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ABSTRACT: Rapid and efficient cyclization methods that form structurally novel peptidic macrocycles are of high importance for
medicinal chemistry. Herein, we report the first gold(I)-catalyzed macrocyclization of peptide-EBXs (ethynylbenziodoxolones) via
C,-Trp C—H activation. This reaction was carried out in the presence of protecting group free peptide sequences and is enabled by a
simple commercial gold catalyst (AuCl-Me,S). The method displayed a rapid reaction rate (within 10 min), wide functional group
tolerance (27 unprotected peptides were cyclized), and up to 86% isolated yield. The obtained highly conjugated cyclic peptide
linker, formed through C—H alkynylation, can be directly applied to live-cell imaging as a fluorescent probe without further
attachment of fluorophores.
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Scheme 2. Synthesis of Peptide-EBXs with Bis-CF;
Benziodoxole 1 and Benziodoxolone 1’
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of stapled peptides or peptide bicycles (Scheme 1b).''"
However, the use of a stoichiometric amount of gold
complexes was required. Later, two gold(I)-mediated peptide
cyclizations via activation of propargylated peptides were
disclosed by Brik’s group (Scheme 1b)."**" The reaction
displayed excellent functional group compatibility, but a
stoichiometric amount of gold comglex was still required.
Very recently, Xie and co-workers'* reported a gold(I)-
catalyzed arylation of C-terminal-amidated peptides. By
installing an acid chloride or an aldehyde as extra reactive
handles on the arene iodide, they achieved head-to-tail
cyclization. To the best of our knowledge, there is no report
of peptide macrocyclization via C—H activation enabled by a
gold catalyst despite their excellent functional group tolerance.

In 2009, our group reported the gold(I)-catalyzed C—H
alkynylation of indoles and pyrroles by using hypervalent
iodine reagents.'*" This reaction can be also realized on other
electron-rich aromatic rings including aniline,"** thiophene,1301
and furan."** In 2016, our group'" and Hoeg-Jensen and
Skrydstrup’s groupl4b applied this reaction on peptides for the
C,-selective ethynylation of Trp with TIPS-EBX (triisopro-
pylsilyl-ethynylbenziodoxolone).

Hoeg-Jensen and co-workers showed that this method was
also applicable to modify Trp in the protein apomyoglobin.
Based on our recent development of peptide-bound hyper-
valent iodine reagents (peptide-EBXs, Scheme 2),"> we
envisioned that this gold(I)-catalyzed C—H alkynylation
could be applied on Trp-containing peptides in an intra-
molecular fashion. Herein, we present the discovery and
development of the first gold(I)-catalyzed Trp-C, alkynyla-
tion—cyclization of peptides (Scheme 1c).

In our previous work on peptide-EBXs, we introduced
ethynylbenziodoxolones onto peptides.'””> The amidation
between the Lys/N-terminus and an activated ester (OPfp)
selectively occurred without touching the other electrophilic
sites on the EBX core. The introduced EBXs handle allowed us
to conduct peptide modification and macrocyclization through
thiol addition and photocatalytic decarboxylative alkynylation.
However, the instability of benziodoxolone 1’ led to partial
decomposition during purification, and no transition-metal-
based macrocyclization was known at this stage. Switching the
EBX backbone from benziodoxolone 1’ to bis-CF; benziodox-
ole 1'° enhanced the stability of the peptide-EBXs with higher
isolated yields (Scheme 2; see Figure S1 in the Supporting
Information (SI) for details). However, compared with
benziodoxolones, benziodoxoles displayed inferior reactivity
in intermolecular reactions with indoles."*" Therefore, peptide-

Table 1. Optimization of the Au-Catalyzed Macrocyclization
of Peptide-EBX (1a)

H

N
. o =2
AR E)W)—on NH 2

Catalyst (X mol%)

Solvent (Y mM) @@

NH
P pe— 10 min
°AO I—= )no open flask = O
X O _NH
HN—} O
3a
NH HN
% O

HPLC-UV trace 210nm:

2 ()
o I

OH
1a X=(CF3),,n=0
1a'X=0,n=1

entry catalyst (mol %) C (mM) solvent yield”
AuCl-Me,S (100%) 5 DMF 0%
AuCl-Me,S (100%) 5 DMSO 0%
3 AuCl-Me,S (100%) S MeCN* 649(99:1)
4 AuCl-Me,S (100%) 5 MeOH 69%(95:5)
S AuCl-Me,S (100%) S TFE 849%(99:1)
6 AuCl-Me,S (100%) 5 HFIP 929%(97:3)
7 AuCl-Me,S (50%) S HFIP 91%(97:3)
8 AuCl‘Me,S (10%) S HFIP 90%(97:3)
9 AuCl-Me,S (1%) 5 HFIP 55%%(97:3)
10 AuCl-Me,S (10%) 2.5 HFIP 64%(97:3)
11 AuCl-Me,$ (10%) 10 HFIP 66%(97:3)
12 AuCl (100%) S HFIP 88%(97:3)
13 AgBF, (100%) S HFIP
14 [Pd]¢ (100%) S HFIP
15 AuCl-Me,S (100%) 5 HFIP 20%(94:6)
16 5 HFIP

“Conditions: 1a (1.0 ymol), catalyst (X mol %), solvent (Y mM), 10
min. See Supporting Information for the byproduct analysis. “HPLC-
UV yields are given. The yields were approximated as the ratio of
Aprod/Aror Where A, g = area in mAU of the product peak and A, =
area in mAU of all peptides products (product, starting material, and
side products if present). The ratio of C2/C4 regioisomers (2a:3a) is
provided in parentheses. “MeCN mixed with 2% TFA. “The reaction
was run for 16 h; 37% of la was recovered. °[Pd]: Pd-
(MeCN),(BF,),./1a’ was used instead of Ia.

EBXs 1 may not be reactive enough in the envisaged
macrocyclization. Peptide-EBX la (AcKLAFW-OH) was
chosen as the model substrate, as a similar sequence showed
good cyclization tendency in our previous studies (Table 1)."
We first screened different solvents at S mM concentration
using 100 mol % of the commercially available gold(I) catalyst
AuCl-Me,S."* Unfortunately, no desired product 2a was
observed in DMF and DMSO (Table 1, entries 1 and 2).
To our delight, the Lys-Trp cyclization product was obtained
in 64% HPLC-UV vyield with 99:1 C2/C4 regioselectivity (see
detailed discussion on the structure of the two regioisomers in
the SI) by using 2% TFA as EBX activator in MeCN (entry
3)."*! Full conversion of la was observed within 10 min
without protection from light under air. With the hope that
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Scheme 3. Scope of the Gold(I)-Catalyzed Peptide Macrocyclization”
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AcKLAFW(Me) DAETGEW(Me)-NH, GDAETGEW(Me)-NH,
2u, 63%, 98:2° 2v, 86%, n.d. 2w, 61%, n.d.

“The reactions were performed on 0.01 mmol. Isolated yields are given; the ratio of C2 and C4 regioisomers 2/3 was determined by HPLC-UV
ratio. n.d.: not resolved by HPLC/UV. Full experimental details are provided in the SI. ®The two regioisomers were isolated separately. “Only a
single regioisomer was isolated.

protic solvents would be enough to promote the reaction enhanced the cyclization efficiency (entries S and 6). A 92%
under less acidic conditions, we further screened methanol and HPLC-UV yield was obtained by using HFIP without
more acidic fluoro-substituted alcohols (entries 4—6). Using influencing the regioselectivity (entry 6). The reaction
MeOH gave comparable results even in the absence of TFA proceeded smoothly with 50 or 10 mol % of gold catalyst
(entry 4). Fluoro-substituted alcohols further significantly without a decrease in the yield (entries 7 and 8). Further
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Scheme 4. (a) Absorption and Emission of Cyclic Peptide
2a in DMSO and DMSO/H,0 (1:4) (20 uM); (b) Scope of
Cell Penetrating Peptides;” (c) Live-Cell Images of HeLa
Cells after 3 h Incubation of 10 #M 2ab, 2ac, and 2ad by
Using a Confocal Spinning Disk Microscope”
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c. Live-cell image
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SYTO Deep Red

“Isolated yields are given; the ratio of C2 and C4 regioisomers 2/3
was determined by HPLC-UV. “The nucleus was stained by SYTO
Deep Red at 1 uM (scale bar: 10 um).

lowering the catalyst loading to 1 mol % resulted still in 55%
yield of 2a after 16 h, with 37% yield of recovered 1a (entry 9).

Testing the reaction at a lower (2.5 mM) or higher
concentration (10 mM), a drop in yield was observed (entries
10 and 11). We further evaluated different types of metal
catalysts (entries 12—14). Simple AuCl also displayed excellent
catalytic activity (entry 12). Silver and palladium catalysts
showed no desired reactivity (entries 13 and 14). Only
decomposition of starting material 1a was observed. Reagent
1a’, with a benziodoxolone backbone, was also examined
under the same reaction conditions, resulting in a lower yield
and regioselectivity (entry 15). As a control, no reaction
happened in the absence of the gold catalyst (entry 16). Based
on these results, we selected 10 mol % AuCl-Me,S and HFIP
as solvent as the optimized conditions (entry 8), and the
desired product was isolated in 56% isolated yield as a mixture
of two regioisomers 2a and 3a with the ratio of 97:3 after
preparative HPLC purification. An ICP-MS analysis of several
isolated peptides showed that the final gold content was lower
than 300 ng/mg (>92% gold removal, see Table S2 in the SI).

After having established the reaction conditions, we
investigated the scope of the macrocyclization (Scheme 2).
Pentameric peptides AcK-AA-LAFW-OH containing different
amino acids, including protected Cys(S-tBu) (2b), Asp (2c),
Glu (2d), His (2e), Asn (2f), Gln (2g), Arg (2h), Ser (2i),
and Tyr (2j), were examined. The corresponding cyclic
peptides were formed in good HPLC conversion (>90%), 25—
67% isolated yield, and 87:13—97:3 regioselectivity.

Notably, a terminal alkyne in the uncanonical amino acid
propargylic glycine (Pra) can be incorporated into the peptide
sequence (2k). Unfortunately, only a trace amount of product
2l was observed in a Met-containing peptide, probably due to
coordination of thioether to the gold catalyst. The cyclization
of a shorter tripeptide to give compound 2m is also feasible.
This method can be further extended to N-terminal to Trp
cyclization. Peptide-EBX sequence In containing the RGD
motif, which is responsible for cell adhesion to the extracellular
matrix (ECM),"” cyclized smoothly to give 2n. The sequence
AFPIPI, which has been shown to have high membrane
permeability and oral absorption,'® was cyclized efficiently to
20. To further highlight the utility of this reaction, several
peptide sequences targeting different PPIs were examined. For
the DAETGE motif, which has shown good potential to inhibit
Keap1—Nrf2 interactions,"” the Trp to N-terminus cyclization
happened effectively to give cyclic peptides 2p and 2q. The
cyclic peptide sequence GFFDDLYWFVA has been reported
to bind to Lys48-linked Ub chains as a ubiquitination
modulator.'** The corresponding linear peptide-EBXs pre-
cursor was cyclized smoothly, affording 2r in 56% yield with
excellent regioselectivity. Two MDM2 active peptide sequen-
ces each with two Trp residues, allowing either i/i+3 or i/i+7
cyclization,”® were examined under our conditions. The
cyclization reaction mainly occurred in an i/i+3 manner (2s,
2t), accompanied by minor i/i+7 products. This methodology
can also be applied to cyclization involving N-Me Trp peptides
(2u—2w). In these cases, higher yield and enhanced
regioselectivity were observed. These results demonstrated
the possibility of using other Trp derivatives for the peptide
cyclization. Finally, we attempted the cyclization on the solid
phase. Although the hypervalent iodine reagent could be
introduced successfully, no desired cyclic peptide was observed
after resin cleavage (see Figure S2 for details).

Most peptides do not contain strong fluorophores and
therefore cannot be detected easily by fluorescent techni-
ques.”’ Extra fluorophores must be incorporated onto the

https://doi.org/10.1021/jacs.3c09261
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peptides. Since the cyclic peptides we obtained contain a
highly conjugated aromatic system as the linker, we were
wondering if they would display some useful optical properties.
Indeed, for peptide 2a, significant absorption of light from 350
to 400 nm and emission from 400 to 600 nm were observed in
DMSO and DMSO/H,0 (1:4), albeit with lower emission
intensity in a DMSO/H,O cosolvent system (Scheme 4a). We
then wondered whether the peptide macrocycles could be used
as fluorescent probes in live-cell imaging. Therefore, we
applied our cyclization to several known cell-penetrating
peptide sequences (Scheme 4b). PolyTyr”> (2aa) and
polyArg™** (2ab—2ad) sequences were well-tolerated in the
macrocyclization reaction. Importantly, an azide group on the
side chain (2aa, 2ad) remained untouched, providing an extra
handle for further functionalization (see Figure S3 for the
absorption and emission spectra of 2ad). In addition, the
fluorescence decay kinetics of 2ab were double-exponential
with a major lifetime of 7, = 2.12 + 0.02 ns; see Figures S4—
$6).** We then traced the cellular permeabilization of the
cyclic peptides using fluorescent microscopy. In order to find
out the appropriate concentration for live-cell imaging, an
MTT assay (Figure S7) was first conducted to evaluate the
cytotoxicity of the cyclic peptides. HeLa cells maintained high
cell viability after 16 h of incubation with 2aa—2ad at 10 uM
concentration. Therefore, this concentration was used for live-
cell imaging. When cells were treated with 2aa, poor cellular
uptake was observed using confocal microscopy (Figure S8),
probably due to its poor solubility in cell culture media. To our
delight, intracellular fluorescence emission was observed for
polyArg cyclic peptides 2ab—2ad under the excitation of a 405
nm laser (Scheme 3c). All peptides exhibited a punctate
fluorescence pattern due to enrichment within the endosomal/
lysosomal compartments. (See Figure S9 for the co-localization
with LysoTracker.”*”") These results demonstrated the
potential use of macrocyclic peptides for imaging studies
without further modifications.

