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1. Abbreviations

SPPS: Solid-phase synthesis of peptides

THF: Tetrahydrofuran

HBTU: N,N,N’,N’-Tetramethyl-O-(1H-benzotriazol-1-yl)uronium hexafluorophosphate
HATU: N-[(Dimethylamino)-1H-1,2,3-triazolo-[4,5-b]pyridin-1-yImethylene]-N-
methylmethanaminium hexafluorophosphate N-oxide
6-Cl-HoBt: 6-Chloro-1-hydroxybenzotriazole

DIC: N,N"-Diisopropylcarbodiimide

Oxyma Pure: Ethyl (hydroxyimino)cyanoacetate
DIPEA: N,N-Diisopropylethylamine

MHB-II: Muller-Hilton Broth Il medium

DMSO: Dimethyl sulfoxide

CFU: Colony forming unit

hRBCs: Human red blood cells

NMR: Nuclear magnetic resonance spectroscopy
DAD: Diode-array detector

TFA: Trifluoracetic acid

APT: Attached proton test 1DC NMR experiment
DABCO: 1,4-diazabicyclo[2.2.2]octane

TEM: Temperature

GS1: lon source gas 1

GS2: lon source gas 2

CUR: Curtain gas

ISVF: lon spray voltage floating

DP: Declustering potential

EDTA: Ethylenediamine tetraacetic acid

DCM: Dichloromethane

TMS: Tetramethylsilane

HRMS: High-resolution mass spectrometry

TOF: Time-of-flight mass analyzers

ESI: Electrospray ionization

Fmoc: Fluorenylmethyloxycarbonyl protecting group



2. Experimental materials and methods

2.1 Reagents and analysis

All organic solvents and liquid reagents used in the SPPS were available from Sigma-
Aldrich, Scharlau, J.T. Baker and Merck, and were used without further purification.
Some solvents were dried before used; to dry EtsN CaH,was used and to dry THF it was
used sodium metal in the presence of benzophenone.

Rink Amide AM resin (100-200 mesh) with 0.7 mmol/g loading of Novabiochem® (EMD
Millipore Corporation - Merck) was used for SPPS. Fmoc-Ala-OH, Fmoc-Leu-OH, Fmoc-
Phe-OH, were obtained from Aldrich® (Sigma-Aldrich); Fmoc-(D)-Ala-OH, Fmoc-(D)-Leu
from 3PBioSystem and Fmoc-Cys(Trt)-OH from Novabiochem (EMD Millipore
Corporation - Merck). As coupling agents for the formation of the peptide bond, HBTU
or HATU, from Fluka® (Sigma-Aldrich), together with 6-CI-HOBt from Acros® as
racemization agent were used. DIC (Fluka®, Sigma-Aldrich) with Oxyma Pure® (Merck)
were used for coupling to MBH adduct acid. DIPEA was used as bases.

One and two-dimensional nuclear magnetic resonance spectra were recorded on a
Bruker Ascend 600 spectrometers operating to 14 T (600 MHz for H-NMR). The APT and
13C NMR spectra were acquired on a Varian Oxford YH300 on 7.04 T (75 MHz for 3C
NMR). On 'H NMR the TMS was used as internal referential, chemical shifts were
reported as & (ppm) values and coupling constants were in hertz (Hz). Chemical shifts
for 3C NMR were reported in ppm relative to the solvent peak. Data were analyzed
using MestReNova 6.0.2.

The analytical and semi-preparative HPLC experiments were done on a Shimadzu
apparatus, equipped with two independent pumps LC-20AR and a DAD detector SPD-
M20A. The selected wavelength was 216 nm. A gradient of two solvents was used;
solvent A was a 0.2% solution of TFA in H,0 and solvent B was CH3CN with the same
concentration of acid. HPLC profiles in the analytical mode were obtained using a
Shimadzu Shim-pack VP-ODS (C18) column (250 mm(L) x 4.6 mm(d.i), 5 um). The run
started with a constant flow of 5% B for 5 min; after a gradient by 40 min, starting in 5%
to 100% B was employed; from 45 min to 52 min a constant flow of 100% B, and on 3
min the concentration of B decreases from 100% to 5% to establishing the original
condition. Then 5% B for 5 min more. The flow used was 1.0 mL/min. Purification of the
cyclopeptides compounds in the semi-preparative mode was done using a Vydac C18
column (250 mm(L) x 10 mm(di), 5 um, 300 A). The run was started with 25% of solution
B for 2 min, then a gradient in which the concentration of solvent B increased to 54%
for 54 min, after this time the solvent B followed a second gradient to 100% for two min
and a isocratic elution for 5 min more was followed, after the original elution condition
(25% of B) was returned in 2 min. The flow rate was 2.5 mL/min.

HRMS-ESI-TOF data were acquired on a Triple TOF 5600-SCIEX by injection analysis on
flow using an Eksigent Ultra LC 100 - SCIEX chromatograph adjusted at a flow rate of 0.3
mL/min. A DuoSpray lon Source (ESI) was used and the MS spectra were acquired in the
positive mode, using external calibration, in the range of 100 - 1000 Da. The acquisition
parameters were: TEM 450, GS1 45, CUR 25, GS2 50, ISVF 5500 and DP 80. Data were
analyzed using mMass 5.5.0 (http://www.mmass.org).

Infrared spectra were obtained on the Jasco FT/IR-4100 spectrophotometer operating
by attenuated total reflectance (ATR) mode. IR-ATR were expressed as transmittance (%
T) versus wavenumber (cm™).

S3


http://www.mmass.org/

2.2  Activity assays on S. aureus and on human fibroblasts

Assay 1. Determination of the minimum inhibitory concentration (MIC). The
antibacterial activity of each cyclopeptide was assessed against two S. aureus reference
strains, S. aureus ATCC 25923 and S. aureus ATCC 29213.The microdilution test was
performed according to protocol M07-A of Clinical and Laboratory Standards Institute
(CLSI),? using the MHB-Il medium (Sigma-Aldrich). A stock solution in DMSO of 20 mM
of each analogue 9 was used to prepare two-fold dilutions to achieve the tested
concentration range between 300 and 0.3 uM. DMSO was used as control to ensure that
it did not interfere with the bacterial growth. The microplates were inoculated with 5 x
10° CFU/mL of the strain and incubated at 37 °C for 24 h. After that time, the MIC,
defined as the lowest concentration that completely inhibited the growth of bacteria,
was obtained as detected by the naked eye.

Assay 2. Assessment of the hemolytic activity of S. aureus ATCC 25923 on sheep blood
agar. The methodology used was adapted from Nakayama et al. 2009.3 Briefly, 5 uL of
three concentrations of each cyclopeptide in DMSO (300 uM, 1 mM and 20 mM) were
spotted onto a sheep blood agar plate and let to dry. 5 uL of DMSO were used as solvent
control. Then, on the top of each one of the previous drops, 1 uL of an inoculum of S.
aureus ATCC 25923, previously prepared from fresh colonies and standardized to an
optical density at 600 nm (ODeoo) of 0.1 (approximately 1 x 108 CFU/mL), was added. A
control spot of only 1 uL of the inoculum was also used to observe the hemolysis halo
produced by the strain. Each plate was incubated at 37 °C for 20-24 h. The presence or
absence of halos of hemolysis around the spotted bacteria were observed and
photographed. Due to the results achieved, compounds 9e and 9g were then also tested
at lower concentrations (5, 10, 50, 100 and 300 uM). Two independent experiments
were performed, each in duplicate.

