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List of abbreviations: 

AOB    aminooxy-biotin 

BIA    biotin-PEG2-iodoacetamide 

Boc    tert-butyloxycarbonyl 

BSH    biotin-thiol 

Calc    calculated 

COSY    correlation spectroscopy 

Da.    daltons(s) 

DBU    1,8-Diaza-bicyclo (5.4.0) undec-7-en 

DCM    dichloromethane  

DMF    N, N-Dimethylformamide 

ESI    electrospray ionization 

eq.     equivalent(s) 

EDT    1,2-ethanedithiol 

h    hour(s) 

HPLC    high performance liquid chromatography 

HRMS    high-resolution mass spectrometry 

LCMS    liquid chromatography mass spectrometry 

MHz    megahertz 

MsCl    methanesulfonyl chloride 

NMR    nuclear magnetic resonance  

NOESY   nuclear overhauser effect spectroscopy  

DBMB    Ŭ,Ŭǋ-Dibromo-m-xylene 

mL    milliliter(s) 

mM    millimolar  

min    minute(s)  

mmol    millimoles 

PBS    phosphate buffered saline 

PFS    pentafluorophenyldisulfide 

ppm    parts per million 

ROESY   rotating frame overhauser effect correlation spectroscopy 

rt     room temperature 

TBMB    1,3,5-Tris(bromomethyl)benzene 

TBS    tris-buffered saline 

TBST    tris-buffered saline, w. 0.1% Tween 20 

TCEP    tris(2-carboxyethyl)phosphine) 

TIPS    triisopropylsilane 

TFA    trifluoroacetic acid 

TLC    thin layer chromatography  

Tris    tris(hydroxymethyl)aminomethane 

TOCSY   total correlation spectroscopy 

TSL    two fold symmetric tridentate lincpin 

v/v    volume/volume 
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1. Chemistry Methods 

 

1.1. General Chemistry information 

 

Chemical reagents and solvents were purchased from Sigma-Aldrich or Fisher Scientific unless 

noted otherwise. 5-hydroxydimethyl isophthalate, 1,6-dibromohexane and 1,3-dibromopropane 

were purchased from TCI America. 1,3,5-Trisbromomethyl benzene was purchased from 

Synthonix. TCEP was purchased from Soltech Ventures. Pronase was purchased from Roche 

Diagnostics GmbH. Reagents for peptide synthesis were purchased from ChemPep. Reactions 

were monitored by TLC which was carried out on silica gel 60 F254 (Merck) plates and visualized 

by UV-light (l = 254 nm) and/or by spraying potassium permanganate, anisaldehyde followed by 

heating. Flash column chromatography was performed using silica gel 60 (40-63 mm). The 

subsequent evaporation of solvents in vacuo was performed using IKA RV10 rotary evaporator. 

Analytical and preparative HPLC was conducted using Waters 1525 Binary pump equipped with 

a Waters Symmetry prep 19×50 mm C18 Columns and Waters 2489 UV detector. Removal of 

aqueous solvents was performed using Labconco Freezone 2.5w system.  

 

Proton (1H NMR) and Carbon (13C NMR) nuclear magnetic resonance spectra were recorded on 

an Agilent/Varian VNMRS two channel 500 MHz or Agilent/Varian Inova two-channel 400 MHz 

spectrometer. The chemical shifts are given in part per million (ppm) on the delta scale. The solvent 

peak was used as reference values. For 1H NMR: CDCl3= 7.26 ppm and for 13C NMR: CDCl3= 

77.16 ppm. The following abbreviations have been used: s, singlet; d, doublet; t, triplet; m, 

multiplet.  

 

LCMS analysis of peptide modifications was obtained on Agilent Technologies 6130 LCMS. A 

gradient of solvent A (MQ water) and solvent B (MeCN/H2O 95/5) was run at a flow rate of 0.5 

mL/min (0-4.0 min 5% B; 4.0-5.0 min 5%Ą60% B; 5.0-5.5 min 60%Ą100% B; 5.5-7.5 100% B, 

7.5-11 min 100%Ą5% B).  

 

LCMS studies of stability of peptides in proteases and serum were performed in Hewlett Packard 

1100 series instrument using a Phenomenex Jupiter C4 protein column (300A, 2³50 mm, 0.3 

mL/min, A: 0.1% formic acid in water, B: 0.1% formic acid in acetonitrile (0 min 2% B, 0Ą10 

min 2%Ą70% B, 10Ą15 min 70% B, 15Ą20 min 70%Ą2% B). The amount of peptide 

remaining was calculated with the area under the curve of SIM (Selected Ion Monitoring) peak in 

LCMS. 

 

All the kinetic data and MATLAB  fitting script are available at Data.zip/ kinetic.  

 

http://www.chem.ualberta.ca/~massspec/instr.htm#6130B
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Scheme S1: Synthetic procedures for the linchpins TSL-1, TSL-3 and TSL-6: Reagents and 

conditions: i) BocNHOH, DBU, DCM, 3 h; ii) LiCl, DMF, 10 h; iii) TFA, DCM; iv) 1,6-

dibromohexane or 1,3-dibromopropan, K2CO3, CH3CN, reflux, 72 h; v) BocNHOH, DBU, DCM, 

5 h; vi) LiAlH 4, THF, 0 °C to rt, 1 h; vii) MsCl, Et3N, 0 °C to rt, 5 min; viii ) LiCl, DMF, 10 h.  
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Synthetic procedures for the linchpins TSL-1, TSL-3 and TSL-6: 

 

tert-Butyl ((3,5-bis(bromomethyl)benzyl)oxy)carbamate S1 

 
 

To a solution of 1,3,5-Trisbromobenzylbenzene (TBMB ) (2.5 g, 7 mmol) in DCM (30 mL), an 

equimolar solution of N-Boc-hydroxylamine (306 mg, 2.3 eq.) and DBU (0.3 mL, 2.3 eq.) in DCM 

(5 mL) was added over the course of 30 min and the resulting solution was stirred for 3 h. The 

solvent was removed on a rotary evaporator and the crude residue was purified over silica gel 

chromatography using ethyl acetate-hexanes (1:4) as eluent producing the title compound S1 as a 

white solid (707 mg, 25%): 1H NMR (500 MHz, CDCl3) ŭ = 7.37 (s, 1 H), 7.34 (s, 1 H), 7.33 (s, 2 

H), 4.82 (s, 2 H), 4.44 (s, 4 H), 1.47 (s, 9 H). 13C NMR (125 MHz, CDCl3) ŭ = 156.73, 138.65, 

137.18, 129.59, 129.38, 81.89, 77.58, 32.48, 28.20.HRMS (ESI) calculated for C14H19Br2NO3Na 

[M+Na]+ m/z=429.9629, found 429.9226. 