In conclusion, we have developed the first gold(I)-catalyzed
macrocyclization of peptide-EBXs via Trp C, C—H activation.
This intramolecular alkynylation reaction proceeded in a fast,
mild, and efficient way at room temperature with unprotected
linear peptide-EBXs. The unique aromatic linker formed
during the reaction allowed us to realize live-cell visualization
without further installation of other fluorophores. We envision
that the optical properties of our fluorescent linkers can be
improved by extending the aromatic system on the alkyne
partner or by adding electron donor groups on Trp to form
better donor—acceptor systems. >
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1. General procedures

All reactions using anhydrous conditions were performed with oven-dried glassware, under an
atmosphere of nitrogen, unless stated otherwise. Tetrahydrofuran, acetonitrile, diethyl ether
and dichloromethane (DCM) were dried by passage over activated alumina, under nitrogen
atmosphere, on an Innovative Technology Solvent Delivery System (water content < 10 ppm,
Karl-Fischer titration). Dichloroethane and ethanol were purchased from Acros and
trifluoroethanol was purchased from Fluorochem. DMSO was purchased from Sigma-Aldrich.
All the Fmoc-protected amino acids (including the non-canonical ones) and Rink Amide
MBHA  resin  were purchased from GL Biochem or Bachem. 1-
[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide
hexafluorophosphate (HATU, Bachem) and N,N-diisopropylethylamine (DIPEA, Iris Biotech
GmbH) were used as received. All the other reagents were purchased from ABCR, Acros,
AlfaAesar, Apollo Scientific, Fluorochem, Fluka, Roth, Sigma-Aldrich and TCI and were used
as such. For flash chromatography, distilled technical grade solvents were used.
Chromatographic purification was performed as flash chromatography using Macherey-Nagel
silica 40-63, 60 A, using the solvents indicated as eluent with 0.1 — 0.5 bar pressure. TLC was
performed on Merck silica gel 60 F254 TLC aluminum or glass plates and visualized with UV
light or permanganate stain. Melting points were measured on a Buchi B-540 melting point
apparatus using open glass capillaries. *H-NMR spectra were recorded on a Brucker DPX-400
400 MHz spectrometer in CDCl3, DMSO-ds, CD30D, or DO. All signals are reported in ppm
with the internal CHCIs signal at 7.26 ppm, the internal DMSO signal at 2.50 ppm and CD3z0D
as 3.35 ppm as standard. The data is being reported as: s = singlet, d = doublet, t = triplet, q =
quadruplet, gi = quintet, m = multiplet or unresolved, br = broad signal, app = apparent,
coupling constant(s) in Hz, integration, interpretation.'*C-NMR spectra were recorded with
1H-decoupling on a Brucker DPX-400 100 MHz spectrometer in CDCl3, DMSO-ds or CD30D.
All signals are reported in ppm with the internal CHCIs signal at 77.16 ppm or the internal
DMSO signal at 39.52 ppm as standard. Spectra were fully assigned using COSY, HSQC,
HMBC and ROESY. High-resolution mass spectrometric measurements were performed by
the mass spectrometry service of ISIC at the EPFL on LTQ Orbitrap ELITE ETD (Thermo
fisher), Xevo G2-S QTOF (Waters), or LTQ Orbitrap ELITE ETD (Thermo fisher). UV/Vis
spectroscopy was performed on an Agilent Cary 60 UV-Vis and steady-state luminescence
spectroscopy was recorded on a Varian Cary Eclipse spectrophotometer. ICP analysis was
performed by the mass spectrometry service of ISIC at the EPFL using ICP-MS Nexlon 350
(Perkin Elmer).



2. HPLC-MS and preparative HPLC information

HPLC-MS analysis

HPLC-MS measurements were performed on an Agilent 1290 Infinity HPLC system with a
G4226a 1290 Autosampler, a G4220A 1290 Bin Pump and a G4212A 1290 DAD detector,
connected to a 6130 Quadrupole LC/MS, coupled with a Waters XBridge C18 column (250 x
4.6 mm, 5 um). Water:acetonitrile 95:5 (solvent A) and water:acetonitrile 5:95 (solvent B),
each containing 0.1% formic acid, were used as the mobile phase, at a flow rate of 0.6
mL.min. The gradient was programmed as follows:

Method 1: 100% A to 100% B in 20 minutes then isocratic for 5 minutes.

The column temperature was set up to 25 °C. Low-resolution mass spectrometric
measurements were acquired using the following parameters: positive electrospray ionization
(ESI), temperature of drying gas = 350 °C, flow rate of drying gas = 12 L. min%, pressure of
nebulizer gas = 60 psi, capillary voltage = 2500 V and fragmentor voltage = 70 V.

Preparative HPLC

Preparative RP-HPLC were performed on an Agilent 1260 HPLC system with a G2260A
1260 Prep ALS Autosampler, a G1361a 1260 Prep Pump, a G1365C 1260 MWD detector
and a G1364B 1260 FC-PS collector, coupled with a Waters XBridge semi-preparative C18
column (19 x 150 mm, 5 um). Water (solvent A) and water:acetonitrile 5:95 (solvent B), each
containing 0.1% TFA, were used as the mobile phase at a flow rate of 20 mL.min™.

Method 2: 100% A to 100% B in 20 minutes then isocratic for 5 minutes.
Method 3: 100% A to 100% B in 25 minutes then isocratic for 5 minutes.

Solid-Phase Peptide Synthesis (SPPS):

Peptides were synthesized on an MultiPep RSi parallel peptide synthesizer (Intavis) using
standard Fmoc SPPS-chemistry, 2-chlorotrityl chloride resin (1.38 mmol/g, 100-200 mesh) and
Rink-amide resin (0.33 mmol/g). For 2-chlorotrityl chloride resin, the first amino acid was
loaded on the resin by incubation of the Fmoc-protected monomer (3 equiv of the number of
active sites on the resin), DIPEA (4 equiv) in dichloromethane for 2 h. Each coupling cycle
was initiated by Fmoc deprotection achieved by shaking the resin with 800 uL of 20% v/v
piperidine in dimethylformamide (DMF) at 400 rpm, over 5 minutes twice. Then the resin was
washed with DMF (6000 pL x7). The coupling was carried out by shaking resin with a Fmoc-
protected monomer (4.0 equiv.), HATU (4.0 equiv.), N-Methylmorpholine (6.0 equiv.), in
DMF (1.3 mL), at 400 rpm, over 30 minutes twice. Capping using Cap Mixture (5% v/v Ac.0
and 6% v/v 2,6-lutidine in DMF) was carried out at the end of each cycle, followed by a DMF
wash (6000 pL x7). The synthesis was finished by deprotection of Fmoc using 20% v/v
piperidine in dimethylformamide at 400 rpm, over 5 minutes two times. The N-terminus was
either left unprotected or was acylated. Acetylation of the N-terminal was achieved by
incubating the resin with Cap Mixture three times. Next, washing steps were performed with
dimethylformamide (5 x 3 mL). Finally, resin was dried with dichloromethane (5 x 3 mL).

Peptide cleavage and deprotection:

Peptides without protecting groups



Peptides were deprotected and cleaved from the resin by treatment with 2.5% v/v water and
2.5% v/v Triisopropyl silane in neat trifluoroacetic acid (2 mL) (Note: For polyArg sequence,
reagent R (TFA:thioanisole:EDT:anisole 90:5:3:2) was used). The resulting mixture was
shaken for 2 hours, at room temperature. The resin was removed by filtration and peptides were
precipitated in cold diethyl ether (50 mL), followed by a 2 hours incubation at -20 °C. Peptides
were pelleted by centrifugation at 4000 rpm, for 5 minutes. Finally, the mother liquors were
carefully removed.

The precipitations were further dissolved in water and acetonitrile, shell freeze and lyophilize
to yield the desired crude peptides. If necessary, preparative HPLC purification was carried
out.

Peptide analysis:

MS/MS fragmentation:

The regioselectivity of the introduction of EBX onto peptides was confirmed using MS/MS
analysis. The spectra were obtained by the mass spectrometry service of ISIC at the EPFL
using Thermo Orbitrap Elite instrument. The desired ion was selected using mass filters and
submitted to fragmentations. The obtained data was analyzed using fragment generation
program on eln.epfl.ch.! For the calculations peak threshold for intensity was set to 0.5% and
0.03% for quantity, precision was set to 5 ppm and minimal similarity: 70%. The peaks were
compared to theoretical peaks. The theoretical peak width was calculated from the mass of
the ion by the formula provided in the script. The zone was set to -0.5 to 3.5 ppm. yand b
fragments with and without linker were selected and reported. In the cases were
fragmentation was low, ¢ and z fragments and/or fragments arising from neutral losses were
included.

1 a) Desport, J.S., Frache, G., and Patiny, L. (2020), MSPolyCalc: A web-based App for polymer mass
spectrometry data interpretation. The case study of a pharmaceutical excipient. Rapid Commun. Mass Spectrom.
34, e8652.; b) Ortiz, D., Gasilova, N., Sepulveda, F., Patiny, L., Dyson, P.J., and Menin, L. (2020), Aom2S: A
new web-based application for DNA/RNA tandem mass spectrometry data interpretation. Rapid Commun. Mass
Spectrom. 34, e8927.



3. Synthesis of bifunctional alkynylation reagents

Cl< _Cl
NAN
OZ\N/&O
OH n-BuLi 2.2 equiv. OH | é| o—I—ClI
TMEDA (20 mol%) 0.34 equiv.
FsC o= FsC F3C
Fod THF, I, FsC MeCN FaC
S1 S2 S3

Following a reported procedure,? TMEDA (0.900 mL, 6.00 mmol, 0.200 equiv) was added to
a solution of n-BuLi (2.5 M in hexanes, 26.4 mL, 66.0 mmol, 2.20 equiv). After 15 min, the
cloudy solution was cooled to 0 °C and S1 (5.05 mL, 30.0 mmol, 1 equiv) in THF (6 mL) was
added dropwise. The reaction was stirred 30 min at 0 °C and then at RT for 6 hours. 1> (7.95 g,
31.5 mmol, 1.05 equiv) was then added portionwise at 0 °C and the mixture stirred at 0 °C for
30 min at RT. The reaction was quenched with saturated NaSOs (20 mL) and the layers were
separated. The aqueous layer was then extracted twice with EtOAc (3 x 50 mL). The organic
layers were combined, dried over Na2SOu, filtered and concentrated under reduced pressure to
afford 12.4 g as a brown oil which was used without further purification. The crude oil was
dissolved in MeCN (40 mL) in the dark under air. Trichloroisocyanuric acid (2.44 g, 10.5 mmol,
0.350 equiv.) was then added portionwise at RT. After 30 min, the resulting suspension was
filtered to afford S3 (6.12 g, 15.1 mmol, 50%) as a yellow solid. *H NMR (400 MHz, CDCls)
5 8.09 (d, J=8.5Hz, 1H), 7.88 — 7.81 (m, 1H), 7.75 — 7.70 (m, 2H). The *H NMR correspond
to the reported values.

O—I—Cl O—I—0Ac

AgOAc (1 equiv.)
F3C ———— F3;C
FsC MeCN FaC

S3 S4

Following a reported procedure,®> 1-Chloro-1,3,-dihydro-3,3-bis(trifluoromethyl)-1,2-
benziodoxole S3 (6.12 g, 15.2 mmol) and AgOAc (2.54 g, 15.2 mmol, 1.00 equiv.) were
suspended in MeCN (60 mL, 0.25 M). After being stirred overnight in the dark, AgCl
precipitated and was filtered off. The residue was washed with MeCN. The solvent was
removed in vacuo to give S4 (4.90 g, 11.5 mmol, 75%) as a white solid. *H NMR (400 MHz,
CDCl3) & 7.96 (dd, J = 8.3, 1.1 Hz, 1H), 7.80 (ddd, J = 8.5, 7.1, 1.6 Hz, 1H), 7.75 (d, J = 7.9,
1H), 7.70 — 7.63 (m, 1H), 2.21 (s, 3H). The NMR values correspond to the reported ones.
O——I—OAc + N — < > /(Z Fi EF ] Tl\;z;ﬂ O—I%Q—/{) Fi 2’: F
F O F F F

FsC

FsC
s FoC

F3;C

sS4 85 S6

To a solution of 3,3-bis(trifluoromethyl)-1A3 -benzo[d][1,2]iodaoxol-1(3H)-yl acetate (S4)
(2.14 g, 5.00 mmol, 1.00 equiv.) in dry DCM (25 ml) was added trimethylsilyl
trifluoromethanesulfonate (0.998 mL, 5.50 mmol, 1.10 equiv.) dropwise at room temperature
and the reaction mixture was stirred for 1 h. After this time, S5 (2.11 g, 5.50 mmol, 1.10 equiv.)
was added and the mixture was stirred for 4 h at room temperature. The reaction mixture was
then quenched with saturated aqueous NaHCO3 solution and extracted with dichloromethane
(3 times). The combined organic extracts were dried over NaSOa, filtered and concentrated
under reduced pressure. The crude solid was washed by Et.O to afford the desired product as

2 Caramenti, P.; Nandi, R. K.; Waser, J., Metal-Free Oxidative Cross Coupling of Indoles with Electron-Rich
(Hetero)arenes. Chem.—Eur. J. 2018, 24 (40), 10049-10053.



colorless solid (2.70 g, 3.97 mmol, 79%). The synthesis of S6 can be achieved using a recent
one-pot approach from S1.3

'H NMR (500 MHz, CDCl3) & 8.28 — 8.25 (m, 1H, ArH), 8.23 (d, J = 8.4 Hz, 2H,
ArH(phenylacetylene)), 7.88 (d, J = 7.8 Hz, 1H, ArH), 7.76 — 7.73 (m, 2H, ArH), 7.71 (d, J =
8.4 Hz, 2H, ArH(phenylacetylene)).

13C NMR (126 MHz, CDCl3) § 161.9, 141.5 (dm, J = 239.6 Hz, Car-F), 138.1 (dm, J = 253.5
Hz, Car-F), 138.1 (dm, J = 253.5 Hz, Car-F), 133.3, 133.0, 131.6, 131.0, 130.2, 130.1, 128.5,
127.9,127.9, 125.4 — 125.0 (m, Car-O), 123.6 (q, J = 288.5Hz, CF3), 111.4, 103.3, 82.38 -
81.35 (m), 60.1.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C2sHgF11103" 680.9415;
Found 680.9393.

3 Milzarek, T. M.; Ramirez, N. P.; Liu, X.-Y.; Waser, J.,, One-pot synthesis of functionalized
bis(trifluoromethylated)benziodoxoles  from iodine(i)  precursors. Chem. Commun. 2023. doi:
10.1039/D3CC04525K.



