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1. Chemistry Methods
1.1.GeneralChemistryinformation

Chemical reagents and solvents were purchased from Sigriah or Fisher Scientific unless
noted otherwise5-hydroxydimethyl isophthalatel,6-dibromohexane and,3&dibromopropane
were purchased from TCI Americal,3,5Trisbromomethyl benzene was pursbd from
Synthonix. TCEP was purchased from Soltech VeniUPesnase was purchased frdRoche
Diagnostics GmbHReagents for peptide synthesis were purchased €@bemPepReactions
were monitored by TLC which was carried out on silica gel 8@(Merck) plates and visualized
by UV-light (I = 254nm) and/or by spraying potassium permanganate, anisald&siiaieed by
heating. Flash column chromatography was performed using silica gel 6B (@®). The
subsequent evaporation of solvemsacuowas performed using IKA RV10 rotary evaporator.
Analytical and preparative HPL®Was conducted using Waters 1525ty pump equipped with
a Waters Symmetry prep 19x50 mm C18 Columns and Waters 2489 UV detector. Removal of
agueous solvents was performed using Labconco Freezonsystam.

Proton {H NMR) and Carborf*3C NMR) nuclear magnetic resonance spectra wecernded on

an Agilent/Varian VNMRS two channel 500 MHz or Agilent/Varian Inova-thannel 400MHz
spectrometer. The chemical shifts are given in part per million (ppm) on the delta scale. The solvent
peak was used as reference values.!HANMR: CDCk= 7.26 ppm and for3C NMR: CDCk=

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

LCMS analysis of peptide modificationgas obtained oAgilent Technologies 6130 LCM&\
gradient of solvent A (MQ water) and solvent B (MeCMIHR5/5) was run at a flow rate of 0.5
mL/min (0-4.0 min 5% B; 40-5.0 min 5%A 60% B; 50-5.5 min 60%, 100% B; 5.57.5 100% B,
7.511 min 100%, 5% B).

LCMS studiesof stability of peptides in proteases and sewene performed in Hewlett Packard
1100 series instrument using a Phenomenex Jupiter C4 protein column (3@GDAmMEN, 0.3
mL/min, A: 0.1% formic acid in water, B: 0.1% formic acid in acetonitf@lenin 2% B, @& 10

min 2%A 70% B, 1® 15 min 70%B, 154 20 min 70%A 2% B). The amount of peptide
remaining was calculated with the area under the curve of SIM (Selected lon Monitoring) peak in
LCMS.

All the kinetic dataandMATLAB fitting scriptareavailableat Datazip/ kinetic.
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Scheme S1Synthetic procedures for tHenchpins TSL-1, TSL-3 and TSL-6: Reagents and
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Synthetic procedures for the linchpifSL-1, TSL-3 and TSL-6:

tertButyl ((3,5-bis(bromomethyl)benzyl)oxy)carbam&gé

0 J<
o, L
H

Br Br

To a solution of 1,3 risbromobenzylbenzen@BMB) (2.5 g, 7 mmol) in DCM (30 mL), an
equimolar solution of NBoc-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 rand the resulting solution was stirred foln.3The
solvent was removed on a ant evaporator and the crude residue was purified over silica gel
chromatography using ethyl acetdiexanes (1:4) as eluent producing the title comp@&irak a
white solid(707 mg, 25%)'H NMR (500 MHz, CDC4) ti=7.37 (s, 1 H), 7.34 (s, 1 H), 7.33 (s, 2
H), 4.82 (s, H), 4.44 (s, 4H), 1.47 (s, H). 1°C NMR (125 MHz, CDQ) Ui = 156.73, 138.65,
137.18, 129.59, 129.38, 81.89, 77.58, 32.48, 2BRMS (ESI)calculatedor C14H190BroNOsNa
[M+Na]* m/z=429.9629 found429.9226

tert-Butyl ((3,5-bis(chloromethyl)benzyl)oxy)carbamag?

o 8L

N
H

Cl Cl

Lithium chloride (196 mg, 3 eq.) was added to a soluticfldf707 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 withawdtbrine. The organic
layer was dried over anhydrous sodium sulfate.rAenoving the solvent on a royaevaporator,

the crude residue was purified over silica gel chromatography using ethy| dmstatees (1:4) as
eluent producing the title compatirs2 as colorlessoil (457 mg, 83%)H NMR (400 MHz,
CDCl) U= 7.46 (s, H), 7.37 (s, 1 H), 7.36 (s, 2 H), 4.82 2H), 4.53 (s, 41), 1.46 (s, H). 1°C

NMR (100MHz, CDCk) t= 15699, 138.51, 137.29, 129.14, 128.86, 82.04, 77.85, 45.70, 28.39.
HRMS (ESI) calculatedor C14H19C2NOsNa[M+Na]" m/z=342.0640 found342.0632



O-(3,5bis(chloromethyl)benzyl)hydroxylammonium 2,Zr#luoroacetatelr SL-1

0®
NH2.CF3COO@

Cl Cl

To a solution 052(450 mg, 1.4 mmol) in DCM (10 mL), TF@®.5 mL, 5 eq.) was added and the
mixture was stirred for bh. Thevolatiles were removed on a rogavaporator. Residual TFA was
azeotropically removed by repeatedly dissolving the resulting adlireihe and evaporation on a
rotay evaporatoto produethe title compound SL-1 as white viscous liquid (416 mg, 89%)p
obtain product of higher puritg00 mgof crudeTSL-1 was purified by semi preparative RP
HPLC and lyophilizedo yield TSL-1 aslight-yellow powder 12 mg 71%).*H NMR (400 MHz,
CD30D) Ui = 7.56 (s, 1 H), 7.49 (d, 2 H,= 1.6 Hz),5.06 (s, 2H), 4.70 (s, H). **C NMR (100
MHz, CD:OD) 4 = 141.5, 136.7,131.7, 131.1, 78.3, 46.4HRMS (ESI) calculated for
CoH12CI2NO [M +H]" m/z=220.0290 found220.0289