 

tert-Butyl ((3,5-bis(chloromethyl)benzyl)oxy)carbamate S2 

 
 

Lithium chloride (196 mg, 3 eq.) was added to a solution of S1 (707 mg, 1.72 mmol) in DMF (10 

mL) and the solution was stirred for 10 h. The reaction mixture was partitioned between ethyl 

acetate and water. The combined organic layers were washed with water and brine. The organic 

layer was dried over anhydrous sodium sulfate. After removing the solvent on a rotary evaporator, 

the crude residue was purified over silica gel chromatography using ethyl acetate-hexanes (1:4) as 

eluent producing the title compound S2 as colorless oil (457 mg, 83%). 1H NMR (400 MHz, 

CDCl3) ŭ = 7.46 (s, 1 H), 7.37 (s, 1 H), 7.36 (s, 2 H), 4.82 (s, 2 H), 4.53 (s, 4 H), 1.46 (s, 9 H). 13C 

NMR (100 MHz, CDCl3) ŭ = 156.99, 138.51, 137.29, 129.14, 128.86, 82.04, 77.85, 45.70, 28.39. 

HRMS (ESI) calculated for C14H19Cl2NO3Na [M+Na]+ m/z=342.0640, found 342.0632. 
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O-(3,5-bis(chloromethyl)benzyl)hydroxylammonium 2,2,2-trifluoroacetate TSL-1 

 

 
 

To a solution of S2 (450 mg, 1.4 mmol) in DCM (10 mL), TFA (0.5 mL, 5 eq.) was added and the 

mixture was stirred for 1 h. The volatiles were removed on a rotary evaporator. Residual TFA was 

azeotropically removed by repeatedly dissolving the resulting oil in toluene and evaporation on a 

rotary evaporator to produce the title compound TSL-1 as white viscous liquid (416 mg, 89%). To 

obtain product of higher purity 300 mg of crude TSL-1 was purified by semi preparative RP-

HPLC and lyophilized to yield TSL-1 as light-yellow powder (212 mg, 71%). 1H NMR (400 MHz, 

CD3OD) ŭ = 7.56 (s, 1 H), 7.49 (d, 2 H, J = 1.6 Hz), 5.06 (s, 2 H), 4.70 (s, 4 H). 13C NMR (100 

MHz, CD3OD) ŭ = 141.5, 136.7, 131.7, 131.1, 78.3, 46.49. HRMS (ESI) calculated for 

C9H12Cl2NO [M+H]+ m/z=220.0290, found 220.0289. 

 

Dimethyl 5-((6-bromohexyl)oxy)isophthalate S4 

 

 
 

To a solution of 5-hydroxydimethylisophthalate (Cat#) (4.2 g, 20 mmol) and 1,6-dibromohexane 

(Cat#) (9.2 mL, 3 eq.) in CH3CN (50 mL), potassium carbonate (8.3 g, 3 eq.) was added and the 

mixture was refluxed for 12 h. The reaction mixture was cooled to room temperature, diluted with 

water (50 mL) and extracted with ethyl acetate (3³20 mL). The combined organic layer was 

washed with water (50 mL) and brine (50 mL). Ethyl acetate was removed by rotary evaporator. 

Chromatography of the residue on silica gel using ethyl acetate-hexanes (7:1) as eluent produced 

the title compound S4 as white solid (5.3 g, 70%): 1H NMR (500 MHz, CDCl3) ŭ = 8.23 (s, 1 H), 

7.71 (s, 2 H), 4.02 (t, 2 H, J = 6.5 Hz), 3.92 (s, 6 H), 3.40 (t, 2 H, J = 6.5 Hz), 1.89-1.80 (m, 4 H), 

1.51-1.48 (m, 4 H). 13C NMR (125 MHz, CDCl3) ŭ = 166.43, 159.40, 132.00, 123.09, 120.07, 

68.60, 33.95, 32.91, 29.18, 28.13, 25.48. HRMS (ESI) calculated for C16H21BrO5Na [M+Na]+ 

m/z=395.0465, found 395.0472. 
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Dimethyl 5-((6-(((tert-butoxycarbonyl)amino)oxy)hexyl)oxy)isophthalate S5 

 
To a mixture of S4 (5.3 g, 14 mmol) and N-Boc hydroxylamine (1.8 g, 1.2 eq.) in DCM (30 mL), 

DBU (1.7 mL, 1.2 eq.) was added drop wise and the solution stirred for 5 h. DCM was evaporated 

on a rotary evaporator and the crude residue was subjected to chromatography over silica gel with 

ethyl acetate-hexanes (4:1) produced the title compound S5 as colorless oil (2.6 g, 43%). 1H NMR 

(500 MHz, CDCl3) ŭ = 8.24 (s, 1 H), 7.71 (s, 2 H), 7.15 (s, 1 H), 4.02 (t, 2 H, J = 6.5 Hz), 3.92 (s, 

6 H), 3.85 (t, 2 H, J = 6.5 Hz), 1.80-1.64 (m, 4 H), 1.50-1.44 (m, 17 H). 13C NMR (125 MHz, 

CDCl3) ŭ = 166.50, 159.49, 157.22, 132.07, 123.11, 120.13, 81.86, 68.75, 29.27, 28.53, 28.49, 

28.26, 26.13, 25.97. HRMS (ESI) calculated for C21H31NO8Na [M+Na]+ m/z=448.1942, found 

448.1940. 