4. Scope of peptide-EBXs
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Isolated yields are given.
Figure S1: Scope of peptide-EBXs



5. General procedure for synthesis of peptide-EBXs
Ofl%Q—‘{ FgF . DIPEA (4 equiv. j\é;@_(

) NH
e (pepiide ) o o T, coon
Lys or N-terminus 2h
S6

To a solution of peptide (0.03 mmol), bifunctional EBX reagent (0.033 mmol, 1.1 equiv.) in
DMF (1.5 mL), DIPEA (20 uL, 0.12 mmol, 4 equiv.) was added into the solution (concentration:
20 mM) and the mixture was stirred for 2 hours without protection of atmosphere or light. For
the isolation, the crude was subjected to Prep-HPLC without dilution, followed by

lyophilization.
(0] H (0] ] o
ACHN,QKN N\,)kN N\,)kOH
: H L L H
H/ ENH
HN (o]

1a

0——CF,4
CF,

Following the general procedure, the reaction was conducted in 0.041 mmol scale. The desired
product 1a (39.6 mg, 0.0330 mmol, 80% yield) was isolated by Method 2.

o Lo )
AcHNQKN NQ&N NQ&OH
O L

H/ ~NH
NH, E E

HPLC-UV chromatogram (210 nm) of AcKLAFW-OH:
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'H NMR (500 MHz, MeOD) & 8.41 — 835 (m, 1H, ArH), 7.89 — 7.83 (m, 3H,
ArH(Trp+phenylacetylene)), 7.81 — 7.76 (m, 2H, ArH), 7.68 (d, J = 8.3 Hz, 2H,
ArH(phenylacetylene)), 7.52 (d, J = 7.9 Hz, 1H, ArH(Trp)), 7.30 (d, J = 8.1 Hz, 1H, ArH(Trp)),
7.17 (m, 5H, ArH(Phe)), 7.08 (s, 1H, ArH(Trp C2)), 7.06 (t, J = 7.6 Hz, 1H, ArH(Trp)), 6.99
(t, J=7.4Hz, 1H, ArH(Trp)), 4.71 — 4.65 (m, 1H), 4.61 — 4.54 (m, 1H), 4.34 (dt, J = 10.5,5.5
Hz, 1H), 4.26 (dd, J = 8.1, 5.9 Hz, 1H), 4.20 (q, J = 7.0 Hz, 1H), 3.45 (m, 1H), 3.39 (m, 2H),
3.22 - 3.15 (m, 1H), 3.10 (dd, J = 14.0, 5.4 Hz, 1H), 2.88 (dd, J = 14.0, 8.6 Hz, 1H), 1.98 (s,
3H), 1.88 — 1.77 (m, 1H), 1.75 — 1.58 (m, 4H), 1.59 — 1.53 (m, 2H), 1.47 (dd, J = 16.1, 8.3 Hz,
2H), 1.20 (d, J = 7.3 Hz, 3H, CHz(Ala)), 0.90 (dd, J = 24.8, 6.5 Hz, 6H, CHz(Leu)).

13C NMR (126 MHz, MeOD) § 174.8, 174.7, 174.5, 174.4, 173.6, 173.0, 169.0, 138.3, 138.0,
137.0,134.6,133.7,132.5,131.8,130.9, 130.4, 129.4, 128.7, 127.7, 126.3, 125.6, 124.6, 122 .4,
119.8, 119.3, 112.4, 112.3, 110.8, 104.9, 56.1, 55.8, 55.2, 54.7, 53.3, 50.5, 41.5, 40.8, 38.7,
32.5,30.0, 28.5, 25.9, 24.3, 23.5, 22.4, 21.8, 18.0.

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CssHe1IN7O10" 1094.3519;
Found 1094.3447.

100 200 300 400 500

[0
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MS/MS fragmentation of l1a:

yd ¥ y2 vl
k fLYAJNFNw
s

b1 b2

K = Lys(C18H7F6I02)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity  Similarity
KLAF b4 C44H47F6IN507(+1) 998.2424 998.2419 101.33 97.69%
w vyl C11H13N202(+1) 205.0977 205.0972 23.72 96.91%
LAFW y4 C29H38N505(+1) 536.2873 536.2867 12.53 95.84%
K bl C26H22F6IN204(+1) 667.0528 667.0523 17.24 95.78%
KL b2 C32H33F6IN305(+1) 780.1369 780.1364 11.39 95.55%
KLA b3 C35H38F6IN40O6(+1) 851.174 851.1735 43 95.15%
KLAF b4 C44H47F6IN507(+1) 998.2424 499.6246 25.58 95.10%
FW y2 C20H22N303(+1) 352.1661 352.1656 36.65 95.03%
AFW y3 C23H27N404(+1) 423.2032 423.2027 4.71 94.18%
KLAF a4 C43H47F6IN506(+1) 970.2475  970.247 3.72 92.96%
KLA b3 C35H38F6IN40O6(+1) 851.174 426.0904 2.05 92.10%

Is

HN.__O

§J<
(0] SH (0] ! (o]
AcHN:QkN NQ&N N\:)kOH
L T A
NH

1b

o—cF,
CF,

Following the general procedure, the reaction was conducted on 0.02 mmol scale. The desired
product 1b (12 mg, 0.010 mmol, 50% yield) was isolated by Method 2.

$J<
o s b 9 "
AcHNQ&N NQkN NQ&OH
O L _
H/ NH
NH,

HPLC-UV chromatogram (210 nm) of AcKC(S-tBu)AFW-OH:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*? Calcd for CssHe2FsIN709S,*% 640.6494;
Found 640.6476.



MS/MS fragmentation of 1b:
V2o vl
k o) A)F)w
b1

K = Lys(C18H7F6I02)
¢ = Cys(SC4HS8)
Nter = C2H30

MF
Sequence Type MF Mass m/z Intensity  Similarity
FW y2 C20H22N303(+1) 352.17 352.17 24.78 94.12%
K bl C26H22F6IN204(+1) 667.05 667.05 13.78 92.79%
w Al C11H13N202(+1) 205.1 205.1 14.82 91.87%
KCAF b4 C45H49F6IN507S52(+1) 1076.2 1076.2 100.1 90.05%
KCA b3 C36H40F6IN406S2(+1) 929.13 929.13 30.33 86.76%
KCAF b4 C45H49F6IN507S2(+1) 1076.2 538.6 35.92 86.45%
KC b2 C33H35F6IN305S52(+1) 858.1 858.1 3.62 77.11%
CAFW va C30H40N50552(+1) 614.25 614.25 8.19 75.98%
KCA b3 C36H40F6IN406S2(+1) 929.13 465.07 4.72 75.84%
KCAF ad C44H49F6IN506S2(+1) 1048.2 1048.2 4.84 72.48%

)

o) OH O 0
AcHNQ&N NQ&N NQ&OH
O -

H/ ~NH
HN.__O E%

1c

0——CF,4
CF,

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1c (24.1 mg, 0.0201 mmol, 67% yield) was isolated by Method 2.

o o
ij o o o}
o oH © w0 e H
AcHN N N
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W § i H L +H/ o * 0 00
H/ = N—! H
NH ;
NH, B NH,

HPLC-UV chromatogram (210 nm) of AcKDAFW-OH:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]" Calcd for CssHs3FsIN7O11" 1204.2746;
Found 1204.2773.
MS/MS fragmentation of 1c:

I{JDIA(FFW
b2

b1

k = Lys(C18H7F6I02)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity Similarity
w vyl C11H13N202(+1) 205.0977 205.0972 20.56 94.14%
KD b2 C30H27F6IN307(+1) 782.0798 782.0792 21.7 92.99%
K bl C26H22F6IN204(+1) 667.0528 667.0523 15.8 90.89%
FW y2 C20H22N303(+1) 352.1661 352.1656 9.18 89.25%
AFW y3 C23H27N404(+1) 423.2032  212.105 100.13 78.64%

HO (0]
(0] H (0] b (0]
AcHN N N
¢ Qku Qku %OH
: I I
H/ NH
HN (0]

O0——CF,4
CF,

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1d (23.5 mg, 0.0193 mmol, 64% yield) was isolated by Method 2.

HO._O HO._O
o b =0 o b 20
AcHNQ&N NQ&N NQ&OH AcHNQ&N NQ&N NQ&OH
: 7 : + H B :
R b m b L N
H/ NH H/ N—COOH
NH, NH,

HPLC-UV chromatogram (210 nm) of AcKEAFW-OH:
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Retention time: 16.055 min Area Percent: 100%
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CsaHssFsIN7O11+ 1218.2903;
Found 1218.2927.

oo
o

100 200 300 400 6

MS/MS fragmentation of 1d:

H:)E A)FJW

b2 b4

K = Lys{(C18H7F6I02)

Nter = C2H30
Sequence Type MF MF Mass m/z Intensity  Similarity
KEA b3 C34H34F6IN40O8(+1) 867.1326  867.132 21.96 92.00%
KEAF b4 C43H43F6IN509(+1) 1014.201 1014.2 69.29 91.60%
KEAF a4 CA2HA3F6IN508(+1) 986.2061 986.2055 7.49 85.36%
K bl C26H22F6IN204(+1) 667.0528 667.0523 9.83 74.51%

N
LY
NH
o] y © oo
AcHN:QkN N\:)kN N\:)kOH
s H § i H g = _
H/ NH
HN.__O Eg

1e

o—cr,
CFs3

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1e (23.6 mg, 0.0193 mmol, 64% yield) was isolated by Method 2.

N
L
) N0 = o
AcHNQkN N\:)kN N%OH
H/ RS
NH
NH, 6

HPLC-UV chromatogram (210 nm) of AcKHAFW-OH:
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MS/MS fragmentation of le:



v ¥3 2 vi
k fHYAa)Nryw
b1 b2 %] h:

a2 a3

K = Lys(C18H7FGI02)
Nter = C2H20

Sequence Type MF MF Mass m/z Intensity  Similarity
KHAF a4 C43H43F6IN706(+1) 994.2224 497.6146 6.34 98.34%
KH b2 C32H29F6IN505(+1) 804.1118 402.5592 12.29 97.21%
KHAF b4 C44H43F6IN707(+1) 1022.217 1022.217 26.6 97.16%
AFW y3 C23H27N404(+1) 423.2032 423.2027 1.27 96.74%
K bl C26H22F6IN204(+1) 667.0528 667.0523 10.86 96.51%
FW y2 C20H22N303(+1) 352.1661 352.1656 26.54 96.38%
KHAF a4l C43H43F6IN706(+1) 994.2224 994.2218 2.37 96.32%
KHA b3 C35H34F6IN60O6(+1) 875.1489 438.0778 36.76 96.04%
w yl C11H13N202(+1) 205.0977 205.0972 7.84 95.77%
KHA b3 C35H34F6IN606(+1) 875.1489 875.1483 40.21 95.77%
KH b2 C32H29F6IN505(+1) 804.1118 804.1112 15.53 95.39%
HAFW va4 C29H34N705(+1) 560.2621 560.2616 9.49 95.25%
KH a2 C31H29F6IN504(+1) 776.1168 776.1163 0.6 95.06%
KHAF b4 C44H43F6IN707(+1) 1022.217 511.612 66.03 94.48%
KHA a3 C34H34F6IN6O5(+1) 847.154 847.1534 2.13 94.17%
KHA a3 C34H34F6IN6O5(+1) 847.154 424.0803 1.42 94.16%

NH,

o Q o L0
AcHNQkN NQkN N:QkOH
O L P
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(6]
cr—CgF3

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1f (22.4 mg, 0.0192 mmol, 62% yield) was isolated by Method 2.

NH, NH,
o) @ © Lo o) Q © Lo
aoin A AR R e RO L R
: H H + H : H
H/ H o ¢ H o = _ PR o 2 H o d _
NH H/ N—COOH
NH, B NH, 6

HPLC-UV chromatogram (210 nm) of AcKNAFW-OH:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CssHs4FgINsO10* 1203.2906;
Found 1203.2938.
MS/MS fragmentation of 1f:

k JN)A)JF W

Kk = Lys{C18H7F6I02)
Nter = C2H20

Sequence Type MF MF Mass m/z Intensity Similarity
K bl C26H22F6IN204(+1) 667.0528 667.0523 2.05 74.51%
NAFW ! C27H33N606(+1) 537.2462 537.2456 0.93 72.36%



KNA b3 C33H33F6IN507(+1) 852.1329 852.1323 30.47 70.90%
KN b2 C30H28F6IN40O6(+1) 781.0958 781.0952 2.81 70.70%

Os_NH,
(0] H (0] i (0]
AcHN N N
¢ Jku Q&H %OH
i I I
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CF3

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1g (25.5 mg, 0.0210 mmol, 70% yield) was isolated by Method 2.

0s_NH, 0Os_NH,
o) b0 20 0 b0 20
AcHN:QkN NQ&N NQ&OH . AcHNQ&N NQ&N N:QkOH
LN S LI L
H/ NH H/ N—COOH
NH, NH,

HPLC-UV chromatogram (210 nm) of AcKQAFW-OH:
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HPLC-UV chromatogram (210 nm) of 1g:
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/zz. [M + H]*Caled for
CsaHs6FsINsO10" 1217.3063; Found 1217.3060.
MS/MS fragmentation of 1g:

y2 y1.
k) o)fa)r(lw
b1 b2
k = Lys(C1BH7F6I02)
Mter = CZH2O
Sequence Type MF MF Mass m/z Intensity  Similarity
w yl C11H13N202(+1) 205.0977 205.0972 24.12 95.78%
FW y2 C20H22N303(+1) 352.1661 352.1656 17.38 95.21%
K bl C26H22F6IN204(+1) 667.0528 667.0523 65.75 94.66%
KQ b2 C31H30F6IN40O6(+1) 795.1114 795.1109 13.63 93.46%

KQA b3 C34H35F6IN507(+1) 866.1485  866.148 5.78 89.07%



AFW y3 C23H27N404(+1)

+
H, NH,

N

\’?
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ACHN\:)kN N\:)kN N\:)kOH
H/ H o H H o z _
NH
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423.2032  212.105
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0—-CF,
CF4

50.35 79.55%

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired

product 1h (21.4 mg, 0.0172 mmol, 57% yield) was isolated by Method 2.
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HPLC-UV chromatogram (210 nm) of AcCKRAFW-OH:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H2]*"? Calcd for CssHe1FsIN10O9™ 623.1780;
Found 623.1770.
MS/MS fragmentation of 1h:

k = Lys(C18H7F6I02)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity  Similarity
KRAF b4 C44H48F6IN8O7(+1) 1041.26 1041.259 6.74 94.76%
w vyl C11H13N202(+1) 205.0977 205.0972 1.45 94.02%
KRA b3 C35H39F6IN706(+1) 894.1911 894.1905 2.29 93.00%
RAFW Z C29H39N805(+1) 579.3043 579.3038 2.73 91.82%
KRAF b4 C44H48F6IN8O7(+1) 1041.26 521.1331 2.41 91.48%
KR b2 C32H34F6IN6O5(+1) 823.154 823.1534 2.5 90.89%
K bl C26H22F6IN204(+1) 667.0528 667.0523 0.87 89.79%
FW y2 C20H22N303(+1) 352.1661 352.1656 1.49 89.09%
KRAF a4 C43H48F6IN80O6(+1) 1013.265 1013.264 2.22 86.82%

KRA a3 C34H39F6IN705(+1) 866.1962 866.1956 0.64 79.35%



0——CF,4
CF,

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1i (25.2 mg, 0.0214 mmol, 71% yield) was isolated by Method 2.

o (M, o 20
acHN NS N A,
RN
H/ NH
NH,

HPLC-UV chromatogram (210 nm) of AcKSAFW-OH:

DAD1C,Sig=210.0,4.0 Ref=off

1600

<
8.546

1400
1200
1000
800+
600

400+
200
o .

