Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2019 Updated 15/07/2019

A thiochromenone antibiotic derived from Pseudomonas quinolone
signal selectively targets the Gram-negative pathogen Moraxella
catarrhalis

D&vid Szamosvari*?, Tamara Schuhmacher*®, Christof Hauck®", Thomas
Bottcher®”

2Department of Chemistry, Konstanz Research School Chemical Biology, Zukunftskolleg, University of
Konstanz, 78457 Konstanz

®Department of Biology, University of Konstanz, 78457 Konstanz

1. Biological Methods

Growth of bacterial strains

Yersinia pseudotuberculosis, Moraxella catarrhalis and Neisseria strains were cultured in PPM medium
(15 g/L Proteon Pepton, 1 g/L soluble starch, 5 g/L NaCl, 4 g/L KH,PO4, 1 g/L K;HPO,4, pH 7.5) for liquid
culture and on GC plates (BD Difco™ GC Medium Base) supplemented with 1 % vitamin mix (100 g/L
glucose, 10 g/L glutamine, 25.9 g/L L-cystein, 100mg/L cocarboxylase (thiamine pyrophosphate), 250
mg/L NAD, 500 pL/L Fe(NOs)s, 1.1 g/L L-cystin, 150 mg/L arginine, 3 mg/L thiamine-HCl 10 mg/L
vitamine B12, 13 mg/L p-amino benzoic acid, 1 g/L adenine, 500 mg/L uracil, 30 mg/L guanine). Strains
were either cultivated at 37°C and 220 rpm (liquid) or at 37°C and 5 %CO: (plates).

Enterococcus faecalis, Haemophilus influenzae and Mannheimia haemolytica, as well as Moraxella
osloenis, nonliquefaciens and urethralis were grown in BHI medium (BD Difco Brain Heart Infusion)
with 36 g/L supplemented with 20 ug/mL hemin, 20 pg/mL NAD and 15 g/L agar for plates.

Streptococcus pyogenes was grown in trypticase soy yeast extract medium (30 g/L trypticase soy broth,
3 g/L yeast extract, 15 g/L agar for plates; pH 7.0-7.2)

Escherichia coli strains, Pseudomonas aeruginosa and Klebsiella pneumoniae were cultured in LB
medium (10 g/L tryptone, 5 g/L yeast extract, 5 g/L NaCl, 15 g/L agar for plates; pH 7.0).

Bacteria were streaked out on plate as described above and incubated overnight. 2-3 h prior to the
experiment the bacteria were pre-cultured in liquid medium, then harvested and resuspended in PBS.
Optical density was determined and a volume equal to ODsso = 0.2 (Yersinia, Moraxella, Neisseria) or
ODegoo = 0.2 (Enterococcus, Haemophilus, Mannheimia, Streptococcus), was inoculated into 5mL of
liguid medium. Compounds were added as indicated. DMSO level was adjusted to 1 % of final
concentration. Samples were incubated for either 10.5 hours, until they reached stationary phase
(three measured values in stationary phase) or until they reached an OD of 2.5. Optical density was
determined every 0.5 h.

For comparison of different growth curves, area under the curve (AUC) values were determined,
blanked to their initial OD and normalized to the DMSO control. An overview of all strains used in this
study is given in Table 1.
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Growth monitoring with Fe3*/Deferiprone

Incubation with iron was conducted under the same growth conditions described above. An aqueous
solution of 5 uM FeCl; was added to the medium directly prior to the experiment. The ferric iron
chelator deferiprone was added at 0, 10, 50 or 100 uM concentration directly before the cultivation.

Survival assay / colony size evaluation

Moraxella catarrhalis strain ATCC 25238 was grown on GC agar over night at 37°Cand 5 % CO,. Bacteria
were harvested and resuspended in fresh 5 mL BHI medium and cultivated for 4 h at 37°Cand 250 rpm.
Optical density was measured at 550 nm; 108 bacteria were added to 5 mL BHI medium with the
following concentrations of compound 8: 0.1, 0.5, 1, 2.5, 5, 10, 25, 50 uM or DMSO (1%) or control
without treatment. DMSO was added in each sample except control to equal 1 % of final volume.
Bacteria were incubated for 40 min or 3 h at 37 °Cand 250 rpm.

For survival assay: Bacteria were diluted from 10 to 10 in PBS. 20 pL of every dilution were plated
on GC agar, incubated over night at 37 °C and 5 % CO,, before bacterial colonies were quantified.
Colony size evaluation: Plates were scanned and area of single grown colonies was measured using
the FlI distribution of Image) 1.52e.

ATP assay

Moraxella spec. were incubated with compound 8 as described above for 10 or 20 minutes
respectively. Bacteria were harvested through centrifugation for 10 min at 4000 rpm and 4 °C,
resuspended in 1 mL PBS and frozen overnight at -80°C. Samples were sonicated for 1 min at maximum
intensity on ice. Supernatant was cleared by centrifugation for 10 min at 13,500 rpm and 4°C. ATP
assay was performed using 10 pL of supernatant, 100 uL ATP assay buffer (25 mM Tris pH 7.8, 4 mM
EGTA, 20 mM MgSQO4, 1 mM DTT, pH 7.8), 20 umol luciferin and 1 pg luciferase (recombinant, 210-10%°
units/mg protein, Sigma-Aldrich) per well. Luminescence was measured in white 96 well plates using
a Thermo Fisher Varioskan Flash spectrophotometer.

MTT assay for human cells

A549 cells have been cultivated in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
10 % fetal calf serum and passaged every 2-3 days.

HEK293T cells were cultured on gelatine coated cell culture dishes using DMEM supplemented with 10
% calf serum, and passaged every 2-3 days. Both lines were kept at 37 °C and 5 % CO..

All plates were coated overnight at 4 °C with 0.1 % gelatine in PBS before usage. 2-10* A549 or HEK293T
cells respectively were incubated with the mentioned concentrations of compound 8 in 100 puL of their
respective medium and incubated for 1, 2 and 3 days in the case of A549 or 1 day for HEK293T at 37°C
and 5% CO; in a 96 well plate. 10 uL of MTT solution (12 mM in PBS, sterile filtered with 0.2 uM filter)
were added. The cells were subsequently incubated for 2 h at 37 °C. Afterwards growth medium was
removed and 100 pL isopropanol was added to each well. The formazan was allowed to dissolve
overnight in a humidified chamber at room temperature and quantified by ODssp measurement using
a Thermo Fisher Varioskan Flash spectrophotometer.

MTT assay for bacteria

Bacteria were cultivated and treated with compound 8 as described above. After the incubation time,
100 ul of the bacteria solution were mixed with 500 pl 12mM MTT in PBS and incubated for 1 h at 37°C
and 250 rpm. Bacteria were then centrifuged for 20 min at 4700 rpm at RT. The supernatant was
discarded and the pellet was dissolved in 2 ml isopropanol overnight. ODsso was measured using a
Thermo Fisher Varioskan Flash spectrophotometer.
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Pl assay

5.10° A549 cells were incubated with indicated amounts of compound 8 in 1mL medium for 1, 2 or 3
days in a 24 well plate at 37 °C and 5 % CO,. After this incubation period, cells were washed with PBS,
detached using trypsin and EDTA and stained with propidium iodide at a concentration of 10 pg/mL in
PBS for 10 min. For the positive control, cells were heat shock-treated for 15 min at 60 °C. Staining has
been evaluated with FACS LSRII.

Radiolabeling of macromolecules

The radiolabeling was performed according to Ling et al.! Moraxella catarrhalis were grown for 15 h
on solid BHI medium (Bacto™ Brain Heart Infusion media from BD with addition of 20 pg/ml hemin
and 20 pg/ml NAD). The bacteria were harvested with a cotton swap, transferred into fresh liquid BHI
media, where the ODsso was measured to determine bacteria number. Bacteria suspension was diluted
in BHI medium to reach a final bacteria density of 2-10% cells/mL in 0.5 mL total volume. Antibiotics
with known bactericidal effect (moxifloxacin for DNA synthesis inhibition at 4 pg/mL (4xMIC)?,
rifampicin for inhibition of RNA synthesis at 0.06 pg/mL (2xMIC)3 or erythromycin for protein synthesis
disruption at 2 pg/mL (4xMIC)*) as well as compound 8 at 3 uM (6xMIC) were added to the respective
suspension. DMSO was used as solvent control. After incubation for 5 min (37°C, shaking at 750 rpm),
2.5 uL of a 1 mCi/mL aqueous solution of either tritium labeled 3H-thymidine (DNA), *H-uridine (RNA)
or 3H-leucine (protein) was added in the respective sample (end concentration: 5 uCi/mL). The sample
was incubated for 40 min (37°C, shaking at 750 rpm). Subsequently, 0.5 mL ice-cold 25% trichloroacetic
acid in water (w/w) was added, vortexed and centrifuged for 5 min at 13,000 rpm. The supernatant
was discarded and the pellet washed with 1 mL ice-cold 25% trichloroacetic acid (2 times) and 1 mL
ice-cold water (3 times) with centrifugation for 3 min at 13,000 rpm after each washing step. The
washed pellet was suspended in 0.5 mL water by ultra-sonication and mixed with 5 ml scintillation
liquid (Ready Safe™ from Beckman) by vortexing for 30 sec. The samples were prepared in biological
triplicates and 3H was measured with a scintillation counter (Beckmann LS 6000IC) over 10 min. For
determination of monomer incorporation, DPM values of the antibiotic samples were calculated in
proportion to the respective controls without antibiotic.

Membrane depolarization assay

The membrane depolarization assay was adjusted for Moraxella catarrhalis and performed as
described for the BacLight™ Bacterial Membrane Potential Kit (B34950). Moraxella spec. were grown
as described above and incubated with the amounts of compound 8 as indicated for 5, 15, 30, 45, 60,
90 and 120 minutes respectively. 1-10° cells were diluted in 1 mL PBS containing 5 uM CCCP
(carbonylcyanide 3-chlorophenylhydrazone; only for CCCP control) and 30 uM DiOCy(3) (3,3-
diethyloxacarbocyanine iodide). Samples have been incubated for 10 min. Fluorescence was measured
with BD LSRFortessa. To validate the assay, known cell membrane potential inhibitors have been added
in the following concentrations: Amytal 2 mM, Antimycin A 10 pg/mL and KCN at 1 mM. As an
additional positive control, bacteria have been heat shocked for 15 min at 60 °C.

Resistance studies

Moraxella catarrhalis were incubated as described above. The bacteria (ODsso of 0.2) were grown in
50 mL falcons containing 5 mL medium and compound 8 at 0.1 puM. After 12 hours the same amount
of bacteria was transferred into fresh medium containing 0.1 uM compound 8.

Every day ODsso = 0.2 of the challenged bacteria were incubated in 5mL medium containing either 1,
2.5, 10 or 50 uM compound 8 in 1% DMSO. The growth of these cultures was evaluated after 12 hours
by measuring the optical density in comparison to control containing DMSO at 1 %.
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Scanning electron microscopy

Bacteria were grown on BHI agar and incubated over night at 37 °C and 5 % CO,. 4-10° Bacteria from a
4 h pre-culture (in BHI; 37 °C, 220 rpm) were centrifuged on poly-lysine coated coverslips (3300 g x 15
min.). Compound 8 was added at 0.1, 0.5, 10 and 50 uM and incubated for 3 h at 37 °C and 5 % CO..
Bacteria were fixed with 2 x 300 uL fixation agent (3 % formaldehyde, 2 % glutardialdehyde, 0.09
M sucrose, 0.01 M CaCl,, 0.01 M MgCl; in 0.1 M HEPES) for 5 and 25 min respectively. Slips were
washed twice with 1 mL 0.1 M HEPES for 5 min each. Dehydration was performed with ethanol-
dilutions of 1 mL (30 %, 50 %, 70 % (overnight), 80 %, 90 %, 96 %, 3 x 100 %) for 10 min each, if not
indicated otherwise. Afterwards samples were dried with liquid CO; in critical point drying changing
the CO; 10 x with 10 min incubation in between, using a Baltec CPD 030 critical point dryer (Baltec,
Liechtenstein). Finally, samples were mounted on stubs with silver coating polish (drying overnight at
RT), sputtered with 6 nm platinum using Quorum Q 150R ES (Quorum Technologies Ltd, Laughton, East
Sussex, UK) in low pressure argon atmosphere and imaged using a Zeiss FIB-FESEM Auriga 40 TM
Crossbeam.

Microscopic imaging of A549 cells

1-10° A549 were seeded into 24 well plate and incubated with the concentrations of compound 8 as
indicated in 1 mL DMEM + 10 % FCS and incubated for 1, 2 or 3 days. DMSO was added to all samples
(treated and untreated) equalling a total concentration of 1 %. Pictures of the cells were taken every
day with a Nikon Eclipse TS100 microscope.

Detection of ROS

Moraxella species were incubated as described above. Bacteria were harvested through centrifugation
for 10 min at 4000 rpm at RT and washed in oxidative burst buffer (8 g/L NaCl, 0.2 g/L KCI, 0.62 g/L
KH2POg4, 1.14 g/L Na,HPO4, 1 g/L glucose, 50 mg BSA in ddH,0; pH 7.2 sterile filtered with 0.2 uM filter).
1-107 bacteria/well were seeded in 96 well plates in 50 L oxidative burst buffer. Compound 8 in DMSO
(1% final DMSO concentration), KCN or DMSO were premixed in separate plate in 50 uL oxidative burst
buffer containing 100 uM lucigenin (Santa Cruz Biotechnology) at their respective concentrations. KCN
was used as a ROS inducer at 1 mM and DMSO as solvent control at 1 %. Shortly before the experiment,
samples were transferred to a white 96 well plate. Luminescence was measured using a Thermo Fisher
Varioskan Flash spectrophotometer.
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2. Supporting Figures

Table S1. Bacterial strains used in this study.

Species Strain number Source Other stain numbers
Moraxella catarrhalis ATCC 25238 DSMZ? DSM 9143
Moraxella catarrhalis ATCC 43617 DSMZ? DSM 11994
Moraxella catarrhalis 251 N. Tépfner? 16418
Moraxella catarrhalis 252 N. Tépfner? 16745
Moraxella catarrhalis 253 N. Tépfner? 17833
Moraxella catarrhalis 254 N. Tépfner? 20972
Moraxella catarrhalis 255 N. Tépfner? 14665
Moraxella catarrhalis 256 N. Tépfner? 14668
Moraxella nonliquefaciens DSM 6327 DSMZ!
Moraxella osloensis DSM 6998 DSMZ?
Moraxella urethralis DSM 7531 DSMZ?
Neisseria meningitidis SerC C1938 T. F. Meyer® N95
Neisseria gonorrhoeae Ms11°® T. F. Meyer®
Escherichia coli EPEC 026 T. Oelschlager®
Enterococcus faecalis 438 Eye isolate
Haemophilus influenzae NTHi KN2° M. Huff-Nagel*
Haemophilus influenzae Rd KW20 A. Wright®
Klebsiella pneumoniae 3091 T. Oelschliger®
Mannheimia haemolytica 472 DSMZ! DSM 10531
Pseudomonas aeruginosa PAO1 DSMZ! DSM 22644
Streptococcus pyogenes 140 S. Backert”
Yersinia pseudotuberculosis 025 T. Oelschliger®

1Leibniz-Institute DSMZ-German Collection of Microorganisms and Cell Cultures

2Klinik und Poliklinik fur Kinder- und Jugendmedizin im Universitatsklinikum Dresden, Germany

3Max-Planck-Institute for Infection Biology, Berlin, Germany

4Praxis Dr. Huff-Nagel, practicing pediatrician, Konstanz, Germany

STufts University School of Medicine, Molecular Biology and Microbiology, Boston, USA

SInstitute for Molecular Infection Biology, Julius-Maximilian-Universitat Wirzburg, Germany

7Friedrich-Alexander Universitat Erlangen-Nurnberg, Erlangen, Germany

aEdwards, M., et al. (1984) Antigenic analysis of gonococcal pili using monoclonal antibodies. J Exp Med 160(6): 1782-91.
bTchoupa, A.K., et al. (2015) Outer membrane protein P1 is the CEACAM-binding adhesin of Haemophilus influenza. Mo/
Microbiol 98(3): 440-55.
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Figure S1. Growth curves of Gram-negative bacteria with the natural product PQS (1) and its synthetic
derivatives 1-0O-PQS (2), 1-S-PQS (3) and 4.
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Figure S2. (A) Growth curves of Moraxella catarrhalis ATCC 25238 with 1-S-PQS (3) and its derivatives
5-14. (B) Summarized results of growth curve from S2A. Values ranging from 0 to 1 were obtained as
described for growth of bacterial strains.
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Figure S3. Growth curves of Haemophilus influenzae NTHi KN2 (A) and Streptococcus pyogenes (B) with
1-S-PQS (3) and its derivatives 5-10. (C) Summarized results of growth curve from S3A and S3B. Values
from 0 (no growth) to 1 (full growth) were referenced to the controls as described in the section for

growth of bacterial strains.
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Figure S4. (A) Growth curves of Moraxella catarrhalis clinical isolates
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3. Syntheses

Chemicals and solvents for the synthesis were purchased from Sigma-Aldrich, Acros Organics, Carl Roth
or VWR Chemicals and were used without further purification. For silica gel chromatography, distilled
technical grade solvents and silica gel 60 A (Carl Roth) was used. Thin layer chromatography (TLC) was
performed using aluminum sheets “TLC silica gel 60 F254“ from Merck Millipore® and analyzed with
UV-light or by permanganate staining. NMR spectra were obtained with Bruker Avance-Ill 400, Bruker
Avance-1ll 600 NMR and Bruker Avance Neo 800 spectrometers at ambient temperature. Multiplicities
are given as follows: s -singlet, d - doublet, t - triplet, q - quartet, quint. - quintet, m - multiplet. Chemical
shifts (8) are given in parts per million (ppm) relative to the solvent residual signal with CDCl; 6, =7.26
ppm and &8¢ = 77.16 ppm, DMSO-ds 64 = 2.50 ppm and &¢ = 39.52 ppm.!! The data obtained were
processed and analyzed with Bruker Topspin 3.5 software. Mass spectrometry data were obtained on
an ESI-Orbitrap (Thermo Scientific, LTQ Orbitrap Velos) by direct injection and analyzed with Xcalibur
(Thermo Scientific) software. Preparative HPLC was performed on a Spot Prep Il system (Armen

Instruments).