Dimethyl 5-((6-bromohexyl)oxy)isophthalatg4

B
o/\/\/\/r

MeO\n/©\n/OMe

0] (0]

To asolution of5-hydroxydimethylisophthalatéCat#)(4.2 g, 20mmol) andl,6-dibromohexane
(Cat#)(9.2 mL, 3eq.) inCHzCN (50 mL), potassium carbonaf®.3 g, 3 eq.was added and the
mixture was refluxed for 12 h. The reaction mixture w@asled to room temperature, diluted with
water (50 mL)and extractedwith ethyl acetatg3® 20 mL). The combined organilayer was
washed with water (50 mL) and bringd(mL). Ethyl acetate was removég rotary evaporator.
Chromatography of the residue on silica gghgethyl acetatdhexaneg7:1) as eluenproduced
the title compound4as white solid§.3 g, 706): *H NMR (500 MHz, CDCJ) Ui = 8.23 (s, 1 H),
7.71 (s2 H), 4.02 (t, H, J=6.5Hz), 3.92 (s, 1), 3.40 (t, 2H, I =6.5 Hz), 1.891.80(m, 4H),
1.51-1.48 (m, 4H). 13C NMR (125 MHz, CDGJ) U = 166.43, 159.40, 13200 123.09, 120.07,
68.60,33.95, 32.91, 29.18, 28.13, 25.48RMS (ESI)calculatedfor CigH2:BrOsNa [M+Na]*
m/z=395.0465 found395.0472
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Dimethyl 5((6-(((tertbutoxycarbonyl)amino)oxy)hexyl)oxy)isophthal&&é

O J<
o/\/\/\/o\NJJ\O
H
Me07(©\'(OMe
O (6]

To amixture ofS4(5.3 g, 14 mmoland NBoc hydroxylaming1.8 g, 1.2 eq.)in DCM (30 mL),
DBU (1.7 mL, 1.2 eq.vas added drop wise and the solution stirred forl»2M was evaporated
on a rotay evaporatoand the crudeesiduewas subjected to chromatography overailyel with
ethyl acetatdnexane$4:1) producedhetitle compoundS5as colorless 0i2.6g, 43%) *H NMR
(500 MHz, CDC%) t=8.24 (s, 1 H)7.71 (s, 2 H), 7.15 (s, 1 H3,02 (t, 2H, J= 6.5 HZz),3.92 (s,

6 H), 3.85 (t, 24, J = 6.5 Hz), 1.861.64 (m, 4H), 1.501.44 (m, 17 H)}*C NMR (125 MHz,
CDCls) U = 166.50, 159.49157.22, 132.07, 123.11, 120,181.86, 68.75, 29.27, 28.53, 28.49,
28.26, 26.13, 25.9MHRMS (ESI)calculatedfor C21H3:NOsNa [M +Na]* m/z=448.1942 found
448194Q

tertButyl ((6-(3,5-bis(hydroxymethyl)phenoxy)hexyl)oxy)carbam&e

(0] J<
O/\/\/\/O‘NJLO
| | |
OH OH

A solutionof lithium aluminumhydride (713 mg, 18.3 mmol) in THF (10 mlwyas added to an

ice cold solution 057 (2.6g, 6.1 mmol) in THF (25 mL3lrop wisevia 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 sabmtiwas partitioned between etlagetate 3 30 mL)

and water. The combined organayéis werewashed with watelrine and dried over anhydrous
sodium sulfateEthyl acetate was evaporated a rotay evaporatorand chromatography over
silica gelof the crudeesiduewith ethyl acetatdvexaneg1:1) produced the title coppundS6 as
acolorlessgum (1.5 g,66 %): *H NMR (500 MHz, CDCY) ti = 7.15(s, 1 H),6.92 (s, 1H), 6.84

(s, 1 H), 4.65 (s, #), 3.98(t, 2H, J= 6.5 Hz), 3.84t, 2H, J= 6.5Hz),2.03 (bs, 2 H), 1.82.76

(m, 2 H), 1.691.64 (m, 2H), 1.521.43 (m, 13 H)XC NMR (125 MHz, CDGJ) i = 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 (ESl)calculatedor C1gH3:NOsNa [M+Na]* m/z=392.2044found 392.2046
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tertButyl ((6-(3,5-bis(chloromethyl)phenoxy)hexyl)oxy)carbam&eé

O J<
o/\/\/\/o‘NJJ\O
| | |
Cl Cl

To an ice cold solution d&6(1.5 g, 4 mmol) anttiethylamine(1.7 mL, 3 eq.) in DCM (20 mL,.)
methane sulfonyl chloridg.8 mL, 2.5 eq.vas added dropwise and the solution was stirred for
30 min. Without further purification THE10 mL)and ithium chloride(500 mg, 3 eq.\vas added
subsequently. Thece bath wagemoved,and the reaction stirred for 12 h. Thelventwas
removed in aotaryevaporatoand the crudeesiduewaspurified bychromatography over silica
gel usimg ethyl acetatdhexaneg7:1) as eluento produce the title compour®” wasascolorless

oil (1.2 g, 74%)*H NMR (500 MHz, CDGJ) ti= 7.15 (s, 1 H), 6.97 (s, 1 H), 6.87 (s, 2 H), 4.53
(s, 4 H), 3.96 (t, H,J=6.5Hz), 3.86 (t, H, J= 6.5 Hz),3.92 (s, &H), 3.40 (t, 2H, J= 7.0 Hz),
1.891.63 (m, 4H), 1.521.48 (m, 4H). 3C NMR (125 MHz, CDQJ) ti= 159.61, 156.91, 139.29,
120.69, 114.72, 840, 68.04, 52.57, 45.86, 29.02, 28.25, 27.97, 25.88, 25#69MS (ESI)
calculatedor C19H29CI2NOsNa[M+Na]* m/z=428.1366 found428.1372.