 

tert-Butyl ((6-(3,5-bis(hydroxymethyl)phenoxy)hexyl)oxy)carbamate S6 

 
 

A solution of lithium aluminum hydride (713 mg, 18.3 mmol) in THF (10 mL) was added to an 

ice cold solution of S7 (2.6 g, 6.1 mmol) in THF (25 mL) drop wise via cannula and the mixture 

was stirred for 3 h. Water was added very carefully until the evolution of hydrogen ceased. The 

white precipitate was filtered off and the solution was partitioned between ethyl acetate (3³30 mL) 

and water. The combined organic layers were washed with water, brine and dried over anhydrous 

sodium sulfate. Ethyl acetate was evaporated on a rotary evaporator and chromatography over 

silica gel of the crude residue with ethyl acetate-hexanes (1:1) produced the title compound S6 as 

a colorless gum (1.5 g, 66 %): 1H NMR (500 MHz, CDCl3) ŭ = 7.15 (s, 1 H), 6.92 (s, 1 H), 6.84 

(s, 1 H), 4.65 (s, 4 H), 3.98 (t, 2 H, J = 6.5 Hz), 3.86 (t, 2 H, J = 6.5 Hz), 2.03 (bs, 2 H), 1.82-1.76 

(m, 2 H), 1.69-1.64 (m, 2 H), 1.52-1.43 (m, 13 H). 13C NMR (125 MHz, CDCl3) ŭ = 159.61, 

156.96, 142.81, 117.36, 112.17, 81.63, 76.70, 67.87, 65.13, 29.05, 28.23, 27.92, 25.83, 25.61. 

HRMS (ESI) calculated for C19H31NO6Na [M+Na]+ m/z=392.2044, found 392.2046. 

  



S12 

 

 

 

 

tert-Butyl ((6-(3,5-bis(chloromethyl)phenoxy)hexyl)oxy)carbamate S7 

 
 

To an ice cold solution of S6 (1.5 g, 4 mmol) and triethylamine (1.7 mL, 3 eq.) in DCM (20 mL), 

methane sulfonyl chloride (0.8 mL, 2.5 eq.) was added dropwise and the solution was stirred for 

30 min. Without further purification THF (10 mL) and lithium chloride (500 mg, 3 eq.) was added 

subsequently. The ice bath was removed, and the reaction stirred for 12 h. The solvent was 

removed in a rotary evaporator and the crude residue was purified by chromatography over silica 

gel using ethyl acetate-hexanes (7:1) as eluent to produce the title compound S7 was as colorless 

oil (1.2 g, 74%). 1H NMR (500 MHz, CDCl3) ŭ = 7.15 (s, 1 H), 6.97 (s, 1 H), 6.87 (s, 2 H), 4.53 

(s, 4 H), 3.96 (t, 2 H, J = 6.5 Hz), 3.86 (t, 2 H, J = 6.5 Hz), 3.92 (s, 6 H), 3.40 (t, 2 H, J = 7.0 Hz), 

1.89-1.63 (m, 4 H), 1.51-1.48 (m, 4 H). 13C NMR (125 MHz, CDCl3) ŭ = 159.61, 156.91, 139.29, 

120.69, 114.72, 81.60, 68.04, 52.57, 45.86, 29.02, 28.25, 27.97, 25.88, 25.69. HRMS (ESI) 

calculated for C19H29Cl2NO4Na [M+Na]+ m/z=428.1366, found 428.1372. 

 

O-(6-(3,5-bis(chloromethyl)phenoxy)hexyl)hydroxylammonium 2,2,2-trifluoroacetate 

TSL-6 

 
 

TFA (1.1 mL, 5 eq.) was added to a solution of S7 (1.2 g, 2.9 mmol) in DCM (15 mL) and stirred 

for 1 h. TFA and DCM was removed on a rotary evaporator. Residual TFA was azeotropically 

removed by repeatedly dissolving the resulting oil in toluene and evaporation on the rotary 

evaporator to produce the title compound TSL-6 as white viscous liquid (1.1 g, 89%). To yield a 

product of higher purity 100 mg of this compound was purified by RP-HPLC and lyophilized to 

produce the title compound TSL-6 as white powder (62 mg, 62%). 1H NMR (500 MHz, CD3OD) 

ŭ = 7.05 (s, 1 H), 6.95 (s, 2 H), 4.61 (s, 4 H), 4.08-4.01 (m, 4 H), 1.82-1.68 (m, 4 H), 1.57-1.46 

(m, 4 H). 13C NMR (125 MHz, CD3OD) ŭ = 161.81, 141.94, 122.82, 116.44, 77.12, 69.81, 47.29, 

30.94, 29.48, 27.56, 27.23. HRMS (ESI) calculated for C14H22Cl2NO2 [M+H]+ m/z=306.1028, 

found 306.1026. 
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Dimethyl 5-(3-bromopropoxy)isophthalate S8 

 

 
 

To a solution of 5-hydroxydimethylisophthalate (900 mg, 2.3 mmol) and 1,3-dibromopropane 

(0.31 mL, 1.5 eq.) in CH3CN (20 mL), potassium carbonate was added and the mixture was 

refluxed for 12 h. The reaction mixture was allowed to cool down to room temperature, diluted 

with water (60 mL) and extracted with ethyl acetate (3 ³ 20 mL). The combined organic layer was 

washed with brine (50 mL). Ethyl acetate was removed on a rotary evaporator. Chromatography 

of the residue on silica gel in ethyl acetate-hexanes (7:1) produced the title compound S8 as white 

solid (980 mg, 85%): 1H NMR (500 MHz, CDCl3) ŭ = 8.27 (s, 1 H), 7.74 (s, 2 H), 4.18 (t, 2 H, J 

= 6.0 Hz), 3.92 (s, 6 H), 3.60 (t, 2 H, J = 6.0 Hz), 2.33 (p, 2 H, J = 6.0 Hz). 13C NMR (125 MHz, 

CDCl3) ŭ = 166.43, 159.13, 132.20, 123.56, 120.17, 66.23, 52.78, 32.48, 29.96. HRMS (ESI) 

calculated for C13H15BrO5Na [M+Na]+ m/z=353.9995, found 353.0002. 