Tabel S1: Halos of hemolysis or inhibition of hemolysis of S. aureus ATCC 25923 on blood
agar for compounds 9e and 9g at lower concentrations (Assay 2).2

Analogue 300 uM 100 uM 50 uM 10 uM 5uM
9e - - - - +*
9g +%* + nt nt nt

2@ (+): hemolysis halo; (-): no hemolysis halo; * visibly smaller hemolysis halo when
compared to controls; nt: not tested.

Assay 3. Hemolysis assay using human red blood cells (hRBCs). Fresh colonies of S.
aureus ATCC 25923 were used to prepare an inoculum with an ODeoo=0.1. The
compounds 9e and 9g were tested at different concentrations (10, 50, 100 and 200 uM).
Briefly, 2 uL of solutions 100x concentrated (1 mM, 5 mM, 10 mM and 20 mM in DMSQO)
of compound 9e and 9g) were added to 198 puL of the prepared inoculum. Two positive
controls were used, 2 puL of DMSO on 198 pL of inoculum and 200 uL of only inoculum.
An incubation at 37 °C for 7 h happened, and after that, 100 pL of each bacterial
suspension were directly added to 100 pL of an hRBC suspension of 2%. Previously,
whole human blood was collected in EDTA (1.8 mg/mL), washed three times, and
resuspended in PBS (pH 7.4) and then diluted to 2% in PBS. The mixtures of bacterial
suspension plus hRBCs were incubated for 30 min at 37°C and then another 30 min at 4
°C.* Then, they were centrifuged at 1000 x g for 5 min and the absorbance (Abs) at 420
nm of the supernatant was read. Two independent experiments were performed, each
in duplicate.
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Assay 4. Cell viability assay on human fibroblasts. Human fibroblasts (Detroit 551 line)
was purchased from Rio de Janeiro Cell Bank (BCRJ, Brazil). Cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM, Vitrocell, Brazil) supplemented with 1%
antibiotic solution (5,000 U/mL penicillin and 5 mg/mL streptomycin, LGC Biotecnologia,
Brazil) and 10% heat inactivated fetal bovine serum (LGC Biotecnologia, Brazil) at 37 °C
and 5% CO2 in a humidified atmosphere. The cells were seeded into 96-well culture plate
at a density of 5 x 103 and maintained for 24 h at 37 °C and 5% CO,. The treatment was
carried out with 100 uL of different concentrations of compounds 9e (6.25 to 200 uM)
and 9g (9.38 to 300 uM) prepared by serial dilutions in DMEM medium containing 0.5%
DMSO. The plates were incubated for 24 and 48 h.

Cell viability was evaluated by the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide, Sigma-Aldrich, USA) dye reduction method, according to
Dos Santos et al. 2018.° After exposition time, the medium was removed and a mix of
15 pL of MTT solution in PBS (5 mg/mL) and 85 uL of DMEM was added in each well. The
plate was incubated for 2 h at 37 °C and 5% CO; in a humidified atmosphere,
subsequently the medium with MTT was removed and 100 uL DMSO was added to
dissolve the formazan salts produced by living cells. The absorbance was measured at
595 nm using a SpectraMax® Plus 384 microplate reader (Molecular Devices, USA).

The absorbance values were converted to percentage using the transform tool of the
GraphPad Prism version 6.0 (GraphPad Softwares, USA). The cell viability was evaluated
by analysis of variance (ANOVA) followed by Bonferroni’s multiple comparison test to
verify statistical differences between treated groups and DMEM control group. Two-way
ANOVA followed by Bonferroni’s multiple comparison test was employed to compare
means between the exposition time 24 and 48 h. The data were expressed as mean *
standard error of the mean (SEM) of the quintuplicate and differences among means
were considered statistically significant at p<0.05.

3. Synthetic procedures and analytical data

3.1 Synthetic procedure of Morita—Baylis—Hillman adducts (2)

The adducts were synthesized as previously reported.® In a Schlenk flask were added the
aldehyde 1 (34.7 mmol), ethyl acrylate (52.5 mmol) and DABCO (5.00 mmol). The
mixture was kept protected from the light at room temperature under stirring for 21
days. The reaction mass was concentrated under vacuum. The residue was purified by
flash column chromatography on silica gel (20% ethyl acetate in hexane (v/v) as the
eluent solution) to furnish the desired product 2.

i ethyl acrylate
_—
R~ >4  DABCO R OEt
21 days, r.t.

2a

1aR = -CH, o

1b R = -(CH,)sCHj
Scheme S1. MBH adducts production reaction.

Ethyl 3-hydroxy-2-methylenebutanoate (2a)° Physical state: colourless oil. Yield: 90%.
Ethyl 3-hydroxy-2-methylenenonanoate (2b)° Physical state: colourless oil. Yield: 80%.
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3.2 Synthetic procedure of hydrolysis of Morita—Baylis—Hillman adducts (3)

The carboxylic acids were synthesized as previously reported.” The adduct 2 (23.3 mmol)
was dissolved in THF (40 mL), then 60 mL of 3.5 M LiOH solution was added and
vigorously stirred at room temperature for 24 h. The THF was removed under vacuo and
water (60 mL) were added. The solution was washed with ethyl acetate (3 x 15 mL). The
residual aqueous phase was then acidified to pH 1.0 with 20% hydrochloric acid solution
and extracted with of ethyl acetate (3 x 20 mL). The organic phases were combined,
dried over anhydrous Na;SOy, filtered and concentrated in vacuo to furnish the desired
product 3.

OH O OH O
LiOH(aq)/THF
R OEt ——— > R OH
18 h, r.t.
2aR=-CHj3 3a
2b R = -(CH;)5CH3 3b

Scheme S2. Hydrolysis of MBH adducts.

3-Hydroxy-2-methylenebutanoic acid (3a)® Physical state: yellow oil. Yield: 98%. H
NMR (600 MH, CDCls) § 6.38 (s, 1H), 5.95 (s, 1H), 4.66 (g, J = 6.6 Hz, 1H), 1.42 (d, ) = 6.6
Hz, 3 H). 3C NMR (75 MHz, CDCl3) 6§ 171.4, 142.9, 126.8, 67.1, 22.1. HRMS (ESI-TOF):
[M+H]* calculated for CsHsO3 177.0546; found 177.0559.
3-Hydroxy-2-methylenenonanoic acid (3b)° Physical state: colourless oil. Yield: 90%. H
NMR (600 MH, CDCl3) § 6.39 (s, 1H), 5.92 (s, 1H), 4.42(q, J = 6.6 Hz, 1H), 1.73-1.62 (m, 2
H), 1.48-1.24 (m, 8H), 0.88 (t, J = 7.0 Hz, 3H). 3C NMR (75 MHz, CDCl3) § 171.4, 142.0,
127.6, 71.7, 36.3, 31.9, 29.2, 25.9, 22.7, 14.2. HRMS (ESI-TOF): [M-OH]" calculated for
C10H1702 169.1223; found 169.1202.

3.3 Procedure of solid-phase peptide synthesis — SPPS

All the cyclopeptides were synthesized manually by Fmoc protection methodology. In a
round bottom flask equipped with sintered glass filter used as a container for SPFS
(Figure S1), 400 mg of Rink amide AM resin (0.28 mmol) was added. The using repetitive
cycles of deprotection with 20% solution of 4-methylpyridine in DMF for 15 min and
stirred, and couplings using 4 equiv of the respective amino acid, 4 equiv of HCTU or
HATU and 2 equiv of 6-CI-HOBt as an agent to prevent racemization. The MBH adducts
acid 3 were added in the linear sequence 5, using 4 equiv of 3, and thus the same
equivalence for DIC/Oxyme Pure. The reactions were stirred for 1.5 h. After this time,
the reagents in solution were removed by filtration, the resin was sequentially washed
with DCM, DMF and further DCM, each wash was done two times.