1. Synthesis of 2-heptyl-3-hydroxychromen-4-one (2)

2-heptylchromen-4-one (2a)

O

O

A mixture of 2 g 2’-hydroxyacetophenone (14.7 mmol) and 3.3 g t-BuOK (29.4 mmol, 2 eq.) was
dissolved in 50 ml THF and 2.51 ml octanoyl chloride (14.7 mmol) was added. The mixture was stirred
at 80 °C for 4h. The reaction was allowed to cool to room temperature and 10 ml conc. H,SO4 was
added dropwise while the reaction was cooled in a water bath. The mixture was heated to 90 °C and
kept at this temperature for 90 min. The reaction was allowed to cool to room temperature and was
poured on ice. The water phase was extracted with ether (3x 100 ml) and the combined organic phases
washed once with water and dried with MgS0O,. After filtration, the solvent was evaporated and the
residue purified by column chromatography on silica 60 using ethyl acetate/ petrol ether 9:1. The
product was obtained as yellow oil (2.164 g, 60.2 %). *H-NMR (CDCl; 400.13 MHz ) 6 (ppm): 0.88 (m,
3H, H-15), 1.20-1.45 (m, 8H, H-11, H-12, H-13, H-14), 1.73 (m, 2H, H-10), 2.61 (t, 2H, J = 7.6 Hz, H-9),
6.17 (s, 1H, H-3), 7.36 (m, 1H, H-6), 7.41 (d, 1H, J = 8.4 Hz, H-8), 7.63 (m, 1H, H-7), 8.17 (m, 1H, H-5).
13C-NMR (CDCl5 100.26 MHz) & (ppm): 14.2 (C-15), 22.7, 29.1, 29.1, 31.8 (C-11-14, 26.9 (C-10), 34.5 (C-
9), 109.9 (C-3), 118.0 (C-8), 123.9 (C-4a), 125.0 (C-6), 133.5 (C-7), 125.8 (C-5), 156.7 (C-8a), 170.0 (C-2)
178.6 ( C-4).

2-heptyl-3-hydroxychromen-4-one (2)

O
OH
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2-heptylchromen-4-one (2a) (860 mg, 3.52 mmol) was dissolved in 50 ml toluene and 1.2 ml t-BuOOH
and 1.2 ml Triton B were added at 0°C. After stirring at 0°C for 35 min, additional 1.2 ml t-BuOOH and
1.2 ml Triton B were added and the reaction was stirred for another 30 min. The reaction was diluted
with ethyl acetate and washed with water and brine, dried with MgSQ,, filtered and the solvent
evaporated. NMR of the crude residue showed epoxide signals. The crude residue was dissolved in
30 ml DCM and 810 mg TsOH- H,0 was added. The mixture was stirred at room temperature for 2 h.
TLC showed almost complete conversion of the epoxide to the blue fluorescing product. The solvent
was evaporated and the residue purified by column chromatography on silica 60 using ethyl acetate/
petrol ether 5:1. The product was received as yellow solid (380 mg, 41.5 %). *H-NMR (CDCl; 399.79
MHz ) & (ppm): 0.88 (t, J = 7.0 Hz, 3H, H-15), 1.21 — 1.45 (m, 8H, H-11, H-12, H-13, H-14), 1.77 (p, /= 7.5
Hz, 2H, H-10), 2.84 (t, J = 7.7 Hz, 2H, H-9), 6.25 (s, 1H, -OH), 7.38 (t, J = 7.3 Hz, 1H, H-6), 7.47 (d, J = 8.5
Hz, 1H, H-8), 7.64 (t, J = 7.7 Hz, 1H, H-7), 8.22 (d, J = 7.8 Hz, 1H, H-5). 3C-NMR (CDCl5 100.54 MHz) &
(ppm): 14.2 (C-15), 22.7 (C-14), 26.8 (C-10), 29.0 (C-9), 29.1 (C-12), 29.3 (C-11), 31.9 (C-13), 118.3 (C-
8), 121.4 (C-4a), 124.4 (C-6), 125.6 (C-5), 133.1 (C-7), 138.2 (C-3), 152.5 (C-2), 155.6 (C-8a), 172.6 (C-4).

2. General synthesis of trans-unsaturated acids (3a, 7a and 8a)

Malonic acid (25 mmol) was dissolved in 10 ml pyridine and the aldehyde (25 mmol, 1 eq.) was added
together with 350 pl pyrrolidine (3 mmol, 0.5 mol%). The mixture warmed up and evolution of gas was
observed. The mixtures were stirred at room temperature for 20 h and were then poured together
into 60 ml 20% H3PO,4 solution. The mixtures were extracted with ethyl acetate and the combined
organic phases washed with brine, dried with MgSQ,, filtered and the solvent evaporated. The
products were purified by column chromatography using petrol ether/ethyl acetate mixtures.

(E)-dec-2-enoic acid (3a)

O

The product was obtained as colorless oil after purification by column chromatography using petrol
ether/ethyl acetate 5:1 (73% yield). Rf = 0.175 (PE/EA 5:1). 'H-NMR (CDCl3 399.79 MHz) § (ppm): 0.89
(m, 3H, -CHs), 1.18-1.39 (m, 8H, (-(CH,)s-CHs), 1.47 (m, 2H, =CH-CH,-CH;-), 2.23 (m, 2H, =CH-CH,-CH;-),
5.82 (dt, 1H, J = 15.7 Hz, J = 1.6 Hz, HOOC-CH=CH-), 7.08 (dt, 1H, J = 15.7, J = 6.9 Hz, HOOC-CH=CH-).
13C-NMR (CDCl; 100.54 MHz) & (ppm): 14.2 (-CHs), 28.0 (=CH-CH,-CH,-), 22.8, 29.18, 29.25, 31.9 (-
(CH3)4-CH3), 32.5 (=CH-CH,-CH>-), 120.6 (HOOC-CH=CH-), 152.6 (HOOC-CH=CH-), 171.7 (COOH).

(E)-5-phenylpent-2-enoic acid (7a)

O

HO~ &

The product was obtained as yellow solid after purification by column chromatography using petrol
ether/ethyl acetate 9:1 and 4:1 (43% yield). Rf= 0.2 (PE/EA 4:1).*H-NMR (CDCl3 399.79 MHz) & (ppm):
2.57 (m, 2H, H-4), 2.80 (m, 2H, H-5), 5.85 (dt, 1H, J=15.7,J= 1.6 Hz, H-2), 7.11 (dt, 1H,J=15.7,/=7.0
Hz, H-3),7.19 (m, 2H, H-2"), 7.21 (m, 1H, H-4"), 7.30 (m, 2H, H-3"). 3C-NMR (CDCl3100.54 MHz) 6 (ppm):
34.1(C-4),34.3 (C-5),121.3(C-2),126.4 (C-47), 128.5 (2C, C-27), 128.7 (2C, C-3"), 140.7 (C-17), 151.1 (C-
3),171.3 (C-1).

(E)-tridec-2-enoic acid (8a)

0]
HO)J\/\/\/\/\/\/
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The product was obtained as colorless oil after purification by column chromatography using petrol
ether/ethyl acetate 9:1 (61% yield). Rf= 0.2 (PE/EA 5:1). *H-NMR (CDCl; 399.79 MHz) 6 (ppm): 0.88 (m,
3H, -CHs), 1.23-1.47 (m, 14H, (-(CH;)7-CHs), 1.47 (m, 2H, =CH-CH>-CH,-), 2.23 (m, 2H, =CH-CH,-CH,-),
5.82 (dt, 1H, J = 15.7 Hz, J = 1.7 Hz, HOOC-CH=CH-), 7.08 (dt, 1H, J = 15.7, J = 6.8 Hz, HOOC-CH=CH-).
13C-NMR (CDCl5100.54 MHz) & (ppm): 14.2 (-CHs), 28.0 (=CH-CH,-CH>-), 22.8, 29.3, 29.45, 29.52, 29.66,
29.7, 32.0 (-(CH,)7-CHs), 32.5 (=CH-CH,-CH-), 120.6 (HOOC-CH=CH-), 152.6 (HOOC-CH=CH-), 171.4
(COOH).

3. General synthesis of thiochroman-4-ones (3b, 7b and 8b) from trans-unsaturated acids

The corresponding trans-unsaturated acid (1 eq.) was dissolved in dry DCM (1.5 ml for 3 mmol acid) in
a Schlenck tube with a septum under nitrogen. Thiophenol (1.eq) was added and the mixture was
cooled with an ice-bath to 0°C. Under nitrogen, trifluoromethanesulfonic acid (1 ml for 1 mmol acid)
was added and the mixture stirred at 0°C for 5 min. After that, the mixture was heated in a pre-heated
oil bath at 130 °C with a reflux cooler for 5 min. The reaction was allowed to cool to room temperature
and was poured on ice. DCM was added and the phases separated. The water phase was washed with
DCM and the combined organic phases washed twice with sat. NaHCOs; solution and brine. The organic
phases was dried with MgSQy,, filtered and the solved evaporated. The product was purified by column
chromatography on silica 60 using petrol ether/DCM mixtures.

2-heptylthiochroman-4-one (3b)
O

S

The product was obtained as slightly yellow oil after purification by column chromatography using
PE/DCM 4:1 and 1:1 (53% yield). Rf = 0.55 (PE/DCM 1:1). *H-NMR (CDCl5 399.79 MHz ) & (ppm): 0.88
(m, 3H, H-15), 1.20-1.37 (m, 8H, H-11-14), 1.46 (m, 2H, H-10), 1.71 (m, 2H, H-9), 2.80 (dd, J = 16.2 Hz,
J=11.1Hg, 1H, H-3), 3.04 (dd, J = 16.2 Hz, J = 3.1 Hz, 1H, H-3), 3.50 (m, 1H, H-2), 7.16 (m, 1H, H-6),
7.27 (m, 1H, H-8), 7.38 (m, 1H, H-7), 8.08 (dd, J = 8.0 Hz, J = 1.5 Hz, 1H, H-5). 3C-NMR (CDCl; 100.53
MHz) 6 (ppm): 14.2 (C-15), 22.8, 29.2, 29.3, 31.9 (C-11-14), 26.8 (C-10), 34.7 (C-9), 41.8 (C-2), 46.4 (C-
2),125.0 (C-6), 127.8 (C-8), 129.0 (C-5), 130.8 (C-4a), 133.6 (C-7), 141.9 (C-8a), 194.9 (C-4). ESI-HRMS:
m/z = 263.1465 [M+H]", calc. for C1sH2,0S + H* = 263.1464.

2-phenethylthiochroman-4-one (7b)
O

TTC

The product was obtained as yellow oil after purification by column chromatography using PE/DCM
1:1 (37% Yield). R¢= 0.5 (PE/DCM 1:1). *H-NMR (CDCl5 399.79 MHz ) & (ppm): 1.97 — 2.13 (m, 2H, H-9),
2.73 - 2.89 (m, 3H, H-3a (1H), H-10 (2H)), 3.07 (dd, J = 16.3 Hz, 3.2 Hz, 1H, H-3b), 3.43 —3.51 (m, 1H,
H-2), 7.14 — 7.32 (m, 7H, Ha), 7.39 (m, 1H, H-7), 8.08 (dd, J = 8.1 Hz, 1.3 Hz, 1H, H-5). 3C-NMR (CDCl3
100.53 MHz) & (ppm): 32.9 (C-10), 36.1 (C-9), 40.9 (C-2), 46.3 (C-3), 125.1 (C-6), 126.4 (C-4"), 127.8 (C-
8), 128.6 (2C, C-27), 128.7 (2C, C-37), 129.1 (C-5), 130.8 (C-4a), 133.7 (C-7), 140.6 (C-17), 141.4 (C-8a),
194.5 (C-4). ESI-HRMS: m/z = 269.0995 [M+H]*, calc. for C17H160S + H* = 269.0995.
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2-decylthiochroman-4-one (8b)
o

S

The product was obtained as yellow oil after purification by column chromatography using PE/DCM
4:1 (33% Yield). R¢= 0.1 (PE/DCM 4:1). *H-NMR (CDCl3 399.79 MHz ) 6 (ppm): 0.88 (t, 3H, J = 7.0 Hz, H-
18),1.20 - 1.32 (m, 14H, Haiy), 1.46 (m, 2H, H-10), 1.72 (m, 2H, H-9), 2.80 (dd, J = 16.3 Hz, 11.1 Hz, 1H,
H-3a), 3.05 (dd, J = 16.3 Hz, 3.1 Hz, 1 H, H-3b), 3.50 (m, 1H, H-2), 7.16 (m, 1H, H-6), 7.27 (m, 1H, H-8),
7.38 (m, 1H, H-7), 8.08 (dd, J = 8.0 Hz, 1.3 Hz, 1H, H-5). *C-NMR (CDCl; 100.53 MHz) 6 (ppm): 14.3 (C-
18), 22.8 (C-17), 26.8 (C-10), 29.3 (C-11 — C-15), 29.4 (C-11 — C-15), 29.5 (C-11 — C-15), 29.6 (C-11 - C-
15), 29.7 (C-11 - C-15), 32.0 (C-16), 34.65 (C-9), 41.8 (C-2), 46.4 (C-3), 125.0 (C-6), 127.8 (C-8), 129.0
(C-5), 130.8 (C-4a), 133.6 (C-7), 141.9 (C-8a), 194.9 (C-4). ESI-HRMS: m/z = 305.1935 [M+H]*, calc. for
C19H280S + H* = 305.1934.

4. General synthesis of chloropyridinyldecenols (9a, 10a and 11a)

Chloropyridine was dissolved in dry THF (10 ml for 0.5 g chloropyridine) under nitrogen and the
suspension was cooled to -78°C. LDA (2.5 eq.) was slowly added and the reaction stirred at -78°C for
1 h. Afterwards, trans-2-decenal (1.2 eq.) was added and the reaction stirred for another 45 min in
which the cooling bath temperature was allowed to slowly warm up to -50°C. The reaction was
guenched by the addition of sat. NH4Cl solution. The reaction was extracted with ethyl acetate, the
combined organic phases washed with brine, dried with MgSQ,, filtered and the solvent evaporated.
The products were purified by column chromatography using petrol ether/ethyl acetate mixtures.

(E)-1-(2’-chloropyridin-3’-yl)dec-2-en-1-ol (9a)
OH
% =
|
N~ ~Cl

The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 2:1 (42% Yield). R¢= 0.5 (PE/EA 2:1).*H-NMR (CDCl5 399.79 MHz ) & (ppm): 0.87 (t,
3H, J=7.0 Hz, H-10), 1.18 — 1.32 (m, 8H, H-6 — H-9), 1.37 (m, 2H, H-5), 2.04 (m, 2H, H-4), 5.50 (m, 1H,
H-1), 5.53 (m, 1H, H-2), 5.83 (m, 1H, H-3), 7.27 (dd, 1H, J=7.7 Hz, J= 4.8 Hz, H-5"), 7.94 (dd, 1H, J = 7.7
Hz, J = 2.0 Hz, H-4"), 8.29 (dd, 1H, J = 4.8 Hz, J = 2.0 Hz, H-6"). *C-NMR (CDCl3 100.53 MHz) & (ppm):
14.2 (C-10), 22.8, 29.1, 29.20 (2C), 31.9,32.3 (C-4 - C-9), 71.2 (C-1), 123.0 (C-5"), 129.5 (C-2), 134.8 (C-
3), 136.5 (C-47), 137.6 (C-3"), 148.4 (C-6"), 149.4 (C-2'). ESI-HRMS: m/z = 268.1459 [M+H]*, calc. for
CisH22CINO + H* = 268.1463.

(E)-1-(4"-chloropyridin-3’-yl)dec-2-en-1-ol (10a)

OH

NEZ Z

Xl

The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 2:1 (86% Yield). Rs= 0.35 (PE/EA 1:1). *H-NMR (CDCl5 399.79 MHz ) 6 (ppm): 0.87
(t, 3H,J=7.0 Hz, H-10), 1.17 — 1.32 (m, 8H, H-6 — H-9), 1.37 (m, 2H, H-5), 2.05 (m, 2H, H-4), 5.56 (m,
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1H, H-1), 5.60 (m, 1H, H-2), 5.83 (m, 1H, H-3), 7.31 (d, 1H, J = 5.4 Hz, H-5"), 8.41 (d, 1H, J = 5.4 Hz, H-
6'), 8.78 (s, 1H, H-2"). 3C-NMR (CDCl; 100.53 MHz) & (ppm): 14.2 (C-10), 22.8, 29.0, 29.2 (2C), 31.9,
32.2 (C-4 — C-9), 70.6 (C-1), 124.7 (C-5'), 129.5 (C-2), 134.9 (C-3), 137.0 (C-3'), 143.0 (C-4"), 148.7 (C-
6'), 148.9 (C-2'). ESI-HRMS: m/z = 268.1458 [M+H]*, calc. for C1sH2,CINO + H* = 268.1463.