O-(6-(3,5-bis(chloromethyl)phenoxy)hexyl)hydroxylammonium 2;®j8luoroacetate
TSL-6

/\/\/\/O\(D ©
O NH; CF5CO,
Cl Cl

TFA (1.1 mL, 5 eq.as added to a solution 8% (1.2 g, 2.9 mmol)n DCM (15 mL)and stirred

for 1 h. TFA and DCM was removed orr@atary evaporator Residual TFA was azeotropically
removed by repeatedly dissolving the resulting oil in toluene and evapomatidhe rotary
evaporatoto producehe title compound SL-6 as whiteviscousliquid (1.1 g,89%) To yield a
product of higher puritt 00 mg of this empound was purified by RRPLC and lyophilizedio
produce the title compouniSL-6 aswhite powder 2 mg 62%).*H NMR (500 MHz, CROD)
U=7.05(s, 1 H), 6.95 (s, 2 H), 4.61 (s, 4 H), 4081 (m, 4 H), 1.82.68 (m, 4 H), 1.57..46

(m, 4 H). 13C NMR (125 MHz, CROD) ti= 161.81, 141.94, 122.82, 116.44, 77.12, 69.81, 47.29,
30.94, 29.48, 27.56, 27.2BIRMS (ESI) calculatedfor C14H22CI2NO2 [M+H]* m/z=306.1028
found306.1026
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Dimethyl 5-(3-bromopropoxy)isophthalate8

O/\/\Br

MeO OMe

o O

To asolution of5-hydroxydimethylisophthalaté900 mg, 2.3 mmol) and,3-dibromopropane
(0.31 mL, 1.5 eq.) iIlCH3CN (20 mL), potassiumabonate was addeshd the mixture was
refluxed br 12 h. The reaction mixture waowed tocool downto room temperaturaliluted
with water (60 mL) and extracted wiglthyl acetate (3 20mL). The combined organic layer was
washedwith brine 60 mL). Ethyl acetate was removea arotary evaporator Chromatography
of the residue on silica gel athyl acetatdhexaneg7:1) producedhe title compoun&8as white
solid (980 mg, 85%)*H NMR (500 MHz, CDCJ) ti= 8.27 (s, 1 H), 7.74 (s, 2 H), 4.118 2H, J
=6.0Hz), 3.92 (s, @), 3.60 (t, 2H, J= 60 Hz), 2.33 p, 2H, J= 6.0 Hz).13C NMR (125 MHz,
CDCls) U = 166.43, 159.13, 132.20, 123.56, 120.17, 66.23, 52.78, 32.48, 28:98S (ESI)
calculatedor C13H15BrOsNa[M+Na]™ m/z=353.9995 found353.0002

Dimethyl 5(3-(((tertbutoxycarbonyl)amino)oxy)propoxy)isophthal&e
H
O/N\//\O,Nwr0\¥/

0
MeO. OMe

0] o)

To a mixture ofS8 (3 g, 9 mmol)and NBoc hydroxylaming1.4 g, 1.2 eq.jn DCM (20 mL),

DBU (1.6 mL, 1.2 eq.yvas added drop wise and the solution stirred for 5 h. DCM was evaporated
on a roéry evaporatoland the crude was subjected to chromatography over géicaith ethyl
acetatehexane$4:1) producedhetitle compounds9as colorless 0{l1.25 g, 36%)*H NMR (500

MHz, CDChk) ti= 8.26 (s, 1 H), 7.74 (s, 2 H), 7.21 (sH)14.18 (t, 2H, J = 6.0 Hz), 4.04 (t, M,
J=6.0 Hz), 3.93 (s, Bl), 2.14 p, 2H, J= 60 Hz), 1.47 (s, H). °C NMR (125 MHz, CDGJ) i
=166.19, 159.03, 157.04, 131.81, 123.06, 119.91, 81.87, 73.14, 65.29, 52.44, 28.26|R8955
(ESI) calculatedor C1gH25NOgNa[M+Na]" m/z=406.1472 found406.1468
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tertButyl (3-(3,5-bis(hydroxymethyl)phenoxy)propoxy)carbam&®0

H
O/\/\O»N\H/O\’/

O

OH OH

A solution ithium aluminium hydridg129 mg, 3 eq.) in THF (2 mlwas added to an ice cold
solution 0fS9 (1.25 g, 3.2 mmol) in THF (10 mLyia cannula drop wise and the mixture was
stirred for 3 h. Water was addedrefully until the evolution of hydrogen ceased. The white
precipitate was filtered off and tHdtrate was extracted withethyl acetate § 2 30 mL). The
combined organic layeras washed with water, brine and dried over anhydrous sodium sulfate
Ethyl acetate was evaporated a roéry evaporatorand purification of the crude residue by
chromatography over silica g&lith ethyl acetatdhexanes(1:1) as eluent producedhe title
compoundS10as acolorlessgum(1.23 g, 86 %)*H NMR (500 MHz, CDC4) ti= 7.39 (s, 1 H),
6.87 (s, 1H), 4.59 (s, 4 H), 4.18 (t, &, J = 6.0 Hz), 4.04 (t, H, J= 6.0 Hz),3.93 (s, &H), 2.14

(t, 2H,J=6.5 Hz), 1.47 (s, Bl). 3C NMR (125 MHz, CDGJ) ti= 159.63, 157.36, 143.14, 117.89,
112.48,82.10, 73.61, 65.28, 65.01, 28.54, 28.4IRMS (ESI) calculatedfor CisH2sNOsNa
[M+Na]* m/z=350.1574 found350.1569

tertButyl (3-(3,5-bis(chloromethyl)phenoxy)propoxy)carbam&tkl

H
o> oN \H/O\{/

o)