The hydroxy group at the MBH residue in 6 was acetylated using 10 ml of a mixture of
pyridine: acetic anhydride (2:1) for 40 min. This procedure was performed two times
with reactive renovation to yield 7 which was cleaved from the resin by the action of 10
mL of the cleavage cocktail (TFA: CH,Cl»:TIS; 90:8.5:1.5 (v/v/v)) under stirring for 1 h at
rt. The supernatant was filtered from the resin, the resin was washed with 5 mL of
cleavage cocktail for 15 min, the supernatant was added to the initial collection and the
resin was further washed with 5 ml of TFA (3 x 5 mL) for 15 min. These last washes with
TFA were also added to the initial supernatants and concentrated under reduced
pressure without heating until obtaining a yellow oil. Subsequently, 30 mL of cold
hexane/ethyl ether (1:1) were added, observing the formation of precipitate, which was
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centrifuged, and washed with hexane/ethyl ether (3 x 5 mL) to yield the crude mixture
of linear peptides containing 8.

Figure S1. Round bottom flask for SPPF.

3.4 Synthetic procedure for the cyclization reaction.

The cyclization step was performed immediately after the cleavage procedure. For this,
the crude mixture of peptides containing 8 obtained from the cleavage and
centrifugation was weighed, solubilized in dry THF:CH,Cl, (1:1) to a concentration close
to 1ImM, and stirred. Then, enough EtsN was added dropwise so that it reached 3% v/v.
The reaction proceeded with vigorous stirring for 48 h at rt. The volatiles were removed
under vacuo and the residual product was purified by semi-preparative HPLC as
described previously to yield the analogues 9.

eeng e o O

4 eq. HATU or HCTU
CH30 ~ 2 eq. 6-Cl-HOB
moe 10 eq DIPEA, r.t. OH O

Rink amide AM Resin R /K”/U\OH 4og 4(1) i;}nl]D;(‘I) e
10 eq DIPEA, r.t.

3aR= -CH3
3b R= -(CH,)sCHs

OAc O AA; AcOAc:Pyr (1:2),

St T A

STrt

TFA:CH,Cl,:TIS
(90:8.5:1.5), rt.

AA, AA,

ﬁ/& AA, 1mM dry THF:CH,Cl, %‘/& AA,
), Et3N 3 % v/iv
rt, 48 h

%f W

Scheme S3. Synthesis of linear peptides 8 and its cyclization to yield analogues 9.
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3.5 Analytical data of the cyclopeptides

Compounds 9a

(0]

NH%NHﬂ)N:?
Aok, 0

White solid, 10.2% yield; HRMS (ESI-TOF): [M+H]*
calculated for Ca6H37Ns05S 532.2588; found 532.2599 and
[M+Na]* calculated for C2sH3sNsNaOsS 554.2408; found
554.2412; IR-ATR: 3290 (N-H), 1653 (C=0), 1526 (C=C).

Table S2. NMR spectroscopic data (DMSO-ds) for compound 9a

Aa":::° Position SH (ppm) (multiplicity, J (Hz)) 5C (ppm) COSY/TOCSY HMBC NOESY
NH 7.30 (1H, d, 7.2) - Ca, CB Co,, CB, CO (Ala) NH (Ala)
co ; 171.79 - Co, CB

Cys Co. 4.34 (1H, td, 9.0, 6.0, 3.6) 55.05 (CH) NH, CB o, CB
2.73 (1H, dd, 13.8, 6.00
o) 2.78§1H, o 13_8,9'00; 31.68 (CH,) NH, Ca. Co, CO, C1
NH 7.95(1H, d, 7.8) - Ca, CB Ca, CB, CO (Leu) NH (Cys)
Al co ; 171.49 - Co, CB
Co. 4.09 (1H, m) 49.45 (CH) NH, CB o, Cp
B 133 (3H, d, 7.2) 16.34 (CHs) NH, Ca. Ca, CO
NH 8.07 (1H, d, 6.6) - Co. Ca,, CB, CO (Phe) NH (Phe)
co 172.52 - Co.
Co. 4.04 (1H, m) 53.57 (CH) NH, CB €O, CB, Cy
Leu o) 1‘7‘2 8: 2; 39.58 (CH) | Ca, Cy, C5y, C3, Cy, Ca, C8y, C5,
Cy 1.57 (1H, m) 24.28 (CH) C8s, C5, Co, CB
C3, 0.84 (3H, d, 6.6) 2153 (CHy) | CB,Cy CB, Cy, C3,
3, 0.91 (3H, d, 6.6) 22.86(CH;) | CB,Cy CB, Co4, Cy
NH 8.58 (1H, d, 7.8) - Co, CB Co,, CB, CO (Adduct) C3, NH (Leu)
co 172.32 - Ca, CB
Co. 4.10 (1H, m) 55.90 (CH) NH, Cp €O, Cy, CB, CO (Adduct)
314 (1H, d,8.4,2.4

ohe B T ElH, or s 54 ) 35.50 (CHy) NH, Cot Ca, €O, Cm, Cy
cy - 138.01 Ca, CB
Co 7.29 (2H, m) 12822 (CH) | n/o cy
Cm 7.21 (2H, m) 129.05(CH) | n/o Cp
Cp 7.22 (1H, m) 126.32(CH) | n/o cm
co - 169.08 cL, 3

3.29 (1H, d, 13.8)
" c1 TGt 26.40 (CHy) €0, €2, €3, C (Cys)
[} } 134.19 - C1,Ca
c3 6.04 (1H, q, 4.0) 132.02(CH) c4 C1, C4, CO NH (Phe)
c4 1.71 (3H, d, 6.60) 13.63(CHy) | 3 1,2, C3

n/o: not observed.

Chemical Formula:
CoH1oNOS*
Exact Mass: 156,0478

sy

N
I “H

[M-NH3-COJ*

Chemical Formula: CpsH3s5N,04S*
Exact Mass: 487,2374

'

_C

S

o~
O\
UNHS

- C%dﬂb‘ —> [ d
g

Chemical Formula: CoaH3oN303S*
Exact Mass: 416,2002

(]

_C NH
o NH

o
o NH2

s o
Il >
N
| H%

Chemical Formula: C45H;gN,0S*
Exact Mass: 275,1213

Chemical Formula: C4gH1gN20,S™*
Exact Mass: 303,1162

Scheme S4. ESIMS/MS Fragmentations patterns observed for 9a evidencing the
formation of the sulfide group as the macrocyclic linkage.
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Compound 9b

YNH

O

S OHNf
N7
E)LH

White solid, 14.4% yield; HRMS (ESI-TOF): [M+H]*

calculated for Ca6H37Ns05S 532.2588; found 532.2586 and

[M+Na]* calculated for C2sH3sNsNaOsS 554.2408; found
O/@ 554.2408; IR-ATR: 3282 (N-H), 1625 (C=0), 1544 (C=C).