(E)-1-(3’-chloropyridin-4’-yl)dec-2-en-1-ol (11a)

OH

% =

AN | Cl
The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 3:1 (50% Yield). R¢= 0.6 (PE/EA 1:1). *H-NMR (CDCl3 399.79 MHz ) § (ppm): 0.87 (t,
3H, J=7.0 Hz, H-10), 1.21 - 1.29 (m, 8H, H-6 — H-9), 1.36 (m, 2H, H-5), 2.04 (m, 2H, H-4), 5.50 (m, 1H,
H-1), 5.52 (m, 1H, H-2), 5.84 (m, 1H, H-3), 7.55 (d, 1H, J = 5.0 Hz, H-5"), 8.49 (d, 1H, J = 5.0 Hz, H-6"),
8.51 (s, 1H, H-2"). 3C-NMR (CDCl3100.53 MHz) & (ppm): 14.2 (C-10), 22.8, 29.0, 29.18, 29.20, 31.9, 32.3
(C-4 - C-9), 70.9 (C-1), 121.6 (C-57), 128.9 (C-2), 135.4 (C-3), 130.0 (C-4"), 148.3 (C-6"), 149.4 (C-2"),
149.5 (C-3°). ESI-HRMS: m/z = 268.1459 [M+H]", calc. for CisH2,CINO + H* = 268.1463.

5. General synthesis of chloropyridinyldecenones (9b, 10b and 11b)

The corresponding alcohol (9a, 10a, and 11a) was dissolved in acetone (4 ml for 1 mmol alcohol) and
MnO; (90%, 11 eq.) was added. The mixture was stirred at room temperature for 60 min. The mixture
was filtrated and the filtrate evaporated. The residue was purified by column chromatography using
petrol ether/ethyl acetate mixtures.

(E)-1-(2’-chloropyridin-3’-yl)dec-2-en-1-one (9b)

o

= | Z

SNl
The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 5:1 (45% Yield). R¢= 0.6 (PE/EA 5:1). *H-NMR (CDCl3 399.79 MHz ) & (ppm): 0.88 (t,
3H, J = 7.0 Hz, H-10), 1.16 — 1.35 (m, 8H, H-6 — H-9), 1.47 (m, 2H, H-5), 2.28 (m, 2H, H-4), 6.49 (dt, 1H,
J=15.8 Hz, J = 1.5 Hz, H-2), 6.75 (dt, 1H, J = 15.8 Hz, J = 6.9 Hz, H-3), 7.32 (dd, 1H, ) = 7.4 Hz, J = 4.9 Hz,
H-5°), 7.71 (dd, 1H, J = 7.4 Hz, J = 2.0 Hz, H-4’), 8.48 (dd, 1H, J = 4.9 Hz, J = 2.0, H-6"). *C-NMR (CDCl3
100.53 MHz) 6 (ppm): 14.2 (C-10), 22.7, 29.1, 29.3, 31.8 (C-6 — C-9), 28.0 (C-5), 33.0 (C-4), 122.4 (C-5"),
129.9 (C-2), 135.6 (C-3°), 138.2 (C-4"), 147.8 (C-2"), 150.9 (C-6°), 153.8 (C-3), 192.5 (C-1). ESI-HRMS: m/z
=266.1306 [M+H]*, calc. for Ci5H20CINO + H* = 266.1306.

(E)-1-(4"-chloropyridin-3’-yl)dec-2-en-1-one (10b)

O

NZ Z

Xl
The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 2:1 (63% Yield). Re= 0.3 (PE/EA 5:1). *H-NMR (CDCl3 600.3 MHz ) & (ppm): 0.88 (t,
3H, J=7.0 Hz, H-10), 1.26 — 1.34 (m, 8H, H-6 — H-9), 1.49 (m, 2H, H-5), 2.31 (m, 2H, H-4), 6.50 (dd, 1H,
J=15.9 Hz, J = 1.3 Hz, H-2), 6.78 (dt, 1H, J = 15.9 Hz, J = 6.8 Hz, H-3), 7.50 (d, 1H, J= 5.2 Hz, H-5"), 8.61
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(s, br, 2H, H-6" and H-2). 3C-NMR (CDCls 100.53 MHz) & (ppm): 14.2 (C-10), 22.7, 29.1, 29.3, 31.8 (C-6
—C-9),28.0 (C-5), 33.0 (C-4), 125.5 (C-5°), 130.1 (C-2), 135.2 (C-3°), 142.4 (C-4'), 149.1 (C-2"), 150.9 (C-
6°), 154.4 (C-3), 191.4 (C-1). ESI-HRMS: m/z = 266.1307 [M+H]", calc. for C1sH2CINO + H* = 266.1306.

(E)-1-(3"-chloropyridin-4’-yl)dec-2-en-1-one (11b)

The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 9:1 (50% Yield). R¢= 0.4 (PE/EA 7:1). *H-NMR (CDCl3 399.79 MHz ) & (ppm): 0.87 (t,
3H,J=7.0 Hz, H-10), 1.19 - 1.34 (m, 8H, H-6 — H-9), 1.46 (m, 2H, H-5), 2.28 (m, 2H, H-4), 6.41 (dt, 1H,
J=15.9 Hz, J = 1.5 Hz, H-2), 6.68 (dt, 1H, J = 15.9 Hz, J = 6.8 Hz, H-3), 7.22 (d, 1H, J = 4.8 Hz, H-5'), 8.56
(d, 1H,J = 4.8 Hz, H-6"), 8.65 (s, 1H, H-2). *C-NMR (CDCl5 100.53 MHz) & (ppm): 14.2 (C-10), 22.7, 29.1,
29.2,31.8 (C-6 — C-9), 27.9 (C-5), 33.1 (C-4), 122.4 (C-5), 128.2 (C-4"), 129.7 (C-2), 145.9 (C-3°), 148.0
(C-6°), 150.4 (C-2°), 155.2 (C-3), 192.4 (C-1). ESI-HRMS: m/z = 266.1302 [M+H]*, calc. for C1sH2CINO +
H* = 266.1306.

6. General synthesis of thiochroman-4-ones (9¢, 10c and 11c)

The corresponding chloropyridinyldecenone (9b, 10b, and 11b) was dissolved in DMF (3 ml for 0.7
mmol of educt) and the solution cooled to 0°C. NaSH - n H,0 (1.1 eq.) was added and the mixture
stirred at 0°C for 2h. The reaction was quenched by the addition of sat. NH.Cl solution and extracted
with ethyl acetate. The combined organic phases were washed with brine, dried with MgSQO,, filtered
and the solvent evaporated. The residue was purified by column chromatography using petrol
ether/ethyl acetate mixtures.

2-heptyl-2,3-dihydro-4H-thiopyrano[2,3-b]pyridin-4-one (9c)

The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 3:1 (35% Yield). R¢= 0.65 (PE/EA 3:1). *H-NMR (CDCl3; 399.79 MHz ) 6 (ppm): 0.88
(t, 3H,J=7.0 Hz, H-15), 1.22-1.35 (m, 8H, H-11 - H14), 1.49 (m, 2H, H-10), 1.75 (m, 2H, H-9), 2.84 (dd,
J=16.2 Hz, J = 10.7 Hz, 1H, H-3a), 3.07 (dd, J = 16.2 Hz, J = 3.1 Hz, 1H, H-3b), 3.53 (m, 1H, H-2), 7.12
(dd, 1H, J=7.8 Hz, J = 4.7 Hz, H-6), 8.27 (dd, 1H, J=7.8 Hz, J = 1.9 Hz, H-5), 8.54 (dd, 1H,J=4.7 Hz, J =
1.9 Hz, H-7). 3C-NMR (CDCl; 100.53 MHz) & (ppm): 14.2 (C-15), 22.7,29.17, 29.24, 31.8 (C-11-14), 26.8
(C-10),34.6 (C-9),40.4 (C-2),45.3 (C-3),120.1 (C-6), 127.3 (C-4a), 136.4 (C-5), 153.9 (C-7), 154.7 (C-8a),
194.6 (C-4). ESI-HRMS: m/z = 264.1411 [M+H]*, calc. for C1sH2:NOS + H* = 264.1417.

2-heptyl-2,3-dihydro-4H-thiopyrano[3,2-c]pyridin-4-one (10c)

The product was obtained as yellow solid after purification by column chromatography using petrol
ether/ethyl acetate 3:1 (20% Yield). R¢= 0.2 (PE/EA 5:1). *H-NMR (CDCl3 399.79 MHz ) & (ppm): 0.88 (m,
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3H, H-15), 1.22-1.34 (m, 8H, H-11 — H14), 1.46 (m, 2H, H-10), 1.74 (m, 2H, H-9), 2.82 (dd, J = 16.2 Hz, J
= 10.8 Hz, 1H, H-3a), 3.05 (dd, J = 16.2 Hz, J = 3.1 Hz, 1H, H-3b), 3.55 (m, 1H, H-2), 7.17 (d, 1H, J=5.6
Hz, H-8), 8.41 (d, 1H, J = 5.6 Hz, H-7), 9.09 (s, 1H, H-5). *C-NMR (CDCl5 100.53 MHz) & (ppm): 14.2 (C-
15), 22.7, 29.15, 29.2, 31.8 (C-11-14), 26.7 (C-10), 34.6 (C-9), 41.9 (C-2), 45.4 (C-3), 122.1 (C-8), 125.9
(C-4a), 149.6 (C-5), 151.1 (C-6), 153.1 (C-8a), 193.6 (C-4). ESI-HRMS: m/z = 264.1412 [M+H]*, calc. for
Ci1sH21NOS + H* = 264.1417.

2-heptyl-2,3-dihydro-4H-thiopyrano[2,3-c]pyridin-4-one (11c)
@]

X

N

The product was obtained as yellow oil after purification by column chromatography using petrol
ether/ethyl acetate 9:1 (15% Yield). R¢= 0.35 (PE/EA 7:1). *H-NMR (CDCl; 600.33 MHz ) & (ppm): 0.88
(t, 3H,J=7.0 Hz, H-15), 1.21-1.35 (m, 8H, H-11 - H14), 1.47 (m, 2H, H-10), 1.74 (m, 2H, H-9), 2.84 (dd,
J=16.5Hz,J=11.1 Hz, 1H, H-3a), 3.08 (dd, J = 16.5 Hz, J = 3.0 Hz, 1H, H-3b), 3.54 (m, 1H, H-2), 7.79 (d,
1H, J=5.2 Hz, H-5), 8.43 (d, 1H, J = 5.2 Hz, H-6), 8.62 (s, 1H, H-8). *C-NMR (CDCl3 100.53 MHz) & (ppm):
14.2 (C-15), 22.7, 29.17, 29.22, 31.8 (C-11-14), 26.8 (C-10), 34.5 (C-9), 42.0 (C-2), 46.2 (C-3), 120.6 (C-
5), 135.4 (C-4a), 137.1 (C-8a), 146.1 (C-6), 149.9 (C-8), 194.3 (C-4). ESI-HRMS: m/z = 264.1413 [M+H]",
calc. for Ci1sH2:NOS + H* = 264.1417.

S

7. General synthesis of 3-hydroxy-thiochromen-4-ones (3 and 7) from thiochroman-4-ones 3b and

7b)

The respective thiochroman-4-one was dissolved in a mixture of MeOH and EtOH (1:1) (10 ml for 1.25
mmol thiochromanone) under a nitrogen atmosphere and isoamyl nitrite (3 eq.) was added. At 0°C,
conc. HCl sol. (0.75 ml for 1.25 mmol thiochromanone) was added and the mixture stirred at 0°C for
10 min and 1h at room temperature until the reaction was kept under reflux conditions for 3.5 h. After
the mixture was cooled to room temperature and quenched by the addition of water, the mixture was
extracted with ether and the combined organic phases were washed with brine, dried with MgSQ,,

filtered and the solvent was evaporated. The residue was purified by column chromatography using
petrol ether/ethyl acetate mixtures.

2-heptyl-3-hydroxy-4H-thiochromen-4-one (3)

O
OH

S

The product was obtained as brown solid after purification by column chromatography using PE/EA
4:1 (20% vyield). R = 0.65 (PE/EA 4:1). *H-NMR (CDCl; 400.1 MHz ) & (ppm): 0.96 (m, 3H, H-15), 1.22 —
1.32 (m, 4H, H-13 and H-14), 1.35 (m, 2H, H-12), 1.41 (m, 2H, H-11), 1.75 (m, 2H, H-10), 2.84 (m, 2H,
H-9), 7.51 (m, 1H, H-6), 7.58 (m, 1H, H-7), 7.63 (m, 1H, H-8), 8.53 (d, J = 8.0 Hz, 1H, H-5). **C-NMR (CDCl;
100.6 MHz) 6 (ppm): 14.2 (C-15), 22.8, 29.07, 29.12, 29.3, 31.8 (4C, C-10 — C-14), 31.3 (C-9), 126.7 (C-
6), 128.9 (C-5), 129.0 (C-4a), 129.2 (C-2), 130.8 (C-7), 138.0 (C-8a), 144.1 (C-3), 174.1 (C-4). ESI-HRMS:
m/z =277.1256 [M+H]*, calc. for C1gH200,S + H* = 277.1257.
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3-hydroxy-2-phenethyl-4H-thiochromen-4-one (7)

The product was obtained as red/brown solid after purification by column chromatography using
PE/EA 5:1 (20% Yield). R¢= 0.6 (PE/EA 5:1). *H-NMR (CDCl; 600.3 MHz ) 6 (ppm): 3.04 — 3.15 (m, 4H, H-
9/H-10), 7.22 (m, 1H, H-4"), 7.24 - 7.32 (m, 4H, H-2" and H-3’), 7.53 (ddd, 1H, ) =8.2 Hz, J=7.5 Hz, ) =
1.4 Hz, H-6), 7.59 (ddd, 1H, J =8.3 Hz,J = 7.5 Hz, J = 1.5 Hz, H-7), 7.62 (dd, 1H, ) = 8.3 HZ, J = 1.4 Hz, H-
8), 8.54 (dd, J = 8.2 Hz, J = 1.5 Hz, H-5). **C-NMR (CDCl; 150.9 MHz) & (ppm): 33.4 (C-9), 34.9 (C-10),
126.2 (C-8),126.5 (C-4"), 126.8 (C-6), 127.7 (C-2), 128.6 and 128.7 (4C, C-2" and C-3"), 128.9 (C-5), 129.0
(C-4a), 131.0 (C-7), 137.9 (C-8a), 140.5 (C-1’), 144.3 (C-3), 174.2 (C-4). ESI-HRMS: m/z = 283.0784
[M+H]*, calc. for C17H140,S + H" = 283.0787.

8. General synthesis of 3-hydroxy-thiochromen-4-ones (8, 9 and 10) from thiochroman-4-ones (8b, 9c¢

and 10c)

The corresponding thiochroman-4-one was dissolved in EtOH (10 ml for 1.0 mmol thiochromanone)
under a nitrogen atmosphere and conc. HCl sol. (0.5 ml for 1.0 mmol thiochromanone) was added. At
room temperature, isoamyl nitrite (4.3 ml for 1.0 mmol thiochromanone) was added and the mixture
stirred overnight at room temperature. The reaction was quenched by the addition of water, extracted
with ethyl acetate and the combined organic phases were washed with brine, dried with MgSQ,,
filtered and the solvent evaporated. The residue was purified by column chromatography using petrol
ether/ethyl acetate mixtures.

2-decyl-3-hydroxy-4H-thiochromen-4-one (8)

O
OH

S

The product was obtained as yellow solid after purification by column chromatography using PE/EA
7:1 (15% Yield). R¢= 0.55 (PE/EA 7:1). *H-NMR (CDCl; 399.79 MHz ) & (ppm): *H-NMR (CDCl; 399.79
MHz ) 6 (ppm): 0.88 (m, 3H, H-18), 1.16 — 1.38 (m, 14H, H-11 — H-17), 1.75 (m, 2H, H-10), 2.84 (m, 2H,
H-9), 7.52 (m, 1H, H-6), 7.59 (m, 1H, H-7), 7.64 (d, 1H, J = 7.7 Hz, H-8), 8.53 (d, 1H, J = 8.2 Hz, H-5). 13C-
NMR (CDCl3100.53 MHz) 6 (ppm): 14.2 (C-18), 22.8, 29.37, 29.45 (2C), 29.6, 29.7, 32.0 (C-11-17), 29.1
(C-10), 31.1 (C-9), 126.1 (C-8), 126.7 (C-6), 128.9 (C-5), 129.0 (C-4a), 129.5 (C-2), 130.9 (C-7), 138.0 (C-
8a), 144.1 (C-3), 174.1 (C-4). ESI-HRMS: m/z = 319.1722 [M+H]", calc. for C19H260,S + H* =319.1726.

