good leaving group, for example carbonates, esters or halogens, is formally attacked
by nucleophile 15, for example amines, carbanions, sulphides or sulphinates.*”! The palladium
catalyst inserts into the C-X bond of the allylic compound 16 to create a m-allyl complex. The

nucleophile 15 can then attack the complex in two possible positions. Hard nucleophiles first



attack the Pd, which give the allylation product after reductive elimination. Soft nucleophiles

directly add to the allyl moiety to form product 17.5%

Generally, the reaction takes place in organic solvents like toluene, THF or dioxane and a
palladium catalyst (such as Pd>dbas or Pd(PPhs)s4) is added to the dissolved starting materials.

More recently, the use of Pd(0) in water has also been reported.*’!

Pd(PPhg), THF
NuH - NNy (BPNs)s, THE |

Nu\/\
15 16 17

Scheme 3: Tsuji-Trost allylation.

1.5. Vinylogous aldol condensation

The aldol reaction is a very common method in organic synthesis for C-C bond formation. Two
carbonyl compounds are involved. One carbonyl reacts as C-nucleophile and the other one acts
as electrophile. The reaction proceeds in two steps. The first one is aldol addition, during which
either a B-hydroxyaldehyde or a B-hydroxyketone forms. Depending on the substrates and the
reaction conditions, a condensation step can take place, which eliminates water to form an o, 3-

unsaturated carbonyl compound.!!

18 19 21
+ H,0
- HO"
o ‘\-OH O
RN HO R)}ﬁf'*
23 22

Scheme 4: Reaction mechanism of the base catalyzed aldol condensation.



The vinylogous aldol condensation is a special form of aldol condensation. In this case,
nucleophile 25 attacks in the vinylogous position of the electrophilic carbonyl 24. That is,
because in a,B-unsaturated carbonyl compounds, the effect of functional groups expands to the
double bond.?! In rubrolide syntheses, the vinylogous aldol reaction is applied to create a new

double bond between furanone 24 and aldehyde 25. 3334

1) TBSOTf, base

Ar 2) Aldehyde Ar
Zl (@) 3) DBU —
- + >
o >0 Ar)J\H = >0 O
Ar
24 25 26

Scheme 5: Reaction overview of the vinylogous aldol condensation reaction.

Formation of the desired product takes place after the addition of a base. In the case of rubrolide
R derivatives, DIPEA (Hiinig’s base) is used and in the case of rubrolide C derivatives, Et3N is
added as base. The optimal base for the reaction needs to be optimized depending on the
substitution pattern of the rubrolide.**! Furthermore, DBU is added in the third step to
successfully remove the intermediate TBS-ether, which might have been formed, and to form
the desired double bond by elimination of water. This approach can be implemented via one-

pot reaction with no purification of the intermediate products (Scheme 5). 34



2. Aim of the project

The aim of the project is the synthesis of two rubrolide analogues: rubrolide C 2 and R 3. Both
compounds are required for antibacterial and antibiofilm (Stenotrophomonas maltophilia)
testing.**! The required compounds are 3-iodo rubrolide C 27 and 3-bromo rubrolide R 28

(Figure 5).

Figure 5: Chemical structures of 3-iodo-rubrolide C 27 and 3-bromo-rubrolide R 28.

2.1. Retrosyntheses of rubrolide derivatives C 27 and R 28

For the synthesis of rubrolide C derivative 27, three commercially available building blocks are
required.

The desired rubrolide C analogue 27 can be synthesized in four steps starting from tetronic acid
34. Derivative 27 might be obtained via vinylogous aldol condensation of aldehyde 29 with
butenolide 30. Butenolide 30 was obtained by iodination of the Suzuki-Miyaura product 31,
which can be obtained by cross-coupling of the triflate 33 and the commercially available
boronic acid 32.

The triflate 33 can be obtained from tetronic acid 34 after treatment with triflic anhydride and
triethylamine (Scheme 6).
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Scheme 6: Retrosynthesis of 3-iodo-rubrolide C 27.

For the synthesis of rubrolide R derivative 28, four commercially available building blocks are
required. Starting from tetronic acid 34, rubrolide 28 can be obtained in only four linear steps.
The intermediate 31, which can be obtained, in analogy to the synthesis of rubrolide C analogue
27, after Suzuki-Miyaura reaction between boronic acid 32 and 33. The prenylated

benzaldehyde derivative 36 can be obtained after Claisen rearrangement of allyl ether 37.

Allyl ether 37 was obtained via Tsuji-Trost allylation, in the presence of a palladium catalyst,
from aldehyde 38 and boc-protected carbonate 39, which can be obtained by boc-protection of
2-methylbut-3-en-2-o0l 40 (Scheme 7).
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Scheme 7: Retrosynthetic approach for 3-bromo-rubrolide R 28.
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3. Results and Discussion

3.1. Synthesis of zert-butyl-1,1-dimethylallyl carbonate 39

The first step for the synthesis of rubrolide R derivative 28 was boc-protection of 2-methylbut-
3-en-2-ol 40. Without further purification, the desired zert-butyl-1,1-dimethylallyl carbonate 39
was obtained in 85% yield.

HO i) THF, n-BulLi, 0°C, 30 min BocO
— ii) Bocy,O, r.t., 16 h /

o
’ o

40 39

Scheme 8: Boc-protection of 2-methylbut-3-en-2-o0l 40.

This intermediate was required to implement the Tsuji-Trost reaction in the following step.

3.2. Synthesis of 4-[(2-methylbut-3-en-2-yl)oxy]benzaldehyde 37

The Tsuji-Trost product 37 was synthesized from carbonate 39 and aldehyde 38 in the presence
of Pd(PPh3)4. After additional normal phase column chromatography, 4-[(2-methylbut-3-en-2-
yl)oxy]benzaldehyde 37 was obtained in 58% yield.