 

Dimethyl 5-(3-(((tert-butoxycarbonyl)amino)oxy)propoxy)isophthalate S9 

 
 

To a mixture of S8 (3 g, 9 mmol) and N-Boc hydroxylamine (1.4 g, 1.2 eq.) in DCM (20 mL), 

DBU (1.6 mL, 1.2 eq.) was added drop wise and the solution stirred for 5 h. DCM was evaporated 

on a rotary evaporator and the crude was subjected to chromatography over silica gel with ethyl 

acetate-hexanes (4:1) produced the title compound S9 as colorless oil (1.25 g, 36%). 1H NMR (500 

MHz, CDCl3) ŭ = 8.26 (s, 1 H), 7.74 (s, 2 H), 7.21 (s, 1 H) 4.18 (t, 2 H, J = 6.0 Hz), 4.04 (t, 2 H, 

J = 6.0 Hz),  3.93 (s, 6 H), 2.14 (p, 2 H, J = 6.0 Hz), 1.47 (s, 9 H). 13C NMR (125 MHz, CDCl3) ŭ 

= 166.19, 159.03, 157.04, 131.81, 123.06, 119.91, 81.87, 73.14, 65.29, 52.44, 28.25, 28.05. HRMS 

(ESI) calculated for C18H25NO8Na [M+Na]+ m/z=406.1472, found 406.1468. 
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tert-Butyl (3-(3,5-bis(hydroxymethyl)phenoxy)propoxy)carbamate S10 

 
 

A solution lithium aluminium hydride (129 mg, 3 eq.) in THF (2 mL) was added to an ice cold 

solution of S9 (1.25 g, 3.2 mmol) in THF (10 mL) via cannula drop wise and the mixture was 

stirred for 3 h. Water was added carefully until the evolution of hydrogen ceased. The white 

precipitate was filtered off and the filtrate was extracted with ethyl acetate (3 ³ 30 mL). The 

combined organic layer was washed with water, brine and dried over anhydrous sodium sulfate. 

Ethyl acetate was evaporated on a rotary evaporator and purification of the crude residue by 

chromatography over silica gel with ethyl acetate-hexanes (1:1) as eluent produced the title 

compound S10 as a colorless gum (1.23 g, 86 %). 1H NMR (500 MHz, CDCl3) ŭ = 7.39 (s, 1 H), 

6.87 (s, 1 H), 4.59 (s, 4 H), 4.18 (t, 2 H, J = 6.0 Hz), 4.04 (t, 2 H, J = 6.0 Hz), 3.93 (s, 6 H), 2.14 

(t, 2 H, J = 6.5 Hz), 1.47 (s, 9 H). 13C NMR (125 MHz, CDCl3) ŭ = 159.63, 157.36, 143.14, 117.89, 

112.48, 82.10, 73.61, 65.28, 65.01, 28.54, 28.42. HRMS (ESI) calculated for C16H25NO6Na 

[M+Na]+ m/z=350.1574, found 350.1569. 

 

tert-Butyl (3-(3,5-bis(chloromethyl)phenoxy)propoxy)carbamate S11 

 
To an ice-cold solution of S10 (1.2 g, 3.7 mmol) and trimethylamine (1.5 mL, 3 eq.) in DCM (15 

mL), methane sulfonyl chloride (0.7 mL, 2.5 eq.) was added dropwise and the solution was stirred 

for 30 minutes. Without further purification THF (5 mL) and lithium chloride (421 mg, 3 eq.) was 

added subsequently. The ice bath was removed and the reaction mixture was stirred for 12 h. The 

volatiles were evaporated on a rotary evaporator and the crude residue was subjected to 

chromatography over silica gel using ethyl acetate-hexanes (1:6) as eluent produced the title 

compound S11 as colorless oil (900 mg, 65%). 1H NMR (500 MHz, CDCl3) ŭ = 6.99 (s, 1 H), 6.90 

(s, 2 H), 4.54 (s, 4 H), 4.31 (t, 2 H, J = 6.0 Hz), 4.13 (t, 2 H, J = 6.0 Hz), 2.15 (p, 2 H, J = 6.0 Hz), 

1.48 (s, 9 H). 13C NMR (125 MHz, CDCl3) ŭ = 159.49, 151.69, 139.51, 121.14, 114.92, 86.19, 

76.23, 45.97, 38.76, 28.27. HRMS (ESI) calculated for C16H23Cl2NO4Na [M+Na]+ m/z=386.0896, 

found 386.0902. 
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O-(3-(3,5-bis(chloromethyl)phenoxy)propyl)hydroxylammonium 2,2,2-trifluoroacetate  

TSL-3 

 
 

TFA (0.9 mL, 5 eq.) was added to a solution of S11 (900 mg, 2.4 mmol) in DCM (10 mL) and 

stirred for 1 h. TFA and DCM was removed on a rotary evaporator. Residual TFA was 

azeotropically removed by repeatedly dissolving the resulting oil in toluene and evaporation, 

which produced the title compound TSL-3 as white gummy liquid (725 mg, 80%). To obtain a 

product of higher purity, 300 mg of the title compound was purified in RP-HPLC and lyophilized 

to get a white powder (202 mg, 67%). 1H NMR (400 MHz, CD3OD) ŭ = 7.08 (s, 1 H), 6.98 (s, 2 

H), 4.63 (s, 4 H), 4.27 (t, 2 H, J = 6.0 Hz), 4.14 (t, 2 H, J = 6.0 Hz), 2.20 (p, 2 H, J = 6.0 Hz).13C 

NMR (100 MHz, CD3OD) ŭ = 161.3, 142.1, 123.3, 116.5, 73.9, 65.9, 29.7. HRMS (ESI) calculated 

for C11H16Cl2NO2 [M+Na]+ m/z=264.0553, found 264.0551. 

 

 

1.3. General procedure for peptide synthesis 

 

Peptides were synthesized on an automated peptide synthesizer (Prelude®X; GYROS PROTEIN 

Technology) using standard solid phase amide coupling. After synthesis the resin was transferred 

to a Poly-Prep column (BIORAD) and washed with DCM (10 mL) and dried in vacuum. The resin 

was then treated with a cleavage cocktail (7 mL) containing TFA/H2O/TIPS/EDT, 90/2.5/5/2.5 

(v/v/v/v) for the global deprotection and cleavage of the peptide from the resin. After 4 h the flow 

through from the column was collected and the resin was rinsed with TFA (1 mL). The combined 

cleavage mixture reduced in volume to 2 mL by means of gently bubbling nitrogen through it and 

was added drop-wise to cold diethyl ether (10 mL) in a 15 mL polypropylene centrifuge tube 

(Falcon, Thermo Fisher). The precipitate formed was separated by centrifugation (5 min, 3000 

rpm). Supernatant was decanted and the precipitates were washed with cold diethyl ether (10 mL). 