Table S3. NMR spectroscopic data (DMSO-ds) for compound 9b

Aa";::° Position SH (ppm) (multiplicity, J (Hz)) 5 (ppm) COSY/TOCSY HMBC NOESY
NH 7.78 (d, 1H, 7.8) - Ca, CB Co, CB, CO (Ala) Ca (Ala)
co - 171.71 - Ca, CB

Cys Co 4.18 (1H, m) 52.80 (CH) NH, CB co,Cp
2.73(1H,dd, 12.6, 7.8
CcB 2.80 tlH, dd. 12.6, 6.6; 32.76 (CH,) NH, Ca Ca, CO, C1
NH 8.33(1H,d, 7.8) - Ca, CB Ca, CB, CO (Leu)
Ala co - 171.20 - Ca, CB
Co 4.26 (1H, q, 7.2) 48.28 (CH) NH, CB co, CB NH (Cys)
CB 1.17 (3H,d, 7.2) 16.64 (CHs) NH, Ca Ca, CO
NH 8.26 (1H,d, 7.2) - Ca, CB Ca, CB, CO (Phe) Co (Phe)
co - 172.29 - Ca, Cy
Ca 4.16 (1H, m) 51.24 (CH) NH, CB CO, CB, Cy
Leu cp i:ig 8: 21 39.27 (CH,) 2; Con €1 G | 0, ¢y, ca, €5y, €5,
Cy 1,33 (1H, m) 23.89 (CH) Cdy, €3, Co, CB, €34, C5,
Cd; 0.75(3H, d, 6.6) 21.92 (CH3) CB, Cy CB, Cy, C3,
Co, 0.83 (3H, d, 6.0) 22.68 (CH3) CB, Cy CB, C&,, Cy.
NH 8.14 (1H,d,, 7.8) - Ca, CB Co, CB, CO (Adduct) C3, Ha-C1
co - 171.67 - Ca, CB
Co 4.54 (1H, q, 7.8) 54.47 (CH) NH, CB €O, Cy, CB, CO NH (Leu)
2,92 (1H, dd, 13.2, 9.0)

Phe CcB 2,97 (1H, dd, 13.2, 6.6) 36.76 (CH,) NH, Ca Ca, CO, Cm/, Cy
Cy - 137.98 - Ca, CB,Co,Cm, Cp
Co 7.25 (2H, m) 128.03 (CH) n/o Cp, Cy
Ccm 7.24 (2H, m) 129.16 (CH) n/o Cp, Cy
Cp 7.18 (1H, m) 126.19 (CH) n/o Co,Cm, Cy
Cco - 168.00 - C1,C3
C1 3.33(1H,d,13.2) 27.33 (CH,) CO, C2, C3, CP (Cys) NH (Phe)

Adduct 3.46 (1H,d, 13.2)
C2 - 133.60 - C1,C3,C4
c3 6,27 (1H,q, 7.2) 132.24 (CH) c4 C1,C2, C4,CO NH (Phe)
C4 1.73 (3H, d, 6.6) 13.66 (CHs) C3 C1,C2,C3

n/o: not observed; Ha-C1: hydrogen Ha in the methylene carbon C1.

Chemical Formula: C;H1oNOS*

NH,

A\ og . oc*

o
/ﬂn NH \
L0
j/ jé) [M-NH3-COJ* /\]: %

Chemical Formula: Cp,HzoN303S*

Exact Mass: 416,2002

Chemical Formula: CpsHzsN404S*

Exact Mass: 156,0478 Exact Mass: 487,2374

S O
+
N

Chemical Formula: C15H1gN,0S*
Exact Mass: 275,1213

Chemical Formula: C1gH1gN20,S*
Exact Mass: 303,1162

Scheme S5. ESIMS/MS Fragmentations patterns observed for 9b evidencing the
formation of the sulfide group as the macrocyclic linkage.
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Compound 9c¢

NH,

NH
o

(0]
i/m f/@ IR-ATR: 3292 (N-H), 1652 (C=0), 1525 (C=C).

Table S4. NMR spectroscopic data (DMSO-dg) for compound 9c

Oﬁj\ White solid, 7.3% yield; HRMS (ESI-TOF): [M+H]* calculated
NH for CagH37Ns0sS 532.2588; found 532.2588 and [M+Nal*
calculated for Ca6H3sNsNaOsS 554.2408; found 554.2412;

A::'i:" Position SH (ppm) (multiplicity, J (Hz)) 5¢C (ppm) COSY/TOCSY HMBC NOESY
NH 7.60 (1H, d, 7.2) - Co, CB Ca,, CB, CO (Ala)
co - 171.75 - Co, CB
Cys Co. 3.99 (1H, m) 54.73 (CH) NH, CB o, CB
cp ;::‘7‘ :1: :; 31.07 (CH,) NH, Ca. €0, Ca,, C1
NH 8.00 (1H, d, 9.0) - Co, CB Ca,, CB, CO (Leu)
Ala CcOo - 171.70 - Ca, CB
Ca 4.19 (1H, qt, 8.4, 7.2) 49.21 (CH) NH, CB co, B
) 1.30 (3H, d, 6.6) 17.15 (CHa) NH, Ca. Ca, CO
NH 8.27 (1H, d, 7.8) - Co, CB Ca,, CB, CO (Phe)
co - 171.98 - Co.
Ca 4.02 (1H, m) 51.89 (CH) NH, CB CO, Cp, Cy
Leu B 122 8: 2; 39.39 (CH) Ca,, C81, C5, Cy, Ca, C8y, C3,
Cy 1.02 (H1, m) 23.61(CH) C3,, 3, Ca, CB, C3;
Cs, 0.67 (3H, d, 6.6) 21.09 (CHs) Co, Cy CB, Cy, C&,
CS, 0.75(3H, d, 6.6) 23.06 (CH3) Ca, Cy Cﬁ, Co1
NH 8.50 (1H, d, 5.4) - Co, CB Co, CP, CO (Adduct) | C3
co - 171.98 - Co, CB
Ca 439 (1H, q, 7.2) 56.09 (CH) NH, CB Co, ¢y, CB
2.89 (1H, m)
phe cp 3.00 (11 4 32.72) 36.63 (CH,) NH, Ca. Ca, CO, Cm, Cy,
Cy - 137.25 - Co, Ca, CB
Co 7.27 (2H, m) 12810 (CH) | n/o Cy
Cm 7.25 (2H, m) 129.15 (CH) n/o Cp
) 7.20 (1H, m) 12629 (CH) | n/o CB, Cm
co - 169.18 - C1,C3,c4
3.40 (1H, d, 12.60) -
" c1 39 (1 4 12.60) 27.14 (CH,) - €0, €2, C3, CB (Cys)
Cc2 - 132.85 - Cl,cCc4
c3 6.28 (1H, g, 7.2, 6.6) 132.64 (CH) ca C1,C4, CO NH (Phe)
c4 1.74 (3H, d, 6.6) 13.63 (CHa) a3 o, C1, C2

n/o: not observed; gt: quintet.

4]\ o N".' NHZ

O//C NH :.; .
NH \
N0 — 3 [
s '"éd
o j/l
|
[M-NH,-COJ*
Chemical Formula: C7H1gNOS* Chemical Formula: C2sHasNsO4S™  Chemical Formula: CpoHgoN;05S™
Exact Mass: 156,0478 Exact Mass: 487,2374 Exact Mass: 416 2002
_C7NH
o _NH
NH o
o" NH; S 0O
Il +
N
j)t | %
Chemical Formula: C1gH1gN20,S* Chemical Formula: C15H1gN,0S*
Exact Mass: 303,1162 Exact Mass: 275,1213

Scheme S6. ESIMS/MS Fragmentations patterns observed for 9¢ evidencing the

formation of the sulfide group as the macrocyclic linkage.
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Compound 9d

% White solid, 2.7% yield; HRMS (ESI-TOF): [M+H]* calculated
N“Y for CagHa7N50sS 532.2588; found 532.2589 and [M-+Na]*
)\[ calculated for Ca6H3sNsNaOsS 554.2408; found 554.2407;

j)L TQ IR-ATR: 3298 (N-H), 1652 (C=0), 1521 (C=C).