2-heptyl-3-hydroxy-4H-thiopyrano[2,3-b]pyridin-4-one (9)
OH
The product was obtained as slightly yellow solid after pre-purification by column chromatography

using petrol ether/ethyl acetate 5:1 and eventually purification by prep. HPLC using H,0 + 0.1% FA (A)
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and MeCN + 0.1% FA (B) with a linear gradient 5% A-> 95% B in 35 min on a Reprosil-Pur 120 C-18-AQ
column (250x20 mm, Dr. Maisch) (25% Yield). R¢ = 0.42 (PE/EA 5:1). 'H-NMR (CDCl3 399.79 MHz ) §
(ppm): 0.88 (t, 3H, J = 7.0 Hz, H-15), 1.24-1.32 (m, 4H, H-13-14), 1.35 (m, 2H, H-12), 1.43 (m, 2H, H-11),
1.77 (m, 2H, H-10), 2.87 (m, 2H, H-9), 7.42 (s, br, -OH), 7.47 (dd, 1H, J = 8.2 Hz, J = 4.5 Hz, H-6), 8.77
(dd, 1H, J=8.2 Hz, J = 1.8 Hz, H-5), 8.79 (dd, 1H, J = 4.5 Hz, J = 1.8 Hz, H-7). *C-NMR (CDCl5 100.53 MHz)
6 (ppm): 14.2 (C-15), 22.7, 29.0, 29.1, 29.3, 31.8 (C-10-14), 31.2 (C-9), 121.8 (C-6), 126.1 (C-4a), 130.9
(C-2),137.1 (C-5), 144.3 (C-3), 152.5 (C-7), 158.6 (C-8a), 174.6 (C-4). ESI-HRMS: m/z = 278.1208 [M+H]*,
calc. for Ci1sH1gNO,S + H* = 278.1209.

2-heptyl-3-hydroxy-4H-thiopyrano[3,2-c]pyridin-4-one (10)

The product was obtained as yellow solid after purification by column chromatography using petrol
ether/ethyl acetate 3:1 (33% Yield). R¢= 0.2 (PE/EA 3:1). 'H-NMR (CDCl; 400.1 MHz ) & (ppm): 0.88 (m,
3H, H-15), 1.23 — 1.31 (m, 4H, H-13 and H-14), 1.34 (m, 2H, H-12), 1.41 (m, 2H, H-11), 1.74 (m, 2H, H-
10), 2.83 (m, 2H, H-9), 7.50 (d, 1H, J = 5.4 Hz, H-8), 7.61 (s, br, -OH), 8.64 (s, br, 1H, H-7), 9.69 (s, br, 1H,
H-5).23C-NMR (CDCl3 100.6 MHz) & (ppm): 14.2 (C-15), 22.8, 28.9, 29.1, 29.3, 31.8 (C-10-14), 31.2 (C-9),
119.8 (C-8),124.0 (C-4a), 128.9(C-2), 145.7 and 146.0 (C-3 and C8a), 148.2 (C-7), 173.8 (C-4). ESI-HRMS:
m/z = 278.1206 [M+H]*, calc. for C1sH1sNO,S + H* = 278.1209.

9. Synthesis of 2-heptyl-3-hydroxy-4H-thiochromen-4-one 1-oxide (5) and 2-heptyl-3-hydroxy-4H-
thiochromen-4-one 1,1-dioxide (6)

2-Heptyl-3-hydroxy-4H-thiochromen-4-one (3) (205 mg, 0.9 mmol) was dissolved in 15 ml DCM and
200 mg mCPBA (1 eq.) was added. The reaction was stirred at room temperature for 1 h and quenched
by the addition of water, extracted with DCM and the combined organic phases were washed with
brine, dried with MgSQ,, filtered and the solvent was evaporated. The residue was pre-purified by
column chromatography using petrol ether/ethyl acetate 2:1 which resulted in 3 fraction. The first
fraction contained the clean educt (m = 73.9 mg, 36%). Fraction number 2 and 3 contained the mono-
and dioxidized products (5) and (6) respectively. The second and third fraction were separately purified
by column chromatography using DCM/MeOH mixtures.

2-heptyl-3-hydroxy-4H-thiochromen-4-one 1-oxide (5)
(@)

The product was obtained as slightly yellow solid after purification by column chromatography using
DCM/MeOH 97:3 (12% Yield). R¢= 0.36 (DCM/MeOH 97:3). *H-NMR (CDCls 400.1 MHz ) & (ppm): 0.88
(m, 3H, H-15), 1.22 — 1.33 (m, 4H, H-13 and H-14), 1.37 (m, 2H, H-12), 1.46 (m, 2H, H-11), 1.79 (m, 2H,
H-10), 2.91 (m, 2H, H-9), 7.36 (s, 1H, OH), 7.72 (t, J = 7.6 Hz, 1H, H-6), 7.85 (t, /= 7.6 Hz, 1H, H-7), 8.13
(d, J = 8.0 Hz, 1H, H-8), 8.35 (d, J = 7.8 Hz, 1H, H-5). 3C-NMR (CDCl; 100.6 MHz) & (ppm): 14.2 (C-15),
22.8,29.1, 31.8 (3C, C-12 — C14), 26.8 (C-9), 28.3 (C-10), 29.6 (C-11), 126.2 (C-4a), 129.0 (C-8), 129.1
(C-5), 131.7 (C-6), 134.3 (C-7), 134.5 (C-2), 144.4 (C-3), 146.1 (C-8a), 176.0 (C-4). ESI-HRMS: m/z =
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293.1205 [M+H]*, calc. for C16H2003S + H* = 293.1206, m/z = 291.1064 [M-H];, calc. for C16H2003S — H* =
291.1060.

2-heptyl-3-hydroxy-4H-thiochromen-4-one 1,1-dioxide (6)

O
OH

/7 \\

The product was obtained as white solid after purification by column chromatography using
DCM/MeOH 99:1 (25% Yield). R¢= 0.67 (DCM/MeOH 99:1). *H-NMR (CDCl3 399.79 MHz ) 6 (ppm): 0.87
(m, 3H, H-15), 1.23 - 1.40 (H-12 — H-14), 1.40 - 1.51 (m, 2H, H-11), 1.76 — 1.87 (m, 2H, H-10), 2.76 (m,
2H, H-9), 7.27 (s, 1H, OH), 7.75 (t, / = 7.7 Hz, 1H, H-6), 7.89 (t, J = 7.6 Hz, 1H, H-7), 8.10 (d, J = 8.0 Hz,
1H, H-8), 8.28 (d, J = 7.8 Hz, 1H, H-5). **C-NMR (CDCl; 100.53 MHz) & (ppm): 14.2 (C-15), 22.8 (C-12 —
C-14), 23.7 (C-9), 28.4 (C-10), 29.0 (C-12 — C-14), 29.8 (C-11), 31.9 (C-12 — C-14), 123.9 (C-8), 125.6 (C-
4a), 128.6 (C-5), 129.6 (C-2), 133.0 (C-6), 135.7 (C-7), 143.3 (C-3), 145.8 (C-8a), 176.0 (C-4). ESI-HRMS:
m/z = 307.1011 [M-H];, calc. for C16H2004S — H* = 307.1010.

10. General synthesis of 3-((phenyl)thio)propanoic acids (11a — 14a)

CI/\)J\OH A o)

SH 1M NaOH, 1M Na,COs,
EtOH:H,0 1:1, reflux 3h

;’ﬁ)
N\ /
Py
— | =
\
mﬁ
@)
T

The substituted thiophenol (1 eq.) was dissolved in ethanol (15 ml/ 7 mmol thiophenol) and added to
a mixture of 1 M NaOH (5.4 ml/7 mmol thiophenol) and 1 M Na,COs (5.4 ml/7 mmol thiophenol). The
mixture was stirred for 5 min at room temperature and 3-chloropropanoic acid (1.02 eq.) in H.0 (4
ml/7 mmol acid) was added. The mixture was stirred for 3 h under reflux. After the reaction was
allowed to cool to room temperature, the ethanol was evaporated under reduced pressure and the
water phase acidified to pH = 1 with 6 M HCI solution. The purification procedure varied and is
described for the individual compounds.

3-((2,5-dimethylphenyl)thio)propanoic acid (11a)

O

s/\)km

After acidification, the mixture was extracted with DCM and the combined organic layers washed with
brine, dried with Na,SO,, filtered and the solvent evaporated. The residue was purified by column
chromatography on silica gel with petrol ether/ethyl acetate 4:1 and 1:1. The compound was obtained
as white solid (m = 1.21 g, 80.7%). R¢ = 0.37 (petrol ether/ethyl acetate 1:1). *H-NMR (CDCl; 400.13
MHz) & (ppm): 2.31 (s, 3H, C5-CH3), 2.35 (s, 3H, C2-CH3), 2.68 (t, 2H, J = 7.4 Hz, -S-CH»-CH,-), 3.13 (t, 2H,
J=7.4 Hz, -S-CH,-CH,-), 6.95 (m, 1H, H-4), 7.07 (d, 1H, J = 7.7 Hz, H-3), 7.14 (m, 1H, H-6). 3 C-NMR (CDCl3
100.54 MHz) & (ppm): 20.1 (C2-CH3), 21.1 (C5-CH3), 28.3 (-S-CH,-CH>-), 34.1 (-S-CH»-CH»-), 127,7 (C-4),
130.36 (C-6), 130.44 (C-3), 133.9 (C-1), 135.8 (C-2), 136.3 (C-5), 177.5 (COOH).
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3-((4-bromophenyl)thio)propanoic acid (12a)

Br
O
\©\3/\)J\OH

After acidification, the white precipitate was collected by filtration, washed with water and petrol
ether and dried under vacuum to obtain the product as white solid (m = 1.85 g, 99.2%). *H-NMR (CDCl;
400.13 MHz) 6 (ppm): 2.67 (t, 2H, J = 7.3 Hz, -S-CH,-CH;-), 3.14 (t, 2H, J = 7.3 Hz, -S-CH,-CH>-), 7.24 (m,
2H, H-2), 7.42 (m, 2H, H-3). *C-NMR (CDCl3100.54 MHz) & (ppm): 29.1 (-S-CH,-CH-), 34.1 (-S-CH2-CH,-),
121.0 (C-4), 132.0 (C-2), 132.2 (C-3), 134.3 (C-1), 177.1 (COOH).

3-(naphthalen-2-ylthio)propanoic acid (13a)

After acidification, the white precipitate was collected by filtration, washed with water and petrol
ether and dried under vacuum to obtain the product as white solid (m = 1.64 g, 99.0%). *H-NMR (CDCl;
400.13 MHz) & (ppm): 2.72 (t, 2H, J = 7.4 Hz), 3.26 (t, 2H, J = 7.4 Hz), 7.40 — 7.54 (m, 3H), 7.74 — 7.87
(m, 4H). 3C-NMR (CDCl3 100.54 MHz) & (ppm): 29.0 (-S-CH»-CH,-), 34.2 (-S-CH,-CH,-), 126.2, 126.8,
127.4,127.7,128.1, 128.7, 128.9, 132.3, 132.5, 133.9 (10C, naphthalene), 177.1 (COOH).

3-((3-methoxyphenyl)thio)propanoic acid (14a)

O
\OQ\S/\)J\OH

After acidification, the mixture was extracted with DCM and the combined organic layers were washed
with brine, dried with NaSO,, filtered and the solvent was evaporated. The residue was purified by
column chromatography on silica gel with petrol ether/ethyl acetate 4:1 and 1:1. The compound was
obtained as slightly yellow oil (m = 2.98 g, 98.4%). Rs = 0.5 (petrol ether/ethyl acetate 1:1). 'H-NMR
(CDCl5 400.13 MHz) & (ppm): 2.69 (t, 2H, J = 7.4 Hz, -S-CH,-CH,-COOH), 3.16 (t, 2H, J = 7.4 Hz, -S-CH,-
CH,-COOH), 6.76 (dd, 1H, J = 8.3 Hz, J = 2.2 Hz, H-4), 6.91 (m, 1H, H-2), 6.95 (d, 1H, J = 7.6 Hz, H-6), 7.21
(dd, 1H, J=8.3 Hz, J = 7.6 Hz, H-5). 3C-NMR (CDCl3100.54 MHz) & (ppm): 28.7 (-S-CH»-CH,-COOH), 34.3
(-S-CH,-CH,-COOH), 112.6 (C-4), 115.6 (C-2), 122.3 (C-6), 130.0 (C-5), 136.4 (C-1), 160.1 (C-3), 177.9
(COOH).

11. General synthesis of thiochroman-4-ones (11b — 14b)

A o H,SO, _

R >~ R
P S/\)J\OH 0°C to rt, 24h X | S

The substituted 3-(phenylthio)propanoic acid was added portion wise to conc. H,S04 (10 ml/5 mmol
3-(phenylthio)thiopropanoic acid) at 0°C. The mixture was stirred at 0°C for 20 min and afterwards 24 h
at room temperature. The reaction was poured on ice and extracted with DCM. The combined organic
layers were washed with brine, dried with Na,S0O., filtered and the solvent evaporated. The residues
were purified as described for the individual compounds.

5,8-dimethylthiochroman-4-one (11b)
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The residue was purified by column chromatography on silica gel with petrol ether/ethyl acetate 9:1.
The product was obtained as slightly yellow oil (m = 340 mg, 33.5%). R¢= 0.57 (ether/ethyl acetate 9:1).
'H-NMR (CDCl3 400.13 MHz) 6 (ppm): 2.28 (s, 3H, C8-CHs), 2.56 (s, 3H, C5-CHs), 2.97 (m, 2H, H-3), 3.18
(m, 2H, H-2), 6.88 (d, 1H, J = 7.6 Hz, H-6), 7.12 (d, 1H, J = 7.6 Hz, H-7). 3C-NMR (CDCl5 100.54 MHz) 6
(ppm): 20.3 (C8-CH3), 23.8 (C5-CHs), 25.8 (C-2), 41.3 (C-3), 128.4 (C-6), 130.5 (C-4a), 133.18 (C-8),
133.24 (C-7), 140.2 (C-5), 142.3 (C-8a), 197.1 (C-4).

6-bromothiochroman-4-one (12b)

(@]
Br

S

The residue was purified by column chromatography on silica gel with petrol ether/DCM 1:1. The
product was obtained as yellow solid (m = 770 mg, 58.6%), R¢ = 0.32 (petrol ether/DCM 1:1). *H-NMR
(CDCl5 400.13 MHz) 6 (ppm): 2.97 (m, 2H, H-3), 3.24 (m, 2H, H-2), 7.16 (d, 1H, J = 8.5 Hz, H-8), 7.47 (dd,
1H, J = 8.5 Hz, J = 2.3 Hz, H-7), 8.22 (d, 1H, J = 2.3 Hz, H-5). 23C-NMR (CDCl5 100.54 MHz) & (ppm): 26.6
(C-2),39.3 (C-3), 118.9 (C-4a), 129.4 (C-8), 132.0 (C-5), 132.3 (C-6), 136.1 (C-7), 141.3 (C-8a), 192.8 (C-
4).

2,3-dihydro-1H-benzo[f]thiochromen-1-one (13b)

The residue was purified by column chromatography on silica gel with petrol ether/DCM 1:1. The
product was obtained as yellow oil (m = 405 mg, 33.7%). R¢ = 0.13 (petrol ether/DCM 1:1). *H-NMR
(CDCl5 400.13 MHz) 6 (ppm): 3.11 (t, 2H, J = 7.4 Hz, H-3), 3.29 (t, 2H, J = 6.3 Hz, H-2), 7.28 (d, 2H, /= 8.7
Hz, H-5), 7.45 (m, 1H, H-8), 7.60 (m, 1H, H-9), 7.74 (d, 1H, J = 8.1 Hz, H-7), 7.77 (d, 1H, J = 8.8 Hz, H-6),
9.16 (d, 1H, J = 8.8 Hz, H-10). 3C-NMR (CDCl5 100.54 MHz) & (ppm): 26.5 (C-3), 41.4 (C-2), 125.5 (C-5),
125.8 (2C, C-10b, C-9), 126.2 (C-10), 128.6 (C-7), 129.3 (C-8), 131.9 (C-6a), 132.6 (C-10a), 133.7 (C-6),
145.3 (C-4a), 196.3 (C-1).

S27



7-methoxythiochroman-4-one (14b)

)

~0 S

The residue was purified by column chromatography on silica gel with petrol ether/ethyl acetate 4:1
and 1:1. Two fractions were collected. The first fraction was obtained with PE/EA 4:1 as yellow solid
and identified as 7-methoxythiochroman-4-one (m = 504 mg, 18.9%). R¢ = 0.38 (petrol ether/ethyl
acetate 4:1). *H-NMR (CDCl; 400.13 MHz) & (ppm): 2.92 (m, 2H, H-3), 3.22 (m, 2H, H-2), 3.83 (s, -CHs),
6.70 (dd, 1H, J = 8.7 Hz, J = 2.3 Hz, H-6), 6.72 (d, 1H, J = 2.3 Hz, H-8), 8.07 (d, 1H, J = 8.7 Hz, H-5). 3C-
NMR (CDCl;100.54 MHz) & (ppm): 27.0 (C-2), 39.5 (C-3), 55.7 (-CH3) 110.9 (C-8), 112.7 (C-6), 124.8 (C-
4a), 131.5 (C-5), 144.5 (C-8a), 163.3 (C-7), 193.0 (C-4). The second fraction was obtained with PE/EA
3:2 as yellow oil and identified as 5-methoxythiochroman-4-one (m = 166 mg, 6.2%). Rf = 0.4 (petrol
ether/ethyl acetate 3:2). 'H-NMR (CDCls; 400.13 MHz) & (ppm): 2.97 (m, 2H, H-3), 3.17 (m, 2H, H-2),
3.88 (s, -CHs), 6.70 (d, 1H, J = 8.3 Hz, H-6), 6.85 (d, 1H, J = 8.0 Hz, H-8), 7.26 (dd, 1H, J = 8.0 Hz, 8.3 Hz,
H-7). **C-NMR (CDCl; 100.54 MHz) & (ppm): 26.5 (C-2), 41.7 (C-3), 56.2 (-CHs) 108.8 (C-6), 119.9 (C-8),
121.5 (C-4a), 133.6 (C-7), 144.3 (C-8a), 161.4 (C-5), 194.2 (C-4).