Cl Cl

To anice-cold solution 0ofS10(1.2 g, 3.7 mmolandtrimethylaming(1.5 mL, 3 eq.) in DCM (15
mL), methane sulfonyl chlorid®.7 mL, 2.5 eq.jvas added dropwise and the solution was stirred
for 30 ninutes Without further purification THE5 mL) and lithium chloridg421 mg, 3 eq.\vas
added subsequently. The ice bath was removed and the reaottare wasstirred for 12 h. The
volatiles wereevaporatedon a rotary evaporatorand the cruderesidue was subjected to
chromatography over silica gel using ethyl acekseanes(1:6) as eluent producede title
compoundS1lascolorlessoil (900 mg, 65%)'H NMR (500 MHz, CDCJ) ti=6.99 (s, 1 H), 6.90
(s, 2 H), 4.54 (s, #), 4.31 (t, 2H, = 6.0 Hz), 4.13 (t, M, J = 6.0 Hz),2.15 (p 2H, J = 6.0 Hz),
1.48 (s, 9H). 3C NMR (125 MHz, CDGJ) Ui = 159.49, 151.69, 139.51, 121.14, 1148219,
76.23, 45.97, 38.76, 28.2HRMS (ESl)calculatedor CieH23CIoNOsNa[M +Na " m/z=386.0896
found 386.0902
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O-(3-(3,5-bis(chloromethyl)phenoxy)propyl)hydroxylammonium 2;&jfluoroacetate
TSL-3
® S

O/\/\O’NHS CF3CO;

=

Cl Cl

TFA (0.9 mL, 5 eq.was added to a solution 811(900 mg, 2.4 mmol)jn DCM (10 mL) and
stirred for 1 h. TFA and DCM was removerh a rotary evaporator Residual TFA was
azeotropically removed by repeatedly dissolving fisulting oil in toluene and evaporatjon
which produced the title compouriEL-3 as white gummy liquid725 mg, 80%)To obtain a
product of higher purity300 mg of the title @mpound was purified in RAPLC and lyophilized
to geta whitepowder(202 mg,67%).*H NMR (400 MHz, C3OD) ii=7.08 (s, 1 H), 6.98 (s, 2
H), 4.63 (s, 4H), 4.27(t, 2H, J = 6.0 Hz) 4.14 (t, 2H, J = 6.0 Hz), 2.2Qp, 2H, J = 6.0 Hz)*C
NMR (100MHz, CDsOD) t=161.3142.1, 123.3, 116.5, 73.9, 65.9, 2HRMS (ESI)calculated
for C11H16C2NO2 [M +Na]" m/z=264.0553 found264.0551

1.3.General procedure for peptide synthesis

Peptides wersynthesizedn an automated peptide synthesizer (PrélxdesYROS PROTEIN
Technology using standard solid phaaeide couplingAfter synthesis the resivas transferred

to a PolyPrep column (BIORAD) and washed with DCM (10 mL) and dried in vacuum. The resin
wasthen teated with a cleavage cocktail f1L) containing TFA/HO/TIPSEDT, 90/2.5/5/2.5
(v/viviv) for theglobal deprotection and cleavage of the peptide from the. v&féar 4 h theflow
through from the column was collected and the resin was rinsed with TFA (1 mL). The combined
cleavage mixtureeduced in volume to 2 mhy means of gently bubbling nitrogéhrough itand

was added drepvise to cold diethyl etherlQ mL) in a 15 mL polypropylene centrifuge tube
(Falcon, Thermo Fisher)he precipitat6éormedwas separated by centrifugation (5 min, 3000
rpm). Supernatant was decanted and the precipitateswashed with cold diethyl ethet@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 nesasy in some cases to dissolve the peptide. The solution was
injected into a semi preparative RIPLC systemThe fractions corresponding to the main peak
were collected. CECN was removeth Speed ¥c Savant SPD111) The aqueous solution was
lyophilized to yield the peptide as white powder.
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1.4.Protocol 1: Bicyclizationof Peptides S¥CX,C with TSL using C18 spin column.

Materials:
1 Solution of 5 mM peptide (SXCXnC) in water
1 30 mM sto& of TSL in water : acetonitrile (1:1)
1 30 mM stock of Nal@solution in water
1 125nmM stock solution of TCEP in water
1 C18desalting spin column (#89870 Piercel& spin column from Thermo Scientific)
1 MiliQ (mQ) water and HPLC grade acetonitrile
1 500 mM Tris, pH 8.5
i 5% TFA solution in mQ water.
1 PBS(50 MM K2HPQ, 150 mMNacCl, pH 7.4)
1 0.6 mL Eppendorfubes, pipettes and tips
i LCMS instrument and auteampler vials for LCMS
Procedure (analytical scale: 25 nanomole om@bf 1000 Da peptide): Vol. (nL):
1 In a 0.6 mLEppendorf tubecombine peptide (5L from 5 mM stock)| 45+5=50
and 45nL PBSto a final concentration gfeptide0.5 mM.
2. Take 1nL out to check the purity of the starting material and serv
reference (mix Il with 9 nl. 0.1% TFA and injecb nL in the LCMS) 50-1=49
3. Add sodium periodate (1.2 eq., 0.6 mMnL from 30 mM stock) anc
incubate for 5 min in the dark.
4. Load the resulting solutie onto an equilibrated C18 desalting s
colum. Wash he column with 2 50 L of 20% acetonitrilecontaining 0.1% 49+1=3
TFA and elute the peptideith 23 20l of 70% acetonitrile. A typical volum
: . 40
collected at this step is 40
5. Remove gcessof acetonitrie in the speedac. A typical volume afte 12428=40
this step is 12L.. Then add28 nL. mQ water.
6. To solution from 5, add (in this order!):r& acetonitrile, then Il of | 45:1+8+1=50

5% TFA (final TFA concentration = 0.1%) and thenml 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 withdrawirg
and quenching is with 8L of 0.1% TFA and injecting %l in the LCMS.