O O

N N

BocO
+ )</ 1 mol% Pd(PPhj), _

OH 4 AMS, THF, 4°C, 16 h
RS
38 39

37

Scheme 9: Overview of the reaction to obtain aldehyde 37.
A very important factor for the successful synthesis of the Tsuji-Trost product 37 is the quality

of the palladium catalyst. For the reaction to be successful, the catalyst needs to be freshly

prepared or stored under suitable conditions.
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3.3. Synthesis of 4-hydroxy-3-(3-methylbut-2-en-1-yl)benzaldehyde 36

For the synthesis of compound 36, a Claisen rearrangement was performed. Hereby, a solution
of compound 37 in DMF was heated to 180 °C under microwave irradiation and subsequently

purified by normal phase column chromatography to receive product 36 in 74% yield.

@)

N

|J~

DMF, 180 °C, 45 min

RN
37 36

Scheme 10: Synthesis of aldehyde 36.

3.4. Synthesis of 5-0x0-2,5-dihydrofuran-3-yl-trifluoromethanesulfonate 33

For both, rubrolide C derivative 27 and rubrolide R derivative 28, the synthesis of triflate 33
was necessary as starting material for the planned Suzuki-Miyaura cross coupling reaction. This
intermediate 33 was synthesized from tetronic acid 34 in the presence of triflic anhydride and
triethylamine. It was carried out based on a modified procedure by Grigg et al.*®! Purification

by Kugelrohr distillation yielded product 33 in 53% yield.

HO TfO
__ Tf,0, EtsN _
>
o~ O DCM, 0°C, 2 h o~ O
34 33

Scheme 11: Reaction conditions for requiring triflate 33.

3.5. Synthesis of 4-(4-hydroxyphenyl)furan-2(5H)-one 31

The next reaction that needed to be performed was the Suzuki-Miyaura cross-coupling reaction,
involving the prior synthesized triflate 33, commercially available boronic acid 32, a palladium

catalyst, NaxCOs as base and 1,4-dioxane as solvent. The starting materials 32 and 33 were

12



dissolved in 1,4-dioxane and degassed. After addition of base and catalyst Pd(PPhs)s, the
reaction mixture was stirred for 16 hours. Reversed phase column chromatography yielded the

intermediate furanone 31 in 31% yield.

OH
TfO HO
\f>=o . Pd(PPhs),, Na,CO; o s
0 1,4-dioxane, 70 °C, 16 h 1" Y= ')
B(OH), 50
33 32 31

Scheme 12: Synthesis of furanone 31.

3.6. Synthesis of 3-iodo-4-(4-hydroxyphenyl)furan-2(5H)-one 30

For the synthesis of 3-i0do-4-(4-hydroxyphenyl)furan-2(5H)-one 30, furanone 31 needed to
react with N-iodosuccinimide, as iodine source, in the presence of triflic acid, which acts as
Lewis acid. This product is a crucial intermediate in the synthesis of rubrolide C derivative 27.
Iodination exclusively took place in 3-position of the furanone ring, since this position is the
most reactive position. Purification by reversed phase column chromatography generated a

yield of 58%.

HO HO

= O TfOH (1.1 equiv.), NIS (1.1 equiv.) = ()
>

1,4-dioxane, r.t., 16 h
31 30

Scheme 13: Synthesis of furanone 30.

3.7. Synthesis of 3-bromo-4-(4-hydroxyphenyl)furan-2(5H)-one 35

Suzuki product 31 is further required for the synthesis of 3-bromo-4-(4-hydroxyphenyl)furan-
2(5H)-one 35 to be obtained. In this procedure, compound 31 reacts with N-bromosuccinimide,
as bromine source, in the presence of triflic acid. This reaction is a key step in the synthesis of
rubrolide R derivative 28. After purification via reversed phase column chromatography,

furanone 35 could be obtained in 57% yield.
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HO HO
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>

1,4-dioxane, r.t., 16 h

31 35

Scheme 14: Bromination of furanone 31.

3.8. Synthesis of 3-iodo-rubrolide C 27

The desired compound 3-iodo-rubrolide C derivative 27 was obtained by a vinylogous aldol
condensation of furanone 30 with aldehyde 29. The required reagents for this reaction were
triethylamine as base and TBDMSOTT in the first step. Activation of the carbonyl led to a charge
transfer in the furanone ring. Therefore, the carbon atom in position 5 can attack the
electrophilic carbon atom of the aldehyde moiety of 29. After formation of the C-C-bond, a
condensation reaction is initiated by addition of DBU as base. To ensure the deprotection of the
TBDMS ether, which was formed during the first step, addition of water was required.
Purification by normal phase column chromatography and additional reversed phase column

chromatography yielded the desired rubrolide derivative 27 in 12% yield as pure Z-isomer.

HO
1) TBDMSOTf, NEt;
0 HO 0°C—ort,24h
- 2) DBU, H,0
rt., 16 h N
+ C
Br Br T
OH 0 0
29 30

Scheme 15: Vinylogous aldol condensation to rubrolide C analogue 27.

As demonstrated in figure 6 and figure 7, the chemical structure of 27 was confirmed via NMR
spectroscopy, verifying the successful formation of rubrolide C analogue 27. Figure 6 displays
the "H-NMR of 3-iodo-rubrolide C 27. At 6.23 ppm (s,1 H, 6-H), the characteristic signal of the
benzylidene proton is found as singlet with an integral of 1 H. The doublets at 7.06 ppm (d,
J=8.7Hz, 2 H, 3’-H, 5’-H) and 7.49 ppm (d, J= 8.8 Hz, 2 H, 2°-H, 6’-H) correspond to the

14



1,4-disubstituted aromatic substituent. Finally, the singlet at 8.08 ppm (s, 2 H, 2”’-H, 6”-H)

indicates the 2,6-dibrominated phenol, which was introduced by vinylogous aldol condensation.
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Figure 6: "H-NMR of rubrolide C analogue 27, measured at 400 MHz in acetone-ds.