The centrifugation and washing steps were repeated for two more cycles. The precipitates were 

air-dried. For HPLC purification, crude peptide powder was dissolved in MeCN and water; 

addition of acetic acid was necessary in some cases to dissolve the peptide. The solution was 

injected into a semi preparative RP-HPLC system. The fractions corresponding to the main peak 

were collected. CH3CN was removed in Speed Vac (Savant SPD111V). The aqueous solution was 

lyophilized to yield the peptide as white powder.  
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1.4. Protocol 1: Bicyclization of Peptides SXmCXnC with TSL using C18 spin column. 

Materials: 

¶ Solution of 5 mM peptide (SXmCXnC) in water 

¶ 30 mM stock of TSL in water : acetonitrile (1:1) 

¶ 30 mM stock of NaIO4 solution in water 

¶ 125 mM stock solution of TCEP in water 

¶ C18-desalting spin column (#89870 Pierce C-18 spin column from Thermo Scientific) 

¶ MiliQ (mQ) water and HPLC grade acetonitrile 

¶ 500 mM Tris, pH 8.5 

¶ 5% TFA solution in mQ water. 

¶ PBS (50 mM K2HPO4, 150 mM NaCl, pH 7.4) 

¶ 0.6 mL Eppendorf tubes, pipettes and tips 

¶ LCMS instrument and auto-sampler vials for LCMS 

Procedure (analytical scale: 25 nanomole or 25 mg of 1000 Da peptide): 

1. In a 0.6 mL Eppendorf tube, combine peptide (5 mL from 5 mM stock) 

and 45 mL PBS to a final concentration of peptide 0.5 mM. 

2. Take 1 mL out to check the purity of the starting material and serve as 

reference (mix 1 mL with 9 mL 0.1% TFA and inject 5 mL in the LCMS) 

3. Add sodium periodate (1.2 eq., 0.6 mM, 1 mL from 30 mM stock) and 

incubate for 5 min in the dark. 

4. Load the resulting solution onto an equilibrated C18 desalting spin 

column. Wash the column with 2 ³ 50 mL of 20% acetonitrile containing 0.1% 

TFA and elute the peptide with 2 ³ 20 mL of 70% acetonitrile. A typical volume 

collected at this step is 40 mL  

5. Remove excess of acetonitrile in the speed-vac. A typical volume after 

this step is 12 mL. Then add 28 mL mQ water.  

6. To solution from 5, add (in this order!): 8 mL acetonitrile, then 1 mL of 

5% TFA (final TFA concentration = 0.1%) and then 1 mL of 30 mM stock 

solution of TSL (1.2 eq., final concentration 0.6 mM). Incubate for 1 h.  

7. If necessary, monitor the progress of the reaction by withdrawing 1 mL 

and quenching is with 9 mL of 0.1% TFA and injecting 5 mL in the LCMS. 

8. To the resulting oxime, add TCEP (5 eq., 1 mL from 125 mM stock 

solution, final concentration 2.5 mM) and incubate for 30 minutes. 

9. Add 30 mL mQ water followed by addition of 20 mL 500 mM Tris of pH 

8.5 (final Tris concentration 100 mM) and incubate for an hour. 

10. To confirm the formation of the product, withdraw 1 mL of reaction 

mixture, quenching with 9 mL 0.1% TFA and injecting 5 mL in the LCMS 

Vol. (mL): 

45+5=50 

 

 

50-1=49 

 

 

 

49+1=50 

 

40 

 

12+28=40 

 

40+1+8+1=50 

 

 

 

50-1=49 

 

 

49+1=50 

 

50+30+20=100 

 

 

100-1=99 
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1.5. Protocol 2: Bicyclization of Peptides SXmCXnC with TSL using methionine as quencher 

Materials: 

¶ Solution of 25 mM peptide (SXmCXnC) in water 

¶ 25 mM stock of NaIO4 solution in water 

¶ 125 mM methionine in water 

¶ 30 mM stock of TSL in water : acetonitrile (1:1) 

¶ 125 mM stock solution of TCEP in water 

¶ MiliQ (mQ) water and HPLC grade acetonitrile 

¶ 1000 mM TRIS of pH 8.5 

¶ 5% TFA solution in mQ water. 

¶ 1X PBS, (50 mM phosphates, 150 mM NaCl, pH 7.4) 

¶ 0.6 mL epi tubes, pipettes and tips 

¶ LCMS instrument and auto-sampler vials for LCMS 

Procedure (analytical scale: 25 nanomole or 25 mg of 1000 Da peptide): 

1. In a 0.6 mL epi, combine peptide (1 mL from 25 mM stock) 39 mL PBS 

pH 7.4 and 10 mL acetonitrile to a final concentration of 0.5 mM. 

2. Take 1 mL out to check the purity of the starting material and serve as 

reference point (mix 1 mL with 9 mL 0.1% TFA and injecting 5 mL in the 

LCMS) 

3. Add sodium periodate (1.0 eq., 0.5 mM, 1 mL from 25 mM stock) and 

incubate for 5 min in the dark. 

4. Take 1 mL out to check LCMS 

5. To the resulting solution add methionine (5.0 eq., 2.5 mM, from 125 mM 

stock) and incubate for 15 min 

6. To the solution then add 1 mL of 5% TFA (final TFA concentration = 

0.1%) and 1 mL of 30 mM stock solution of TSL (1.2 eq., final concentration 0.6 

mM). Incubate for 1 h.  

7. Monitor the progress of the reaction by withdrawing 2 mL in 18 mL of 

0.1% TFA and injecting 5 mL in the LCMS. 

8. To the resulting oxime, add TCEP (5 eq., 1 mL from 125 mM stock 

solution, final concentration 2.5 mM) and incubate for 30 minutes. 

9. Add 10 mL acetonitrile, 29 mL mQ water, followed by addition of 10 mL 

1000 mM Tris of pH 8.5 (final Tris concentration 100 mM) and incubate for an 

hour. 