8. To the resulting oximeadd TCEP (5 eq., InL from 125 mM stock
solution, final concentration 2.5 mM) and incubate for 30 minutes.

9. Add 30 . mQ water followed by addition of 26 500 mM Tris of pH
8.5 (final Tris concentration 100 mM) and incubdte an hour.

10.  To confirm theformation of the productwithdraw 1 ni of reaction
mixture, quenching with &1 0.1% TFA and injecting %L in the LCMS
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1.5. Protocol2: Bicyclization of Peptides &&X,C with TSL using methionine as quencher

Materials:

Solution of 25 mM peptide (SRCXnC) in water

25mM stock of NalQ solution in water

125 mM methionine in water

30 mM sto& of TSL in water : acetonitrile (1:1)

125nmM stock solution of TCEP in water

MiliQ (mQ) water and HPLC grade acetonitrile

1000 mMTRIS of pH 8.5

5% TFA solution in mQ water.

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

0.6 mL epi tubes, pipettes and tips

LCMS instrument and auteampler vials for LCMS
Procedure (analytical scale: 25 nanomole on@®f 1000 Da peptide):
1 In a 0.6 mL epi, combine peptiderfl from 25 mM stock) 39 PBS
pH 7.4 and 10rL acetonitrile to a final concentration of 0.5 mM.
2. Take 1nl out to check the purity of the starting material and serve a
reference point (mix il with 9 ni. 0.1% TFA and injecting &L in the
LCMS)
3. Add sodium periodate (1.0 eq., 0mdM, 1 L from 25mM stock) and
incubate for 5 min in the dark.
4. Take 1nl out tocheck LCMS
5. To the resulting solutioaddmethionine $.0 eq., 2.5 mM, from 125 mN
stock) and incubate for 15 min
6. To thesolution theradd1 i of 5% TFA (final TFA concentration =
0.1%) and Ini. of 30 mM stock solution of SL (1.2 eq., final concentratidh6
mM). Incubate for 1 h.
7. Monitor the progress of the reaction by withdrawihglL in 18 ni of
0.1% TFA and injecting &L in the LCMS.
8. To the resulting oximeadd TCEP (5 eq., Il from 125 mM stock
solution, final concentration 2.5 mM) amttubate for 30 minutes.
9. Add 10 nL acetonitrile, 291 mQ water followed by addition oflO niL
1000 mM Tris of pH 8.5 (finalTris concentration 100 mM) and incubate for &
hour.

10.  To confirm the formation of the product, withdrdwrl of reaction
mixture, qeenching with 9L 0.1% TFA and injecting &L in the LCMS.

=4 =4 =4 -4_8_9_9_9_2°_-2._-2-
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1.6.General procedure foonepot bicyclizationon semipreparative scale

In a 50 mL polypropylene falcon tubel0 mgof peptide (NH-SYCKPFGCONH;, M.W = 846
Da, 12 umol) was dissolved in@8 mL PBS(pH 7.4)containing2.36 mLof acetonitrile. To the
resulting solutionsodium periodatan water(1.2 eq., 236.L from 500 mM stock) was added and
mixedon a rocker for 5 minutes in the dawk.solutionof methioninein water(5 eq.,9 mg, 0.06
mmol) was added to quentiteresidual oxidizing agent (periodate/iodate). After 15 minutest
TFA was addedb the reactiorf23.6L to a final concentration of 0.1%) followed by the addition
of TSL-1in acetonitrile(2 eq.,26.6uL from 1 M stock) As oxo-aldehydeand formaldehyde are
generatedimultaneouslyan excess OoFSL wasneeded irthis steg(Schemes2). After incubation
for 1 h, solutiorof TCEPIn water(5 eq.,15 mg, 0.6 mmo) was added and rocked for 30 minutes
to reduce the disulfide bond@he reaction mixture was diluted by 16.5 miwater and 2.36 mL
of acetonitrile followedoy the addition osodium bicarbonatat pH 10(4.7 mL from 1M stock

to a final concentration c£00 mM) and rocked for 3.hHCompletion ofbicyclization can be
confirmedby sampling araliquot andanalyzing it byLCMS. Thereaction wagurified in semi
preprativeRP-HPLC to yielda bicyclic peptideT SL-1-SYCKPFC(5 umol, 4.6 mg, 42%).

1.7.General Protocol for bicyclization withBMB

Peptidel2a (10 mg 5.4 mmol) was dissolved ir5.4 mL bicarbonatebuffer (100 mM, pH10)
containing 10% acetonitriléA solution of TCEP @.5 eq,27 nL of 500 mM stock;to a final
concentration 2.5 mMyas addedollow with a solution offBMB wasadded { eq,11niL of 500
mM in acetonitrilg¢ and the reaction mixture wasixed on arocker for20 h. Upon consumption
of all the starting material (a®nfirmed byLCMS) the reaction mixture was directly purified on
RP-HPLC and freezalried toyield 12f as light yellow powder (4.3 mg, 41%).

1.8.General Protocol for cyclization with perflurodiphenylsigiPFS)

Peptide5a (10 mg, 10nmmol) wasdissolved in 9 mL DMF in a glass vialnd a solution of
perflurodiphenylsulfide4 eq,14 mg, 40mmol) wasaddedo this solution560mnL of 50 mMMTris
base final concentration of Tris i® mMM/DMF) were added into the viallhe mixture was
vortexed for30 sec and incubated at rt for 1 h. After 1 h, the reaction waslweehy dilutingl0
times with 50% aq. acetonitrile containing 0.1% TFA. Thedpct was pufied with RRHPLC,
freeze driedo obtains5e aswhite powder(5 mg, 40%)?