The corresponding '*C-NMR spectrum of 3-iodo-rubrolide C 27 is displayed in figure 7. The
signal at 82.6 ppm represents C-3, which is substituted with iodine. C-6, the benzylidene carbon,
is present as signal at 111.2 ppm. The 2,6-dibrominated phenol is represented by the signal of
the two brominated carbons C-3"" and C-5” (112.0 ppm), C-1"" at 128.4 ppm, C-2"” and C-6"" at
135.2 ppm and C-4” at 152.9 ppm. The peaks at 116.6 ppm (C-3’, C-5’), 122.3 ppm (C-1"),
131.7 ppm (C-2°, C-6’) and 160.4 ppm (C-4’) correspond to the 1,4-disubstituted phenol.
Furthermore, signals at 150.0 ppm (C-5) and 160.8 ppm (C-4) indicate the furanone ring and

the carbonyl group resonates at 166.9 ppm (C-2).
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Figure 7: *C-NMR of 3-iodo-rubrolide C 27, measured at 100 MHz in acetone-ds.

The desired Z-configuration of the exocyclic double bond between C-5/C-6 is evident from
additional NOESY experiment (Figure 8). The signal labelled in blue confirms the coupling
between the benzylidene proton 6-H and proton 6’-H, whereas the signals labelled in orange

mark the coupling between proton 6-H, aromatic proton 6’-H and aromatic proton 6”’-H.
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Figure 8: NOESY-NMR (400 MHz, acetone-ds) experiment of rubrolide analogue C 27.

3.9. Synthesis of 3-bromo-rubrolide R 28

The final step in the synthesis of 3-bromo-rubrolide R 28 incorporated the reaction of furanone
36 with aldehyde 35 in the presence of DIPEA, TBDMSOT{, DBU and water. DBU is again
used to form the double bond in position 15 of the furanone. After purification by normal phase
column chromatography and additional reversed phase column chromatography, the synthesis

of the desired rubrolide derivative 28 was achieved in 15% yield.
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1) TBDMSOTf, DIPEA

0 HO 0°C—>rt,24h
- 2) DBU, H,0
rt, 16 h -
+ Br .
N —
OH ) O
36 35

Scheme 16: Vinylogous aldol condensation reaction to yield 3-bromo-rubrolide R 28.

The structure of 3-bromo-rubrolide R 28 was confirmed by NMR spectroscopy. The 'H-NMR
spectrum shows signals for the prenyl side chain of 28, in which the two methyl groups resonate
as singlet at 1.72 ppm with an integral of 6 H. At 3.34 ppm, the doublet with a coupling constant
of J=7.4 Hz and an integral of 2 H can be assigned to 1°”’-H,. The dddd at 5.34 ppm, with a
coupling constant of J=7.4, 6.1, 3.0, and 1.6 Hz and an integral of 1 H, couples with 1°’-H»
(7.4 Hz) and is assigned to 2°”-H. The singlet at 6.22 ppm, with an integral of 1 H, is the
characteristic signal for the benzylidene proton at 6-H. Further signals in the aromatic region
are present. The doublet at 6.92 ppm, with a coupling constant of J = 8.3 Hz and an integral of
1 H, can be assigned to 5”’-H at the aromatic C-ring. This proton couples with the C-ring proton
6”’-H, which resonates as a doublet of doublets at 7.60 ppm with J=8.3 and 2.2 Hz and an
integral of 1 H. The second coupling of 6”’-H is induced by 2°°-H at 7.62 ppm, which resonates
as a doublet with a coupling constant of J = 2.2 Hz and an integral of 1 H. Moreover, signals at
7.06 ppm (3°-H, 5’-H) and 7.49 ppm (2’-H, 6’-H) both resonate as doublets with a coupling
constant of J= 8.7 Hz and an integral of 2 H and can be assigned to the protons of the 1,4-
disubstituted A-ring (Figure 9).
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Figure 9: "H-NMR (400 MHz, acetone-ds) of rubrolide derivative R 28.

The *C-NMR spectrum of 3-bromo-rubrolide R 28 confirms the two methyl groups at C-3"”
by signals at 17.87 ppm and 25.89 ppm. Further, the remaining carbon signal, caused by the
CHo»-protons of the prenyl chain, is represented by the signal at 28.86 ppm (C-1"") and the
signals for the alkene structure are present at 123.13 ppm (C-2""") and 133.15 ppm (C-3"’). The
signal for the benzylidene carbon was found at 115.58 ppm (C-6), whereas the carbonyl group
corresponds to the signal at 165.60 ppm (C-2). Signals at 105.77 ppm (C-3), 146.67 ppm (C-5)
and 154.93 ppm (C-4) indicate the furanone ring. Furthermore, signals found at 116.34 ppm (C-
57), 125.77 ppm (C-1""), 129.52 ppm (C-37), 131.11 ppm (C-6"), 133.74 ppm (C-2”’) and
157.63 ppm (C-4") can be assigned to the prenylated ring structure, whereas the carbon atom
attached to the hydroxyl group (C-4) holds the highest chemical shift. Lastly, the 1,4-
disubstituted phenol ring is evident from signals at 116.64 ppm (C-3°, C-5), 121.04 ppm (C-
1’), 131.80 ppm (C-2’, C-6) and 160.38 ppm (C-4’) (Figure 10).
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Figure 10: *C-NMR of rubrolide C analogue 28, measured at 100 MHz in acetone-ds.
The Z-configuration of the exocyclic double bond between C-5/C-6 of compound 28 could be

confirmed via NOESY experiment (Figure 11). Signals marked in blue demonstrate the

coupling between the benzylidene proton 6-H, aromatic proton 6’-H and aromatic proton 6°’- H.
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Figure 11: NOESY-NMR (400 MHz, acetone-ds) spectrum of rubrolide derivative R 28.
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4. Conclusion

The aim of this thesis was the synthesis of two rubrolide analogues for subsequent bioactivity
measurements. Both compounds were successfully obtained starting from tetronic acid 34 in
four linear steps, employing a Suzuki-Miyaura reaction and a vinylogous aldol condensation as

key steps.

The synthesis of the key intermediate, furanone 31, starts from tetronic acid 34, which reacted
to triflate 33 in 53% yield. Following this, a Pd-catalyzed Suzuki-Miyaura cross-coupling
reaction of triflate 33 and boronic acid 32 was performed to obtain furanone 31 in 31% yield.
This furanone 31 serves as starting material for both rubrolide syntheses performed in this

thesis.