-2004

mAU

-4004 T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min]

Retention time: 8.576 min Area Percent: 100%

8.576 min (Apex)

120
Max : 6221068.0

680.6

1004

801

604

Abundance

130.2
'682.6 '681.6

T T T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

HPLC-UV chromatogram (210 nm) of 1i:
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a1

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for Cs,Hs3FsIN7O10" 1176.2797,;

Found 1176.2817.
MS/MS fragmentation of 1i:

k sy AlF w

K = Lys(C18H7F6I02)
Nter = C2H20

vV Type MF MF Mass m/z Intensity  Similarity
FW y2 C20H22N303(+1) 352.1661 352.1656 1.01 79.20%
K bl C26H22F6IN204(+1) 667.0528 667.0523 8.76 74.51%
SAFW Z C26H32N506(+1) 510.2353 510.2347 3.48 73.37%
KS b2 C29H27F6IN306(+1) 754.0849 754.0843 1.56 71.68%

OH
0 2o 2o
AcHNQ&H N%u N:QKOH
> o * 0
H/ NH
HN._O

1j



Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1j (21.7 mg, 0.0173 mmol 58% yield) was isolated by Method 2.

AcHN¢k QLI . . AcHth % 1L,

Ni/ 8 H/ ° ° BN-COOH

HPLC-UV chromatogram (210 nm) of AcKYAFW-OH:
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HPLC-UV chromatogram (210 nm) of 1j:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CsgHs7FsIN7O10" 1252.3110;
Found 1252.3127.
MS/MS fragmentation of 1j:

k) Y A)F) W

K = Lys(C18H7I02F6)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity  Similarity
KYAF b4 C47H45F6IN508(+1) 1048.222 1048.221 48.57 75.80%
K bl C26H22F6IN204(+1) 667.0528 667.0523 4.56 74.51%
KYA b3 C38H36F6IN40O7(+1) 901.1533 901.1527 27.72 70.17%

Is

HN__O

=
O H [0} a (o}
AcHNﬁNJw/(NﬁN R,
:H &5 2 H 4 s _
NH



Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired

product 1k (27.3 mg, 0.0231 mmol, 77% yi

o
AcHNQ&N
: H

NH,

eld) was isolated by Method 2.
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HPLC-UV chromatogram (210 nm) of AcKPraAFW-OH:
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Retention time: 16.651 min Area Percent: 100%
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CsaHs3FsIN7Og* 1184.2848;
Found 1184.2840.
MS/MS fragmentation of 1k:

k  v)A)NF)w

K = Lys(C18H7F6I02)
v = Gly(C3H2)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity Similarity
KGAF b4 C43H41F6IN507(+1) 980.1955 980.1949 61.04 83.68%
GAFW va4 C28H32N505(+1) 518.2403 518.2398 2.47 81.92%
FW y2 C20H22N303(+1) 352.1661 352.1656 0.81 81.71%
K bl C26H22F6IN204(+1) 667.0528 667.0523 421 74.51%
KGA b3 C34H32F6IN406(+1) 833.1271 833.1265 20.23 73.33%
KGAF a4 C42H41F6IN506(+1) 952.2006 952.2 7.5 71.91%
KG b2 C31H27F6IN305(+1) 762.09 762.0894 4.17 70.35%
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Following the general procedure, the reaction was conducted in 0.036 mmol scale. The desired
product 1l (17.4 mg, 0.0143 mmol, 43% yield) was isolated by Method 2.
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HPLC-UV chromatogram (210 nm) of AcCKMAFW-OH:
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HPLC-UV chromatogram (210 nm) of 1I:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CssHs7FsIN7O9S™ 1220.2882;
Found 1220.2892.
MS/MS fragmentation of 1I:
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K = Lys{C18H7I02F6)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity  Similarity
MAFW va4 C28H36N505S(+1) 554.2437 554.2432 2.32 100.00%
KMAF a4l C42H45F6IN506S(+1) 988.2039 988.2034 0.8 100.00%
KM b2 C31H31F6IN305S(+1) 798.0933 798.0928 0.58 100.00%
KMA b3 C34H36F6IN40O6S(+1) 869.1304 869.1299 8.98 100.00%
KMAF b4 C43H45F6IN507S(+1) 1016.199 1016.198 34.3 99.96%
KMAFW C54H56F6IN709S 1219.281 1220.288 97.83 97.27%
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Following the general procedure, the reaction was conducted in 0.034 mmol scale. The desired
product 1m (12.4 mg, 0.0142 mmol, 42% yield) was isolated by Method 2.

NH,
< NH
o) hw ©
)LH N\:)ku oH
¢} ’\( o

HPLC-UV chromatogram (210 nm) of AcKLW-OH:
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HPLC-UV chromatogram (210 nm) of 1m:
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HRMS (ESI/QTOF) m/z: [M + H]* Calcd for CasHasFsINsO7* 984.2262; Found 984.2253.
MS/MS fragmentation of 1m:

k L) w

k = Lys(C18H7F6I02)
Nter = C2H30

Sequence Type MF MF Mass m/z Intensity Similarity
LW y2 C17H24N303(+1) 318.1818 318.1812 25.59 84.29%
KL a2 C31H33F6IN304(+1) 752.142 752.1414 0.57 79.48%
K bl C26H22F6IN204(+1) 667.0528 667.0523 88.51 77.97%

KL b2 C32H33F6IN305(+1) 780.1369 780.1364 102.93 75.13%
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Following the general procedure, the reaction was conducted in 0.029 mmol scale. The desired
product 1n (24. 5mg, 0.0200 mmol, 68% yield) was isolated by Method 2.
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HPLC-UV chromatogram (210 nm) of GRGDFW-NHz:
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HPLC-UV chromatogram (210 nm) of 1n:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H,]*? Calcd for CszHssFsIN11010"? 616.6497;
Found 616.6502.
MS/MS fragmentation of 1n:

G R G DJF)W

ba
Mter = C16HBIO2F6
Cter = NH2
Sequence Type MF MF Mass m/z Intensity Similarity
GRGD b4 C32H31F6IN708(+1) 882.1183 441.5625 0.75 91.92%
GRGD b4 C32H31F6IN708(+1) 882.1183 882.1178 5.43 90.02%
GRGDF b5 C41H40F6IN80O9(+1) 1029.1867 1029.186 3.77 89.34%
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Following the general procedure, the reaction was conducted in 0.020 mmol scale. The desired
product 10 (15.7 mg, 0.0173 mmol, 59% yield) was isolated by Method 2.
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HPLC-UV chromatogram (210 nm) of AFPIPIW-NH::
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HRMS (ESI/QTOF) m/z: [M + H2]*? Calcd for CesH72FsINgO9*2 669.7195; Found 669.7195.
MS/MS fragmentation of 10:

100 150 200 250 300 350 40
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Mter = C1EH8F6IO02

Cter = NH2
Sequence Type MF MF Mass m/z Intensity Similarity
PIW y3 C22H32N503(+1) 414.2505 414.25 15.49 97.13%
PIPIW y5 C33H50N705(+1) 624.3873 624.3868 28.73 95.06%
FPIPIW y6 C42H59N806(+1) 771.4558 771.4552 23.85 92.02%
AFPI b4 C41H40F6IN4O6(+1)  925.1897 925.1891 11.05 90.37%
AFPIP b5 C46H4A7F6IN507(+1) 1022.2424 1022.242 1.7 89.49%
AFPIPI b6 C52H58F6IN608(+1) 1135.3265 1135.326 100.07 88.34%
AFPIPI a6 C51H58F6IN607(+1) 1107.3316 1107.331 3.67 87.76%
AFP b3 C35H29F6IN305(+1) 812.1056 812.1051 1.46 86.68%
AFPI a4 C4A0H40F6IN4O5(+1) 897.1948 897.1942 0.81 82.34%
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Following the general procedure, the reaction was conducted in 0.024 mmol scale. The desired
product 1p (17.0 mg, 0.0125 mmol, 52% yield) was isolated by Method 3.

HZNﬂN N%H L N¢k J:v; QkNH + HZN¢ N%H 5 N¢ J:v; QkNHZ

B HH B
hig ~ NH Y N—COOH
°© Holo ° HO o

HPLC-UV chromatogram (210 nm) of DAETGEW-NHz:
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HPLC-UV chromatogram (210 nm) of 1p:
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/zz [M + H]"Caled for
Cs2Hs5FsINgO16* 1302.2710; Found 1302.2722.
MS/MS fragmentation of 1p:

DJ)AJEYT 6 Efw

Nter = C18HBIO2F06

Cter = NH2
Sequence Type MF MF Mass m/z Intensity  Similarity
DA b2 C25H18F6IN206(+1) 683.0114 683.0108 29.76 93.11%
D bl C22H13F6INO5(+1) 611.9743 611.9737 25.18 93.08%
W vyl C11H14N30(+1) 204.1137 204.1131 8.53 88.32%
DAE b3 C30H25F6IN309(+1) 812.054 812.0534 7.52 78.19%
DA b2 C25H18F6IN206(+1) 683.0114 228.3418 2.49 75.02%
DAE a3 C29H25F6IN308(+1) 784.0591 784.0585 1 72.83%
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Following the general procedure, the reaction was conducted in 0.021 mmol scale. The desired
product 1q (13.4 mg, 0.010 mmol, 48% yield) was isolated by Method 3.
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HPLC-UV chromatogram (210 nm) of GDAETGEW-NH::
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HPLC-UV chromatogram (210 nm) of 1q:
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/zz [M + H]"Caled for
CsaHsgFsIN10017+ 1359.2925; Found 1359.2933.
MS/MS fragmentation of 1q:
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b1: b2.. b3

Nter = C1BHBIO2F6

Cter = NH2
Sequence Type MF MF Mass m/z Intensity  Similarity
G bl C20H11F6INO3(+1) 553.9688 553.9682 10.02 95.83%
w yl C11H14N30(+1) 204.1137 204.1131 13.94 95.60%
GD b2 C24H16F6IN206(+1) 668.9957 668.9952 100.03 95.02%
GDA b3 C27H21F6IN307(+1) 740.0328 740.0323 52.02 94.34%
GDAE b4 C32H28F6IN4010(+1) 869.0754 869.0749 10.93 93.93%
GDA a3 C26H21F6IN306(+1) 712.0379 712.0374 2.43 89.40%
GDAET b5 C36H35F6IN5012(+1) 970.1231 970.1226 3.29 88.17%
GDAETG b6 C38H38F6IN6013(+1) 1027.145 1027.144 0.67 86.28%
GDAE a4 C31H28F6IN40O9(+1) 841.0805 841.08 1.06 85.35%
TGEW ! C22H31N607(+1) 491.2254 491.2249 0.88 85.09%
EW y2 C16H21N404(+1) 333.1563 167.0815 2.15 84.05%
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Following the general procedure, the reaction was conducted in 0.024 mmol scale. The desired
product 1r (23.4 mg, 0.0150 mmol, 63% yield) was isolated by Method 2.
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HPLC-UV chromatogram (210 nm) of GFFDDLYWFVA-NH::
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ESI/LTQ-Orbitrap)  m/z:

CsoHosFsIN13018™2 937.7967; Found 937.8001.
MS/MS fragmentation of 1r:

G

F)F)D

Nter = C18H8F6I02

Cter = NH2

Sequence
GFF

GFFDD
GFFDDLYWF
GF
GFFDDLYWF
GFFDDL
GFFDDL
GFFDDLYWFV

D)L)Y w
a5

aE

Type MF MF Mass
b3 C38H29F6IN305(+1) 848.1056
a5 C45H39F6IN5010(+1)  1050.165
a9 C80H78F6IN10015(+1) 1659.46
b2 C29H20F6IN204(+1) 701.0372
b9 C81H78F6IN10016(+1) 1687.455
b6 C52H50F6IN6012(+1)  1191.244
a6 C51H50F6IN6011(+1)  1163.249
b10 C86H87F6IN11017(+1) 1786.523
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O~ "OH

Wkl}wa Ji:Jk L /¢¢km
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Following the general procedure, the reaction was conducted in 0.014 mmol scale. The desired
product 1s (14.1 mg, 0.00700 mmol, 50% yield) was isolated by Method 2.

NH,

M+

F) V)
a9 bio
b9,

H2]*2 Calcd

A

m/z Similarity
848.1051 100.00%
1050.164 100.00%
553.8246 100.00%

701.0366
563.1562
596.1251
582.1277

596.179

&

e

HPLC-UV chromatogram (210 nm) of ACETFKDLWALLW-NH2:
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/z: [M + Hz]*2Calcd for
Co3H110FsIN15019"2 990.8520: Found 990.8533.

MS/MS fragmentation of 1s:



E)JT)F)r)yD)jLpwypayjyLoflw

b1 b2 b4

k = Lys(C18H7F6102)
Nter = C2H30

Cter = NH2

Sequence Type MF MF Mass m/z Intensity Similarity
ETFKDLW b7 C65H71F6IN90O15(+1) 1458.402 729.7043 5.56 99.80%
ETFKD b5 C48H50F6IN6013(+1)  1159.239 1159.238 9.25 98.88%
ETFKDL b6 C54H61F6IN7014(+1) 1272.323 1272.322 3.18 98.69%
w yl C11H14N30(+1) 204.1137 204.1131 35.87 98.49%
ETFK b4 C44H45F6IN5010(+1) 1044.212 1044.211 2.02 98.36%
ETFKDLW b7 C65H71F6IN9O15(+1) 1458.402 1458.401 1.71 97.93%
ETFKDLWA b8 C68H76F6IN10016(+1) 1529.439 765.2228 1.62 97.55%
ETFKDL b6 C54H61F6IN7014(+1) 1272.323 636.6646 2.25 97.24%
ET b2 C11H17N206(+1) 273.1087 273.1081 33 97.15%
ETFKDLWA b8 C68H76F6IN10016(+1) 1529.439 1529.438 1.62 96.59%
ETFKD b5 C48H50F6IN6013(+1) 1159.239 580.1226 1.12 96.39%
LW y2 C17H25N402(+1) 317.1978 317.1972 2.52 95.79%
E bl C7H10NOA4(+1) 172.061 172.0604 2.01 95.59%
ETF b3 C20H26N307(+1) 420.1771 420.1765 2.86 95.51%
ETFK b4 C44H45F6IN5010(+1) 1044.212 522.6091 0.67 86.01%

HO (0] g

OH < NH < NH
y © o0 y © L © T
OH
AN < W
HN (0]
1t

It

|

° C(szs

Following the general procedure, the reaction was conducted in 0.014 mmol scale. The desired
product 1t (16 mg, 0.0079 mmol, 57% vyield) was isolated by Method 2.