1.9. General Protocol for cyclization with , -Ditipmo-m-xylene(DBMB)

Peptideba (10 mg, 10mmol) was dissolved in 5.0 mLA/ACN 50%in a glass viahnda solution

of U, -Ditipmo-m-xylenein acetonitrile(1.2 eq was added to this solution. 56Q of 500 mM
Tris-HCI buffer at pH 8.%final concentration of Tri#1Cl buffer50 mM) were added into the vial
The mixture was vortexed f@0 sec and incubatedlra for 1 hour. After 1 hour, the reaction was
purified with RRHPLC, freeze drietb obtain5g aswhite powder(5.1 mg, 46%).
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1.10.General bicyclization analytical procedufer 10band11k
Materials:

5% TFA solution in mQ water.
PBS ( #BO, dBA@ mM NaCl, pH 7.4)
0.6 mL Eppendorf tubes, pipet

i n wat e

de aceto

tes and

A Solution of 5 mMTShiawaterataonifilS(®@MCXnC) i n
A 30 mM TSLtinovatér:acetbnitrile (1:2)

A 30 mM s tseotutioniowateNa |l O

A 125 OM stock solution of TCEP

A Gdesiting spin column (#89870 Piercel€spin column from Thermo Scientific)
A MiliQ (mQ) water and HPLC gr a

A 500 mMpH8ACO

A

A

A

A

LCMS i nst r-sammenvals oml@MS ut o
Procedure (analytical scale: 25 nanomole or 25 pg of 1000 Da
peptide):

1. In a 0.6 mL Eppendorf tube, combine peptide (5 pL from 5 mM sto
and 45 L PBS to a final concentration of peptide 0.5 mM.

2. Take 1 pL out to check the purity of the starting material and serve
reference (mix 1 puL with 9 uL 0.1% TFA and injectib in the LCMS)

3. Add sodium periodate (1.2 eq., 0.6 mM, 1 pL from 30 mM stock) a
incubate for 5 min in the dark. Add methionine (12 eq., 6 mM, 1 pL fr
300 mM stock) and incubate for an hour.

4. Load the resulting solution onto an equilibrated Ckaltieg spin
column. Wash the column with 2 x 50 pL of 20% acetonitrile containi
0.1% TFA and elute the peptide with 2 x 20 uL of 70% acetonitrile. A
typical volume collected at this step is 40 pL

5. Remove excess of acetonitrile in the spestl A typcal volume after
this step is 12 uL. Then add 28 pllnQ water.

6. To solution from 5, add (in this order): 8 uL acetonitrile, then 1 pL ¢
5% TFA (final TFA concentration = 0.1%) and then 1 pL of 30 mM st
solution of TSL (1.2 eq., final concentrati®.6 mM). Incubatéfor 1 h.

7. If necessary, monitor the progress of the reaction by withdrawing 1
and quenching is with 9 pL of 0.1% TFA and injecting 5 L in the LCH
8. To the resulting oxime, add TCEP (5 eq., 1 pL from 125 mM stock
solution, fnal concentration 2.5 mM) and incubate for 30 minutes.

9. Add 30 pL mQ water followed by addition of 20 uL 500 mM KH£O
of pH 8.0 (final KHCQ concentration 100 mM) and incubate for an ho
10. To confirm the formation of the product, withdraw 1 plrexction
mixture, quenching with 9 pL 0.1% TFA and injecting 5 pL in the LCM
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45+5=50
50-1=49

49+1=50

40
12+28=40

40+1+8+1=50

50-1=49
49+1=50
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1.11.Protocol for10bscale up synthesis:

Peptidel0a (10 mg, 0.0084mmol) was dissolved irwater:acetonitrile .67 mL, v/v 7:3) and
buffered withPBS (4.98mL, 50 mM KoHPQ4, 150 mM NaClpH 7.4). 1 pLof the solution was
sampled for LCM§mixed 1 pL with 9 pL of 0.1% TFA and inje&d 5 pL in the LCMS).A
solutionof NalOs in water(336 L, 1.2 eq,2.16 mg, 0. mmol) was addedo the reactiorand
incubatedat 20 °C in the darkor 5 min. To quench the oxidation, solution of methioninein
water(336 L, 12 eq, 4.86 mg, 0.Ad mmol) was addedo the reactiorand incubated for ih. The
resulting solutiorwas loadednto an equilibrated C18 desalting spin colu(prewasted the
column with 2 x 2.5 mL of 20% acetonitrile containing 0.1% JBAd elutd the peptide with 2

x 500 pL d 70% acetonitrilavithout TFA A typical volume collected at this step is 13.4 mhe
excess acetonitrilevas removedn the speediac and thetypical volume after this stewas~4
mL. Mili Q waterwas addedo afinal volumeof 13.4mL andl pL of the solition was sampletb
check the purity ofhe eluentto serve as a reference (mix 1 puL with 9 uL 0.1% TFA and inject 5
pL in the LCMS).To the eluentwe addedicetonitrilein water:acetonitriles/v 1:1 (2.67mL) 5%
TFA (336 pL)and thera solutionof TSL-6 (336 pL, 1.2eq, 4.2mg, 0.0Immol,) was addedThe
reaction mixture stirred for B at 30°C. The progresse®f the reactionwere monitored by
withdrawing 1 pL, quenching with 9 pL of 0.1% TFA and injecting 5 pL in the LCMS. When the
reaction was completed, a solutiohTCEPin water(336 pL 5 eq, 12.02ng, 0.043mmol) was
added to the reacticandstirredforl h (1 pL of the reactionwas sampled, mixed with |9L of
0.1% TFA and injected %L in the LCMS as areferencg The reaction mixture washen
supplemented witmQ water (10.03nL), adjustedhe KHCO3 buffer to a final concentration of
100 mM (6.6 mLfrom 500 mM KHCQ of pH 8.0stock and incubate for 3 h. The progress of
the reactiorwas monitored byithdrawing 1 L quenching with 9 uL of 0.1% TFA and injecting
5 yL in the LCMSThen the reaction mixture was concentrated by lyophilization and wasgulirifi
by LCMS.The yield of the bicyclizatioris 3.5mg, 32% from 10ng starting material.
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1.12.Protocolfor 11bscale up synthesis:

Peptidella (10mg, 0.0066mmol) was dissolved irwater:acetonitrile (1.32nL, v/v 7:3) and
buffered withPBS (1.88mL, 50 mM KoHPQ4, 150 mM NaCl, pH 7.4)1 uL of the solution was
sampled for LCMSmixed 1 pL with 9 pL of 0.1% TFAand injecéd 5 pL in the LCMS).A
solutionof NalOy in water(264 pL, 1.2eq, 1.7mg, 0.0079mmol) was adde@dndwas incubated
at 20 °C in thelark for5 min. To quench the oxidation,smlutionof methioninen water(264 pL,
12 eq, 11.7mg, 0.079mmol) was addea@nd incubated for k. Theresulting solutiorwas loaded
onto an equilibrated C18 desalting spin colujpre-wasledthe column with 2 x 2.5 mL of 20%
acetonitrile containing 0.1% THAand elute the peptide with 2 x 500 uL of 70% acetonitéle
typical volume collected at this step is 10.56 Mheexcess acetonitrilas removedh the speed
vacand thetypical volume after this stepas~ 3 mL. MiliQ waterwas addedo afinal volume
of 10.56mL. 1 pL of the solution was sampled check theurity of the eluentandto serve as a
reference (migd 1 pL with 9 pL of 0.1% TFA and inje@d5 pL in the LCMS).To thereaction
mixture, we addedacetonitrile (2.1 mL), 5% TFA (336 pL) and th@nsolutionof TSL-6 in
water:acetonitriles/v 1:1 (264 uL, 1.2eq, 3.18ng, 0.0079mmol,) was added to the reactiorhe
reaction mixturevasstirred for 2h at 30°C. The progresses of the reactiaere monitored by
withdrawing 1 pL, quenching with 9 pL of 0.1% TFA and injecting 5 pL in the LCN@hen the
reaction was completed, a solutiohTCEPin water(264 pL 5 eq, 9.47mg, 0.0339mmol) was
added to the solutiomndstirredfor 1 h (1 pL of thereactionwas samplednixedwith 9 uL of
0.1% TFA and inje@d5 pL in the LCMSas a referengdreactiormixture waghen supplemented
with mili Q water (7.92nL), adjustedhe KHCOs buffer to a final concentration 400 mM (5.2
mL from 500 mM KHCQ of pH 8.0stock and incubate for 3 h. The progress of the reaction
was monitored bwithdrawing 1uL, quencimg with 9 pL of 0.1% TFA and injecting 5 pL in the
LCMS. Then the reaction mixture was concentrated by lyophilization andowaedby LCMS.
The yield of the bicyclizationwvas2.9mg, 28% from 10ng starting material.
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Scheme S20nepot lcyclization of5a (0.2 mmol)with TSL-6: Reagents and conditions: (i) 2.4
mM NalO4, PBS (pH 7.4), 5 min, 1 mM methionir@) min (ii) 0.1% TFA,1 mM TSL-6, 1 h;1
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TCEP, 30 min; @0 mM TRIS (pH 8.5), 1 h.
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Scheme S40nepot bicyclization of2a (0.5 mM) with TSL-1. Reagents and conditions: (i) 0.6
mM NalQy, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, 0.6 mW5L-1 (pH 4), 1 h; (ii)) 2.5 mM TCEP,

30 min; 100 mM TRIS (pH 8.5), 1 h.
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Scheme S50nepot bicyclization of3a (0.5 mM) with TSL-1. Reagents and conditions: (i) 0.6
mM NalO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 m84-1 (pH
4), 1 h; (i) 2.5 mM TCEP, 30 min; 100 mM TRIS (pH 8.5), 1 h.
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Scheme S60nepot bicyclization of3a (0.5 mM) with TSL-3. Reagents and conditions: (i) 0.6
mM NalO4, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 m84-3 (pH

4), 1 h; (iii) 2.5 mM TCEP, 30 min; 100 mM TRIS (pH 8.5), 1 h.
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Scheme S70nepot bicyclization o#4a with TSL-3: Reagents and conditions: (i) 0.6 mM NalO
PBS (pH 7.4), 5 min, inM methionine, 15 min (ii) 0.1% TFA, 0.6 mMSL-3 (pH 4), 1 h; (iii)
2.5 mM TCEP, 30 min; 100 mMicarbonatduffer (pH 10), 30 min.
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Scheme S80nepot bicyclization oba with TSL-1: Reagents and conditions: (i) 0.6 mM NalO
PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 M&L-1 (pH 4), 1 h; (iii)
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Scheme S90nepot bicyclization oba with TSL-3: Reagents and conditions: (i) 0.6 mM NalO
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Scheme S100ne pot bicyclization o6a (0.5 mM) withTSL-6. Reagents and conditiong) 0.6
mM NalOs, PBS (pH 7.4), 5 min. (iip.1% TFA, 0.6 mMTSL-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 S110nepot bicyclization of6a (0.5 mM) withTSL-1. Reagents and conditions: (i) 0.6
mM NalO4, PBS (pH 7.4), 5 min. (ii) 0.1% TFA, &M TSL-1 (pH 4), 1 h; (iii) 2.5 mM TCEP,
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Scheme S120nepot bicyclization of6a (0.5 mM) withTSL-6. Reagents and conditions: (i) 0.6
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Scheme S130nepot bicyclization of7a (0.5 mM) withTSL-1.Reagents and conditiong) 0.6

mM NalOs, PBS (pH 7.4), 5 min. (iip.1% TFA, 0.6 mMTSL-1 (pH 4), 1 h; (ii) 2.5 mM TCEP,
30 min; 100 mM TRIS (pH 8.5)1 h.
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Scheme S140nepot bicyclization of7a (0.5 mM) with TSL-1.Reagents and conditiong) 0.6
mM NalOs, PBS (pH 7.4), 5 min. (iip.1% TFA, 0.6 mMTSL-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 S150nepot bicyclization of8a (0.5 mM) withTSL-6.Reagents and conditiong) 0.6
mM NalQy, PBS (pH 7.4), 5 min. (iip.1% TFA, 0.6 mMTSL-6 (pH 4), 1 h; (iii) 2.5 mM TCEP,