For the synthesis of rubrolide C derivative 27, furanone 31 was iodinated in position 3 to yield
furanone 30 in 58% yield. Lastly, vinylogous aldol condensation was performed, in which
furanone 30 needed to react with aldehyde 29 to form 3-iodo-rubrolide C 27. Additionally,
product 27 was purified by normal phase and reversed phase column chromatography to yield

the pure Z isomer 27.

For the preparation of rubrolide R analogue 28, furanone 31 was brominated to yield furanone
35 in 57% yield. For building block 36, which is necessary for the synthesis of the aromatic C-
ring, 2-methylbut-3-en-2-ol 40 reacted to boc-protected carbonate 39 in 85% yield. Furthermore,
Tsuji-Trost allylation with 4-hydroxybenzaldehyde 38 yielded allyl phenyl ether 37 in 58%
yield and subsequent microwave-assisted Claisen rearrangement gave the prenylated aldehyde
36 in 74% yield. Finally, aldehyde 36 and brominated furanone 35 formed 3-bromo-rubrolide
R 28 by vinylogous aldol condensation. The product was purified via normal phase and reversed

phase column chromatography to yield the pure Z isomer 28.
To conclude, this work represents the synthesis of the two rubrolide analogues, 3-iodo-rubrolide

C 27 and 3-bromo-rubrolide R 28, with the intention of further investigating their antiviral and

antibacterial activities.
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5. Experimental Part

5.1. General Information

Reactions
All reactions requiring anhydrous condition were performed under argon atmosphere using

Schlenk technique. Reactions carried out at 0 °C incorporated an ice bath.

Reactions were monitored by thin layer chromatography on silica-coated aluminium plates (DC
Kieselgel Alugram® Xtra SIL G/UV254, layer thickness 0.2 mm, by Macherey-Nagel).
Detection was performed via UV-lamp (A = 254, 366 nm). Low and non-fluorescent compounds

were visualized by permanganate solution.

Reagents and solvents

All commercially purchased chemicals were used without further purification, unless otherwise
noted. To perform reactions in the absence of water, solvents dried over molecular sieves were
used. DCM, DMF, THF, toluene and 1,4-dioxane were kept under argon atmosphere. T£,0 and

trifluoromethanesulfonic acid were stored under argon atmosphere.

Sample processing

A laboratory evaporator from Heidolph Instruments, Laborota 4000-efficient, was operated to
remove solvents in vacuo. When necessary, samples were dried further, using a rotary vane

vacuum pump from Vacuubrand®.
Instruments
IR spectra were measured between 4000 and 400 cm™ with an Alpha, Platinum-ATR from

Bruker.

UV/Vis spectra were obtained with a GeneQuant™ 1300 UV/Vis spectrometer by Healthcare

Life Sciences. Samples were measured between 200 and 600 nm.

Melting points were acquired with a Galen III heating tabletop microscope with integrated

thermometer by the brand Leica.
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"H NMR and *C NMR spectra were recorded on an Avance 111 HD 400 MHz spectrometer by
Bruker. The residual proton signals of deuterated DMSO-ds (chemical shift of 6 = 2.50 ppm
("H) and ¢ = 39.52 ppm (*3C)), CDCl; (chemical shift of § = 7.26 ppm ('H) and 6 = 77.16 ppm
(13C)) or acetone-ds (chemical shift of 6 = 2.05 ppm ('H) and 6 = 29.84, 206.26 ppm ('*C)) were
used as internal standards. To describe the multiplicity of the signals, s (singlet), d (doublet), t
(triplet), dd (doublet of doublet), dddd (doublet of doublet of doublet of doublet), m (multiplet)
were used as abbreviations. Signals were listed as follows: chemical shift, multiplicity, coupling

constant(s), number of protons, assignment.

HRMS were measured on an electrospray-quadrupole time-of-flight mass spectrometer (ESI

QTOF) by Bruker with a m/z ratio of 100-1000.
Microwave reactions were performed in an Initiator+, Robot Eight by Biotage®.
Advanced automated Flash Purification was performed on a Selekt by Biotage®. Detection was

performed via UV-absorption at 254 nm and 280 nm and via absorption of visible light between
198 nm and 810 nm.
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5.2. Synthetic procedures
5.2.1. Synthesis of zert-butyl-1,1-dimethylallyl carbonate 39
HO
)</ i) THF, n-BuLi, 0°C, 30 min 800%4
= ii) Boc,O, rt., 16 h NG

> 3
40 39

A solution of 2-methylbut-3-en-2-o0l 40 (1.50 mL, 14.5 mmol, 1.00 equiv.) in THF (25.0 mL)
was cooled to 0 °C and n-BuLi (9.00 mL, 14.5 mmol, 1.00 equiv., 1.6 M in hexane) was added
dropwise. The reaction was stirred at 0 °C for 30 min. Afterwards, di-tert-butyl dicarbonate
(3.47 g, 159 mmol, 1.10 equiv.) was added, the reaction mixture was warmed to room
temperature and stirred for 16 h. Then, the mixture was diluted with MTBE (50.0 mL) and
washed with sat. aq. NaHCOs3 solution (75.0 mL), H>O (25.0 mL) and brine (75.0 mL). The
organic layer was dried over MgSQsg, filtered and the solvent was removed in vacuum. The allyl

carbonate 39 (2.30 g, 12.4 mmol, 85%) was obtained as yellow oil.!'®]

TLC: Ry=0.35 (PE/EtOAc 30:1 v/v).

IR (ATR): 2979, 2933, 1807, 1738, 1463, 1369, 1282, 1255, 1119, 1074, 995, 924, 842, 791,
712 cm’,

TH-NMR (400 MHz, CDCl3): 6 (ppm) = 1.47 (s, 9 H, C(CHa)3), 1.53 (s, 6 H, 2 x CH3), 5.14
(m, 2 H, 4-H), 6.11 (dd, J=17.5, 10.9 Hz, 1 H, 3-H).