Table S5. NMR spectroscopic data (DMSO-dg) for compound 9d

A::'i:" Position SH (ppm) (multiplicity, J (Hz)) 5C (ppm) COSY/TOCSY HMBC NOESY
NH 7.21(1H, d, 8.4) - Ca, CB Ca,, CB, CO (Ala)
co - 171.75 - Ca, CB
Cys Ca 4.20 (1H, m) 52.12 (CH) NH, CB co, B
2.72 (1H, dd, 11.4, 5.4)
B 285 (1 dd 120, 84) 33.10 (CHy) NH, Cot €O, Ca, C1
NH 8.55 (1H, d, 6.6) - Ca, CB Ca,, CB, CO (Leu) Co. (Leu)
Ala CcOo - 171.75 - CB
Co. 4.03 (1H, 1, 6.6) 49.83 (CH) NH, Cp B
) 1.23(3H,d, 7.2) 17.00 (CHs) NH, Cot Ca, CO
NH 7.56 (1H, d, 7.2) - Ca,, CB Ca, CO (Phe) NH (Phe)
co - 171.22 - Ca
Ca 4.33 (1H, m) 51.60 (CH) NH, Cﬁ Co, CB, Cy NH (Ala)
1.46 (1H, m)
Leu cp 151 (Hm) 41.32 (CH,) Co, 31, C5, Cy, Ca, €8y, €3,
Cy 1.46 (H1, m) 24.42 (CH) Cd,, Co, Ca, CB, C3,, C5,
C8; 0.87 (3H, d, 6.6) 2250 (CH;) | CB, Cy CP, Cy, C3,
c3, 0.92 (3H, d, 6.0) 22.73 (CH,) CB, Cy CB, C5,,Cy
NH 8.25 (1H, d, 8.4) - Co, CB Ca,, CB, CO (Adduct) | C3, NH (Leu)
co - 171.29 - Ca, CB
Co. 4.37 (1H, m) 56.13 (CH) NH, CB Co, Cy
2.93 (1H, dd, 13.8, 11.4)
C 37.00 (CH NH, C Ca, CO,Cm, C
Phe B 3.04 (1H, dd, 13.8, 4.8) (CHy) o @, €0, Cm, Cy,
cy - 138.04 - Co, Ca, CB
Co 7.27 (2H, m) 128.19 (CH) n/o cy
Cm 7.23 (2H, m) 12892 (CH) | n/o Cp
) 7.20 (1H, m) 126.36 (CH) | njo B, Cm
co - 167.81 - C1,C3, Ca
c1 3.38 (1H, bs) 2698 (CH)  [— €O, €2, C3, CB (Cys)
Adduct ) } 134.15 - C1,C4
c3 6.06 (1H, q, 7.2, 6.6) 13065 (CH) | ca C1,C4, CO NH (Phe)
c4 1.71 (3H, d, 6.6) 1355 (CHy) | C3 o, C2,C3
n/o: not observed; bs: broad singlet
o’fC N 0’.".-'.:- " o NH2
N N
C 0

el T T 5”0%

Chemical Formula: C7H1oNOS* Chemical Formula: C2sH3sNsO4S"  Ghemical Formula: CpoHgoN;04S*
Exact Mass: 156,0478 Exact Mass: 487,2374 Exact Mass: 416,2002

o o _NH
NH
OJr NHz s O
I +
N
j/m | E}
Chemical Formula: C4gH1gN,0,S* Chemical Formula: C1sH1gN,0S*
Exact Mass: 303,1162 Exact Mass: 275,1213

Scheme S7. ESIMS/MS Fragmentations patterns observed for 9d evidencing the
formation of the sulfide group as the macrocyclic linkage.
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Compound 9e
/@ White solid, 14.8% yield; HRMS (ESI-TOF): [M+H]* calculated for
: C6H37Ns05S 532.2588; found 532.2587 and [M+Na]* calculated
NH%A:NHY for Ca6H3sNsNaOsS 554.2408; found 554.2405; IR-ATR: 3302 (N-
NH H), 1650 (C=0), 1530 (C=C).

Table S6. NMR spectroscopic data (DMSO-dg) for compound 9e

A::'i:" Position SH (ppm) (multiplicity, J (Hz)) 5C (ppm) COSY/TOCSY HMBC NOESY
NH 7.61 (1H, d, 9.0) - Ca, CB Ca,, CB, CO (Phe)
co } 171.78 - Ca, CB
Cys Co. 4.40 (1H, td, 9.0, 3.6) 55.62 (CH) | NH,Cp Ca, CO
2.76 (1H, dd, 13.8, 3.0
cp T ElH’ Y] 9_6; 31.54(CH,) | NH, Co €1, Ca, CO
NH 7.81 (1H, d, 8.4) - Ca, CB Cay, CB, CO (Leu)
co ; 170.60 - B
Co 4.34 (1H, ddd, 14.4,6.0,4.2) 54.92 (CH) NH, Cﬁ CB, Cy
2.94 (1H, dd, 13.8, 10.8)
phe cp 321 (1t dd 135 4.2H) 36.22 (CHy) | NH,Ca Co, Cm, Cy, CO
Cy - 137.95 - Co,, CB, Co, Cp
Co 7.27 (2H, m) 128.22(CH) | n/o cy
Cm 7.21 (2H, m) 128.91(CH) | n/o Cp, CB
) 7.20 (1H, bs) 126.32 (CH) | n/o Cy, Cm
NH 7.90 (1H, d, 7.2) - Ca, CB Ca, CB, CO (Ala)
co 172.60 - Ca, CB
Co 4.02 (m, 1H) 53.26 (CH) NH, Cﬁ, Cd4, C5, CB, Cy, CO
Leu cp 121 (1H, m) 39.63(CHy) | Co, C5y, C5» Co,, Cy, CBs, C5,, CO
1.44 (1H, m) » L0 + 1, L0, C0
Cy 1.43 (1H, m) 2422 (CH) | Cbs C5, Ca,, CB, oy, C5,
[ 0.74 (3H, d, 6.0) 21.61(CHs) | Cy C5,, Cy, CB
s, 0.80 (3H, d, 6.0) 22.62 (CH;) | Cy C5,, Cy, CB
NH 8.64 (1H, d, 6.6) - Co, CB Co,, CB, CO, CO (Adduct) a3
A co 173.16 - Ca, CB
Co. 3.92 (1H, qt, 7.2) 50.65 (CH) | NH,Cp CB, €O, CO (Adduct)
cp 1.37 (3H, d, 7.2) 16.80 (CHy) | NH, Ca Ca, CO
co } 169.35 } c1,C3
a i:z: 8: g i:;; 26.78 (CH;) | — B (Cys), €O, C2, C3 c
Adduct c2 - 134.31 - Ci,c4
a3 6.39 (1H, g, 7.2, 6.6) 132.78(CH) | ca C4,C1,CO ma)
c4 1.78 (3H, d, 7.2) 13.70(CHy) | C3 €O, €1, C2,C3

n/o: not observed; gt: quintet; bs: broad singlet.

Y g
\
[M-NH3-COJ*

Chemical Formula: C;H4oNOS* Chemical Formula: Co5HasN404S™ Exact Mass: 340,1689
Exact Mass: 156,0478 Exact Mass: 487,2374

| :
%ﬁ

2
O NH.
[ 2 Chemical Formula: CgH15sN,0S*

Exact Mass: 199,0900
Chemical Formula: C1oH1sN20,S* N

Exact Mass: 227,0849 I H

Chemical Formula: C1gH26N303S™

Scheme S8. ESIMS/MS Fragmentations patterns observed for 9e evidencing the
formation of the sulfide group as the macrocyclic linkage.
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Compound 9f

1522 (C=C).