12. General synthesis of thiochromen-4-ones (11c — 14c)

@) @)
NCS N N
R DCM, 0°C to rt, 24h RT |
S , 011, Z g

The thiochoman-4-one (1eq.) was dissolved in 10 ml DCM and cooled in an ice-bath. To the solution
was added N-chlorosuccinimide (NCS, 1 eq.) and the mixture was stirred for 20 min at 4°C. The mixture
was allowed to reach room temperature and was stirred for 24 h. The reaction was quenched by the
addition of water and the water phase extracted with DCM. The combined organic layers were washed
with brine, dried with Na,S0O,, filtered and the solvent was evaporated. The residues were purified as
described for the individual compounds.

5,8-dimethyl-4H-thiochromen-4-one (11c)

O

The residue was purified by column chromatography on silica gel using DCM and DCM + 1% MeOH.
The product was eluted with DCM + 1% MeOH and obtained as off-white crystalline solid (m = 224 mg,
68.6%). Rf = 0.125 (DCM). *H-NMR (CDCl; 400.13 MHz) & (ppm): 2.47 (s, 3H, C8-CHs), 2.85 (s, 3H, C5-
CHs), 7.00 (d, 1H, J = 10.4 Hz, H-3), 7.20 (d, 1H, J = 7.6 Hz, H-6), 7.31 (d, 1H, J= 7.6 Hz, H-7), 7.72 (d, 1H,
J=10.4 Hz, H-2). 3C-NMR (CDCl5 100.54 MHz) & (ppm): 20.0 (C8-CHs), 25.1 (C5-CHs), 127.6 (C-3), 130.9
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(C-6), 131.2 (C-4a), 132.1 (C-7), 132.6 (C-8), 135.3 (C-2), 138.8 (C-8a), 141.2 (C-5), 183.0 (C-4). ESI-
HRMS: m/z = 191.0523 [M+H]*, calc. for C11H100S + H* = 191.0525.

6-bromo-4H-thiochromen-4-one (12c)

O
Br

S

The residue was purified by column chromatography on silica gel using DCM. The product was obtained
as pink crystalline solid (m = 558 mg, 80.4%). Rf = 0.22 (DCM). *H-NMR (CDCl; 400.13 MHz) & (ppm):
7.02 (d, 1H, J=10.4 Hz, H-3), 7.48 (d, 1H, J = 8.6 Hz, H-8), 7.70 (dd, 1H, J = 8.6 Hz, J = 2.1 Hz, H-7), 7.83
(d, 1H, J=10.4 Hz, H-2), 8.67 (d, 1H, J = 2.1 Hz, H-5). *C-NMR (CDCl5 100.54 MHz) & (ppm): 122.4 (C-6),
126.0 (C-3), 128.4 (C-8), 131.6 (C-5), 133.7 (C-4a), 134.7 (C-7), 136.3 (C-8a), 137.9 (C-2), 178.5 (C-4).
ESI-HRMS: m/z = 240.9318 [M+H]*, calc. for CoHs’°BrOS + H* = 240.9317, m/z = 242.9291 [M+H]", calc.
for CoHs®'BrOS + H* = 242.9297.

1H-benzo[f]thiochromen-1-one (13c)

The residue was purified by column chromatography on silica gel using DCM + 1% MeOH. Two fractions
were isolated. Fraction 1 was obtained as yellow crystalline solid and identified as the product (m =
333 mg, 86.7%), Rs = 0.175 (DCM + 1% MeOH). *H-NMR (CDCl; 400.13 MHz) & (ppm): *H-NMR (CDCls
400.13 MHz) 6 (ppm): 7.18 (d, 1H, J=10.5 Hz, H-2), 7.55 (d, 1H, J = 8.7 Hz, H-5), 7.64 (m, 1H, H-8), 7.75
(m, 1H, H-9), 7.77 (d, 1H, J = 10.5 Hz, H-3), 7.89 (d, 1H, J = 7.8 Hz, H-7), 7.89 (d, 1H, J = 8.7 HZ, H-6),
10.13 (d, 1H, J = 8.9 HZ, H-10). **C-NMR (CDCl; 100.54 MHz) & (ppm): 123.9 (C-5), 127.4 (C-10), 127.6
(C-8),127.7 (C-10b), 128.5 (C-7), 129.2 (C-9), 129.8 (C-2), 132.5 (C-6a), 132.8 (C-10a), 133.0(C-6), 133.9
(C-3), 140.7 (C-4a), 182.1 (C-1). ESI-HRMS: m/z = 213.0366 [M+H]*, calc. for C13HsOS + H* = 213.0369.

7-methoxy-4H-thiochromen-4-one (14c)

O

~0 S

The residue was purified by column chromatography on silica gel using DCM + 2% MeOH. The product
was obtained as of-white solid and identified as the product (m = 443 mg, 90.6%), Rs = 0.25 (DCM + 2%
MeOH). *H-NMR (CDCl; 400.13 MHz) & (ppm): 3.90 (s, 3H, -OCH3), 6.96 (d, 1H, J = 10.5 Hz, H-3), 7.00
(d, 1H, J = 2.4 Hz, H-8), 7.09 (dd, 1H, J = 9.0 Hz, J = 2.4 Hz, H-6), 7.72 (d, 1H, J = 10.5 Hz, H-2), 8.47 (d,
1H, J = 9.0 Hz, H-5). 3C-NMR (CDCl; 100.54 MHz) & (ppm): 55.8 (-OCHs), 110.1 (C-8), 116.8 (C-6), 126.1
(C-3), 126.3 (C-4a), 130.9 (C-5), 137.1 (C-2), 139.9 (C-8a), 161.9 (C-7), 179.3 (C-4). ESI-HRMS: m/z =
193.0315 [M+H]", calc. for C10HsO,S + H* = 193.0318.
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13. General synthesis of 2-heptylthiochroman-4-ones (11d — 14d)

Q 0
[Cu(MeCN)4]PFs, TMSI,
R'—\ | heptylmagnesium bromide R X
Z s DCM, -78°C, 90 min s

A solution of heptylmagnesium bromide was prepared by adding 1.5 eq. 1-bromoheptane to 1.575 egq.
magnesium in dry diethyl ether (1.0 ml / 1.0 mmol 1-bromoheptane) under nitrogen. The reaction
started spontaneously and was complete within 20 min. Separately, 1 eq. thiochroman-4-one was
dissolved in dry DCM (20.0 ml / 1.0 mmol thiochroman-4-one) under nitrogen, cooled to -78°C and
0.05 eq. [Cu(MeCN)4]PFs were added. The reaction was stirred for 10 min at -78°C. To this mixture
were added simultaneously the aforementioned reaction mixture with heptylmagnesium bromide and
3 eq. trimethylsilyl iodide (TMSI). The reaction was kept at -78°C for 90 min and afterwards quenched
by the addition of 10% HCI solution at -78°C. After reaching room temperature, the mixture was
extracted three times with DCM, the combined organic phases were washed with sat. Na,5,03 and
brine, dried with Na,SO,, filtered and the solvent evaporated. The residues were purified as described
for the individual compound.

2-heptyl-5,8-dimethylthiochroman-4-one (11d)

O

The residue was purified by column chromatography on silica gel using n-hexane/DCM 1:1. The
product was obtained as white solid, 82.6% yield, R¢ = 0.45 (hexane/DCM 1:1). *H-NMR (CDCl; 400.13
MHz) & (ppm): 0.89 (m, 3H, H-15), 1.21 —1.38 (m, 8H, H-11-14), 1.48 (m, 2H, H-10), 1.72 (m, 2H, H-9),
2.28 (s, 3H, C8-CHs), 2.56 (s, 3H, C5-CHs), 2.79 (dd, 1H, J = 15.0 Hz, J = 11.1 Hz, H-3a), 3.00 (dd, 1H, J =
15.0 Hz, J = 3.2 Hz, H-3b), 3.42 (m, 1H, H-2), 6.86 (d. 1H, J = 7.7 Hz, H-6), 7.11 (d, 1H, J = 7.7 Hz, H-7).
13C-NMR (CDCl3100.54 MHz) & (ppm): 14.2 (C-15), 20.3 (C8-CHs), 23.6 (C5-CHs), 22.7, 29.2, 29.4, 31.9
(4C, C-11-14), 26.7 (C-10), 35.0 (C-9), 40.3 (C-2), 47.7 (C-3), 128.0 (C-6), 130.1 (C-4a), 133.0 (C-8), 133.3
(C-7), 139.8 (C-5), 141.8 (C-8a), 197.8 (C-4). ESI-HRMS: m/z = 291.1771 [M+HY]", calc. for C15H260S + H*
=291.1777.

6-bromo-2-heptylthiochroman-4-one (12d)

@]
Br

S

The residue was purified by column chromatography on silica gel using n-hexane/DCM 1:1. The
product was obtained as white solid, 80.8% yield, R¢ = 0.375 (hexane/DCM 2:1).*H-NMR (CDCl; 400.13
MHz) 6 (ppm): 0.88 (m, 3H, H-15), 1.20 — 1.35 (m, 8H, H-11-14), 1.45 (m, 2H, H-10), 1.70 (m, 2H, H-9),
2.78 (dd, 1H, J = 16.3 Hz, J = 11.1 Hz, H-3a), 3.04 (dd, 1H, J = 16.3 Hz, J = 3.1 Hz, H-3b), 3.48 (m, 1H, H-
2), 7.14 (d, 1H, J = 8.5 Hz, H-8), 7.47 (d, 1H, J = 8.5 Hz, J = 2.3 Hz, H-7), 8.19 (d, 1H, J = 2.3 Hz, H-5). 3C-
NMR (CDCl5100.54 MHz) & (ppm): 14.2 (C-15), 22.7, 29.2, 29.3, 31.8 (4C, C-11-14), 26.8 (C-10), 34.5 (C-
9), 41.8 (C-2), 45.9 (C-3), 118.7 (C-6), 129.4 (C-8), 131.7 (C-5), 132.0 (C-4a), 136.3 (C-7), 140.8 (C-8a),
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193.6 (C-4). ESI-HRMS: m/z = 341.0558 [M+H]", calc. for C1H217°BrOS + H* = 341.0569, m/z = 343.0540
[M+H]*, calc. for C16H213'BrOS + H* = 343.0549.

3-heptyl-2,3-dihydrobenzo[flthiochromen-1-one (13d)

The residue was purified by column chromatography on silica gel using n-hexane/DCM 1:1. The
product was obtained as yellow oil, 74.4% vyield, Rs = 0.25 (hexane/DCM 1:1). *H-NMR (CDCl; 400.13
MHz) & (ppm): 0.89 (m, 3H, H-15), 1.21 — 1.40 (m, 8H, H-11-14), 1.49 (m, 2H, H-10), 1.77 (m, 2H, H-9),
2.94 (dd, 1H, J = 15.4 Hz, J = 11.4 Hz, H-2a), 3.16 (dd, 1H, J = 15.4 Hz, J = 3.3 Hz, H-2b), 3.57 (m, 1H, H-
3), 7.26 (d. 1H, J = 8.7 Hz, H-5), 7.44 (m, 1H, H-8), 7.59 (m, 1H, H-9), 7.74 (d, 1H, J = 8.1 Hz, H-7), 7.77
(d, 1H, J = 8.7 Hz, H-6), 9.20 (d, 1H, J = 8.8 Hz, H-10). 3C-NMR (CDCl3 100.54 MHz) & (ppm): 14.2 (C-15),
22.8,29.2,29.3,31.9 (4C, C-11-14), 26.8 (C-10), 34.6 (C-9), 41.4 (C-3), 47.9 (C-2), 125.2 (C-10b), 125.5
(C-5), 125.7 (C-8), 126.0 (C-10), 128.5 (C-7), 129.3 (C-9), 131.8 (C-6a), 132.4 (C-10a), 133.8 (C-6), 144.9
(C-4a), 197.1 (C-1). ESI-HRMS: m/z = 313.1611 [M+H]*, calc. for CxH240S + H* = 313.1621.

2-heptyl-7-methoxythiochroman-4-one (14d)
o

~o S

The residue was purified by column chromatography on silica gel using DCM. The product was obtained
as yellow oil product, 90.6% yield, R¢= 0.425 (DCM). *H-NMR (CDCl; 400.13 MHz) 6 (ppm): 0.87 (m, 3H,
H-15),1.20 - 1.35 (m, 8H, H-11-14), 1.45 (m, 2H, H-10), 1.69 (m, 2H, H-9), 2.73 (dd, 1H, /= 16.4 Hz, J =
11.1 Hz, H-3a), 2.98 (dd, 1H, J = 16.4 Hz, J = 3.1 Hz, H-3b), 3.47 (m, 1H, H-2), 6.69 (dd, 1H, /= 8.7 Hz, J
= 2.5 Hz, H-6), 6.71 (d, 1H, J = 2.5 Hz, H-8), 8.04 (d, 1H, J = 8.7 Hz, H-5). 3C-NMR (CDCl; 100.54 MHz) 6
(ppm): 14.2 (C-15), 22.7, 29.2, 29.3, 31.8 (4C, C-11-14), 26.8 (C-10), 34.6 (C-9), 42.0 (C-2), 46.2 (C-3),
55.6 (-OCHs), 110.9 (C-8), 112.5 (C-6), 124.5 (C-4a), 131.2 (C-5), 144.1 (C-8a), 163.5 (C-7), 193.6 (C-4).
ESI-HRMS: m/z = 293.1563 [M+H]*, calc. for C17H240,S + H* = 293.1570.

14. General synthesis of 2-heptyl-3-hydroxy-4H-thiochromen-4-ones (11 — 14)

0] @)

Se0, OH
R D 1,4-di /M0, 70°C. 20h  RA- D |
_— S ,4-dloxane/R20, s _— S

The 2-heptyl-thiochroman-4-one (1 eq.) was dissolved in 1,4-dioxane (6 ml / 1 mmol 2-heptyl-
thiochroman-4-one) and H,O (30 pl / 1 ml 1,4-dioxane) and Se0O> (1.1 eq.) was added. The mixture was
heated to 70 °C and stirred for 20 h. Afterwards the mixture was extracted three times with ethyl
acetate, the combined organic phases washed brine, dried with Na,SO,, filtered and the solvent
evaporated. The residues were purified as described for the individual compound.
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2-heptyl-3-hydroxy-5,8-dimethyl-4H-thiochromen-4-one (11)

O
OH

The residue was pre-purified by column chromatography on silica gel using n-hexane/ethyl acetate 9:1
which gave a mixture of product with the starting material that were inseparable by normal phase low
pressure column chromatography, Ri = 0.8 (n-hexane/ethyl acetate 9:1). The compounds were
separated by preparative RP-HPLC (Reprosil-Pur 120 C18-AQ, 10 um, 250 x 20 mm, Dr. Maisch GmbH,
A: H,0 + 0.1 % formic acid, B: MeOH + 0.1 % formic acid, 0-5 min 5% B, 5-30 min 5-95% B, 30-35 min
95% B). The product was obtained as yellow crystalline solid (15.3% yield). *H-NMR (CDCl; 800.2 MHz)
& (ppm): 0.89 (m, 3H, H-15), 1.25 — 1.32 (m, 4H, H-13-14), 1.35 (m, 2H, H-12), 1.42 (m, 2H, H-11), 1.76
(m, 2H, H-10), 2.49 (s, 3H, C8-CHs), 2.82 (m, 2H, H-9), 2.92 (s, 3H, C5-CHs), 2.79 (dd, 1H, J=15.0 Hz, J =
11.1 Hz, H-3a), 3.00 (dd, 1H, J = 15.0 Hz, J = 3.2 Hz, H-3b), 3.42 (m, 1H, H-2), 7.17 (d. 1H, J = 7.4 Hz, H-
6), 7.29 (d, 1H, J = 7.4 Hz, H-7). *C-NMR (CDCl5201.2 MHz) 6 (ppm): 14.2 (C-15), 19.6 (C8-CHs), 24.8
(C5-CH3s), 22.8, 29.0, 29.2, 29.4, 31.9 (5C, C-10-14), 31.2 (C-9), 125.6 (C-2), 127.5 (C-4a), 129.6 (C-6),
131.4 (C-7), 132.0 (C-8), 138.8 (C-8a), 141.3 (C-5), 144.8 (C-3), 176.6 (C-4). ESI-HRMS: m/z = 305.1560
[M+H]*, calc. for C1sH240,S + H = 305.1570.