10. To confirm the formation of the product, withdraw 1 mL of reaction 

mixture, quenching with 9 mL 0.1% TFA and injecting 5 mL in the LCMS.  

Vol. (mL): 

1+39+10=50          

 

50-1=49 

 

 

49+1=50 

 

50-1 = 49 

 

49+1 = 50 

 

50+2 = 52 

 

 

52-2 = 50 

 

50+1=51 

 

51+10+29+10 

=100 

 

100-1=99 
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1.6. General procedure for one-pot bicyclization on semi-preparative scale 

In a 50 mL poly-propylene falcon tube, 10 mg of peptide (NH2-SYCKPFC-CONH2, M.W = 846 

Da, 12 µmol) was dissolved in 20.8 mL PBS (pH 7.4) containing 2.36 mL of acetonitrile. To the 

resulting solution, sodium periodate in water (1.2 eq., 236 µL from 500 mM stock) was added and 

mixed on a rocker for 5 minutes in the dark. A solution of methionine in water (5 eq., 9 mg, 0.06 

mmol) was added to quench the residual oxidizing agent (periodate/iodate). After 15 minutes, neat 

TFA was added to the reaction (23.6 µL to a final concentration of 0.1%) followed by the addition 

of TSL-1 in acetonitrile (2 eq., 26.6 µL from 1 M stock). As oxo-aldehyde and formaldehyde are 

generated simultaneously, an excess of TSL was needed in this step (Scheme S2). After incubation 

for 1 h, solution of TCEP in water (5 eq., 15 mg, 0.06 mmol) was added and rocked for 30 minutes 

to reduce the disulfide bond. The reaction mixture was diluted by 16.5 mL of water and 2.36 mL 

of acetonitrile followed by the addition of sodium bicarbonate at pH 10 (4.7 mL from 1 M stock 

to a final concentration of 100 mM) and rocked for 3 h. Completion of bicyclization can be 

confirmed by sampling an aliquot and analyzing it by LCMS. The reaction was purified in semi 

preparative RP-HPLC to yield a bicyclic peptide TSL-1-SYCKPFC (5 µmol, 4.6 mg, 42%). 

 

1.7. General Protocol for bicyclization with TBMB 

Peptide 12a (10 mg, 5.4 mmol) was dissolved in 5.4 mL bicarbonate buffer (100 mM, pH 10) 

containing 10% acetonitrile. A solution of TCEP (2.5 eq, 27 mL of 500 mM stock, to a final 

concentration 2.5 mM) was added, follow with a solution of TBMB was added (1 eq, 11 mL of 500 

mM in acetonitrile) and the reaction mixture was mixed on a rocker for 20 h. Upon consumption 

of all the starting material (as confirmed by LCMS) the reaction mixture was directly purified on 

RP-HPLC and freeze-dried to yield 12f as light yellow powder (4.3 mg, 41%). 

 

1.8. General Protocol for cyclization with perflurodiphenylsufide (PFS) 

Peptide 5a (10 mg, 10 mmol) was dissolved in 5.0 mL DMF in a glass vial and a solution of 

perflurodiphenylsulfide (4 eq, 14 mg, 40 mmol) was added to this solution. 560 mL of 50 mM Tris 

base (final concentration of Tris is 5 mM/DMF) were added into the vial. The mixture was 

vortexed for 30 sec and incubated at rt for 1 h. After 1 h, the reaction was quenched by diluting 10 

times with 50% aq. acetonitrile containing 0.1% TFA. The product was purified with RP-HPLC, 

freeze dried to obtain 5e as white powder (5 mg, 40%). 1 

 

1.9. General Protocol for cyclization with Ŭ,Ŭǋ-Dibromo-m-xylene (DBMB) 

Peptide 5a (10 mg, 10 mmol) was dissolved in 5.0 mL H2O/ACN 50% in a glass vial and a solution 

of Ŭ,Ŭǋ-Dibromo-m-xylene in acetonitrile (1.2 eq) was added to this solution. 500 mL of 500 mM 

Tris-HCl buffer at pH 8.5 (final concentration of Tris-HCl buffer 50 mM) were added into the vial. 

The mixture was vortexed for 30 sec and incubated at rt for 1 hour. After 1 hour, the reaction was 

purified with RP-HPLC, freeze dried to obtain 5g as white powder (5.1 mg, 46%). 
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1.10. General bicyclization analytical procedure for 10b and 11b: 

 

 

  

Materials:  

Å Solution of 5 mM peptide (SXmCXnC) in TSL in water: acetonitrile (9:1) 

Å 30 mM stock of TSL in water: acetonitrile (1:2)  

Å 30 mM stock of NaIO4 solution in water  

Å 125 ÕM stock solution of TCEP in water  

Å C18-desalting spin column (#89870 Pierce C-18 spin column from Thermo Scientific)  

Å MiliQ (mQ) water and HPLC grade acetonitrile  

Å 500 mM KHCO3, pH 8.0  

Å 5% TFA solution in mQ water.  

Å PBS (50 mM K2HPO4, 150 mM NaCl, pH 7.4)  

Å 0.6 mL Eppendorf tubes, pipettes and tips  

Å LCMS instrument and auto-sampler vials for LCMS 

Procedure (analytical scale: 25 nanomole or 25 µg of 1000 Da 

peptide):  

1. In a 0.6 mL Eppendorf tube, combine peptide (5 µL from 5 mM stock) 

and 45 µL PBS to a final concentration of peptide 0.5 mM.  

2. Take 1 µL out to check the purity of the starting material and serve as 

reference (mix 1 µL with 9 µL 0.1% TFA and inject 5 µL in the LCMS)  

3. Add sodium periodate (1.2 eq., 0.6 mM, 1 µL from 30 mM stock) and 

incubate for 5 min in the dark. Add methionine (12 eq., 6 mM, 1 µL from 

300 mM stock) and incubate for an hour. 

4. Load the resulting solution onto an equilibrated C18 desalting spin 

column. Wash the column with 2 × 50 µL of 20% acetonitrile containing 

0.1% TFA and elute the peptide with 2 × 20 µL of 70% acetonitrile. A 

typical volume collected at this step is 40 µL  

5. Remove excess of acetonitrile in the speed-vac. A typical volume after 

this step is 12 µL. Then add 28 µL mili Q water.  