HO.__O
OH < NH < _NH
Ho§ no 9 Ho§ HoS Ho§
N N N N N NH
7 N R NV A SO
o] Z\OH o \ o) :\©\o : o \( o)

OH
NH,

HPLC-UV chromatogram (210 nm) of AcTSFKEYWALLW-NHz2:
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MS/MS fragmentation of 1t:
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T s F)r)JEJYy)yw)ayrrflrfiw

K = Lys(C18H7I02F6)
Nter = C2H30

Cter = NH2
Sequence Type MF MF Mass m/z Intensity Similarity
TSFKEYW b7 C67H69F6IN9O15(+1) 1480.386 1480.386 0.92 99.02%
TSFKEYWA b8 C70H74F6IN10016(+1) 1551.423 1551.423 1.01 98.83%
TSFKEYW b7 C67H69F6IN9O15(+1) 1480.386 740.6965 2.87 98.37%
TSFKEY b6 C56H59F6IN7014(+1)  1294.307 1294.306 1.61 98.12%
TSFKE b5 C47H50F6IN6012(+1) 1131.244 1131.243 4.97 97.98%
TSFKEYWA b8 C70H74F6IN10016(+1) 1551.423  776.215 0.82 97.81%
w yl C11H14N30(+1) 204.1137 204.1131 34.95 97.80%
TSFKEY b6 C56H59F6IN7014(+1) 1294.307 647.6568 1.43 97.45%
TSFK b4 C42H43F6IN509(+1) 1002.201 1002.2 2.72 96.76%
TSFKE b5 C47H50F6IN6O12(+1) 1131.244 566.1251 1.17 96.36%
TSF b3 C18H24N306(+1) 378.1665 378.166 2.02 96.24%
LW y2 C17H25N402(+1) 317.1978 317.1972 2.3 96.11%
TSFK b4 C42H43F6IN509(+1) 1002.201 501.6038 0.91 95.65%
TSF a3 C17H24N305(+1) 350.1716  350.171 0.59 87.69%

o) PRe Lo
AcHNQ&N N\AN NQ&OH
EH 8§ F H §od _
H/ NMe
HN._O B

0—CF,
CF,

Following the general procedure, the reaction was conducted in 0.03 mmol scale. The desired
product 1u (24 mg, 0.020 mmol, 67% yield) was isolated by Method 2.

o L o )
AcHNQ&N N\AN NQ&OH
son osow 1o
H/ ~ “NMe
NH, E }

HPLC-UV chromatogram (210 nm) of Ac-KLAFW/(N-Me):
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HPLC-UV chromatogram (210 nm) of 1u:
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/zz [M + H]"Caled for
CssHe1FsIN7Oo™ 1216.3474; Found 1216.3475.
MS/MS fragmentation of 1u:



k = Lys{C18H7F6102)
Nter = C2H30

Cter = CH3O

Sequence Type MF MF Mass m/z Intensity Similarity
KLA b3 C35H38F6IN406(+1) 851.174 851.1735 83.3 98.65%
KLAF b4 C44H47F6IN507(+1) 998.2424 998.2419 18.45 98.59%
K bl C26H22F6IN204(+1) 667.0528 667.0523 39.09 98.58%
w yl C12H15N202(+1) 219.1134 219.1128 100.2 98.21%
KLAF b4 C44H47F6IN5O7(+1) 998.2424 499.6246 18.93 98.10%
KL b2 C32H33F6IN305(+1) 780.1369 780.1364 49.54 98.06%
FW y2 C21H24N303(+1) 366.1818 366.1812 60.57 97.24%
KLA b3 C35H38F6IN406(+1) 851.174 426.0904 20.66 96.12%
LAFW va4 C30H40N505(+1) 550.3029 550.3024 6.31 95.12%
KLAF ad C43H47F6IN506(+1) 970.2475  970.247 2.51 93.67%
AFW y3 C24H29N404(+1) 437.2189 437.2183 4.47 93.51%
KL b2 C32H33F6IN305(+1) 780.1369 390.5718 1.27 92.85%
KLAF a4 C43H47F6IN506(+1) 970.2475 485.6271 0.7 81.60%
AFW y3 C24H29N404(+1) 437.2189 219.1128 100.2 78.60%

F O\| HO.__O

FaC X OH

o YBH o] HH H Ao

Following the general procedure, the reaction was conducted in 0.014 mmol scale. The desired
product 1v (10 mg, 0.0079 mmol, 63% yield) was isolated by Method 3.

HML LW &3;( U /‘i JLNH
T

NMe
HO™ ~O

HPLC-UV chromatogram (210 nm) of DAETGEW(N-Me)-NH2:



DAD1C,Sig=210.0,4.0 Ref=off

18004 A
16004
14004
12004
10004
2 800
6004
4004
2004 Lm\,_/u\/_
0-
-2001

7.568

i 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min]

Retention time: 7.597 min Area Percent: 100%

7.597 min (Apex)

120
Max : 4063521.0

820.5

1004

Abundance

PN

o o

1 1
‘8225 '821.5

|- 1641.1

|
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

HPLC-UV chromatogram (210 nm) of 1v:
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/zz [M + H]"Caled for
Cs3Hs7FsIN9O16" 1316.2867; Found 1316.2878.
MS/MS fragmentation of 1v:

100 200 300 400 500 600



Mter = C18HBIODZF6
Cter = CH2ZNH2

Sequence Type MF MF Mass m/z Intensity  Similarity
w yl C12H16N30(+1) 218.1293 218.1288 8.99 94.87%
DA b2 C25H18F6IN206(+1) 683.0114 683.0108 6.14 93.18%
DAETGE b6 C41H42F6IN6015(+1) 1099.1657 1099.165 48.84 93.13%
D bl C22H13F6INO5(+1) 611.9743 611.9737 3.84 93.03%
DAET b4 C34H32F6IN40O11(+1) 913.1016 913.1011 35.71 92.82%
DAE b3 C30H25F6IN309(+1) 812.054 812.0534 28.06 92.79%
GEW y3 C19H26N505(+1) 404.1934 404.1928 2.46 92.69%
TGEW ! C23H33N607(+1) 505.2411 505.2405 7.38 92.63%
EW y2 C17H23N404(+1) 347.1719 347.1714 2.2 92.63%
DAETGE a6 C40H42F6IN60O14(+1) 1071.1708 1071.17 7.12 92.44%
DAETG b5 C36H35F6IN5012(+1) 970.1231 970.1226 12.76 92.01%
AETGEW  y6 C31H45N8011(+1) 705.3208 705.3202 1.89 90.74%
DAET a4 C33H32F6IN4010(+1) 885.1067 885.1062 2.6 90.62%
ETGEW y5 C28H40N7010(+1) 634.2837 634.2831 1.2 89.52%
DAE a3 C29H25F6IN308(+1) 784.0591 784.0585 1.97 87.32%
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S H 4 & H § oH 0 i H
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Following the general procedure, the reaction was conducted in 0.014 mmol scale. The desired
product 1w (10 mg, 0.0079 mmol, 63% yield) was isolated by Method 3.

o HO.__O
~ NMe
(0] (B'H (0] H o [¢]
H H
HZNQKN NQ{N N N/YN\,AN NH,
H o) B H o) ’//OHH o :\ALH o
HO o

HPLC-UV chromatogram (210 nm) of GDAETGEW(N-Me)-NHz:
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HPLC-UV chromatogram (210 nm) of 1w. The M-18 peak correspond to a side product
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d by cyclization of Asp on the close amide:
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CssHeoFsIN10017" 1373.3081; Found 1373.3082.
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MS/MS fragmentation of 1w:

. n;n/,rhg)r/w

b2 b3 b4

Nter = C18HBIO2F06

Cter = CH4N
Sequence Type MF MF Mass m/z Intensity  Similarity
w yl C12H16N30(+1) 218.1293 218.1288 3.11 94.68%
GDAETGEW C55H59F6IN10017 1372.301 1373.308 10.86 94.63%
GDAETGE b7 C43H45F6IN7016(+1) 1156.187 1156.187 54.51 93.39%
GD b2 C24H16F6IN206(+1) 668.9957 668.9952 2.21 93.21%
GDAETGE a7 C42H45F6IN7015(+1) 1128.192 1128.192 5.44 92.88%
GDA b3 C27H21F6IN307(+1) 740.0328 740.0323 7.73 92.71%
EW y2 C17H23N404(+1) 347.1719 347.1714 1.32 92.68%
GDAETG b6 C38H38F6IN6013(+1) 1027.145 1027.144 6.92 92.37%
GDAE b4 C32H28F6IN4010(+1) 869.0754 869.0749 24.44 92.35%
GDAET b5 C36H35F6IN5012(+1) 970.1231 970.1226 21.85 92.14%
TGEW va4 C23H33N607(+1) 505.2411 505.2405 8.01 92.00%
GEW y3 C19H26N505(+1) 404.1934 404.1928 1.45 92.00%
GDAET a5 C35H35F6IN5011(+1) 942.1282 942.1276 0.93 90.13%
ETGEW y5 C28H40N7010(+1) 634.2837 634.2831 1.71 89.89%
GDAE a4 C31H28F6IN40O9(+1) 841.0805 841.08 1.15 89.57%

a%@ N
\C\WH : & & NH2
4 6

Following the general procedure, the reaction was conducted in 0.024 mmol scale. The desired
product 1aa (19 mg, 0.012 mmol, 52% yield) was isolated by Method 2.

wa & & Q( ¢NH

HPLC-UV chromatogram (210 nm) of K(N3)YSYYSW-NH2:

IZ
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MS/MS fragmentation of laa:

T
k)Y v s)vy)ys)w
b5 b&

k = Lys{H-ZMN2)

Mter = C1BHSF6I02

Cter = NH2
Sequence Type MF MF Mass m/z Intensity Similarity
KYYSYS b6 C57H55F6IN9013(+1) 1314.287 1314.286 6.07 97.07%
KYYSY b5 C54H50F6IN8O11(+1) 1227.255 1227.254 3.15 94.12%
YSW y3 C23H28N505(+1) 454.209 454.2085 2.05 90.14%
KYYS b4 C4A5H41F6IN709(+1) 1064.192 1064.191 1.63 89.26%
KYYSYS b6 C57H55F6IN9013(+1) 1314.287 657.6468 0.53 84.48%
K bl C24H18F6IN403(+1) 651.0328 651.0322 0.52 75.44%
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1ab

Following the general procedure, the reaction was conducted in 0.011 mmol scale. The desired
product 1ab (11.8 mg, 0.00775 mmol, 69% yield) was isolated by Method 2.

NH2 H2N NH,

HZN\)'L N\)‘k %ﬁ(N\)ki( \)LNH

pH AR AR

A

HN NHp  HoN” NH,

HPLC-UV chromatogram (210 nm) of FOPRRRRW-NH2:

DAD1C,Sig=210.0,4.0 Ref=off
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HPLC-UV chromatogram (210 nm) of 1lab:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H2]*? Calcd for C7sHgoFsIN2109*? 834.8084;
Found 834.8082.
MS/MS fragmentation of lab:

¥
F o RYRYRYR) w
b3 b4 b5. b

@ = Phe(C4H2)

Mter = C1BH8F&6I02

Cter = NH2
Sequence Type MF MF Mass m/z Intensity  Similarity
FFR b3 C46H40F6IN605(+1) 997.2009 997.2004 5.53 96.55%
RW y2 C17H26N702(+1) 360.2148 360.2142 7.28 95.51%
FFRRR b5 C58H64F6IN1407(+1) 1309.4031 1309.403 3.74 95.23%
FFRRRR b6 C64H76F6IN1808(+1) 1465.5042 733.2555 7.61 95.05%



FFRR b4 C52H52F6IN1006(+1)  1153.302 1153.302 3.95 95.01%

RRRW v4 C29H50N1504(+1) 672.417 672.4165 5.11 89.61%
RRW y3 C23H38N1103(+1) 516.3159 516.3154 493 88.40%
. HZNYNHQ HZI:IYNHQ

Following the general procedure, the reaction was conducted in 0.011 mmol scale. The desired
product lac (11.8 mg, 0.00775 mmol, 69% yield) was isolated by Method 2.

HZNYNHZ HZKIYNHQ

NH NH
< NH
Hof H
N I A NI A N I A g
: H of Ho ( H g
\‘ NH NH
HZI:JZ\NHZ HILIZ\NH

HPLC-UV chromatogram (210 nm) of ®RRRRW-NHz:
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HPLC-UV chromatogram (210 nm) of 1af:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*? Calcd for CesHs1FsIN200s™ 761.2742;
Found 761.2750.

MS/MS fragmentation of lac:

¥3 y2
e (RYRYRYR) W
b2.. bz ba b5

@ = Phe(C4H2)

Mier = C1BH8F6I02

Cter = NH2
Sequence Type MF MF Mass m/z Intensity  Similarity
FRR b3 C43H43F6IN9O5(+1) 1006.2336 1006.233 4.03 95.82%
RRW y3 C23H38N1103(+1) 516.3159 516.3154 5.32 95.23%
FRRR b4 C49H55F6IN1306(+1) 1162.3347 1162.334 3.15 95.03%
RW y2 C17H26N702(+1) 360.2148 360.2142 7.33 94.60%
FRRRR b5 C55H67F6IN1707(+1) 1318.4358 659.7213 6.57 92.96%
FR b2 C37H31F6IN504(+1) 850.1325 850.1319 8.14 91.09%
RRRW Z C29H50N1504(+1) 672.417 672.4165 7.26 90.89%
FRRRRW C66H79F6IN2008 1520.5339 507.8519 0.81 88.93%
RRRW Z C29H50N1504(+1) 672.417 336.7119 0.83 74.61%

RRRRW y5 C35H62N1905(+1) 828.5181 414.7624 1.73 73.19%
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Following the general procedure, the reaction was conducted in 0.012 mmol scale. The desired
product 1ad (12 mg, 0.0076 mmol, 72% yield) was isolated by Method 2.