6-bromo-2-heptyl-3-hydroxy-4H-thiochromen-4-one (12)

(@]
Br OH

S

The residue was purified by column chromatography on silica gel using n-hexane/ethyl acetate 95:5.
The product was obtained as yellow solid, 17.5% vyield, R = 0.375 (n-hexane/ethyl acetate 95:5). *H-
NMR (CDCl; 600.3 MHz) & (ppm): 0.88 (m, 3H, H-15), 1.23 — 1.31 (m, 4H, H-13-14), 1.34 (m, 2H, H-12),
1.41 (m, 2H, H-11), 1.74 (m, 2H, H-10), 2.83 (m, 2H, H-9), 7.50 (d, 1H, J = 8.7 Hz, H-8), 7.51 (s, br, 1H, -
OH), 7.66 (dd, 1H, J = 8.7 Hz, J = 1.9 HZ, H-7), 8.66 (d, 1H, J = 1.9 Hz, H-5). *C-NMR (CDCl; 150.9 MHz)
6 (ppm): 14.3 (C-15), 22.8, 29.0, 29.1, 29.3, 31.8 (5C, C-10-14), 31.3 (C-9), 120.9 (C-6), 127.7 (C-8), 129.7
(C-2), 130.3 (C-4a), 131.4 (C-5), 133.9 (C-7), 136.5 (C-8a), 144.3 (C-3), 173.0 (C-4). ESI-HRMS: m/z =
355.0360 [M+H]*, calc. for CigH1o’°BrO,S + H* = 355.0362, m/z = 357.0338 [M+H]*, calc. for
C16H1s%'BrO,S + H* = 357.0341.

3-heptyl-2-hydroxybenzo[f]-4H-thiochromen-1-one (13)

The residue was pre-purified by column chromatography on silica gel using n-hexane/ethyl acetate
95:5 which gave a mixture of product with the starting material that were inseparable by normal phase
low pressure column chromatography (R = 0.4 (n-hexane/ethyl acetate 95:5). The compounds were
separated by preparative RP-HPLC (Reprosil-Pur 120 C18-AQ, 10 um, 250 x 20 mm, Dr. Maisch GmbH,
A: H,0 + 0.1 % formic acid, B: MeOH + 0.1 % formic acid, 0-5 min 5% B, 5-30 min 5-95% B, 30-35 min
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95% B). The product was obtained as yellow crystalline solid (2.7 % yield). *H-NMR (CDCl; 600.3 MHz)
& (ppm): 0.89 (m, 3H, H-17), 1.23 — 1.33 (m, 4H, H-15-16), 1.37 (m, 2H, H-14), 1.44 (m, 2H, H-13), 1.79
(m, 2H, H-12), 2.90 (m, 2H, H-11), 7.57 (d, 1H, J = 8.7 Hz, H-5), 7.66 (m, 1H, H-8), 7.78 (m, 1H, H-9), 7.91
(d, 1H, J = 8.0 Hz, H-7), 7.94 (d, 1H, J = 8.7 Hz, H-6), 8.41 (s, br, 1H, -OH), 10.26 (d, 1H, J = 8.6 Hz, H-10).
3C-NMR (CDCl3 150.9 MHz) & (ppm): 14.1 (C-17), 22.6, 28.96, 29.02, 29.2, 31.7 (5C, C-12-16), 30.8 (C-
11),123.1(C-10b), 123.7 (C-5), 125.0 (C-3), 127.1 (C-10), 127.2 (C-8), 128.4 (C-7), 129.0 (C-9), 132.1 (C-
6a), 132.2 (C-6), 132.5 (C-10a), 140.8 (C-4a), 146.6 (C-2), 175.1 (C-1). ESI-HRMS: m/z = 327.1406
[M+H]", calc. for C20H220,S + H* = 327.1413.

2-heptyl-3-hydroxy-7-methoxy-4H-thiochromen-4-one (14)

O
OH

~0 S

The residue was purified by column chromatography on silica gel using n-hexane/ethyl acetate 9:1.
The product was obtained as yellow crystalline solid, 25.0% yield, R¢ = 0.5 (n-hexane/ethyl acetate
9:1). *H-NMR (CDCl; 600.3 MHz) 6 (ppm): 0.89 (m, 3H, H-15), 1.40 — 1.48 (m, 8H, H-11-14), 1.73 (m,
2H, H-10), 2.79 (m, 2H, H-9), 3.91 (s, 3H, -OCHs), 7.00 (d, 1H, J = 2.4 Hz, H-8), 7.08 (dd, 1H, J=9.1 Hz, J
= 2.4 Hz, H-6), 8.43 (d, 1H, J = 9.1 Hz, H-5). 3C-NMR (CDCl5 150.9 MHz) & (ppm): 14.2 (C-15), 22.8,
29.0, 29.1, 29.3, 31.9 (5C, C-10-14), 31.1 (C-9), 55.8 (-OCH3), 107.4 (C-8), 116.6 (C-6), 122.9 (C-4a),
127.3 (C-2), 130.9 (C-5), 140.5 (C-8a), 143.5 (C-3), 161.6 (C-7), 173.7 (C-4). ESI-HRMS: m/z = 307.1352
[M+H]*, calc. for C17H2,03S + H = 307.1362.
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13C-NMR spectra of (10a) in CDCls

Current Data Parameters
NAME 17041%rma-M0O1
EXPNC 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 0170419
Time 10.36
INSTRUM isa400
PROBHD 5 mm PABBC BB-
PULPROG zg30
D 65536
SOLVENT CDC13
NS 8
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.984588% sec
RG 228
DW 60.800 usec
DE 10.00 usec
TE 300.5 K
D1 1.00000000 sec
TDO 1
CHANNEL fl == =
400.1324710 MH=z
1H
12.50 usec
23.01399994 W
F2 - Processing parameters
S1 65536
SF 400.1300100 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB o
BC 1.00
OH
N7 |
Z el

Current Data Parameters

NAME 17041%rma-MO1
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170419
Time 10.34
INSTRUM isa400
PROBHD 5 mm PABEO BB-
PULPROG zgpg30
TD 65536
SOQLVENT CDCL3
NS 128
D3 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AD 1.3631488 sec
RG 2050
DwW 20.800 usec
DE 10.00 usec
TE 292.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANMEL f1
100.6228298 MHz
13c

9.25 usec
56.00000000 W

== CHANMEL f2 =
400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 23.00000000 W
PLW12 0.44367000 W
PLW13 0.22316000 W

F2 - Processing paramsters
s 32768

SF 100.6127543 MHz
EM

LB 1.00 Hz

PC 1.40
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| | | | \\/ , EXPNO 1
PROCNO 1

- Acquisition Parameters

Date_ 20190423
Time 14.04
INSTRUM apect
PRCEHD 5 mm CPTCI 1lH-
PULPROG zg30
TD 65536
SOLVENT CDC13
HNs 1le
Ds 2
SWH 12019.230 Hz
FIDRES 0.18339% Hz
AQ 2.7262976 sec

4.80000012 W

F2 - Processing parameters
sI 55536
SF 600,3300146 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
eC 1.00
]
NS
| A
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= TN Current Data Parameters
- T oA WS Ww oMo~y NAME 170426rma-M02_Voll
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- - oMo NN - PROCNO 1
\ \/ / \ \ / \\n\/// / F2 - Acguisition Parameters
Date_ 20170426
Time 15.55
INSTRUM ayita400
PROBHD 5 mm PABBC BB-
PULPROG zgpg30
TD 65536
SOLVENT €pels
NS 128
DS 4
SWH 24036.461 Hz
FIDRES 366798 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 10.00 usec
E 300.0 K
D1 2,00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL fl ====s====
SFO1 100.5373282 MHz
NUC1 130
Pl 9.90 usec
PLW1 32,00000000 W
= CHANNEL f2 == =
399.7915992 MHz
nNucz 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 14,00000000 W
PLW12 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
S5I 65536
SF 100.5272615 MHz
WOW EM
5SB 0
LB 1,00 Hz
GB 0
BPC 1.40
o]
N™ ™= I
|
T T T T T T T T T T Z 61
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13C-NMR spectra of (10b) in CDCl3
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S < \ n ow MRTaN® Current Data Parameters
@ w M~ © oM N - Oo HRME 190508dasz_FastTrack-46
EXPNO 1
] 1 NI/ :
F2 - Acguisition Parameters
Date_ 20190508
Time 12.04 h
INSTRUM isa400
PROBHD  2108615_0125 (
PULFROG 230
TD 65536
SOLVENT cocl3
Ns 8
DS 2
SWH 8223685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 256
oW 50,800 usec
DE 16.96 usec
TE 300.1 X
ol 1.00000000 sec
TDO 1
SFO1 400.1324710 MEz
nuci
Pl 9.60 usec
PLil 23.00000000 W
F2 - Processing parameters
sI L
400.1300099 MAz
EM
0
0.30 Hz
0
1.00
0
NI =
F g
\_U’Luﬁ_ |
1
Ll I ML i
I T T T T T T T T T T
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e e =1 =1 =l feuTealea1 rea)
'H-NMR spectra of (10c) in CDCls
@ A @D - Current Data Parameters
o ) B o TRQRNANNNA HAME 170427rma-M03_1
2 0w < NN DT OO NT EXENO 2
- - T - TTOOANANNNNT PROCNG 1
| N NN R —
Date_ 20170427
Time 19.36
INSTRUM ayitad40o
PROEBHD 5 mm PABEQ BE-
PULPROG zgpg30
TD 65536
SOLVENT cDC13
NS 128
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
ADQ 1.3631488 sec
RG 2050
DW 20.800 usec
DE 10.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
SFO1 100.5373282 MHz
NUC1 13C
Pl 9.90 usec
PLW1 32.00000000 W
== CHANNEL f2 =
SFOz 399.72159292 MHz
NUC2 1H
CPDPRG[2 waltzl6
PCPD2 20,00 usec
PLW2 14,00000000 W
PLW12 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
81 65536
SF 100.5272614 MHz
WDW EM
55B o
LB 1.00 Hz
GB 0
PC 1.40
[0}
N~ ™
T T T T T T T T T T l = s
180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (10c) in CDCl3
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13C-NMR spectra of (10) in CDCls

Current Data Parameters

NAME 120325-dasz-6N13-FQS
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 201%0325
Time 10.58
INSTRUM spect
PROBHD S mm CPTCI 1H-
PULPROG 2130
TD 65536
SOLVENT ChC13
NS 16
DS 2
SWH 12019.230 Hz
FIDRES 0.18339% Hz
AQ 2.7262976 sec
RG 32
bW 41.600 usec
DE 25.00 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
CHANNEL f1
sFOl €00.3337073 MHz
NUCL 1H
Pl 8.28 usec
PLW1 4.80000019 W
F2 - Processing parameters
8T 65536
sF 500.3300143 MHz
WoW EM
3S8B o
] 0.30 Hz
GB 0
BC 1.00
o
N7 | OH
# g
Current Data Parameters
NAME 1%0325-dasz-6N15-PQS
EXPNO 3
PROCHNO 1
F2 - Acquisition Parameters
Date_ 20190325
Time 11.22
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
el 65536
SOLVENT ChC13
NS 256

4
37878.789 Hz
0.577984 Hz
0.8650752 sec

13.200 usec
25.00 usec

300.0 ¥
bl 2,00000000 sec
D11 0.03600000 sec
TOO 1

CHRANNEL f1 = =
SFOL 150.9689491 MHz
NUCL 13C
Pl 12.75 usec
PLW1 100.93000031 W

-------- CHANNEL f2 s=ss====

SFO2 600.3324013 MHz
nNucz 1H
CPDPRG[2 waltzlé
pCcePD2 .00 usec
PLW2 4.8000001% W
PLW1Z2 0.06715200 W
PLW13 0.03290800 W

F2 Processing parameters

s 32768
SF 150.9530800 MHZ
WOW EM
33B 0
LB 1.00 Hz
GB 0
PC 1.40
[o]
NS i OH
|
=
£
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™ P~
o~ @ Current Data Parameters
NAME 190508dasz_FastTrack-15

(=]
EXENO 1
\\\// / PROCHO 1

F2 - Acquisition Parameters

_-851
T~8.49
—7.55
—5.84
5.52
5.50
—2.04
1.36

Date_ 20190508

Tima 13.47 h
INSTRUM isad400
PROBHD ~ 2108618_0125
PULFROG

TD

SOLVENT

N3

DS z

SWH 8223,685 Hz
FIDRES 0.250967 Ez
AQ 3.0845889 sec
RG 362

oW 60.800 usec
DE 16,96 usec
TE 300.1 K
D1l 1.00000000 sec
TDO 1
SFOL 400.1324710 MHz
HUCL

Pl 9.60 usec
BIWL 232.,00000000 W

F2 - Processing parameters
SI 65536

SF 400.1300097 MHz
WDW EM

S8B ]

LB 0.30 Hz
GB o

EC 1.00

J il i
\ T \ T T T T \ T T T T T T T T T T T
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=l (=1 (=1 el feo)  reules) rem

'H-NMR spectra of (11a) in CDCls

we o Toa @
g g g g g g a g n N g g g 2 2 Current Data Paramesters
™~ r -MO5_%
- Ll ol o o M~ M OHOANNANN ™ E;EED 170515rma MJJA_JOLI
N2V RV :
F2 - Acquisition Parameters
Date_ 20170517
Time 3.28
INSTRUM ayitad00
PROBHD 5 mm PABBG BB-
PULPROG Zgpg30
D 65536
SOLVENT CoC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050
DW 20.800 usec
DE 10.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL £1
SFO1 100.5373282 MHz
NHOC1 13¢
Pl 9.90 usec
PLW1 32.00000000 W
== CHANNEL f2
SFroz2 3992.7915992 MHz
Hucz 1H
CPDPRG[2 waltzlé
pPCPD2 $0.00 usec
PLW2 14.00000000 W
PLW12 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
81 65536
SF 100.5272611 MHz
WDW EM
SEB 4]
LB 1.00 Hz
GB o
PC 1.40
OH
2
| I
T T T T T T T T T T T T T T T T N_ = al
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C-NMR spectra of (11a) in CDCl3
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13C-NMR spectra of (11b) in CDCl3

Current Data Parameters

NAME 171023dasz-57
EXPNO 1
PROCHNC 1

F2 - Acquisition Parameters
Date_ 20171023
Time 18.31
INSTRUM ayitad0o
PROBHD 5 mm PABBC BB-
PULPROG zg30

D 65536
SOLVENT ¢DC13

NS 16

Ds 2

SWH 7978.724 Hz
FIDRES 0.121746 Hz
File] 4.1069228 sec
RG 161

DW 62.667 usec
DE 10.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO 1

== CHANNEL f1 =
399.79246689 MHz
1H
12.75 usec
14.00000000 W

F2 - Processing parameters
51 65536
SF 399,7900096 MHz
WoW EM
SSB 0
LB 0,30 Hz
GB 0
PC 1.00
(o]
S
N |
-
Cl

Current Data Parameters

NAME 171023dasz-57
EXPNO 4
PROCNO 1
F2 - Acquisition Parameters
Date_ 20171024
Time 3.14
INSTRUM ayitad00
PROBHD 5 mm PABBO BB-
PULPROG 2gpy30
TD 65536
SOLVENT cDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 10.00 usec
TE 300.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f£1 -
100.5373262 MHz
13C
9.90 usec

CHANNEL f2
399.7915992 MHz

nNucz 1H
CPDPRG[2 waltzl®
PCPD2 90.00 usec
PLW2 14.00000000 W
PLW12 0.26097001 W
PLW13 0.14133000 W
F2 - Processing parameters
51 65536
SF 100.5272630 MHz
WDW EM
55B 0
LB 1.00 Hz
GB o}
PC 1.40

o
T ]
N__= cl
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13C-NMR spectra of (11c) in CDCl3

Current Data Parameters

NAME 171024-dasz-M0DT
EXPNO 11
PROCHO 1
F2 - Acguisitien Parameters
Date_ 20171024
Time 9.01
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zg30
D £5536
SOLVENT cDC13
NS 1
Ds 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
] 2.7262976 sec
RG 20.5
DW 41.600 usec
DE 25.00 usec
TE 298.0 K
D1 1.00000000 sec
TDO 1
CHRNNEL f1
800.3337073 MHz
1H
#.31 usec

4.8000001% W

F2 - Processing parameters
51 655
SF 600.3300142 Miz
WDW EM
5SB 0
LB 0.30 Hz
GB 0
PC 1.00
(o]
i
N, =
S

Current Data Parameters

NAME 171024-dasz-M07
EXPNO 13
PROCNC 1
F2 - Becquisition Parameters
Date_ 20171024
Time 10.15
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zZgpg30
TD 65536
SOLVENT CDC13
N5 6618
Ds 4
SWH 37878.789 Hz
FIDRES 0,577984 Hz
AQ 0.8650752 sec
RG 2050
DW 13.200 usec
DE 25.00 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1

= CHANNEL f1 ==

SFOL 150.9682491 MHz
NUC1 13C
Pl 13.00 usec
PLW1 100.93000031 W
-------- CHANNEL £2 mmmmmmmm
SFo2 600.3324013 MHz
NuC2 1H
CPDPRG[2 waltzlé
PCPD2 70.00 usec
PLW2 4.8000001% W
PLW12 0.06746400 W
PLW13 0.03306700 W
F2 - Processing parameters
SI 32768
SF 150.9530799 MHz
WDW EM
S55B o
LB 1.00 Hz
GB 0
PC 1.40
o
‘ =
N
F g
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13C-NMR spectra of (9a) in CDCl;