Table S7. NMR spectroscopic data (DMSO-dg) for compound 9f

White solid, 11.8% yield; HRMS (ESI-TOF): [M+H]*
calculated for C31H47NsOsS 602.3371; found 602.3358
and [M+Na]* calculated for C31H4sNsNaOsS 624.3190;
found 624.3174; IR-ATR: 3282 (N-H), 1652 (C=0),

Amino

acid Position &H (ppm) (multiplicity, J (Hz)) &C (ppm) COosY/ToCsY HMBC NOESY
NH 7.60 (1H, d, 7.2) - Co, CB Ca,, CB, CO (Ala) Hb-C1
co - 171.70 - Co, CB
Cys Ca 3.99 (1H, m) 54.67 (CH) NH, CB o, CB
cp i:g ﬁ: m; 31.27(CH) | NH,Ca Ca, €O, C1
NH 8.00 (1H, d, 8.4) - Ca, CB Ca, CB, CO (Leu) Ca (Leu),
Ala co - 171.77 - Ca, CB
Co. 4.20 (1H, qt, 7.2) 49.19 (CH) NH, CB co, cp
cp 1.30 (3H, d, 7.2) 1717 (CHs) | NH, Ca. Co, CO
NH 8.25 (1H, d, 7.8) ca, CB, Cr, Ca,, CB, CO (Phe) Co. (Phe), Cy
C3y, C3,
co 171.99 - Ca, CB
Co. 4.02 (1H, m) 51.88 (CH) NH, CB o, CP, Cy NH (Ala)
Leu 1.33 (1H, m) NH, Co, Cy,
cp a0 m) 951(CH) | oo’ ¢ Y €0, Ca, 3,
Cy 1.00 (1H, m) 23.58 (CH) C3,, C3, Ca, C8,, C3, NH
3, 0.67 (3H, d, 6.6) 21.10(CHy) | Cy CB, Cy
3, 0.75 (3H, d, 6.6) 23.07(CH) | Cy CB, C5,, Cy
NH 8.50 (1H, d, 6.00) Co, CB Ca, CB, CO (Adduct) Ha-C1, C3
co 171.96 - Ca, CB
Co. 438 (1H, q,7.2) 56.13 (CH) NH, CB co, cp NH (Leu)
2.91 (1H, m)
ohe cp 300 (1R 04, 32.73) 36.63(CH;) | NH,Ca €O, Ca, Cy, Cm
cy - 137.26 Co, CP,
Co 7.26 (2H, m) 128.08 (CH) n/o CB, Cy
Cm 7.25 (2H, m) 129.19(CH) | n/o Cp
Cp 7.20 (1H, m) 126.30(CH) | n/o Cm
co - 169.15 C1,C3
3.38 (1H, d, 12.0) NH (Phe)
c1 525 (1.4 125) 27.42 (CH,) €O, €2, C3, CB (Cys) N (Cys]
C2 - 131.75 - C1,C4
a3 6.21 (1H,t, 7.8) 137.96(CH) | C4,C6 C1, C4, C6, CO NH (Phe)
Adduct c4 212 (2H,9,7.2) 27.67(CH,) | C3,C5,C6 C2,C3,C5
c5 1.29 (2H, m) 28.40 (CH,) Cc4 Ce, C7
[ 1.37 (2H, m) 28.40(CH;) | C3,c4 cs, C7
c7 1.26 (2H, m) 3L.11(CH) | C9 c8
s 1.28 (2H, m) 22.04(CH;) | C9 9
9 0.87 (3H, t, 6.6) 13.96 (CH;) | C7,C8 C7,C8
n/o: not observed; Ha-C1: hydrogen Ha in the methylene carbon C1; Hb-C1: hydrogen

Hb in the methylene carbon C1; qt: quintet.

CJ\NH O,},{.\. H o N
/NHO§

—> [S N0
//OJr HzN H ] N

H

[M-NH5-COJ*

Chemical Formula: C3oHysN40,S*
Exact Mass: 557,3156

:

C

Chemical Formula: C‘ZHZQNOS

"
Exact Mass: 226,1260 Chemical Formula: C57H40N3038

Exact Mass: 486,2785

4\5*5

Chemical Formula: CoHzgN,0S*
Exact Mass: 345,1995

;

o
o NHp
s o |

Chemical Formula: Cz4H29N,0,8*
Exact Mass: 373,1944

Scheme S9. ESIMS/MS Fragmentations patterns observed for 9f evidencing the

formation of the sulfide group as the macrocyclic linkage.
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Compound 9g
o White solid, 4.7% yield; HRMS (ESI-TOF): [M+H]*
NH; NHY calculated for C31H47Ns0sS 602.3371; found 602.3378
o) NFGA and [M+Na]* calculated for C31HasNsNaOsS 624.3190;
found 624.3199; IR-ATR: 3300 (N-H), 1630 (C=0), 1533
(C=Q).

Table S8. NMR spectroscopic data (DMSO-dg) for compound 9g

A::::° Position SH (ppm) (multiplicity, J (Hz)) 5¢ (ppm) COSY/TOCSY HMBC NOESY

NH 7.21 (1H, d, 8.4) - Ca, CB Co,, CP, CO (Ala)

co - 171.77 - Ca, CB
Cys Ca 4.19 (1H, dt, 8.4, 4.8) 52.12 (CH) NH, CB o, CB

2.71 (1H, dd, 11.4, 5.4)

B 283 (11 a4, 12.0°5.4) 33.25 (CH,) Co, NH €0, Ca.

NH 8.56 (1H, d, 6.6) - Ca, CB Ca, CB, CO (Leu) Ca (Ala)
Ala CcOo - 171.81 - Ca, Cﬁ

Co. 4.03 (1H, qt; 7.2) 49.88 (CH) NH, CB o, Cp

B 123 (3H, d, 7.2) 17.00 (CH,) NH, Ca. Ca, CO

NH 7.57 (1H, d, 7.2) - Ca, CB Ca, CO (Phe) NH (Phe)

CcOo 171,26 - CB

Co. 4.33 (1H, m) 51.67 (CH) NH, CB €O, CB, Cy NH (Ala)
Leu o) 1‘;? 8: 2; 41.33 (CH,) NH, Ca, C8, C5, | Ca, C8y, C5,

Cy 1.47 (1H, m) 24.46 (CH) C8s, C5, Co,, €O, C5,, C5,

3, 0.88 (3H, m) 22.77(CH,) cy, CB CB, Cy

3, 0.92 (3H, d, 6.0) 22.51 (CHs) Cy, B CB, Coy, Cy

NH 8.20 (1H, d, 8.4) - Co, CB Co,, CB, CO (Adduct) C3, NH (Leu)

CcOo 171.32 - Co

Ca 4.35 (1H, m) 56.15 (CH) NH, Cﬁ CB, Cy, CO (Adduct)

2.93 (1H, dd, 13.2, 10.8

Phe cp 3.05 £1H, dd, m, 13.8, 4.)8) 36.98 (CHy) NH, Ca Co, &y

Cy - 138.06 - Co,, CB, Co

Co 7.26 (m) 128.16 (CH) n/o Cm, Cy

cm 7.23 (m) 129.01 (CH) n/o Cp, CB

Cp 7.19 (m) 126.38 (CH) n/o Cm

co - 167.97 - C1,C3

c1 3.36 (2H, bs) 27.34 (CH,) - €0, €2, C3, CP (Cys) c4

c2 - 133.17 (CH) C1,Ca

c3 5.91 (1H, t, 7.8) 135.99 (CH) 4, C6 C1, C4, C6, CO NH (Phe)
Adduct | c4 2.08 (2H, m) 27.34 (CH,) 3, C6 2,3, C5 c1

cs 1.25 (2H, m) 28.29 (CHy) 6 C1,c8

6 1.32 (2H, m) 28.51 (CH,) 4, C5 cs, C7

c7 1.25 (2H, m) 31.10 (CH,) c9 C6, C9

c8 1.27 (2H, m) 22.07(CH,) c9 Cs, C7,C9

9 0.87 (3H, 1) 13.98 (CH) 6, C7, C8 c7,C8

n/o: not observed; dt: doublet of triplets; gt: quintet.
C)\

NH,

_C
NH - NH 0~

NH\

/+,
N. a"o
HN
dﬂ o o
/ o" HuN
[M-NH,-COJ*

Chemical Formula: C‘szgNOS*

IZ

Chemical Formula: C3oHs5N404S* : +
Exact Mass: 226,1260 30M45N404; Chemical Formula: Cp7H4oN303S
Exact Mass: 557,3156 Exact Mass: 486,2785
_C
0%