BC-NMR (100 MHz, CDCls): § (ppm) = 26.9 (2 C, 2 x C-2-CH3), 28.3 (3 C, C(CH3)3), 81.9
(C(CHs)3), 81.9 (C-2), 113.5 (C-4), 142.8 (C-3), 152.4 (C=0).

C10H1803 (186.25 g/mol).
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5.2.2. Synthesis of 4-[(2-methylbut-3-en-2-yl)oxy]benzaldehyde 37

BocO
+ )</ 1 mol% Pd(PPhs),

4 AMS, THF, 4°C, 16 h O.r

38 39 37

A solution of 4-hydroxybenzaldehyde 38 (200 mg, 1.64 mmol, 1.00 equiv.) and boc-protected
2-methylbut-3-en-2-o0l 39 (1.07 g, 5.73 mmol, 3.50 equiv.) in anhydrous THF (4.00 mL) was
cooled to 0 °C. Afterwards, Pd(PPh3)4 (18.9 mg, 16.0 umol, 1.0 mol%) was added and the
mixture was stirred at 4 °C for 16 h. The reaction mixture was filtered through a syringe filter
and the solvent was removed in vacuum. The residue was purified by column chromatography
(silica gel, PE/EtOAc 33:1 — 20:1) to obtain aldehyde 37 (180 mg, 0.94 mmol, 58%) as

colourless 0il.['®]

TLC: Rr=0.49 (PE/EtOAc 9:1 v/v).

IR (ATR): 2930, 1691, 1596, 1502, 1247, 1126, 904, 833, 694 cm".

UV/Vis (MeOH): Amax (nm) = 211, 277.

TH-NMR (400 MHz, CDCl3): 6 (ppm) = 1.54 (s, 6 H, 2 x CHz), 5.23 (m, 2 H, 3°-Hz), 6.14 (dd,
J=17.7,109 Hz, 1 H, 2’-H), 7.08 (d, /=8.7 Hz, 2 H, 3-H, 5-H), 7.75 (d, J=8.7 Hz, 2 H, 2-
H, 6-H), 9.87 (s, 1 H, CHO).

13C.NMR (100 MHz, CDCls): 6 (ppm) = 27.4 (2 C, 2 x CHs), 80.8 (C-1°), 114.3 (C-3"), 119.7
(2 C, C-3, C-5), 130.2 (C-1), 131.4 (2 C, C-2, C-6), 143.8 (C-2"), 162.3 (C-4), 191.1 (CHO).
MS (ESI"): m/z caled.: 191.1067 C12Hi50,"; m/z found 191.1071.

C12H140:2 (190.24 g/mol).
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5.2.3. Synthesis of 4-hydroxy-3-(3-methylbut-2-en-1-yl)benzaldehyde 36

@)

N

“~

DMF, 180 °C, 45 min

RN
37 36

A solution of 4-[(2-methylbut-3-en-2-yl)oxy]benzaldehyde 37 (262 mg, 1.38 mmol, 1.00 equiv.)
in DMF (3.00 mL) was stirred at 180 °C for 45 min under microwave irradiation. The reaction
mixture was diluted with EtOAc (5.0 mL) and the solvent was removed in vacuum. The crude
product was purified by column chromatography (silica gel, PE/EtOAc 33:1 — 5:1) to yield
aldehyde 35 (195 mg, 1.02 mmol, 74%) as light yellow solid.['®]

TLC: Rr=0.20 (PE/EtOAc 4:1 v/v).

MP: 51 °C.

IR (ATR): 3140, 1653, 1583, 1432, 1379, 1276, 1239, 1200, 939, 838, 765, 630, 570,
441 cm'.

UV/Vis (MeOH): Amax (nm) = 226, 287.

IH-NMR (400 MHz, CDCL): 6 (ppm) = 1.80 (dd, J=2.9, 1.4 Hz, 6 H, 2 x CHs), 3.42 (d,
J=17.3Hz 2H, CH,),5.32(dddd,/=7.3,5.9,2.9,1.5Hz, 1 H, 2’-H), 6.91 (d,/=8.8 Hz, 1 H,
3-H), 7.67 (m, 2 H, 2-H, 6-H), 9.85 (s, 1 H, CHO).

13C.NMR (100 MHz, CDCls): & (ppm) = 26.0, 18.1 (2 C, 2 x CHs), 29.7 (C-1°), 116.3 (C-3),
120.7 (C-27), 127.7 (C-5), 130.2 (C-2), 130.7 (C-3"), 132.0 (C-1), 136.3 (C-6), 160.2 (C-4),
191.3 (CHO).

MS (ESI"): m/z caled.: 191.1067 C12Hi50,"; m/z found 191.1074.

C12H140; (190.24 g/mol).
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5.2.4. Synthesis of 5-ox0-2,5-dihydrofuran-3-yl-trifluoromethanesulfonate 33

HO TfO
— Tf,0, Et;N —
v o 2
o @) DCM, 0°C,2h 0 (@]
34 33

A solution of 4-hydroxyfuran-2(5H)-one 34 (500 mg, 5.00 mmol, 1.00 equiv.) in anhydrous
DCM (30.0 mL) was cooled to 0 °C and EtsN (0.84 mL, 0.61 g, 6.00 mmol, 1.20 equiv.) and
TH0 (1.01 mL, 1.69 g, 6.00 mmol, 1.20 equiv.) were added dropwise. The mixture was stirred
for 2 h at 0 °C. Afterwards, the mixture was diluted with DCM (20.0 mL) and washed with H>O
(4 x 100 mL). The organic layer was dried over MgSQOu, filtered and the solvent was removed
in vacuum. The residue was purified by Kugelrohr distillation to yield triflate 33 (617 mg,
2.66 mmol, 53%) as yellow liquid.['®)

UV/Vis (MeOH): Amax (nm) = 209, 248.