Current Data Parameters

NAME 170524rma-M02_Voll
EXPNC 1
PROCNC 1
F2 - Rcquisition Parameters
Date_ 20170524
Time 15.08
INSTRUM ayitad00
PROBHD 5 mm PAEBO BB-
PULPRCG zg30
TD 65536
SOLVENT CDCL13
NS 16
D3 2
SWH 7978.724 Hz
FIDRES 0.121746 Hz
A0 4.1069228 sec
RG 228
oW 62,667 usec
DE 10.00 usec
TE 300.2 K
Dl 1.00000000 sec
TDO 1

= CHANNEL f1 =

399.792468% MHz

12.75 usec
14.00000000 W

F2 - Processing parameters
51 65536
SF 399.7900096 MHz
WDW EM
S5BE o]
LB 0.30 Hz
GB 0
PC 1.00
OH
| =
=
N Cl

Current Data Parameters
NAM 170524rma-M02_Voll

EXENO
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170526
Time 0.41
INSTRUM ayltad00
PROBHD 5 mm PABEO BE-
PULPROG zgpyg30
TD 655386
SOLVENT CDCL13
us 1024
bs 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 10.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL f1 =
5FP01 100.537328
NUC1 13C
Pl 9,90 usec
PLW1 32,00000000 W
-------- CHAMNEL £2 ==smmmm==
5F02 399.7915992 MHz
NUCc2 11
CPDPRG([2 waltzl6
PCPD32 20.00 usec
PLWZ 14.00000000 W
PLW12 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
51 65536
SF 100.5272617 MHz
Wow M
S5SB o]
LB 1.00 Hz
GB 0
PC 1.40
OH
| =
P
N™ CI
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13C-NMR spectra of (9b) in CDCl3

Current Data Parameters

WAME 170529rma-M10_Voll

EXPNO 1

PROCNO 1

F2 - Acquisition Parameters

Date_ 20170529

Time 15.19

INSTRUM ayltaq0o

PROBHD 5 mm PABBO BBE-

PULPROG z2g30

D 65536

SOLVENT €DC13

NS 16

DS 2

SWH 7978.724 Hz

FIDRES 0.121746 Hz

BQ 4.1069226 sec

RG 322

DW 62.687 usec

DE 10.00 usec

TE 300.2 K

D1 1.00000000 sec

TDO 1
CHANNEL f1 == =

399.792468% MHz

1H
12.75 usec
14.00000000 W

F2 - Processing parameters
sI 65536
SF 399.7900105 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
EC 1.00
o

‘ =

-

N CI

Current Data Parameters
NAME 170529rma-M10_Voll

EXPNO 3
PROCHNO 1

F2 - RAcguisition Parameters
Date_ 20170530
Time 8.17
INSTRUM ayitad0o
PROBHD 5 mm PABEO BB-
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 1024

Ds 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050

oW 20.800 usec
DE 10.00 usec
TE 300.0 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1

SFCl 100.5373282 MHz
NUC1 13C

Pl 9.90 usec
PLW1 32.00000000 W
mmmssses CHANNEL {2 =essssoe
sFoz 399,7915992 MHz
NoCc2 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLW2 14.00000000 W
PLW12 0.28027001 W
PLW13 0.14133000 W

F2 - Processing parameters

51 65536

SF 100.5272613 MHz
WDW EM

53B o

LB 1.00 Hz
GB 4]

PC 1.40
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13C-NMR spectra of (9¢) in CDCls

Current Data Parameters

NAME 170531rma_M11
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170531
Time 17.23
INSTRUM isad00
PROEHD 5 mm PABEO BB-
PULPROG zg30

D> 65536
SOLVENT CDC13

NS 8

Ds 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 322

bw 60.800 usec
DE 10.00 usec
TE 299.6 K

D1 1.00000000 sec
TDO 1

CHANNEL £1
400.1324710 MHz
1H
12.50 usec

23.01399994 W

F2 - Processing parameters
ST 655386
SF 400.1300100 MHz
WDW EM
55B 0
LB 0.30 H=z
GB [}
PC 1.00
0

B

/

N

Current Data Parameters

HAME 171023dasz-59
EXPNC 5
PROCNO 1
F2 - Acquisitien Parameters
Date_ 20171023
Time 22.40

L ayita400
PROBHD
PULPROG
TD
SOLVENT
NS
DS
SWH 24038.481 Hz
FIDRES 0.366798 Hz
AD 1.3631468 sec
RG 2050
DW 20.800 usec
DE 10.00 usec
TE 299.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

32.00000000 W

CHANNEL £2 ===s====
399.7915992 MHz
1H
CPDPRG[2 waltzlg
PCPD2 90.00 usec
PLWZ2 14.00000000 W
PLW1z 0.28097001 W
PLW13 0.14133000 W
F2 - Processing paramesters
51 65536
SF 100.527261% MHz
WDW EM
58B a
LB 1.00 Hz
GB 0
PC 1.40
=
‘ =
N
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13C-NMR spectra of (9) in CDCl3

Current Data Parameters

NAME 171030dasz-1
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20171030
Time 19.12
INSTRUM ayitadoo
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
Ds 2z
SWH 7976.724 Hz
FIDRES 0.12174¢ Hz
AQ 4.1062226 sec
RG 287
DW 62.667 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
CHANMEL f1 =
399.7924689% MHz
1H
12.75 usec

14.00000000 W

F2 - Processing parameters
3

51 65536

SF 399.7900097 MHz
WDW EM
SSB [4]

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

WAME 171027dasz-35
EXPNC 2
PROCHO 1

F2 - Acguisition Parameters
Date_ 20171027
Time 15.04
INSTRUM ayitad0o
PROBHD 5 mm PABBO BB—
PULPROG zgpg30

TD 65538
SOLVENT CDCL3

WS 256

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050

DW 20.800 usec
DE 10.00 usec
TE 300.0 K
D1 2,00000000 sec
D11 0.03000000 sec
TDO 1

CHANNEL f1 =
100.5373282 MHz
13C
9.90 usec
32.00000000 W

CHANNEL f2 === =
399,791599%2 MHz
1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 14.00000000 W
PLW1Z 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
31 65536
5F 100.5272620 MHz
WDW EM
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IH-NMR spectra of (3) in CDCls
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13C-NMR spectra of (3) in CDCl3

Current Data Parameters

NAME 150321dasz—22
EXPNO 1
PROCHO 1

F2 - Acqguisition Parameters
Date 20190321
Time 17.34
INSTRUM isa400
PROBHD 5 mm PABBO BB-
PULPROG zg30

TD 85536
SOLVENT CDC13

us 8

Ds 2

SWH B223.665 Hz
FIDRES 0,125483 Hz
AQ 3.9845889 sec
RG 144

DW 60.800 usec
DE 16.95 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1

CHAMNEL £1 =
400,1324710 MHz
18
9.62 usec
23.01399994 W

F2 - Processing parameters

51 65536
SF 400.,1300027 MHz
wow EM
S5SB o
LB 0.30 Hz
GB 1]
PC 1.00

(o]

OH
)

Current Data Parameters

NAME 190321dasz-22
EXPHNO 2
PROCNO 1
F2 - Acquisition Paramesters
Date_ 201920321
Time 23.35
INSTRUM Lsad00
PROBHD 5 mm PABBC BBE—
PULPROG zgpa30
85536
SOLVENT CDCLl3
NS 1024
DS 4
SWH 24036.461 Hz
FIDRES 0.36679%8 Hz
AQ 1.3631488 sec
RG 408
DW 20.800 usec
DE 12.17 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
———————— CHANNEL fl ========
SFO1 100.6228298 MHz
Nucl1 13C
Fl 10.00 usec
PLW1 56.00000000 W

77777777 CHANNEL £2 ========

SFez2 400,1316005 MHz
Nucz 1H
CPDPRG([2 waltz16
PCPDZ 90.00 usec
PLW2 23.00000000 W
PLW1Z 0.26278001 W
PLW13 0.13218001 W

Fz2 Processing parameters
32768

SF 100.6127555% MHz
WDW EM
55B o
LB 1.00 Hz
GB 0
PC 1.40

(o]

OH
S
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0 OWwN © = DO 0N ©
Mm@l @ ] REaoada ¢ t Data P t
e % = L ] urren ata Parameters
@M~~~ ™ e NAME 190323dasz-14
\ | \/ | \\/// EXPNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20190323
Time 15.52
INSTRUM 152400
PROBHD 5 mm PABBO BBE-
PULPROG zg30

D 65536
SOLVENT [o] s ]od Bc)

Ns 3z

Ds 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 1s1

bW 60.800 usec
DE 16.95 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1

== CHANNEL £l === =
400.1324710 MHz

11
9.62 usec
PLW1 23.01399994 W
F2 - Processing parameters
sI £5536
S5F 400.1300092 MHz
WDW EM
S5B 0
LB 0.30 Hz
GB [1}
PC 1.00
(o]
OH
S

LA | .

o
<
=
W

9 8 7 2 1 ppm
[=Tr=Tr1 1= (e NIl e
1 .
H-NMR spectra of (5) in CDCl;
o TN NoO0ron
> A R Rl M ©=cmoo N . .
© CTTT— GRS e .
~ TTOOONNN — G g0 W o T e P S
- Lol Sl ol o il e N NNANN - EXPNO ‘352‘2
N NP, 1
F2 - Requisition Parameters
Date_ 20190323
Time 16.52
INSTRUM L=ad00
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
10 65536
SOLVENT coC13
s 1024
DS 4
SWH 24038.451 Hz
FIDRES 0.366798 Hz
1,3631488 sec
287

20.800 usec
12.17 usec
300.0 K

2.00000000 sec
0.03000000 =
1

m==mmm== CHANNEL f1 ==s=====
SFOL 100,6225298 Miz
wuC1 13c

Pl 10.00 usec
PLW1 56,00000000 W

= CHANNEL £2
SFOZ 400.1316005 MHz

Hocz 1H
CPDPRG([2 waltzlé
PCPD2Z 20.00 usec
PLWz 23.00000000 W
PLW12 0.26278001 W
PLW13 0.13218001 W
F2 - Processing parameters
51 32768
SF 100,.6127548 MHz
WDW EM
38B a
LB 1.00 Hz
GE o
PC 1.40
0
OH
T I I ! 1 1 1 I I 1 ‘|S)\
180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (5) in CDCl3
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DD I~ Qo MO r=Con0
No @M o @ NN LR e A Current Data Parameters
QO M~M~ M~ N o NAME 170615JW06_1-3C0-PQS
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170815
Time 15.25
THSTRUM ayitad00
PROBHD 5 mm PABBC BB-
PULPROG 2g30
TD 65538
SOLVENT ChCl3
16
2
7978.724 Hz
0.121746 Hz
4.1069226 sec
32z
62.667 usec
10.00 ugec
300.1 K
1.00000000 sec
1
CHANNEL £1 = =
399.7924689 MHz
1H
2.75 usec
14.00000000 W
F2 - Processing parameters
sI 65536
SF 399.720009% MHz
WDW EM
558 1]
LE 0.30 Hz
GH a
PC 1.00
(o]
OH
S
L
o o
i UL
I T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
e feul (ST =1 (o9

IH-NMR spectra of (6) in CDCls

Current Data Parameters

«© OMOoOVOOO NAME 170615JW06_1-500-PQS
" W o ws o QBTN QN s —ingeeEe
~ TETOONNNAN bl - R i, B
- Ll i i ol AN NANANN™
\\ \\ \/// k\‘\\/ /// F2 - Acquisition Parameters
Date_ 20170615
Time 22.41
INSTRUM ayitadoo0
PROBHD 5 mm PABEO BHE-
PULPROG zgpg 30
TD 65536
SOLVENT €pel3
N2 1024
DS 4
SWH 24036.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631486 sec
RG 2050
DW 20.800 usec
DE 10.00 usec
TE 300.0 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1
100.5373282 MHz
13c
9.90 usec
32.00000000 W
CHANNEL £2
399,7915992 MHz
NUC2 14
CPDPRG([2 waltzlé
PCED2 940.00 usec
PLUWZ 14.00000000 W
PIW12 0.28097001 W
PILW13 0.14133000 W
F2 - Processing parameters
sI 65538
SF 100.5272617 MHz
WDW EM
588 o
LB 1.00 Hz
GB o
PC 1.40
o
OH
\ N ko " |
S5
T T T T T T T T T T oo
180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (6) in CDCl3
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13C-NMR spectra of (7b) in CDCl3

Current Data Parameters

NAME 170620JW07_alles_neu
EXPNO 1
PROCNC 1
F2 - RAequisition Parameters
Date_ 20170620
Time 14.11
INSTRUM ayitad00
PROBHD 5 mm PABBO BB-
PULPROG 2930
TD 65536
SOLVENT CDCl3
NS 16
Ds 2
SWH 7978.724 Hz
FIDRES 0.12174¢6 Hz
AQ 4.1069226 sec
RG 287
DW 62.667 usec
DE 10.00 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
== CHANNEL fl ==

SFOl 399.7924682 MHz
NUC1 pi: |
Pl 12.75 usec
PLW1 14.00000000 W
F2 - Processing parameters
81 65536
SF 399.7900100 MHz
WDW EM
S8B 0
LE 0.30 Hz
GB 0
PC 1.00

(o]

S

Current Data Parameters

NAME 1706200007 _alles_neu
EXPNG 5
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170821
Time 4.04
INSTRUM ayitad00
PROBHD 5 mm PAEBO BE-
PULPROG 2gpg 30
65536
SOLVENT CDC13
N3 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 2050
DW 20.800 usec
DE 10.00 usec
TE 300.0 K
Dl 2.00000000 sec
D1l 0.03000000 sec
TDO 1
CHANNEL f1
100.5373282 MHz
13C

9.90 usec
32.00000000 W

CHANNEL f2 == =
399.7915992 MHz
NUCZ 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 14.00000000 W
PLW12 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
sI 65536
SF 100.5272628 MHz
WowW EM
5SB ]
LB 1.00 Hz
GB 0
PC 1.40
(o]
S

548



Current Data Parameters
IAME 190417-dasz-2_Phenyl 15PQS
1

EXPNO
PROCNO 1

—8.54

7.

7.

7.

7.

7.

7
——3.15
—-3.04

- Acquisition Parameters
20120417

Date

PULPROG

™
SOLVENT

600.3337073 MHz
18

E 8.28 usec

PLRAL 4.80000019 W

Processing parameters

€00.3300142 MHE

0.30 Hz

1.00

1 Al a
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
Ml ETeTaTS T e
1 .
H-NMR spectra of (7) in CDCls
N QU AN YN®YY
- b e S i s S ST B! B @ = Current Data Parametera
~ o T 0 OO N - o N 190417-dasz-2_Phenyl 15PQ3
- Ll ol ol ol ol el i i ol o oM EXPNO 2
FROCHO 1
| l\‘,‘\\““\'\l/% \ / F2 - Acquisition Parameters
Date_ 20180417
Time 14.56
INSTRUM spect
FROEED 5 mm CPTCI 1H-
PULPROG zgpa30
™ 3 13
SOLVENT cpels
NS 512
DS 1
SWH 37878.789 Hz
FIDRES 0.577284 Hz
AQ 0.8650752 sec
RG 2050
oW 13.200 usec
vE 25.00 uséc
TE 300.0 K
Dl 2.00000000 sec
bi1 5.03000000 sec
TDO 1
-------- CHANNEL fl -—-—
sPO1 150.9689491 Mz
NUC1 13C
F1 12.75 usec
FLH 10093000031 W
—-m-m-= CHANNEL £z
sPOZ 2
vz 3
CPOPRG (2 waltzls
PCPDZ 70.00 usec
FLHz 4.50000015 W
PLW1Z2 0.06715900 W
P13 0.03290800 W
F2 - Processing parameters
&I 32768
SF 150.9530782 Mz
WO EN
58 o
LE 1,00 Ez
GB o
Be 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (7) in CDCl3
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S adw n S ® NTAN® cureent Data Parames
urrent Data Parameters

@ = @ aod TTTT T NAME  181130phsch-21

BNV T NI/ :
PROCNC 1
F2 - Acquisition Parameters
Date_ 20181130
Time 18.38
INSTRUM isaq00
PROBHD 5 mm PABBC BBE—
PULPROG zg30
TD 655386
SOLVENT CcDC13
NS 3z
Ds 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9845889 sec
RG 362
Dw 60.800 usec
DE 15.99 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1

= CHANNEL f£1

SFO1 400.1324710 MHz
NUC1 1H
Pl 14.20 usec
PLW1 23.01399994 W
¥2 - Processing parameters
s1 65536
SF 400.13000925 MHz
WDW EM
55B ]
LB 0.30 Hz
GB 0
PC 1.00

o]