6. To solution from 5, add (in this order): 8 µL acetonitrile, then 1 µL of 

5% TFA (final TFA concentration = 0.1%) and then 1 µL of 30 mM stock 

solution of TSL (1.2 eq., final concentration 0.6 mM). Incubated for 1 h.  

7. If necessary, monitor the progress of the reaction by withdrawing 1 µL 

and quenching is with 9 µL of 0.1% TFA and injecting 5 µL in the LCMS.  

8. To the resulting oxime, add TCEP (5 eq., 1 µL from 125 mM stock 

solution, final concentration 2.5 mM) and incubate for 30 minutes.  

9. Add 30 µL mQ water followed by addition of 20 µL 500 mM KHCO3 

of pH 8.0 (final KHCO3 concentration 100 mM) and incubate for an hour.  

10. To confirm the formation of the product, withdraw 1 µL of reaction 

mixture, quenching with 9 µL 0.1% TFA and injecting 5 µL in the LCMS 

Vol. (µL):  

 

45+5=50  

 

50-1=49  

 

49+1=50  

 

 

 

 

40  

 

12+28=40  

 

40+1+8+1=50  

 

 

50-1=49  

 

49+1=50  

 

50+30+20 =100  

 

 

100-1=99 
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1.11. Protocol for 10b scale up synthesis: 

Peptide 10a (10 mg, 0.0084 mmol) was dissolved in water:acetonitrile (1.67 mL, v/v 7:3) and 

buffered with PBS (14.98 mL, 50 mM K2HPO4, 150 mM NaCl, pH 7.4). 1 µL of the solution was 

sampled for LCMS (mixed 1 µL with 9 µL of 0.1% TFA and injected 5 µL in the LCMS). A 

solution of NaIO4 in water (336 µL, 1.2 eq, 2.16 mg, 0.01 mmol) was added to the reaction and 

incubated at 20 °C in the dark for 5 min. To quench the oxidation, a solution of methionine in 

water (336 µL, 12 eq, 14.86 mg, 0.01 mmol) was added to the reaction and incubated for 1 h. The 

resulting solution was loaded onto an equilibrated C18 desalting spin column (pre-washed the 

column with 2 × 2.5 mL of 20% acetonitrile containing 0.1% TFA) and eluted the peptide with 2 

× 500 µL of 70% acetonitrile without TFA. A typical volume collected at this step is 13.4 mL. The 

excess acetonitrile was removed in the speed-vac and the typical volume after this step was ~4 

mL. Mili Q water was added to a final volume of 13.4 mL and1 µL of the solution was sampled to 

check the purity of the eluent to serve as a reference (mix 1 µL with 9 µL 0.1% TFA and inject 5 

µL in the LCMS). To the eluent, we added acetonitrile in water:acetonitrile v/v 1:1 (2.67mL), 5% 

TFA (336 µL) and then a solution of TSL-6 (336 µL, 1.2 eq, 4.2 mg, 0.01 mmol,) was added. The 

reaction mixture stirred for 2 h at 30 °C. The progresses of the reaction were monitored by 

withdrawing 1 µL, quenching with 9 µL of 0.1% TFA and injecting 5 µL in the LCMS. When the 

reaction was completed, a solution of TCEP in water (336 µL, 5 eq, 12.02 mg, 0.043 mmol) was 

added to the reaction and stirred for1 h (1 µL of the reaction was sampled, mixed with 9 µL of 

0.1% TFA and injected 5 µL in the LCMS as a reference). The reaction mixture was then 

supplemented with mQ water (10.05 mL), adjusted the KHCO3 buffer to a final concentration of 

100 mM (6.6 mL from 500 mM KHCO3 of pH 8.0 stock) and incubated for 3 h. The progress of 

the reaction was monitored by withdrawing 1 µL, quenching with 9 µL of 0.1% TFA and injecting 

5 µL in the LCMS. Then, the reaction mixture was concentrated by lyophilization and was purified 

by LCMS. The yield of the bicyclization is 3.5 mg, 32% from 10 mg starting material. 
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1.12. Protocol for 11b scale up synthesis: 

Peptide 11a (10mg, 0.0066 mmol) was dissolved in water:acetonitrile (1.32 mL, v/v 7:3) and 

buffered with PBS (11.88 mL, 50 mM K2HPO4, 150 mM NaCl, pH 7.4). 1 µL of the solution was 

sampled for LCMS (mixed 1 µL with 9 µL of 0.1% TFA and injected 5 µL in the LCMS). A 

solution of NaIO4 in water (264 µL, 1.2 eq, 1.7 mg, 0.0079 mmol) was added and was incubated 

at 20 °C in the dark for 5 min. To quench the oxidation, a solution of methionine in water (264 µL, 

12 eq, 11.7 mg, 0.079 mmol) was added and incubated for 1 h. The resulting solution was loaded 

onto an equilibrated C18 desalting spin column (pre-washed the column with 2 × 2.5 mL of 20% 

acetonitrile containing 0.1% TFA) and elute the peptide with 2 × 500 µL of 70% acetonitrile. A 

typical volume collected at this step is 10.56 mL. The excess acetonitrile was removed in the speed-

vac and the typical volume after this step was ~ 3 mL. Mili Q water was added to a final volume 

of 10.56 mL. 1 µL of the solution was sampled to check the purity of the eluent and to serve as a 

reference (mixed 1 µL with 9 µL of 0.1% TFA and injected 5 µL in the LCMS). To the reaction 

mixture, we added acetonitrile (2.1 mL), 5% TFA (336 µL) and then a solution of TSL-6 in 

water:acetonitrile v/v 1:1 (264 µL, 1.2 eq, 3.18 mg, 0.0079 mmol,) was added to the reaction. The 

reaction mixture was stirred for 2 h at 30 °C. The progresses of the reaction were monitored by 

withdrawing 1 µL, quenching with 9 µL of 0.1% TFA and injecting 5 µL in the LCMS. When the 

reaction was completed, a solution of TCEP in water (264 µL, 5 eq, 9.47 mg, 0.0339 mmol) was 

added to the solution, and stirred for 1 h (1 µL of the reaction was sampled, mixed with 9 µL of 

0.1% TFA and injected 5 µL in the LCMS as a reference) Reaction mixture was then supplemented 

with mili Q water (7.92 mL), adjusted the KHCO3 buffer to a final concentration of 100 mM (5.2 

mL from 500 mM KHCO3 of pH 8.0 stock) and incubated for 3 h. The progress of the reaction 

was monitored by withdrawing 1 µL, quenching with 9 µL of 0.1% TFA and injecting 5 µL in the 

LCMS. Then, the reaction mixture was concentrated by lyophilization and was purified by LCMS. 