IR (ATR): 1787, 1645, 1436, 1301, 1215, 1126, 1047, 930, 808, 761, 601, 617 cm.
'TH-NMR (400 MHz, CDCls): 6 (ppm) = 4.89 (d, J= 1.8 Hz, 2 H, 5-H), 6.07 (t, J= 1.8 Hz,
1 H, 3-H).

BC-NMR (100 MHz, CDCl3): § (ppm) = 67.6 (C-5), 104.7 (C-3), 118.6 (q, Jcr = 322 Hz, CF3),
167.0 (C-2), 168.9 (C-4),

HRMS (ESI'): m/z calcd.: 230.9581 CsH2F305S"; m/z found 230.9581.

CsH3F305S (232.13 g/mol).

5.2.5. Synthesis of 4-(4-hydroxyphenyl)furan-2(5H)-one 31

OH
TfO HO
\f>=o s Pd(PPhs),, Na,CO; o s
0 1,4-dioxane, 70 °C, 16 h 1" Y= ')
B(OH), 50
33 32 31

A solution of 5-0x0-2,5-dihydrofuran-3-yltrifluoromethane sulfonate 33 (176 mg, 0.76 mmol,
1.00 equiv.), arylboronic acid 32 (125 mg, 0.91 mmol, 1.20 equiv.) and Na,COj3 (240 mg,
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2.27 mmol, 3.00 equiv.) was dissolved in 1,4-dioxane (5.62 mL) and degassed with argon for
10 min. Afterwards, Pd(PPhs)4 (3.76 mg, 2.14 mol%) was added to the solution and stirred for
16 h at 70 °C. The reaction was cooled to room temperature, filtered through celite® and the
solvent was removed in vacuum. The crude product was purified by reversed phase column
chromatography (25 g RP-Cis3, H2O/ MeCN 7:1 — 1:1) to yield the product 31 (40.7 mg,
0.23 mmol, 31%).['®

TLC: Ry = 0.40 (PE/EtOAcC 1:1 v/v).

MP: 232 °C.

IR (ATR): 2921, 1698, 1580, 1510, 1326, 1272, 1168, 1038, 901, 820, 703, 588, 546,

480 cm™,

UV/Vis (MeOH): Amax (nm) = 223, 304.

'H-NMR (400 MHz, DMSO-ds): 6 (ppm) = 5.30 (d, J= 1.7 Hz, 2 H, 5-H2), 6.47 (t, /= 1.7 Hz,
1 H, 3-H), 6.86 (d, /J=8.7 Hz, 2 H, 3’-H, 5’-H), 7.56 (d, J=8.7 Hz, 2 H, 2°-H, 6’-H), 10.21 (s,
| H, OH),

13C-NMR (100 MHz, DMSO-de): & (ppm) = 70.9 (C-5), 108.8 (C-3), 115.8 (2 C, C-3, C-5°),
120.7 (C-1°), 129.0 (2 C, C-2°, C-6"), 160.6 (C-4"), 165.0 (C-4), 174.2 (C-2).

MS (ESTI"): m/z caled.: 175.0401 C10H;05™ ; m/z found 175.0407.

C10Hs0s (176.17 g/mol).

5.2.6. Synthesis of 3-iodo-4-(4-hydroxyphenyl)furan-2(5H)-one 30

HO HO
NIS, TfOH

-
= O 1,4-dioxane, r.t., 16 h N 0

31 30

To a suspension of furanone 31 (50.0 mg, 0.29 mmol, 1.00 equiv.) in abs. 1,4-dioxane
(2.00 mL), trifluoromethanesulfonic acid (27.5 uL, 0.31 mmol, 1.10 equiv.) and N-
iodosuccinimide were added (70.3 mg, 0.31 mmol, 1.10 equiv.) and the mixture was stirred at
room temperature for 16 h. Afterwards, saturated sodium hydrogen sulfite solution (6.00 mL)
was added and the aqueous layer was extracted with EtOAc (3 % 6.00 mL). The combined

organic layers were dried over MgSOQu, filtered, and the solvent was removed in vacuum.
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Purification by reversed phase column chromatography (25 g RP-Cig, H0O/ MeCN 10:1 — 1:1)
yielded 3-iodo-4-(4-hydroxyphenyl)furan-2(5H)-one 30 (50.3 mg, 0.17 mmol, 58%).57!

TLC: Ry=0.35 (PE/EtOAc 3:2 v/v).

MP: 215 °C.

IR (ATR): 3225, 1707, 1601, 1568, 1503, 1317, 1264, 1172, 1029, 967, 823, 727, 569,
492 cm’!

UV/Vis (MeCN): Amax (nm) =222, 309.

"TH-NMR (400 MHz, DMSO-d): § (ppm) = 5.37 (s, 2 H, 5-H>), 6.94 (d, J= 8.8 Hz, 2 H, 3’-H,
5°-H), 7.85 (d, J=8.8 Hz, 2 H, 2’-H, 6°-H), 10.32 (s, 1 H, OH).

BC-NMR (100 MHz, DMSO-ds): & (ppm) = 73.8 (C-5), 76.8 (C-3), 115.7 (C-3°, C-5"), 120.9
(C-17), 129.3 (C-2’, C-6"), 160.7 (C-4"), 163.3 (C-4), 172.2 (C-2).

MS (ESI): m/z calcd.: 300.9367 C10HelO37; m/z found 300.9371.

C10H7103(302.07 g/mol).

5.2.7. Synthesis of 3-bromo-4-(4-hydroxyphenyl)furan-2(5H)-one 35

HO HO
NBS, TfOH

-
= O 1,4-dioxane, r.t., 18 h 1" = o

31 35

To a solution of furanone 31 (43.6 mg, 248 umol, 1.00 equiv.) in abs. 1,4-dioxane (1.74 mL)
trifluoromethanesulfonic acid (3.27 pL, 37.1 umol, 15.0 mol-%) and N-bromosuccinimide
were added (46.0 mg, 260 pmol, 1.05 equiv.), and the mixture was stirred at room temperature
for 18 h. Then, saturated sodium hydrogen sulfite solution (10.0 mL) was added and the
aqueous layer was extracted with EtOAc (3 x 25.0 mL). The combined organic layers were
dried over MgSQs, filtered, and the solvent was removed in vacuum. Purification by column
chromatography (25 g RP-Cis, H2O/MeCN 10:1 — 1:1) yielded 3-bromo-4-(4-hydroxy-
phenyl)furan-2(5H)-one 35 (35.9 mg, 0.14 mmol, 57%) as white solid.*”!