NH O
[/ o NHz
s o |l — %

N
[ H

. . Chemical Formula: CyoHpgN,0S*
Chemical Formula: C1HpgN20,S Exact Mass: 345,1995
Exact Mass: 373,1944

Scheme $10. ESIMS/MS Fragmentations patterns observed for 9g evidencing the
formation of the sulfide group as the macrocyclic linkage.
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Compound 9h

O
NH,
NH
O

LT
N ,
E)LH

(0]

White solid, 7.6% yield; HRMS (ESI-TOF): [M+H]* calculated
for Ca6H37Ns0sS 532.2588; found 532.2587 and [M+Na]*
calculated for C26H36NsNaOsS 554.2408; found 554.2413; IR-
ATR: 3285 (N-H), 1648 (C=0), 1521 (C=C).

Table S9. NMR spectroscopic data (DMSO-dg) for compound 9h

Amino

acid Position SH (ppm) (multiplicity, J (Hz)) &C (ppm) cosy/Tocsy HMBC NOESY
NH 7.74 (1H,d, 7.2) - Ca, CB Ca, CB, CO (Phe)
co - 171.63 - Ca, CB
Cys Co 4.00 (1H, ddd, 9.0, 7.2, 4.2) 54.48 (CH) NH, CB CB, CO, CO (Phe)
2.84 (1H, dd, 13.2,9.0
cp 38 ElH, dd 132 4'8; 31.06 (CH,) NH, Ca C1, Ca, CO
NH 8.00 (1H, d, 9.0) - Co, CB Co, CO (Ala)
CcO - 170.74 - Ca, CB
Ca 4.28 (1H, m) 55.33 (CH) NH, CB CB, Cy, CO NH (Ala)
2.99 (1H, dd, 13.8, 11.4)
Phe CB 3.15 (11, dd, 13.8, 4.2) 36.30 (CH,) NH, Ca Co, Cm, Cy, CO
cy - 138.02 Co
Co 7.27 (2H, m) 128.14 (CH) n/o Cy
Cm 7.21(2H, m) 129.00 (CH) n/o Cp, CB
Cp 7.20 (1H, bs) 126.24 (CH) n/o Cm
NH 8.44 (1H, d, 6.6) - Ca, CB Ca, CB, CO (Leu) Co (Phe)
Ala Cco - 172.43 - Ca, CB,
Ca 3.94 (1H, q, 6.6) 49.85 (CH) NH, CB CB, CO, CO (Leu)
CB 1.03 (3H, d, 7.2) 16.83 (CH3) NH, Ca Ca, CO
NH 8.17 (1H, d, 6.0) - Ca, CB Ca, CO (Adduct) C3
Cco - 172.98 - Ca, CB
Ca 4.30 (1H, m) 52.10 (CH) NH, CB, C§,, C3, CB, Cy, CO, CO (Adduct)
Leu B ig; & 2; 39.96 (CH,) CB, Ca, C81, C5, Ca, Cy, €5y, C5,, CO
Cy 1.63 (1H, m) 24.30 (CH) Cdy, €3, Ca, CB, C34, €,
[ 0.88 (3H, d, 6.6) 21.75 (CH,) cy C5,, Cy, CB
5, 0.90 (3H, d, 6.6) 23.03 (CH) cy C5,, Cy, CB
CcO - 168.72 - C1,C3
3.44 (1H, d, 13.2)
Adduct c1 3.55 (11, d, 13.2) 26.96 (CH,) CPB (Cys), €O, C2,C3
C2 - 132.85 - C1,C4
C3 6.37 (1H, q, 7.2) 132.55 (CH) C4 C4, C1, CO C4, NH (Leu)
Ca 1.73 (3H, d, 6.6) 13.55 (CHs) C3 CO,(C1,C2,C3 Cc3
n/o: not observed; bs: broad singlet
,c; “NH o N

o
NH \\\/
C
HN o
t L
N
-
Chemical Formula: C1gH26N303S*
Exact Mass: 340,1689

o he

Chemical Formula: C7H;qNOS*
Exact Mass: 156,0478

[M-NH5-COJ*
Chemical Formula: CsH35N404S*
Exact Mass: 487,2374

;\ N
-C N
> Wk
NH
Z
[ NH2
Chemical Formula: C13H2;N20,S* 5)‘\ JQ\

Exact Mass: 269,1318

Chemical Formula: C1,H,;N,0S*
Exact Mass: 241,1369

Scheme S11. ESIMS/MS Fragmentations patterns observed for 9h evidencing the
formation of the sulfide group as the macrocyclic linkage.
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4, NMR and MS data

Characterization data for MBH adducts carboxylic acids (3)
'H NMR Spectra of 3a in CDCl;
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13C NMR Spectra of 3a in CDCl3
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ESI-HRMS Spectra of 3a

Y
o Ac. AMBH Me ¢
—
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120
D
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60
C)
OH OH
@
g OH
™
[o2) o o
= =] o
30 - g o — Chemical Formula: C5HgO4*
Lo Exact Mass: 117,0546
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'H NMR Spectra of 3b in CDCl;
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13C NMR Spectra of 3b in CDCl5
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ESI-HRMS Spectra of 3b
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Characterization data for Compound 9a
'H NMR Spectra of 9a in DMSO-ds
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13C NMR Spectra of 9a in DMSO-ds
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HSQC Spectra of 9a in DMSO-ds
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HMBC Spectra of 9a in DMSO-ds
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HRMS-ESI-TOF, HRMS/MS spectra, chromatogram and IR-ATR spectrum of 9a
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Characterization data for Compound 9b
'H NMR Spectra of 9b in DMSO-ds
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13C NMR Spectra of 9b in DMSO-ds
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HSQC Spectra of 9b in DMSO-ds
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HMBC Spectra of 9b in DMSO-ds
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HRMS-ESI-TOF, HRMS/MS spectra, chromatogram and IR-ATR spectrum of 9b
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Characterization data for Compound 9c¢

'H NMR Spectra of 9¢ in DMSO-ds
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13C NMR Spectra of 9¢ in DMSO-ds
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HSQC Spectra of 9¢ in DMSO-ds
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HMBC Spectra of 9¢ in DMSO-ds
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Characterization data for Compound 9d
'H NMR Spectra of 9d in DMSO-ds
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13C NMR Spectra of 9d in DMSO-ds
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HSQC Spectra of 9d in DMSO-ds
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HMBC Spectra of 9d in DMSO-ds
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Characteristic fragmentation of compound 9a, 9b, 9¢c and 9d.
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Characterization data for Compound 9e
'H NMR Spectra of 9e in DMSO-ds
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13C NMR Spectra of 9e in DMSO-ds
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HSQC Spectra of 9e in DMSO-ds
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HMBC Spectra of 9e in DMSO-ds
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HRMS-ESI-TOF, HRMS/MS spectra, chromatogram and IR-ATR spectrum of 9e