CO

1

T T T T T T T T T T T T T T T T T T T
85 80 75 7.0 65 60 55 50 45 40 35 3.0 25 20 1.0 ppm

P e A AnT CeEe e

'H-NMR spectra of (8b) in CDCls

2 Reac22 FTOMNOMMLOOON
b=y Mo dML R e B B B e B ] r
) THOANNA CrIal NN NI DO NS Lappent Date Parametess |
- —_—_TrrrTrrrrr T TTOONNNNNANNT EXENG "
| VN2 SRS R :
F2 - Requisition Parameters
Date_ 20170524
Time 3.26
INSTRUM i=ad00
PROBHD 5 mm PABBCO BB-
PULPROG zgpg30
TD 65536
SOLVENT cools
NS 1024
D3 4
SWH 24038.461 Hz
FIDRES 0.3667928 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 10.00 usec
TE 300.1 K
Dl 2.00000000 sec
D11 0.,03000000 sec
TDO 1
CHANNEL f1 =
100.6228298 MHz
13c
9.25 usec
56.,00000000 W
CHANNEL 2
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé
PCPD2 90.00 usec
PLW2 23.00000000 W
PLW12 0.44367000 W
PLW13 0.22316000 W
F2 - Processing parameters
sI 32768
SF 100.86127550 MHz
WOW EM
S5B a
LB 1.00 Hz
GB [¢]
BC 1.40
o
—— bttt ettt el ©\)Ij\m,\,\,
T I T T T T T T T I S
180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (8b) in CDCl3
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© T O N [v]
] «Qu @ Current Data Parameters
0 M~~~ o NAME 170620JW20_alles _neu
| \J/ EXPNC 1
PROCNO 1
F2 - RCqu$lt10n Parameters
Date_ 20170620
Time 13.33
INSTRUM ayitad00
PROBHD 5 mm PABEO BB-
PULPROG zg30
65536
SOLVENT CDCl3
NS 16
Ds 2
SWH 7976.724 Hz
FIDRES 0.121746 Hz
AQ 4.1069226 sec
RG 256
DW 62.667 usec
DE 10.00 usec
TE 300.1 K
D1 1.00000000 sec
TDO 1
CHANNEL f1 ==
399.7924689 MHz
1H
12.75 usec
14.00000000 W
F2 - Processing parameters
51 65536
SF 399.7900102 MHz
WDW EM
88B [1]
1B 0.30 Hz
GE o
PC 1.00
[e]
OH
JL |
J\ L L
T T T

9 7 6 5 4 3

8 2 1
(IO | () (]ed] [

IH-NMR spectra of (8) in CDCls

el =R el omNOT TN
TOOD DWW O AL I I ] £
THOANNNNN Nroooooaos Current Data Parameters
T T MO NANNANNN ™

NAME 170620JW20_alles_neu
3

EXPNO
'\W / PROCNG 1

—174.1

e
\

F2 - Acquisition Parameters

T T
160 140

13C-NMR spectra of (8) in CDCl3

Date_ 20170821
Time 2.23
TNSTRUM ayitad00
PROBHD 5 mm PABBQ BB-
PULPRCG zgpg30
T 65536
SCOLVENT Coel3
N3 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.366728 Hz
AQ 1.3631488 sec
RG 2050
DwW 20.800 usec
DE 10.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
DO 1
5F01 100.5373282 MHz
NUCl 13c
PL 9.90 usec
PLWL 32.00000000 W
———————— CHANNEL f2 ========
SFOZ 392,7215992 MHz
WOC2 1H
CPDPRG[2 waltzlé
PCPD2 +00 usec
PLW2 14.00000000 W
PLW12 0.28097001 W
PLW13 0.14133000 W
F2 - Processing parameters
SI 65536
sF 100.5272615 MHz
WowW EM
SS8B Q
LE 1.00 Hz
GH Q
PC 1.40
o]
OH
Wi s

S51
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'H-NMR spectra of (11d) in CDCl3
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13C-NMR spectra of (11d) in CDCl;

Current Data Farameters

NAME 190406dasz-16
EXPNQ 1
BROCNO 1
F2 - Reguisition Parameters
Date_ 201920407
Time 1.38 h
INSTRUM isad00
PROBHD Z863001_0018 ¢
PULFROG zg30
TD 65536
SOLVENT cDCl3
NS 8
D3 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 101
oW 60.800 usec
DE 16.26 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
SFCl 400.1324710 MHz
HOC1 1H
Pl 12.90 usec
PLW1 16.00000000 W
F2 - Processing parameters
51 65536
5F 400.1300095 MHz
WDW EM
S5B 0
LB D.30 Hz
GE 4]
PC 1.00

(o]

S

Current Data Parameters

NAME 190406dasz-16
EXPNO 5
PROCNO 1

F2 - Acquisition Parameters
Date_ 20190407
Time 3.28 h
INSTRUM 152400
PROBHD Z863001_0018
PULPROG Zgpg30

TD 65536
SOLVENT cDCL3

ns 1024

Ds 4

SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
AQ 1.3631488 sec
RG 2050

oW 20.800 usec
DE 12.38 usec
TE 300.0 K
Dl 2.00000000 sec
D11 0.03000000 seec
TDO 1

SFO1 100.6228298 MHz
NUCL 13¢

P1 9.00 usec
PLW1 56.00000000 W
SFO2 400.1316005 MHz
NUCZ 1K
CPDPRG (2 waltzlé
BOEDZ 90.00 usec
PLW2 16.00000000 W
PLW12 0.3287099% W
PLW13 0.16534001 W

F2 - Processing parameters

51 32768
SF 100.6127566 MHz
WDW EM
EEB o}
LB 1.00 Hz
GB ]
PC 1.40
(o}
S

S52



(2] M~ = @ o © oCWWo®

- < = < S~ e ] Current Data Parameters

o ~ I~ [3¢] [ I —_rrereo NAME 130406dasz-20
EXPNO 1
PROCHC 1
F2 - Acquisition Parameters
Date_ 20190407
Time 3.33 h
INSTRUM 15a400
PROBHD Z863001_0018 {
PULPRCG zg30
TD 65536
SOLVENT cDCl13
N3 8
Ds 2
SWH 8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 322
oW 60.800 usec
DE 16.26 usec
TE 300.0 K
D1 1.00000000 szec
TDO 1
SFO1 400.1324710 MHz
nNuc1 1H
Pl 12.90 uzec
PLW1 16.00000000 W
F2 - Processing parameters
51 85536
SF 400,1300097 MHz
Wow EM
58B )
LB 0.30 Hz
GE 0
PC 1.00

o]
Br.
S
| JLIA U Uk

T T T T T T T T T T T T T T T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm

'H-NMR spectra of (12d) in CDCl3

@ QMo NT

2] QWM ® MO RN DN N Current Data Parameters

L2 TOHOONONT = =00 © NS NEME 190406dasz-20

- - TTOONNNN- EXPNO 5

| NNV SNV :
F2 - Acquisition Parameters
Date_ 201920407
Time 5.23 h
INSTRUM 1s3a400
PROBHD 2863001_0018 {
PULPROG zgpg30
TD 65536
SOLVENT cDC13
NE 1024
bs 4
SWH 24038,461 Hz
FIDRES 0.7335%6 Hz
AQ 1.3631488 sec
RG 2050
oW 20,800 uzec
DE 12.38 usec
TE 300.0 K
Dl 2,00000000 sec
Dll 0.03000000 sec
TDO 1
SF01 100.6228298 MHz
NUC1 13C
Pl 9.00 usec
PLW1 56.00000000 W
SFO2 400.1316005 MHz
Nucz 1H
CPDPRG[2 waltzlé
BCPD2 90.00 usec
PLWZ2 16.00000000 W
PLW12 0.32870992 W
PLW13 0.16534001 W
F2 - Processing parameters
SI 32768
SF 100.6127546 MHz
WOW EM
53B o
LB 1.00 Hz
GB 0
EC 1.40

Q
Br
=
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (12d) in CDCl;
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(=] = Q<O M~ WO = ~No r-d
o M~ o n o M= @ Current Data Parameters
(=] MM~ “@ ON o NAME 130406dasz-23
EXPNC 1
PROCNO 1
F2 - Bequisition Parameters
Date_ 20190407
Time 5.29 h
INSTRUM isad00
FROEBHD Z863001_0018
PULPROG zg30
TD 65536
SOLVENT chCl3
M3 L
Ds b4
SWH 6223.665 Hz
FIDRES 0.250267 Hz
AQ 3.9845889 sec
RG 144
DW 80.800 usec
DE 16.26 usec
TE 300.0 K
D1l 1.00000000 sec
TDO 1
SFOl 400.1324710 MHz
NUCL 1H
Pl 12.20 usec
PLWL1 16.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300027 MHz
WOW EM
SEB o
LB 0.30 Hz
GB o
PC 1.00
l i
S
J L LJ
T T T T T T T T T T T T
10 8 7 6 5 4 3 2 1 pm
Tl T =1 =T reiTed] 637 o)
!H-NMR spectra of (13d) in CDCl3
- QRQTQAWON I 0. oo o o
P~ TOAN-OD®OHLWOLWIWN S e o a oo Current Data Parameters
z TEEfEEEETE STRLQRE&RT BAME © 1504050as2-23
| NS\ o NN 2. 1
F2 - Acquisition Parameters
Date_ 20190407
Time 7.19 h
INSTRUM 1s3a400
PROBHD Z8e3001_o018 (
PULPROG zgpg30
TD 655346
SOLVENT CDC13
Hs 1024
os 9
SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 12.38 usec
TE 300.0 K
Dl 2.00000000 sec
Dl1 0.03000000 sec
TDO 1
SF01 100.62258298 MHz
NUC1 13C
Pl 9.00 usec
PLW1 56.00000000 W
SFO2 400.1316005 MHz
wucz 1H
CPDPRG[2 waltzlé
PCPD2 20.00 usec
PLWZ 16.00000000 W
PLW1z 0.32870999 W
PLW13 0.16534001 W
F2 - Processing parameters
sI 32708
SF 100.6127562 MHz
WDW EM
55B 0
LB 1.00 Hz
GB o
PC 1.40
N . A / rwpsadpn
y
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (13d) in CDCls
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b= - 3 o M~ o o™ OWwwnon~
< Ll @ = ] eI oNG Current Data Parameters
@ © o © o o« —-Trro HAME 190406dasz-13
Y T OWIT R 1
PROCNO 1
F2 - Acqulsitlicon Parameters
Date_ 201904086
Time 25.43 h
INSTRUM i=a400
PROBHD Z863001_0018 (
PULPROG zg30
TD 85536
SOLVENT cDC13
ns &
Ds 2
SWH 8223.685 Hz
FIDRES 0.250987 Hz
AD 3.9645889 sec
RG 114
oW 60.800 usec
DE 16.26 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
SFO1 400.1324710 MHz
NUCl
Pl 12.90 usec
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'H-NMR spectra of (14d) in CDCl3
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F2 - Acquisition Parameters
Date_ 20190407
Time 1.32 b
INSTRUM 15a400
PROBHD ZBB3001_0018 |
PULPROG zgpg30
TD 65536
SOLVENT cDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.733596 Hz
BG 1.3631488 sec
RG 2050
oW 20.800 usec
DE 12.38 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6228298 MHz
HUC1 13C
Pl 9.00 usec
PLW1 56.00000000 W
SFo2 400,1316005 MHz
Nuc2 1H
CPDPRG[2 walbzl6
PCPD2 90.00 usec
PLWN2 16.00000000 W
PLW12 0.32870999% W
PLW13 0.16534001 W
F2 - Processing parameters
5I 32768
EF 100.612756% MHz
WDW EM
55B ]
LB 1.00 Hz
GB a
PC 1.40
o
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13C-NMR spectra of (14d) in CDCl3
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o M~ NN ;D WANWLNLD
™ D 0 = e A R B Current Data Parameters
~ o~ oo oo —_m———c NAME 130412-dasz—5_8D111-15PQ¢
EXPHO 17
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F2 - Acquisition Parameters
Date_ 20190412
Time 3
INSTRUM Avance NEO 500 Klaus
PROBHD 2145818_0004 ¢
PULPROS 2930
T €5536
SOLVENT cooL3
us 5
DS 2
swE 16129.032 Hz
FIDRES 0.492219 Hz
A0 2.0316160
RG 9.3758
DW 31.000
DE 10.56
TE 238.0
D1 1.00000000 sec
Tno 1
SFO1 800.304%41% Mz
el 18
PO 2.07 uses
PL .22 usec
PLHL 13.48993377 W
F2 - Processing parameters
st 131072
SF 500, 3000198 MBz
WO
ssB o
B 0.30 He
=3 o
pc 1.00
o]
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'H-NMR spectra of (11) in CDCl3
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F2 - Acquisition Parameters
Date_ 20190412
Time 1.10 h
INSTRUM 152400
PROBHD 2108618_0125 {
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1024
Ds 4
SWH 24038.461 Hz
FIDRES 0.7335%6 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 2.57 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6228298 MHz
HUC1 13C
Pl 10.00 usec
PLW1 56.00000000 W
SFC2 400,1316005 MHz
Nucz 1H
CPDPRG[2 waltzl6
PCPD2 20.00 usec
PLWZ 23.00000000 W
PLW12 0.26168999 W
PLW13 0.13163000 W
F2 - Processing parameters
51 32768
SF 100.6127540 MHz
WDW EM
55B 0
LB 1.00 Hz
GB 0
PC 1.40
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13C-NMR spectra of (11) in CDCls
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F2 - Acquisition Parameters
Date_ 20 10
Time 12.30
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULFRCG Zg30
T 65536
SOLVENT CDC13
Hs 1s
D3 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7262376 sec
RG 32
oW 41,600 usec
DE 25.00 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1

CHANNEL f1 =
600.3337073 MHz

1H
5.28 usec

4.80000019 W
F2 - Preocessing parameters
S1 85536
SF 600,3300148 MHz
WOW EM
S5B 1)
LB 0.30 Hz
GB 1]
PC 1.00
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H-NMR spectra of (12) in CDCl;
o QuaTsanne
[ TeOomod~o V- oad Current Data Farameters
M~ T OO NNN TTTO RN NAME 190410-dasz-6Br_5
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\\\\//// NW / PROCNO 1
F2 - Acquisition Paramsters
Date_ 20190410
Time 13.47
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 256
D3 4
SWH 37878.789 Hz
FIDRES 0.577984 Hz
AQ 0,8650752 sec
RG 2050
oW 13.200 usec
DE 25.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 =
150.9689491
13C
12.75 uaec
100.23000031 W
-------- CHANNEL 2 ========
SF02 600.3324013 MHz
NOC2 1H
CPDPRG[2 waltzl6
PCPD2 70.00 usec
PLWZ 4.8000001% W
PLW12 0.06715200 W
PLW13 0.03290800 W
F2 - Processing parameters
SI 32768
SF 150.9530795 MHz
WDW
SSB 0
LB 1.00 Hz
GB )
PC 1.40
‘ o
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13C-NMR spectra of (12) in CDCls
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Date_ 20190408
Time 10.27
INSTRUM spect
FROBHD 5 mm CFTCI 1H-
PULPROG zg30

TD 65536
SOLVENT €DCl3

ns 16

Ds 2

SWH 12019.230 Hz
FIDRES 0.18339% Hz
AQ 2.7262976 sec
EG 3z

oW 41.600 usec
DE 25.00 usec
TE 300.0 K
Dl 1.00000000 sec
puele] 1

CHANNEL f1 =
600.3337073 MH
1H

8.28 usec
4.80000019 W

F2 - Processing parameters
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WDW EM
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'H-NMR spectra of (13) in CDCl3
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F2 - Acquisition Parameters
Date_ 20120408
Time 16.47
INSTRUM spect
PROBHD 5 mm CPTCI 1H-
PULEROG zgpg30
TD 65536
SOLVENT cDel3
Nz 1024
Ds 4
SWH 36057.691 Hz
FIDRES 0.550197 Hz
AQ 0.9087659 sec
RG 2050
oW 13.867 usec
DE 25.00 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.02000000 szec
Too 1
-------- CHANNEL fl =s=ss===
sFol 1509681532 Miz
Nucl 13c
Pl 12.75 usec
FLW1 100.23000031 W
-------- CHANNEL f2 ==s=====
SFO2 600.3324013 MHz
HUC2 1H
CPDPRG [2 waltzlé
PCPD2 70.00 usec
PLW2Z 4.8000001% W
PLW12 0.06715900 W
FLW13 0.03220800 W
FZ = Processing parameters
ST 32768
sF 150.9530220 MHz
WoW EM
88B Q
LB 1.00 Hz
GB 0
PC 1.40
o
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-
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13C-NMR spectra of (13) in CDCls
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Time 16.10 h
INSTRUM Lisaqo0
PROBHD Z863001_0018
PULPROG zg30
TD 65536
SOLVENT CDCLl3
NS &
D5 2
SWH B8223.685 Hz
FIDRES 0.250967 Hz
AQ 3.9845889 sec
RG 724
oW 60.800 usec
CE 16.26 usec
TE 300.0 K
D1 1.00000000 sec
TDO 1
SFol 400.1324710 MHz
NUC1
P1 12.90 usec
PLW1 16,00000000 W
F2 - Processing parameters
sI 65536
SF 400.1300096 MHz
WDW EM
55B o
LB 0.30 Hz
GB o
PC 1.00
o]
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'H-NMR spectra of (14) in CDCl3
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F2 - Acguisition Parameters
Date_ 20190407
Time 19.59 h
INSTRUM isad00
PROBHD Z863001_0018 {
PULPROG zgpg30
D 65536
SOLVENT cDCl3
HS 1024
DS 1
SWH 24038.461 Hz
FIDRES 0.733596 Hz
AQ 1.3631488 sec
RG 2050
oW 20.800 usec
DE 12.38 usec
TE 300.0 K
D1 2.,00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6226298 MHz
HUCL 13C
P1 9.00 usec
PLW1 56.00000000 W
SFOZ 400.1316005 MHz
HDC2Z 1H
CPDPRG[2 waltzl6
PCPD2 90.00 usec
PLWZ 16.00000000 W
PLW12 0.32870999 W
PLW13 0.16534001 W
F2 - Processing parameters
51 E 8
SF 100.8127540 MHz
WOW EM
SSB o
LB 1.00 Hz
GB 0
PC 1.40
o]
OH
|
~o s
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

13C-NMR spectra of (14) in CDCls
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