TLC: Rr=0.35 (PE/EtOAc 3:2 v/v).
MP: 234 °C.
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IR (ATR): 3257, 1724, 1576, 1508, 1324, 1270, 1177, 1037, 988, 829, 742, 671, 572,
493 cm,

UV/Vis (MeCN): Amax (nm) = 204, 308.

"TH-NMR (400 MHz, DMSO-d): § (ppm) = 5.39 (s, 2 H, 5-H>), 6.94 (d, J= 8.8 Hz, 2 H, 3’-H,
6’-H), 7.83 (d, /= 8.8 Hz, 2 H, 2’-H, 6°-H), 10.38 (s, 1 H, OH).

BC-NMR (100 MHz, DMSO-ds): 6 (ppm) = 72.0 (C-5), 101.0 (C-3), 115.9 (C-3°, C-5°), 119.8
(C-1), 129.6 (C-2°, C-6"), 157.1 (C-4), 160.8 (C-4’), 170.0 (C-2).

MS (EST): m/z caled.: 252.9506 C1oHsBrOs™; m/z found 252.9512.

Ci10H7BrQOs (255.07 g/mol).

5.2.8. Synthesis of 3-iodo-rubrolide C 27

1) TBDMSOTTf, NEt;

(o) HO 0°C—>rt,24h
- 2) DBU, H,0
rt., 16 h
+ | >
Br Br _
OH 0 @)
29 30

A solution of furanone 30 (70.0 mg, 0.23 mmol, 1.00 equiv.) in abs. DCM (2.00 mL) was
cooled to 0 °C and triethylamine (117 mg, 1.16 mmol, 5.00 equiv.) and TBDMSOTT{ (276 mg,
1.04 mmol, 4.50 equiv.) were added dropwise. The solution was stirred at 0 ° for 30 min, before
aldehyde 29 (84.3 mg, 0.30 mmol, 1.30 equiv.) was added. The solution was allowed to warm
to room temperature and stirred for 24 h. Then, DBU (212 mg, 1.39 mmol, 6.00 equiv.) and
water (0.75 mL) were added, and the solution was stirred for 16 h. The reaction mixture was
washed with aqueous HCI solution (1 M, 5.00 mL), the phases were separated, and the aqueous
phase was extracted with EtOAc (3 % 25.0 mL). The combined organic phases were washed
with brine (25.0 mL), dried over MgSOs, filtered, and the solvent was removed in vacuum.
Purification by column chromatography (25 g SiO2, PE/EtOAc 9:1 — 2:1) yielded the E/Z
mixed isomers in a 1:5 ratio. Additional purification by reversed phase column chromatography
(12 g RP-Ci3, H0O/MeCN 2:1 — 1:2) yielded the pure Z isomer of 3-iodo-rubrolide C 27
(15.4 mg, 30.0 umol, 12%) as orange solid.*”)
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TLC: Ry=0.46 (PE/EtOAc 2:1 v/v).

MP: 201 °C.

IR (ATR): 3292, 1732, 1604, 1471, 1218, 1165, 954, 888, 835, 744, 640, 536 cm™".

UV/Vis (MeOH): Amax (nm) =206, 350, 502.

'TH-NMR (400 MHz, acetone-ds): 6 (ppm) = 6.23 (s, 1 H, 6-H), 7.06 (d, J= 8.7 Hz, 2 H, 3’-H,
5’-H), 7.49 (d, /= 8.8 Hz, 2 H, 2°-H, 6°-H), 8.08 (s, 2 H, 2”’-H, 6’-H).

I3C-NMR (100 MHz, acetone-ds): 6 (ppm) = 82.6 (C-3), 111.2 (C-6), 112.0 (2 C, C-3, C-5"),
116.6 (C-3’, C-57), 122.3 (C-17), 128.4 (C-17), 131.7 (2C, C-2’, C-6’), 135.2 (2C, C-27,
C-6), 150.0 (C-5), 152.9 (C-47), 160.4 (C-4"), 160.8 (C-4), 166.9 (C-2).

MS (EST): m/z calcd.: 560.7840 C17HsBr2104™ ; m/z found 560.7843.

C17H9Br2104 (563.97 g/mol).

5.2.9. Synthesis of 3-bromo-rubrolide R 28

1) TBDMSOTf, DIPEA

0 HO 0°C—ort,24h
- 2) bDBU, H,0O
rt., 16 h
+ Br =
N —
OH o~ O
36 35

A solution of furanone 35 (22.3 mg, 87.0 pmol, 1.00 equiv.) in abs. DCM (1.50 mL) was cooled
to 0 °C and DIPEA (56.5 mg, 437 pmol, 5.00 equiv.) and TBDMSOTTf (104 mg, 393 umol,
4.50 equiv.) were added dropwise. The solution was stirred at 0 © for 30 min. Afterwards,
aldehyde 36 (21.6 mg, 114 pmol, 1.30 equiv.) was added, the solution was allowed to warm to
room temperature, and was stirred for 24 h. Then, DBU (79.9 mg, 525 pmol, 6.00 equiv.) and
water (0.50 mL) were added and the solution was stirred for 16 h. The reaction mixture was
washed with aqueous HCI solution (1 M, 5.00 mL), the phases were separated, and the aqueous
phase was extracted with EtOAc (3 x 25.0 mL). The combined organic phases were washed
with sodium bicarbonate solution (25.0 mL) and brine (25.0 mL), dried over MgSQsa, filtered,
and the solvent was removed in vacuum. Purification by column chromatography (25 g SiO»,

PE/EtOAc 19:1 — 1:3) yielded the E/Z mixture of the isomers in a ratio of 1:13. Purification
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by reversed phase column chromatography (12 g RP-Cig, H2O/MeCN 3:2 — 1:2) yielded the
pure Z isomer of 3-bromo-rubrolide R 28 (5.50 mg, 12.9 umol, 15%) as yellow solid.”]