HZNYNHZ HZNYNHZ

o) gH o) y © yw ©
HZN:QkH N oy NQ&H N%NHZ
> o o 7 0

( ( NH
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N
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HPLC-UV chromatogram (210 nm) of K(N3)FRRRRW-NHz:
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HPLC-UV chromatogram (210 nm) of lad:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hs]*® Calcd for C72Hg2FsIN2409*™ 559.2137;

Found 559.2152.
MS/MS fragmentation of lad:

K r.pI/R R(Rrﬂl.it,llw

k = Lys(MN2H-2)
i = Phe(C4H2)
Mter = CILEH8F6I02

Cter = NH2
Sequence Type MF MF Mass m/z Intensity  Similarity
RW y2 C17H26N702(+1) 360.2148 360.2142 91.98%
w yl C11H14N30(+1) 204.1137 204.1131 87.52%
RRW y3 C23H38N1103(+1) 516.3159 516.3154 83.07%
KFRRRR b6 C61H77F6IN2108(+1) 1472.5213 736.764 82.45%
RRW y3 C23H38N1103(+1) 516.3159 258.6613 80.58%
KFRRRRW C72H89F6IN2409 1674.6193 838.3169 78.08%

RRRRW y5 C35H62N1905(+1) 828.5181 414.7624 70.00%



6. Condition screening for the Au(l)-catalyzed peptide-EBXs

cyclization
General Procedure:

To a solution of peptide-EBXs 1 (0.01 mmol) in 1.87 mL HFIP in an open flask vial, 125 pL
of freshly prepared AuCl-Me.S (20 mM) solution in HFIP was added into the vial without light
or atmosphere protection (Concentration: X mM). The reaction finished in 10 min with the
formation of a yellow reaction mixture. The cyclic peptides were isolated by Prep-RP-HPLC,
followed by lyophilization.

Common by-product:

WOO o
Qe 8y

4

e}

6.1 Calibration of the cyclization reaction

Conc. (mM) Absorbance (mAU)
0.1 415.93
0.2 646.43
0.5 1706.82

1 2721.75
3000
y = 2602.3x + 201.7"'®
2500 R*= 09833
2000 e
1500
w000 | e
500 .--""
0
0 0.2 0.4 0.6 0.8 1 1.2

Figure S2: Linear equation of the absorbance (mAU) versus concentration (mM) of the
cyclic peptide (2a)

6.2 Reaction optimization:

Table S1: Reaction optimization



] 0 O

Ae—(K(L(AXF)W)—oH NH
Catalyst (X mol%) </\®
—_—

Solvent (Y mM)

0: oO—I—== ), 10 min
O

open flask
X

HN—$

1a X = (CFg),,n =0

1a'X=0,n=1
Entry Catalyst P%
1 AuCI-Me;S (100 mol%) 0
2 AuCl-Me;S (100 mol%) 0
3 AuCl-Me;S (100 mol%) 64(99:1)
4 AuCl-Me;S (100 mol%) 69(95:5)
5 AuCl-Me;S (100 mol%) 42(98:2)
6 AuCl-Me;S (100 mol%) 84(99:1)
7 AuCl-Me,S (100 mol%) 92(97:3)

9 5 HFIP 93(97:3)
10 5 HFIP 90 (81%)°
(56%)°(97:3)

11 AUCI-MeS (10 mol%) HFIP 66(97:3)

12 AUCI-MesS (10 mol%) HFIP 64(97:3)

13 HFIP 0

14 HFIP 0

15 HFIP 88(97:3)
AUCI-MeS (100 mol%) HFIP 20(94:6)

17 - 5 HFIP 0

Condition screening was conducted on 1 umol scale of 1a. The yield was determined based on the HPLC-UV
ratio of desired product peak area/total peptide related peaks. The ratio of C2/C4 regioisomers (2a:3a) is provided
in parenthesis. ®The yield was calculated based on the calibration curve (y = 2602.3x + 201.7). PlIsolated yield.
°Benzoiodoxolone reagent 1a” was used instead of bis-CF; reagent 1a.



6.3 Scope of cyclization

2a 0

o
(o]
ON-NH o H HNJT/@
w N
O
Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2a (4.7 mg, 5.6 pumol, 56% yield) was isolated by Method 2.
HPLC-UV chromatogram (210 nm) of the crude reaction mixture
HPLC-UV ratio of 2a:3a: 97:3

DAD1C,Sig=210.0,4.0 Ref=off
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HPLC-UV chromatogram (210 nm) of 2a

HPLC-UV ratio of P:P’: Not determined due to the overlap.

DAD1C,Sig=210.0.4.0 Ref=off

400
3504
3004
2504
200+
150
100
504
0
-50+
-100
-1504
-200
-250
-30

12.471

mAU

T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min]

Retention time: 12.498 min Area Percent: 100%

12.498 min (Apex)
120

Max : 677563.00
1004

832.60

801

833.60

604

Abundance

401

416.80
| l849.70
850,60

204

[+ '83460 |

500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

o=
o

100 200 300 4

IH NMR (500 MHz, DMSO) & 11.59 (s, 1H, NH(Trp)), 8.46 (d, J = 8.1 Hz, 1H, NH), 8.26 (d,
J=8.2 Hz, 1H, NH), 8.17 (t, J = 5.4 Hz, 1H, NH), 8.11 (d, J = 7.1 Hz, 1H, NH), 7.92 (d, J =



7.7 Hz, 1H, NH), 7.85 (d, J = 8.2 Hz, 2H, ArH(phenylacetylene)), 7.53 (d, J = 8.0 Hz, 1H, NH),
7.49 (d, J = 8.1 Hz, 2H, ArH(phenylacetylene)), 7.30 (d, J = 8.2 Hz, 1H, ArH(Trp)), 7.20 —
7.11 (m, 5H, ArH(Phe)), 7.08 (m, 2H, ArH(Trp) NH overlapping), 7.01 (dd, J = 13.9, 6.4 Hz,
1H, ArH(Trp)), 6.93 (d, J = 7.6 Hz, 1H, NH), 4.81 — 4.72 (m, 1H), 4.64 — 4.57 (m, 1H), 4.35 —
4.28 (m, 1H), 4.24 — 4.16 (m, 1H), 3.79 (p, J = 7.4 Hz, 1H), 2.93 (dd, J = 13.8, 4.6 Hz, 1H),
2.83 (dd, J =13.9, 6.7 Hz, 1H), 1.80 (s, 3H), 1.64 — 1.53 (m, 4H), 1.50 — 1.42 (m, 4H), 1.38 —
1.28 (m, 5H), 0.88 (d, J = 7.0 Hz, 3H, CH3(Ala)), 0.84 (d, J = 6.6 Hz, 3H, CH3(Leu)), 0.79 (d,
J =6.5 Hz, 3H, CHs(Leu)).

13C NMR (126 MHz, DMSO) § 173.1, 172.5, 171.5, 170.6, 169.7, 168.6, 165.9, 136.9, 136.2,
134.2,130.5,129.5,127.9,127.8,126.8, 126.2, 124.6, 123.1, 119.4, 119.2, 118.0, 116.6, 111.3,
94.1,83.8,52.7,52.0,51.6,51.2,47.8, 32.7, 29.0, 28.4, 27.5, 24.1, 23.0, 22.5, 21.7, 21.4, 17 4.
HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasHssN7Osg"™ 832.4028;
Found 832.4024.

Following the general procedure, the reaction was conducted in 0.008 mmol scale. The desired
product 2b (1.8 mg, 2.0 pmol, 25% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2b:3b: 97:3
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HPLC-UV chromatogram (210 nm) of 2b: Only single isomer was isolated
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HRMS (ESI/QTOF) m/z: [M + Na]* Calcd for C47HssN7NaOgS," 932.3446; Found 932.3428.

Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2c (4.3 mg, 5.1 umol, 51% vyield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2c:3c: 96:4

DAD1C,Sig=210.0,4.0 Ref=off
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HPLC-UV chromatogram (210 nm) of 2c
HPLC-UV ratio of 2c:3c after isolation: 90:10 (The ratio is not precise due to the overlap)
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HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasHagN7O10" 834.3457;
Found 834.3459.

Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2d (3.4 mg, 3.7 umol, 37% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2d:3d: Not determined due to the overlap.
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HPLC-UV chromatogram (210 nm) of 2d
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HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C4sHsoN7O10" 848.3614;
Found 848.3627.
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Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2e (2.6 mg, 3.0 umol, 30% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2e:3e: 87:12.
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HPLC-UV chromatogram (210 nm) of 2e:
HPLC-UV ratio of 2e:3e after isolation: 90:10 (The ratio is not precise due to the overlap)
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C4sHsoN9Os* 856.3777;

Found 856.3763.

Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired

product 2f (4.3 mg, 5.2 umol, 52% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture
HPLC-UV ratio of 2f:3f: 92:7 (The ratio is not precise due to the overlap)
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HPLC-UV chromatogram (210 nm) of 2f:
HPLC-UV ratio of 2f:3f after isolation: 90:10 (The ratio is not precise due to the overlap)
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasH4gNsOo" 833.3617;
Found 833.3620.



Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2g (4.7 mg, 5.6 umol, 56% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 29:3g: 97:3. (The ratio is not precise due to the overlap)
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HPLC-UV chromatogram (210 nm) of 2g:

HPLC-UV ratio of 29:3g after isolation: 96:4
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasHs1NgOo" 847.3774;
Found 847.3775.

Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2h (3.6 mg, 4.2 umol, 42% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2h:3h: 97:3.
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HPLC-UV chromatogram (210 nm) of 2h:
HPLC-UV ratio of 2h:3h after isolation: 90:10
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C46Hs5N100s* 875.4199;
Found 875.4191.
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Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2i (5.4 mg, 6.7 umol, 67% yield) was isolated by Method 2.
HPLC-UV ratio of 2i:3i: Not determined due to the overlap

HPLC-UV chromatogram (210 nm) of the crude reaction mixture
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HPLC-UV chromatogram (210 nm) of 2i:
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasHsN709" 806.3508;
Found 806.3505.

Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2j (4.4 mg, 5.3 umol, 53% vyield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2j:3j: 98:2.
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HPLC-UV chromatogram (210 nm) of 2j:



HPLC-UV ratio of 2j:3j after isolation: 98:2
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HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M + H]" Calcd for Ca9Hs2N;O9* 882.3821;
Found 882.3823.

Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2k (4.8 mg, 5.7 pmol, 57% yield) was isolated by Method 2.

HPLC-UV ratio of 2k:3k Not determined due to the overlap, Ratio of 2k:3k was determined
by the 'H NMR of isolated product: 93:7 using the integration of Trp NH.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture
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HPLC-UV chromatogram (210 nm) of 2k:
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'H NMR (600 MHz, DMSO) & 11.62 (s, 1H, NH(Trp)), 8.53 (d, J = 8.1 Hz, 1H, NH), 8.45 (d,
J=7.1Hz, 1H, NH), 8.30 (d, J = 8.2 Hz, 1H, NH), 8.16 (t, J = 5.3 Hz, 1H, NH), 8.01 (d, J =
8.0 Hz, 1H, NH), 7.86 (d, J = 8.0 Hz, 2H, ArH(Phenylacetylene)), 7.55 (d, J = 8.0 Hz, 1H,
ArH(Trp)), 7.51 (d, J = 8.1 Hz, 2H, ArH(Phenylacetylene)), 7.32 (d, J = 8.2 Hz, 1H, ArH(Trp)),
7.22 —7.15 (m, 5H, ArH(Phe)), 7.12 (d, J = 7.3 Hz, 2H, ArH(Trp), NH overlapping), 7.10 (d,
J=7.9 Hz, 1H, NH), 7.06 — 7.00 (m, 1H, ArH(Trp)), 4.83 - 4.77 (m, 1H), 4.63 (td, J = 7.5, 4.8
Hz, 1H), 4.38 (9, J = 7.1 Hz, 1H), 4.32 (dt, J = 8.8, 6.1 Hz, 1H), 3.84 (p, J = 7.2 Hz, 1H), 2.97
(dd, J=13.9, 4.6 Hz, 1H), 2.87 — 2.83 (m, 1H), 2.83 — 2.81 (m, 1H), 2.46 — 2.38 (m, 2H), 1.83
(s, 3H), 1.63 - 1.54 (m, 3H), 1.50 — 1.43 (m, 1H), 1.35 (p, J = 7.8 Hz, 2H), 0.90 (d, J = 7.0 Hz,
3H, CHs(Ala)).

13C NMR (151 MHz, DMSO) & 173.1 171.7, 170.5, 170.2, 170.0, 168.7, 165.9, 137.0, 136.2,
134.3, 130.6, 129.6, 127.9, 127.8, 126.9, 126.3, 124.6, 123.2, 119.3, 119.1, 116.6, 111.3, 94.3,
83.8,80.8, 73.2,52.8,52.2,52.1, 51.6, 47.9, 38.0, 32.7, 28.3, 27.5, 22.5, 21.7, 21.1, 17.7.
HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasHasN7Os™ 814.3559;
Found 814.3564.
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Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 2m (1.8 mg, 2.9 pmol, 40% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture
HPLC-UV ratio of 2m:3m: Not determined due to the overlap
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HPLC-UV chromatogram (210 nm) of 2m:
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HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C34H4oNsO6" 614.2973; Found 614.2985.



Following the general procedure, the reaction was conducted in 0.0083 mmol scale. The
desired product 2n (4.5 mg, 5.2 umol, 63% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2n:3n: 93:7. A single diastereomer was isolated.
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HPLC-UV chromatogram (210 nm) of 2n:

DAD1C,Sig=210.0,4.0 Ref=off

8004
7004
600+
5004
4004
3004
200
1007
0
-100
-200
-300
-400

mAU

T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min]

Retention time: 9.646 min Area Percent: 100%

9.646 min (Apex)

120
Max : 2691485.0

862.6

1001

80

'863.7

60

Abundance

404

431.8
864.7

201

~409.3

T T T T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CasHasN1109" 862.3631;
Found 862.3647.



Following the general procedure, the reaction was conducted in 0.01 mmol scale. The desired
product 20 (4.4 mg, 5.3 umol, 53% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 20:30: 93:7.
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HPLC-UV chromatogram (210 nm) of 20:
HPLC-UV ratio of 20:30 after isolation: 89:11.
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HRMS (ESI/QTOF) m/z: [M + H]" Calcd for CssHesNoOg* 968.5029; Found 968.5019.
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Following the general procedure, the reaction was conducted in 7.4 umol scale. The desired
product 2p was isolated as two separable regiostereomers (2p 2.3 mg 2.5 umol, 34% yield, 3p
1.1 mg, 1.2 umol, 16%, in total 49% vyield) by Method 3.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture
HPLC-UV ratio of P:P’: 56:44.
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HPLC-UV chromatogram (210 nm) of 2p:
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'H NMR for 2p (600 MHz, DMSO) & 11.50 (s, 1H, NH(Trp)), 8.86 (d, J = 7.6 Hz, 1H, NH),
8.26 (d, J=7.1 Hz, 1H, NH), 8.14 — 8.06 (m, 2H, 2 overlapping NH ), 7.89 (d, J = 8.2 Hz, 2H,
ArH(Phenylacetylene)), 7.82 (d, J = 6.4 Hz, 1H, NH), 7.73 (d, J = 7.8 Hz, 1H, NH), 7.66 (d, J
= 8.1 Hz, 2H, ArH(Phenylacetylene)), 7.52 (d, J = 8.0 Hz, 1H, ArH(Trp C4)), 7.24 (d, J = 8.1
Hz, 1H, ArH(Trp C7)), 7.16 (d, J = 8.3 Hz, 1H, NH), 7.14 — 7.08 (m, 2H, NH and ArH(Trp
C6)), 6.97 (t, J = 7.5 Hz, 1H, ArH(Trp C5)), 6.90 (s, 1H, NH), 4.69 (td, J = 7.8, 5.2 Hz, 1H),
4.56 (td, J = 8.3, 5.6 Hz, 1H), 4.32 (td, J = 8.1, 5.1 Hz, 1H), 4.21 — 4.10 (m, 3H), 4.04 — 3.97
(m, 1H), 3.70 (dd, J = 16.8, 5.8 Hz, 1H), 3.59 (dd, J = 16.8, 5.8 Hz, 1H), 3.23 — 3.19 (m, 1H),
3.08 (dd, J = 13.9, 5.4 Hz, 1H), 2.92 (dd, J = 16.6, 5.1 Hz, 1H), 2.75 (dd, J = 16.6, 8.2 Hz, 1H),
2.28-2.19 (m, 2H), 2.19 - 2.10 (m, 2H), 1.99 - 1.91 (m, 1H), 1.87 - 1.73 (m, 2H), 1.71 - 1.63
(m, 1H), 1.25 (d, J = 6.9 Hz, 3H, CH3(Thr)), 0.97 (d, J = 6.3 Hz, 3H, CH3(Ala)).