The yield of the bicyclization was 2.9 mg, 28% from 10 mg starting material. 
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Scheme S2: One-pot bicyclization of 5a (0.2 mmol) with TSL-6: Reagents and conditions: (i) 2.4 

mM NaIO4, PBS (pH 7.4), 5 min, 1 mM methionine, 20 min (ii) 0.1% TFA, 1 mM TSL-6, 1 h; 1 

mM TCEP, 30 min; (iii) 150 mM bicarbonate buffer (pH 10), 90 mins;   
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Scheme S3: One-pot bicyclization of 1a (0.5 mM) with TSL-1.  Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM 

TCEP, 30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S4: One-pot bicyclization of 2a (0.5 mM) with TSL-1. Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S5: One-pot bicyclization of 3a (0.5 mM) with TSL-1. Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 

4), 1 h; (iii) 2.5 mM TCEP, 30 min; 100 mM TRIS (pH 8.5), 1 h.  
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Scheme S6: One-pot bicyclization of 3a (0.5 mM) with TSL-3. Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-3 (pH 

4), 1 h; (iii) 2.5 mM TCEP, 30 min; 100 mM TRIS (pH 8.5), 1 h.  
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Scheme S7: One-pot bicyclization of 4a with TSL-3: Reagents and conditions: (i) 0.6 mM NaIO4, 

PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-3 (pH 4), 1 h; (iii) 

2.5 mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), 30 min. 
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Scheme S8: One-pot bicyclization of 5a with TSL-1: Reagents and conditions: (i) 0.6 mM NaIO4, 

PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 

2.5 mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), 30 min.  
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Scheme S9: One-pot bicyclization of 5a with TSL-3: Reagents and conditions: (i) 0.6 mM NaIO4, 

PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-3 (pH 4), 1 h; (iii) 

2.5 mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), 30 min.  
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Scheme S10: One pot bicyclization of 6a (0.5 mM) with TSL-6. Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-6 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h.  
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Scheme S11: One-pot bicyclization of 6a (0.5 mM) with TSL-1.  Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S12: One-pot bicyclization of 6a (0.5 mM) with TSL-6.  Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-6 (pH 

4), 1 h; (iii) 2.5 mM TCEP, 30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S13: One-pot bicyclization of 7a (0.5 mM) with TSL-1.Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h.  
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Scheme S14: One-pot bicyclization of 7a (0.5 mM) with TSL-1.Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h.  
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Scheme S15: One-pot bicyclization of 8a (0.5 mM) with TSL-6.Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-6 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h.  
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Scheme S16: One-pot bicyclization of 8a (0.5 mM) with TSL-3.  Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-3 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S17: One-pot bicyclization of 8a (0.5 mM) with TSL-1.  Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S18: One-pot bicyclization of 9a (0.5 mM) with TSL-1.  Reagents and conditions: (i) 0.6 

mM NaIO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM TRIS (pH 8.5), 1 h. 
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Scheme S19: Bicyclization of 10a (10 mg, 84 nmol) with TSL-6: Reagents and conditions: (i) 

NaIO4 (1.2 eq.), PBS (pH 7.4), 5 min. Methionine (12 eq.), 1 h. Desalting with C18 spin column 

(ii) 0.1% TFA, TSL-6 (1.2 eq.), 2 h at 30 °C; (iii) TCEP (5 eq.), 1 h; 100 mM KHCO3 buffer (pH 

8.0), 3h; Purify w/ RP-HPLC. 
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Scheme S20: Bicyclization of 11a (10 mg, 66 nmol) with TSL-6: Reagents and conditions: (i) 

NaIO4 (1.2 eq.), PBS (pH 7.4), 5 min, dark. Methionine (12 eq.), 1 h. Desalting with C18 spin 

column (ii) 0.1% TFA, TSL-6 (1.2 eq.), 2 h at 30 °C; (iii) TCEP (5 eq.), 1 h; 100 mM KHCO3 

buffer (pH 8.0), 3h; Purify w/ RP-HPLC. 
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Scheme S21: One-pot bicyclization of 12a with TSL-1: Reagents and conditions: (i) 0.6 mM 

NaIO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 

h; (iii) 2.5 mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), 30 min. 
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Scheme S22: One-pot bicyclization of 13a with TSL-1: Reagents and conditions: (i) 0.6 mM 

NaIO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 mM TSL-1 (pH 4), 1 

h; (iii) 2.5 mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), 1 h.  
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Scheme S23: Bicyclization of 14a with TSL-6 : Reagents and conditions: (i) 2.4 mM NaIO4, PBS 

(pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mM TSL-6, 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w/ RP-HPLC. 
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Scheme S24: Bicyclization of 15a with TSL-6: Reagents and conditions: (i) 2.4 mM NaIO4, PBS 

(pH 7.4), 10 sec on ice, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mM TSL-6, 1 h; (iii) 2.5 

mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w/ RP-HPLC. 
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Scheme S25: Bicyclization of 16a with TSL-6 : Reagents and conditions: (i) 2.4 mM NaIO4, PBS 

(pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mM TSL-6, 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w/ RP-HPLC. 
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Scheme S26: Bicyclization of 17a with TSL-6 : Reagents and conditions: (i) 2.4 mM NaIO4, PBS 

(pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mM TSL-6, 1 h; (iii) 2.5 mM TCEP, 

30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w/ RP-HPLC. 
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Scheme S27: Bicyclization of 18a with TSL-6: Reagents and conditions: (i) 2.4 mM NaIO4, PBS 

(pH 7.4), 10 sec on ice, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mM TSL-6, 1 h; (iii) 2.5 

mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w/ RP-HPLC. 


























































































































































































































