TLC: Ry=0.27 (PE/EtOAc 2:1 v/v).

MP: 174 °C.

IR (ATR): 3316, 1730, 1687, 1592, 1500, 1424, 1363, 1272, 1096, 1011, 819, 746, 677,
542 cml.

UV/Vis (MeOH): Amax (nm) = 253, 375.

"H-NMR (400 MHz, acetone-ds): § (ppm) = 1.72 (s, 6 H, 2 x C-3>’-CH3), 3.34 (d, J = 7.4 Hz,
2 H, 1"”-Hy), 5.34 (dddd, J=7.5, 6.1, 3.0, 1.6 Hz, 1 H, 2°-H), 6.22 (s, 1 H, 6-H), 6.92 (d,
J=8.3Hz 1H,5”-H),7.06(d,J=8.7Hz 2 H,3’-H, 5’-H), 7.49 (d,/J=8.6 Hz,2 H, 2’-H, 6’-
H), 7.60 (dd, J=8.3,2.4 Hz, 1 H, 6”-H), 7.62 (d, /= 2.2 Hz, 1 H, 2”’-H).

BC-APT-NMR (100 MHz, acetone-ds): 6 (ppm) = 17.87 (C-3’"-CHs), 25.89 (C-3""-CHj3),
28.86 (C-1""), 105.77 (C-3), 115.58 (C-6), 116.34 (C-57), 116.64 (C-3°, C-57), 121.04 (C-1"),
123.13 (C-2""), 125.77 (C-17), 129.52 (C-37), 131.11 (C-6""), 131.80 (C-2’, C-6’), 133.15 (C-
37), 133.74 (C-27), 146.67 (C-5), 154.93 (C-4), 157.63 (C-4"), 160.38 (C-4’), 165.60 (C-2).
MS (ESI"): m/z caled.: 427.0539 C2H20BrO4"; m/z found 427.0538.

C22H19BrO4 (427.29 g/mol).
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6. Appendix
6.1. NMR Spectra
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Figure 12: "H-NMR spectrum of compound 39 (400 MHz, CDCl5).
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Figure 13: *C-NMR spectrum of compound 39 (APT, 100 MHz, CDCl).
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Figure 14: "H-NMR spectrum of aldehyde 37 (400 MHz, CDCI).
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Figure 15: *C-NMR spectrum of aldehyde 37 (APT, 100 MHz, CDCl5).
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Figure 16: ' H-NMR spectrum of aldehyde 36 (400 MHz, CDCls).
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Figure 17: *C-NMR spectrum of aldehyde 36 (APT, 100 MHz, CDCl5).
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Figure 18: "H-NMR spectrum of triflate 33 (400 MHz, CDCI;).
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Figure 19: >C-NMR spectrum of triflate 33 (APT, 100 MHz, CDCl5).
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Figure 20: ' H-NMR spectrum of furanone 31 (400 MHz, DMSO-dk).
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Figure 22: "H-NMR spectrum of furanone 30 (400 MHz in DMSO-d).
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Figure 23: *C-NMR spectrum of furanone 30 (APT, 100 MHz in DMSO-db).
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Figure 24: "H-NMR spectrum of furanone 35 (400 MHz, DMSO-d).
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Figure 25: *C-NMR spectrum of furanone 35 (APT, 100 MHz, DMSO-dj).
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Figure 26: "H-NMR spectrum of rubrolide C derivative 27 (400 MHz, acetone-ds).
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Figure 27: *C-NMR spectrum of rubrolide C derivative 27 (APT, 100 MHz, acetone-ds).
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Figure 28: 'H-NMR spectrum of rubrolide derivative R 28 (400 MHz, acetone-dg).
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Figure 29: "C-NMR spectrum of rubrolide derivative R 28 (APT, 100 MHz, acetone-ds).
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6.2. HRMS Spectra
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Figure 30: HRMS spectrum of 4-[(2-methylbut-3-en-2-yl)oxy]benzaldehyde 37.
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Figure 31: HRMS spectrum of 4-hydroxy-3-(3-methylbut-2-en-1-yl)benzaldehyde 36.
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Figure 32: HRMS spectrum of 5-0x0-2,5-dihydrofuran-3-yl-trifluoromethanesulfonate 33.
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Figure 33: HRMS spectrum of 4-(4-hydroxyphenyl)furan-2(5H)-one 31.
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Figure 34: HRMS spectrum of 3-iodo-4-(4-hydroxyphenyl)furan-2(5H)-one 30.
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Figure 35: HRMS spectrum of 3-bromo-4-(4-hydroxyphenyl)furan-2(5H)-one 35.
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Figure 36: HRMS spectrum of 3-iodo-rubrolide C 27.
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Figure 37: HRMS spectrum of 3-bromo-rubrolide R 28.

49



6.3. IR Spectra
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Figure 38: IR spectrum of tert-butyl-1,1-dimethylallyl carbonate 39.
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Figure 39: IR spectrum of 4-[(2-methylbut-3-en-2-yl)oxy]benzaldehyde 37.
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Figure 40: IR spectrum of 4-hydroxy-3-(3-methylbut-2-en-1-yl)benzaldehyde 36.
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Figure 41: IR spectrum of 5-0x0-2,5-dihydrofuran-3-yl-trifluoromethanesulfonate 33.
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Figure 42: IR spectrum of 4-(4-hydroxyphenyl)furan-2(5H)-one 31.
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Figure 43: IR spectrum of 3-iodo-4-(4-hydroxyphenyl)furan-2(5H)-one 30.
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Figure 44: IR spectrum of 3-bromo-4-(4-hydroxyphenyl)furan-2(5H)-one 35.
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Figure 45: IR spectrum of 3-iodo-rubrolide C 27.
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Figure 46: IR spectrum of 3-bromo-rubrolide R 28.
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