13C NMR (126 MHz, DMSO) & 174.0, 173.9, 172.8, 172.4, 172.3, 170.8, 170.5, 169.8, 169.7,
168.4,166.1, 136.1,133.4,131.1,127.8,127.1,125.4,123.1, 119.4,119.3, 117.5, 117.0, 111.2,
94.2,84.2,66.4,57.5,53.3,52.9,51.8,50.5, 48.7, 42.2, 35.6, 30.2, 30.0, 28.0, 25.9, 19.2, 18.4.
HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for C43HsoNgO15* 932.3421;

Found 932.3426.
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HPLC-UV chromatogram (210 nm) of 3p:
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'H NMR for 3p (600 MHz, DMSO) § 11.17 (s, 1H, NH(Trp)), 8.87 (d, J = 7.4 Hz, 1H, NH),
8.37 (d,J=7.1 Hz, 1H, NH), 8.29 (d, J = 8.1 Hz, 1H, NH), 7.95 (d, J = 7.3 Hz, 1H, NH), 7.91
(d, J = 8.2 Hz, 2H, ArH(Phenylacetylene)), 7.90 — 7.86 (m, 2H, 2 overlapping NH), 7.67 (d, J
= 8.2 Hz, 2H, ArH(Phenylacetylene)), 7.43 (dd, J = 8.1, 1.0 Hz, 1H, ArH (Trp C7)), 7.31 -
7.24 (m, 1H, ArH (Trp C5)), 7.22 (dd, J = 7.2, 1.0 Hz, 1H, NH), 7.17 (s, 1H, ArH (Trp C2)),
7.15 (s, 1H, NH), 7.14 — 7.08 (m, 2H, NH and ArH (Trp C6)), 4.78 (g, J = 7.2 Hz, 1H), 4.69
(9,3=7.5Hz,1H), 4.34 —4.24 (m, 2H), 4.22 — 4.17 (m, 1H), 4.15—-4.09 (m, 1H), 4.05 - 3.99
(m, 1H), 3.95 (dd, J = 16.9, 6.6 Hz, 1H, CH2(Trp)), 3.64 (dd, J = 16.9, 4.4 Hz, 1H, CH2(Trp)),
3.53(d, J=7.2 Hz, 2H), 2.94 (dd, J = 16.5, 5.7 Hz, 1H), 2.74 (dd, J = 16.5, 7.9 Hz, 1H), 2.33
—2.25(m, 2H), 2.26 — 2.18 (m, 2H), 2.00 (dd, J = 14.0, 6.9 Hz, 1H), 1.90 — 1.79 (m, 2H), 1.71
(td, J=14.2,12.2, 7.4 Hz, 1H), 1.26 (d, J = 6.9 Hz, 3H), 0.95 (d, J = 6.3 Hz, 3H, CH3s(Ala)).
13C NMR (126 MHz, DMSO0) & 174.0 173.8, 173.1, 172.3, 172.2, 171.0, 170.9, 170.0, 169.0,
166.0, 136.3, 132.8, 130.9, 127.9, 126.7, 126.2, 124.2, 123.8, 120.9, 113.1, 112.4, 111.1, 92.4,
90.7, 66.6, 57.7,53.3,52.7, 52.4, 50.3, 48.5, 42.2, 35.2, 30.2, 30.0, 29.0, 28.4, 27.7, 26.0, 19.5,
18.6.

HRMS (ESI/QTOF) m/z: [M + Na]™ Calcd for C43Ha9N9NaO15* 954.3240; Found 954.3232.
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Following the general procedure, the reaction was conducted in 6.9 pmol scale. The desired
product 2q (3.2 mg, 3.2 pmol, 47% yield) was isolated by Method 3.
HPLC-UV chromatogram (210 nm) of the crude reaction mixture



HPLC-UV ratio of 2g:3q: Not determined due to the overlap
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HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M + H]" Calcd for C4sHs3N10016" 989.3636;

Found 989.3642.

......

Following the general procedure, the reaction was conducted in 5.0 pmol scale. The desired
product 2r (4.2 mg, 2.8 pumol, 56% yield) was isolated by Method 3.
HPLC-UV chromatogram (210 nm) of the crude reaction mixture



HPLC-UV ratio of 2r:3r; 99:1.
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HPLC-UV chromatogram (210 nm) of 2r:
HPLC-UV ratio of 2r:3r after isolation: single diastereomer is isolated.
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HRMS  (Nanochip-based  ESI/LTQ-Orbitrap) m/zz [M + H]"Caled for
CgoHooN13017* 1504.6572; Found 1504.6559.

MS/MS fragmentation of 2r:

v
G F F D D L Y ® F)’U)A

ad ba. bi0
b8 ag. ald

m = Trp(H-1)
Mter = COH40
Cter = NH2



Sequence Type MF MF Mass m/z Intensity Similarity

GFFDDLYW a8 C62H64N9013(+1) 1142.462 1142.462 68.94 99.00%
GFFDDLYWF b9 C72H73N10015(+1) 1317.526 1317.525 41.45 98.98%
GFFDDLYWFVA C80H89N13017 1503.65 752.8322 100.4 98.76%
GFFDDLYW b8 C63H64N9014(+1) 1170.457 1170.457 50.35 98.37%
GFFDDLYWF ag C71H73N10014(+1) 1289.531 645.2687 8.72 98.36%
GFFDDLYWF b9 C72H73N10015(+1) 1317.526 659.2662 11.28 98.20%
GFFDDLYWFV b10 C77H82N11016(+1) 1416.594 1416.594 6.07 97.25%
GFFDDLYWF a9 C71H73N10014(+1) 1289.531  1289.53 11.75 96.48%
GFFDDLYWFV b10 C77H82N11016(+1) 1416.594 708.8004 7.78 96.15%
GFFDDLYWFV alo C76H82N11015(+1) 1388.599  694.803 5.08 95.45%
GFFDDLYW a8 C62H64N9013(+1) 1142.462 571.7345 7.29 93.91%
VA y2 C8H18N302(+1) 188.1399 188.1394 10.78 90.87%
GFFDDLYW b8 C63H64N9014(+1) 1170.457 585.732 3.57 89.86%
GFFDDLYWFV alo C76H82N11015(+1) 1388.599 1388.599 0.54 87.40%
FVA y3 C17H27N403(+1) 335.2083 335.2078 2.33 81.41%

/)

NH \H

2s
Q\B\(H
HN
HN
H o]
HN NH NJ"j( &NH o

Following the general procedure, the reaction was conducted in 4.7 umol scale. The desired
product 2s (2.8 mg, 1.8 umol, 37% yield) was isolated by Method 3.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 4 isomers (i/i+3 and i/i+7): 7(2s’ i/i+7) (14.498 min):2 (3s’ i/i+7) (14.661
min):6 (3s i/i+3)(15.431 min):85 (2s i/i+3) (16.013 min)

DAD1C,Sig=210.0.4.0 Ref=off
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HPLC-UV chromatogram (210 nm) of 2s (only major isomer was isolated):
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HRMS (Nanochip-based ESI/LTQ-Orbitrap) m/z: [M + H2]+2 Calcd for C82H107N15013+2 794.8954;
Found 794.8960.
MS/MS fragmentation of 2s:

E T F K D L i} A L L w
VAPRVRY 'y
a ar.

k¥ = Lys{COH30)

mw = Trp{H-1)

Mier = C2H3O

Cter = NH2
Sequence Type MF MF Mass m/z Intensity  Similarity
ETFKDLW b7 C56H66N9014(+1) 1088.473 1088.472 3.75 98.40%
ETFKDLW a7 C55H66N9013(+1) 1060.478 1060.478 20.53 97.98%
E bl C7H10NOA4(+1) 172.061 172.0604 18.46 97.91%
ET b2 C11H17N206(+1) 273.1087 273.1081 3291 97.32%
ETFKDLW a7 C55H66N9013(+1) 1060.478 530.7424 3.47 95.50%
ETF b3 C20H26N307(+1) 420.1771 420.1765 4.06 94.09%
ETF a3 C19H26N306(+1) 392.1822 392.1816 1.94 92.85%
ETFK b4 C35H41N509(+1) 675.2904 675.2899 1.2 91.71%
ET a2 C10H17N205(+1) 245.1137 245.1132 0.88 89.03%
ETFKDLWA a8 C58H71N10014(+1) 1131.515 1131.515 1.51 82.58%

ETFK ad C34H41N508(+1) 647.2955  647.295 3.13 72.97%



Following the general procedure, the reaction was conducted in 4.7 umol scale. The desired
product 2t (3.4 mg, 2.1 umol, 45% vyield) was isolated by Method 3.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 4 isomers: 2(2t” i/i+7) (12.888 min):2 (3t> i/i+7) (13.01 min):3 (3t i/i+3)
(13.182 min):92 (2t i/i+3) (14.036 min)
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HPLC-UV chromatogram (210 nm) of 2t (only major isomer was isolated):
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HRMS

(Nanochip-based

ESI/LTQ-Orbitrap)  m/z:

CasH105N15018*2 805.8876: Found 805.8890.

MS/MS fragmentation of 2t:

T

s

k = Lys{C9H30)

w = Trp(H-1)

Mter = C2H3O

Cter = NH2

Sequence
TSFKEYW
TSF
TSF
TSFKEYW
TSFKEYW

Type
a7
a3
b3
b7
a7

F)H

MF
C57H64N9013(+1)

C17H24N305(+1)
C18H24N306(+1)

C58H64N9014(+1)
C57H64N9013(+1)

NH

CYE
o NH
[e]

NH H HNfO
EITEISS

MF Mass
1082.462
350.1716
378.1665
1110.457
1082.462

[M

m/z
1082.462
350.171
378.166
1110.457
541.7345

+  H]*? Calcd
w
Intensity Similarity
17.73 95.20%
6.04 84.86%
6.87 83.86%
1.98 82.08%
2.29 74.83%

for

Following the general procedure, the reaction was conducted in 10 pumol scale. The desired

product 2u (5.3 mg, 6.3 pmol, 63% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2u:3u: 98:2.
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HPLC-UV ratio of 2u:3u: only single diastereomer was isolated.
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'H NMR (500 MHz, DMSO) & 8.46 (d, J = 8.2 Hz, 1H, NH), 8.29 (d, J = 8.2 Hz, 1H, NH),
8.19 (t, J=5.4 Hz, 1H, NH), 8.15 (d, J = 7.0 Hz, 1H, NH), 7.94 (d, J = 7.7 Hz, 1H, NH), 7.87
(d, J = 8.0 Hz, 2H, ArH(Phenylacetylene)), 7.60 — 7.53 (m, 3H, ArH(phenylacetylene+Trp)),
7.47 (d, J = 8.3 Hz, 1H, ArH(Trp)), 7.25 (t, J = 7.7 Hz, 1H, ArH(Trp)), 7.20 — 7.14 (m, 3H,
ArH(Phe)), 7.11 - 7.05 (m, 3H, ArH(Phe+Trp)), 6.93 (d, J = 7.5 Hz, 1H, NH), 4.80 (td, J = 7.8,
3.9 Hz, 1H), 4.64 — 4.57 (m, 1H), 4.34 (td, J = 7.9, 4.5 Hz, 1H), 4.26 — 4.18 (m, 1H), 3.87 (s,
3H), 3.84 —3.77 (m, 1H), 2.95 (dd, J = 13.8, 4.6 Hz, 1H), 2.85 (dd, J = 13.8, 6.4 Hz, 1H), 1.82
(s,3H), 1.68 —1.54 (m, 4H), 1.52 — 1.44 (m, 2H), 1.38 — 1.28 (m, 3H), 0.90 (d, J = 7.0 Hz, 3H,
CHzs(Ala)), 0.86 (d, J = 6.6 Hz, 3H, CHs(Leu)), 0.82 (d, J = 6.5 Hz, 3H, CH3(Leu)).

13C NMR (126 MHz, DMSO) § 173.0, 172.6, 171.5, 170.6, 169.6, 168.6, 165.7, 137.0, 136.8,
134.3,130.6, 129.6, 127.9, 127.8, 126,5, 126.2, 124.4,123.3, 121.5, 119.6, 119.4, 115.9, 110.0,
97.2,82.1,52.7,51.9,51.6,51.2, 47.8, 37.9, 32.7,30.9, 28.4, 27.7, 24.2, 23.0, 22.5, 21.7, 21.4,
17.4.

HRMS (ESI/QTOF) m/z: [M + H]" Calcd for C47HseN7Og* 846.4185; Found 846.4186.
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Following the general procedure, the reaction was conducted in 4.6 pmol scale. The desired
product 2v (3.7 mg, 3.9 umol, 86% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2v:3v: Not determined due to the overlap.
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HPLC-UV chromatogram (210 nm) of 2v:
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: Found 946.3597.

Following the general procedure, the reaction was conducted in 4.9 pumol scale. The desired

product 2w (3.0 mg, 3.0 pumol, 61% yield) was isolated by Method 2.
HPLC-UV chromatogram (210 nm) of the crude reaction mixture
HPLC-UV ratio of 2w:3w: Not determined due to the overlap.
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HRMS (ESI/QTOF) m/z: [M + H]* Calcd for C4sHs5N10016" 1003.3792; Found 1003.3787.
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Following the general procedure, the reaction was conducted in 4.7 pmol scale. The desired
product 2aa (3.4 mg, 2.9 pumol, 53% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2aa:3aa: 95:5
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HPLC-UV chromatogram (210 nm) of 2aa:
HPLC-UV ratio of 2aa:3aa after isolation: 87:13
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + H]* Calcd for CsgHssN12013* 1147.4632;
Found 1147.4642.