g Slunv-Acetal Fullscan o | £ | S-Ltinv-Acetal M52 532 ®
" 1204 " 120 4
o 1 o
B 3
4 2 Z
j g - . b,
i g 2
90 - 90 o n Z ;
. 0
5 j
: |2 3
Bk 1 g 3
5 = S
60 8 60 P 7 I -
- - =
A 1 - I 3
& = g o
1 = 4 & E by 3
= 2 = o 4 o -
30 30 o = 2 o o = o ¥ o
3 = 2z g " = = 2. | N | B =
: 1 & & g R g =3 I I I
H g g g \ e ‘ 2| 3
m = 1 ™ i - o rd
-y o
o ; ! |.|l|| " L ‘L - I I | | 0 L I|J L |J| | |L“l AIFT [T !I dd “ } ‘ JH L IJ w I J: ] . P JJ I - |
200 300 400 500 600 700 800 500 1000 100 150 200 250 300 350 400 450 500 ,
mjz mJjz
110
Datafile Mame-PurDe-SLtinv-Acstal_15032019_001 lcd
Sample Name-PurS Ltinv-Acetal L
Sample ID:Pur-S-Ltinv-Acetal 001
e 5T R
o00-R16Am, -Cond 100 — o
/ \ ‘/\}‘N WV'\
00 / Foo | 2958.27 cm! \ / ,~ *u“/\‘ﬂ /‘/ \
| i v
s // 90 3302.50 cm! \ /\ ‘M V i \
— !
0] - \ J“‘ 120143 cm! ||
~ 0, B \f |
6009 7 o3 Feo %T 80 H ‘ \
7 < — |
500-] 7 3 Foo | | ;
g L 530.24 o
400 = Fao ‘
503 © F30 0 u
0 -1
2001 = = 1649.8 cm
o 20
+o0d - 3 — 60 | | | |
N 1o
0_#’_/_—/’* 4000 3000 2000 1000 650
B = 2o 20 e 0 2o o oo Wavenumber [cm-1]

S47



Characteristic fragmentation of compound 9e

M+HT* [M-NHa*
Chemical Formula: CogH3gN505S*
Exact Mass: 532,2588

[M-NH;-COT*
Chemical Formula: C5H3sN40,4S*
Exact Mass: 487,2374

Chemical Formula: CogH35N405S*
Exact Mass: 515,2323

o B \
QL
NH
o @ & ji;/ o7
N N
N oHN:iO -~ 7 - [ b
E)LH (§H3 | H S

Chemical Formula: Cp5H3,N30,S*
Exact Mass: 470,2108 Chemical Formula: CysHasN404S*

\ Exact Mass: 487,2374
+
ox
N

N
@i :/[ \\S 0 |O| S O
o / N J\ + 2
\\ HN. O j/U\H \ N — | N
s 0 I | H H
N Chemical Formula: C4gHp3N,05S* ) .
| H Exact Mass: 323 1424 Chemical Formula: C1gH1,NO,S* Chemical Formula: CoH1,NOS
Exact Mass: 210,0583 Exact Mass: 182,0634
Chemical Formula: Cp4H3,N303S*
Exact Mass: 442,2159

Chemical Formula: C45H23N,0,S*
Exact Mass: 295,1475

_ I,
\s oHN:/[O
N
E)LH

NH

HN
s of
N
E)LH

[M-NH5-CO-COJ*

Chemical Formula: Co4H35N403S*

Exact Mass: 459,2424
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Characterization data for Compound 9f
'H NMR Spectra of 9f in DMSO-ds
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13C NMR Spectra of 9f in DMSO-ds
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HSQC Spectra of 9f in DMSO-ds
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HMBC Spectra of 9f in DMSO-ds
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HRMS-ESI-TOF, HRMS/MS spectra, chromatogram and IR-ATR spectrum of 9f
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Characterization data for Compound 9g
'H NMR Spectra of 9g in DMSO-ds
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13C NMR Spectra of 9g in DMSO-ds
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HSQC Spectra of 9g in DMSO-ds

ke

10
20
~30

50
_—60
70
-80
;90
_—‘IOO
110
-120
_—130
;140

o A A A
oﬁi
NH> NH
AENH Y
— *
- -]
E \/\/\j)L /© . . X
- T -
— 'y
90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f2 (ppm)

~150

f1 (ppm)

S56



HMBC Spectra of 9g in DMSO-ds
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HRMS-ESI-TOF, HRMS/MS spectra, chromatogram and IR-ATR spectrum of 9g
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Characteristic fragmentation of compound 9f and 9g

+.0 o

NH3§)\NH p ,ﬁ)\NH (?RA\NH
. <

0

NH X< _NH +NH
o — > (0] » [/ o]
HN 0} HN (¢]
s o s o s gN©
N N N
| H | H | H
[M+H]* [M-NHg]* [M-NH,-COT*
Chemical Formula: C34H4gN505S* Chemical Formula: C31Hg5N405S* Chemical Formula: C3oHgsN404S*
Exact Mass: 602,3371 Exact Mass: 585,3105 Exact Mass: 557,3156

o+ \
)\ L N
H +O// NH NH

/Iﬂ
NH o JOQ/ o) g> N
< L ° N HZN’E ° - [/Nkb — [/Nkb
\\S $iN 0 - (N: s N0 <«— A HN. O - s gNoO s 4o s JNoO
N e HE} SN W\i)*u N N

n
Chemical Formula: C3gH4oN30,4S* — X . —J [M-NH3-CO-CO]
Chemical Formula: C3gHs5N404S
Exact Mass: 540,2891 ! U18: Laolasaba

+ Exact Mass: 557,3156 Chemical Formula: CogHssN403S™
\ ox Exact Mass: 529,3207
+
ANH \

N 4
R HN__O
s 9 \\S o 0 \\s o s o
o) / N \ i | o
X H N — N N
\\S N0 | r X I H — > | H
I
Chemical Formula: Cz7Hg7N2058 , . . ) . Chemical Formula: C1gHy4NOS*
Exact Mass: 469,2519 Chemical Formula: C4HsNO,S Chemical Formula: CoHp6NOS Exact Mass: 302 1573
Exact Mass: 356,1679 Exact Mass: 328,1730 xact Mass: !
Chemical Formula: CogHgoN303S*
Exact Mass: 512,2941

NN |
X HNY _O
\s o
N Chemical Formula: CogH37N20,S*
| H Exact Mass: 441,2570
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Characterization data for Compound 9h
'H NMR Spectra of 9h in DMSO-ds
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13C NMR Spectra of 9h in DMSO-ds
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HSQC Spectra of 9h in DMSO-ds
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HMBC Spectra of 9h in DMSO-ds
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HRMS-ESI-TOF, HRMS/MS spectra,

chromatogram and IR-ATR spectrum of 9h
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Characteristic fragmentation of compound 9h

[M+H]*
Chemical Formula: CygH3gN505S*
Exact Mass: 532,2588

[M-NH3-COJ*
Chemical Formula: CosH35N40,4S*
Exact Mass: 487,2374

Chemical Formula: CogH35N405S*
Exact Mass: 515,2323

(o]
1l
NH

o] 0o +
=~
o)\( o N N HZN o Nl_b
HN._O i
o} (/ HN__O

\S
g

Chemical Formula: CpsH3,N30,S*
Exact Mass: 470,2108

o,
>y /
j»ix

Chemical Formula: Co4H35N303S* ¢

N
H un. o ;
NH,
N

Chemical Formula: CosHasN404S*
Exact Mass: 487,2374

.
o)
\\

Chemical Formula: C4gH23N,03S*

Exact Mass: 323,1424 Chemical Formula: C43HgNO,S*

Exact Mass: 252,1053

Chemical Formula: C4,HgNOS*
Exact Mass: 224,1104

Exact Mass: 442,2159

X o
S O
n Chemical Formula: C45H3N,0,S*
E)J\N Exact Mass: 295,1475
H

+
SNH

g
i

[M-NH3-CO-COJ*

Chemical Formula: Cp4H35N403S*

Exact Mass: 459,2424

Chemical Formula: C4oH;gNOS*
Exact Mass: 198,0947
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