Following the general procedure, the reaction was conducted in 2.1 pumol scale. The desired
product 2ab (1.6 mg, 1.2 umol, 57% yield) was isolated by Method 3.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2ab:3ab: 64:35.
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HPLC-UV chromatogram (210 nm) of 2ab:
HPLC-UV ratio of 2ab:3ab after isolation: 58:42.
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HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hs]™ Calcd for CesHasN210s™ 433.5651; Found
433.5658.



Following the general procedure, the reaction was conducted in 3.4 umol scale. The desired
product 2ac (2.1 mg, 1.8 umol, 53% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2ac:3ac: 80:20. (The ratio is not precise due to the overlap)
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HPLC-UV chromatogram (210 nm) of 2ac:
HPLC-UV ratio of P:P’ after isolation: 80:20. (The ratio is not precise due to the overlap)

DAD1C,Sig=210.04.0 Ref=off

=

10001

8001

6001

400

mAU

2001

-2001

-4004

-6001

T
1 2

4 5 6 T B8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time [min]

Retention time: 7.676 min Area Percent: 90%

o=

7.676 min (Apex)
120

Max : 2080536.0

384.9

1001

Abundance
(2]
(=]
1

n
o
/379.1

[ 6336
690.8

—422.8

B

<

288.8
o+ 5765

00 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
miz

100 200 300 400 500



Retention time: 7.82 min Area Percent: 10%

7.820 min (Apex)

120 =
< Max : 1284209.0
1001 K
g 80
= o
T 604 £
3 h ©
< aod g 55
o~ n ™ &
>| 2 © ©
] 5§
) 9 |
o ]
T T T T T T T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

m/z

HRMS (nanochip-ESI/LTQ-Orbitrap) m/z: [M + Hz]*? Calcd for Cs7H76N2007"% 576.3097;
Found 576.3103.
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Following the general procedure, the reaction was conducted in 3.7 pumol scale. The desired
product 2ad (1.9 mg, 1.6 umol, 44% yield) was isolated by Method 2.

HPLC-UV chromatogram (210 nm) of the crude reaction mixture

HPLC-UV ratio of 2ad:3ad: 77:23. (The ratio is not precise due to the overlap)
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HPLC-UV chromatogram (210 nm) of the 2ad:
HPLC-UV ratio of 2ad:3ad after isolation: 77:23. (The ratio is not precise due to the overlap)
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6.4 Attempt of cyclization on solid phase
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Figure S2: Attempt of cyclization on solid phase

Procedure: The synthesis was conducted on a 25 umol scale from resin-bound substrate.
Bifunctional EBX (34 mg, 50 umol, 2.0 equiv.) was weighed into the syringe reactor. Then
DIPEA (30.0 uL, 168 umol, 6.7 equiv.) was added into the reactor and the mixture was agitated
in DMF (12.5 mM) at room temperature for 1 hour. The resin was then filtered and washed
with DCM (3 x 3 mL). The procedure was repeated one more time to ensure the N-terminus
was fully reacted. Then the resin was agitated in HFIP (8 mM) with AuCIl Me2S (1.5 mg, 2.0



equiv.) for 3 hours. Following TFA/TIPS/H20 (95:2.5:2.5) cleavage from resin and removal
of volatiles, the crude peptide was analyzed by reverse-phase HPLC with Method 2. No
desired cyclic peptide was observed.

Confirmation of solid phase synthesis of peptide-EBXs:
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HPLC-UV chromatogram (210 nm) of peptide-EBXs crude after resin cleavage:
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6.5 ICP analysis of cyclic peptides

Table S2: Determination of gold content by ICP-MS analysis

3

NH,

Sample name Au, ng/mg? Au%®
AcKLAFW (2a) 99.73 2.4%
GFFDDLYWFVA-NH: (2r) 57.22 2.4%
AcKSAFW (2i) 276.94 7.6%

8RSD: 2.50%. ° % of gold incorporated in peptides




7. Studies of the structure of two regioisomers
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HMBC spectrum shows the weak interaction between alkyne and indole N-H, confirming the
major product is Trp C-2 alkynylation product.

k) )

AcKLAFW CYC HMBC.1.1.2rr F10

HMBCGP 59
: g (R ¥ 20
909y ¢

30

L uﬂh“

8 L
50 n G ER 50
60
L70

80

I

{11.61,84.57{*

90

o
W o 100
i 8 O?/NH“,.&;/H HNf/@ +110
\ é 90 /k o) ?/&O 120
9’3?@@ " 130
0

r140

{7.50,94.64{’

Il MHH (L

150
r160

0 5 /— i ép q@ 170

180

L)

r190

f2 (ppm)

AcKLAFW CYC HMBC.1.1.2rr F70
HMBCGP

80

{11.61,84.57{F
{7.50,94.52@

90

r100

110

120

=

130

L ‘HIHJ U

=

140

150

T T T
12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5
2 (ppm)

f1 (ppm)

f1 (ppm)



The ratio of two isomers didn’t change with increasing temperature in NMR.
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7.2 Cyclization under different reaction temperature:
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8. Absorption and emission of cyclic peptides
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Figure S3 Absorption and emission of cyclic peptide 2a and 2ad in DMSO and DMSO/H,0
(20 uM). Emission curve was recorded under the excitation of 350 nm light.

Due to the poor solubility of 2a in water, DMSO/H->0 1:4 was used for the absorption and
emission measurement.



9. Excited state lifetime of 2ab

Sample preparation: Two glass coverslip (#1.5, 170 pm thick) cleaned in 1% Hellmanex
solution, rinsed in deionized water and oxygen plasma-treated (100W, 30 sccm, 90s). A 120
pum thick Secure-Seal imaging spacer with a ~1cm diameter aperture was used to define a
chamber between the coverslips, in which 20 yuL of 20 mM 2ab in deionized water/DMSO 9:1

was placed.
HN
HN2
Q\:) 2ab o)

®®®/

Excitation: SuperK Fianium FIU-15 at 100% power, 38.7 MHz repetition rate, 390-400 nm
window filtered by SuperK Varia tunable filter, power ~1.7 mW focused to a ~50um diameter
circle. In these conditions, the pulse FWHM is about 50 ps as specified by the manufacturer.

Optics: Semrock (Laser-Beamsplitter HC R488 1 lambda PV flat, 488 LP Edge Basic
Longpass Filter). Olympus UPLANSApo 60X WI 1.20 NA objective mounted on an inverted
Olympus 1X-71 microscope.

Detection: Pi Imaging SPAD 5122 placed at the image plane operating voltage 26V, 95.6 ps
gate steps, gate width ~8 ns, 50 ms integration time per frame. The signal was integrated from
a 128x128 pixel region. Assuming a depth of field of 1 um for the imaging system, this
corresponds to a probing volume of ~30 um x 30 um x 1 um. SPAD cameras, due to imperfect
fabrication process, exhibit hot pixels (~5% of the total) which we filtered out. A cutoff dark
count rate of 15 cps was used for this hot pixel removal.

Figure S4: The IRF (in blue) was acquired as the reflection of the beam on the sample using a
50:50 beam splitter (BSW10R, Thorlabs) and attenuation with an adjustable ND filter in order
not to saturate the camera while still using the laser at full power to preserve the pulse shape.
The time reference for this graph is arbitrary. The measured decay with the 488 nm filter set
showed a longer tail corresponding to the fluorescence of the compound (in red). In order to
simplify the analysis of the red curve which is the convolution of the IRF with the time response
of the sample, we use the approach of directly fitting the part of the fluorescence decay where
the IRF has decayed to very low values (highlighted in red).* We set the cutoff value for this
approach as the dotted vertical line, where the IRF has decayed to 4%o.

4 Liu, X.; Lin, D.; Becker, W.; Niu, J.; Yu, B.; Liu, L.; Qu, J., Fast fluorescence lifetime imaging techniques:
A review on challenge and development. J. Innovat. Opt. Health. Sci. 2019, 12 (05), 1930003.



10° 5
] —— |RF
—— peptide fluorescence
part used for fitting
2 o
& 0™
w0 4
e
Q
N
©
£
o
2
1072 -
0 2 4 6 8 10

Gate delay (ns)

Figure S5: Least-square fitting of the exponential decay (black dots) with a mono (blue) or bi-
exponential (red) model with background. The fit is near-perfect for a bi-exponential model,
but not for a mono-exponential model.
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Figure S6: Visualizing the goodness of the fit in the previous figure with a semi-logarithmic
plot. The background value obtained from fitting was removed to visualize the exponential
decay.
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Fit results:

11=2.12 +0.02 ns with amplitude 0.54+0.01
12=0.60 +0.02 ns with amplitude 0.28+0.01
background: 0.19

The second lifetime component could be due to the high concentration used.®>® This was
however necessary for robust lifetime readout, as the extinction coefficient is low, and the
excitation is off-resonance.

> Chen, W.; Young, L. J.; Lu, M.; Zaccone, A.; Strohl, F.; Yu, N.; Kaminski Schierle, G. S.; Kaminski, C. F.,
Fluorescence Self-Quenching from Reporter Dyes Informs on the Structural Properties of Amyloid Clusters
Formed in Vitro and in Cells. Nano Lett. 2017, 17 (1), 143-149.

6 Quinn, S. D.; Dalgarno, P. A.; Cameron, R. T.; Hedley, G. J.; Hacker, C.; Lucocqg, J. M.; Baillie, G. S.;
Samuel, I. D. W.; Penedo, J. C., Real-time probing of B-amyloid self-assembly and inhibition using fluorescence
self-quenching between neighbouring dyes. Mol. Biosyst. 2014, 10 (1), 34-44.



10. Cell experiments

Cell line stocks. Hela cell lines were obtained from the European Collection of Animal Cell
Cultures (ECACC, United Kingdom) and they were grown in complete medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and maintained in an incubator at 37 °C in
an atmosphere of 5% CO». Hela cells were seeded on poly-lysine coated 8-well glass bottom
cell culture plates at a density of 10°000 cells/well the day before the experiment. For the
experiment, the medium was exchanged to fresh medium containing 10 uM of the indicated
peptide (stock solution were prepared to a concentration of 10 mM in DMSO). Cells were
incubated for 3 hours. After that, the medium was removed and cells were washed with PBS
before imaging. The signal was detected using an Eclipse Ti2 microscope with a Yokogawa
CUS W2 confocal spinning disk unit and equipped with a Prime 95B sCMOS camera
(Photometrics). We used a 60x oil immersion objective with a N.A. of 1.40 to observe cells at
37°C in 5% CO.. For co-localization studies, solution of LysoTracker Red (0.1 uM) was added
to the pre-washed cells in the cell culture medium and cells were incubated at 37 °C for 1 hour.
For the nuclear staining, cells were incubated with 1 uM SYTO Deep Red at 37°C for 30 min
prior to imaging. Imaging was performed using the following parameters: cyclic peptides
(excited with a 405 nm laser and captured with a 447/60 nm bandpass filter), LysoTracker Red
(excited with a 561 nm laser and captured with a 542/27 nm bandpass filter) SYTO Deep Red
(excited with a 638 nm laser and captured with a 600/52 nm bandpass filter). Image analysis
was performed using Fiji/lmagel.® For quantitative image analysis, the following threshold
were used: Cyclic peptide channel: 124, LysoTracker channel: 110, an area for analysis was
selected with the “create selection” function and fluorescent intensity of the whole image was
measured.

MTT assay. Cells were seeded into 96-well tissue culture plates with the cell density around
10000 cells per well, and incubated overnight. Then cells in each well were incubated with
complete medium containing different concentrations of cyclic peptides. Control cells were
incubated with complete medium containing 0.1% of DMSO. After 16 hours of incubation, 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to each well (1
mg/mL of final concentration), medium containing MTT was discarded after the cells were
incubated for 2 hours, the MTT precipitate was dissolved in 200 uL of DMSO for each well
and mixed thoroughly using the pipette. Absorbance was measured at 570 nm using the
microplate reader. The absorbance of each sample was normalized with its untreated
control(Atreated cells / Ablank) X 100%.

6 Schindelin, J.; Arganda-Carreras, I.; Frise, E.; Kaynig, V.; Longair, M.; Pietzsch, T.; Preibisch, S.; Rueden, C.; Saalfeld, S.;
Schmid, B.; Tinevez, J.-Y.; White, D. ].; Hartenstein, V.; Eliceiri, K.; Tomancak, P.; Cardona, A., Fiji: an open-source platform
for biological-image analysis. Nat. Meth. 2012, 9 (7), 676-682.
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Figure S7 MTT assay. Cell viability were assessed by MTT assay. cells were treated with
different cyclic peptides at indicated doses for 16 hours. Data shown are representative of 3
separate experiments.

Live-cell imaging:

Cyclic peptide SYTO Deep Red Overlay

2aa

Figure S8: Live-cell images of Hela cells after 3 h incubation with 10 uM 2aa by using
confocal spinning disk microscope. Scale bar: 10 um.

Cyclic peptide lay SYTO Deep Red

Figure S9: Intracellular distribution of 10 uM 2ad compared to LysoTracker Red (0.1 uM) in
Hela cells. The nucleus was stained by SYTO Deep Red at 1 uM. Scale bar: 10 pum.

Regions of interest (ROI): Cyclic peptide, Pearson’s correlation coefficient (PCC): 0.422
Mander’s overlap coefficient (MOC): 0.517.



11. NMR spectra
$6 'H NMR (500 MHz, CDCls)
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1a 'H NMR (500 MHz, CDs0D)
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13C NMR (500 MHz, CD30D)
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HMBC
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2a 'H NMR (500 MHz, DMSO-ds)
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ACKLAFW CycC.1.fid
1d 13C {1H}

11000
10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

OP-0SH

9L'€8 —

PI¥6 —

LTTIT
£L5°9TT
€0°8TT
8T'6TT

LEBTT

et
om.VNA/
oz9zt

¥8°92T %
8LLTT
L8721 \
€5°6CT
0S°0€T \‘
YTPET

YT OET
S8'9€T

mw.mf
No.me /
19691 /
85°0LT ~&

WTLT 7
4243 \
L0°€LT

T T T T T
160 140

180

T

120 110

130

150

170

190

200

210

f1 (ppm)



HMBC spectrum shows the weak interaction between alkyne and indole N-H, confirming the
major product is Trp C-2 alkynylation product.
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2k 'H NMR (600 MHz, DMSO-ds)
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2k 13C NMR (150 MHz, DMSO-de)
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HMBC spectrum of 2k, terminal alkyne is untouched after reaction
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2p 'H NMR (600 MHz, DMSO-ds)

DW Cyc H 1.1.fid
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2p 3C NMR (126 MHz, DMSO-ds)
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2u 'H NMR (500 MHz, DMSO-ds)
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13C NMR (126 MHz, DMSO-ds)
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HMBC of 2u
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