30 min; 100 mM TRIS (pH 8.5)1. h.
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30 min; 100 mM TRIS (pH 8.5)1 h.
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Scheme S170nepot bicyclization of8a (0.5 mM) withTSL-1. Reagents and condition@) 0.6
mM NalOs, PBS (pH 7.4), 5 min. (iip.1% TFA, 0.6 mMTSL-1 (pH 4), 1 h; (iii) 2.5 mMTCEP,

30 min; 100 mM TRIS (pH 8.5)1 h.
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Scheme S180nepot bicyclization oa (0.5 mM) withTSL-1. Reagents and conditions) 0.6
mM NalQy, PBS (pH 7.4), 5 min. (iip.1% TFA, 0.6 mMTSL-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 S19Bicyclization of 10a (10 mg, 84 nmol) withTSL-6: Reagents and conditions: (i)
NalOs (1.2 eq.), PBS (pH 7.4), 5 min. Methionine (12 eq.f, Desalting withC18 spin column
(i) 0.1% TFA,TSL-6 (1.2 eq.), 2h at 30°C; (iii) TCEP (5 eq.), h; 100 mM KHCQ buffer (pH
8.0), 3h; Purify w/ RFHPLC.

S39



MaPrak: 63,634 sample &

T S Rl T T TR R SR T
OI-P NH, Tise  Area i
H i i
o b HN Pom e o
H,N “AN N\/go N o =
H H 2 H 0
~ HN 3
HO" s ANy w
HN._% 3
S\ o Y HN ~ i .
HN_ N T
Ma_ \g/\"' i : . ; :
CagHaaN16045S, Ha 2 NH T S T T C TGN T TSRO R
Exact Mass: 1172.45 —/
. W) 5
g
In.0ate srasiame : vaaw Jo e —

WMaxPeak: T2.86% Sauple
Rct_Tinc: 4,289 win

k3 ¢
4.2 2 ! o » &
W 7. .0 1y

> "
RS- T i
11h H;N AN N & — A
Cy7HesN150165, \g/\HB ) T T —
Exact Mass: 1159.42 NH
ii l

1v3.0aTe b/2% 18 = visl aa 9. METNed Li\Lhema1v-3

MaxPesk: 76.84% satple ¥
Ret Time: £.723 nin

2
>
!

"
HN -
H

Q
<
z
z
ZT
w—m}—
z
o
- F E 8 88 8 2

COHN_ A N — TT——
o mﬁ ¢ M i R S
Cg1HgsClaN1501552 S e —

Z NH P -
Exact Mass: 1416.53 =/ n1 ot i
R 5758 L& RPN
o i i 2 R

MaxPoak:  D.40% sample #
Ret_Time: §.288 min

11b \,L H N >
Cg1HazN16016S2 1) OH \

Exact Mass: 1358.55 2N

RT 5.332

2o P 0 = 000 130

Inj.Date 6/21/2019 E vial 73 Acq. Mathod C:\Chemd2y->

Scheme S20Bicyclization of 11a (10 mg, 66 nmol) withTSL-6: Reagents and conditions: (i)
NalOs (1.2 eq.), PBS (pH 7.4), 5 min, dark. Methionine (12 eql), Desalting with C18 spin
column (ii) 0.1% TFA,TSL-6 (1.2 eq.), 2h at 30°C; (iii) TCEP (5 eq.), h; 100 mM KHCQ
buffer (pH 8.0), 3h; Purify w/ RIMPLC.
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Scheme S210nepot bicyclization of12a with TSL-1: Reagents and conditions: (i) 0.6 mM
NalOs, PBS (pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 84L-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 S220nepot bicyclization of13a with TSL-1: Reagents and conditions: (i) 0.6 mM
NalO4, PBS (pH 74), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 0.6 n\3L-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 S23Bicyclization of14a with TSL-6 : Reagents and conditions: (i) 2.4 mM Nal®BS
(pH 7.4), 5min, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mM&L-6, 1 h; (iii) 2.5 mM TCEP,
30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w-RPLC.
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Scheme S24Bicyclization of15a with TSL-6: Reagents and conditions: (i) 2.4 mM Nal®BS
(pH 7.4), 10 sec on ice, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 T8U-6, 1 h; (iii)) 2.5
mM TCEP, 30 min; 100 mM bicarbonate buffer (pH 10), O/N; Purify w/HEHR_C.
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Scheme S25Bicyclization of16a with TSL-6 : Reagents and conditions: (i) 2.4 mM NaJ®@BS
(pH 7.4), 5 min, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 mBL-6, 1 h; (iii)) 2.5 mM TCEP,

30 miﬁ; i‘LOO mM bicarbonate buffer (pH 10), O/N; Purify w/-RPLC.
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Scheme S26Bicyclization of17a with TSL-6 : Reagents and conditiony 2.4mM NalQs, PBS

(pH 7.4), 5 min, 1 mM methionine, 15 min @)1% TFA,2.4mM TSL-6, 1 h; (iii) 2.5 mM TCEP,
30 min; 100 mMbicarbonatéuffer (pH 10),0/N; Purify w/ RRHPLC.
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Scheme S27Bicyclization of18a with TSL-6: Reagents ahconditions: (i) 2.4 mM Nal@ PBS
(pH 7.4), 10 sec on ice, 1 mM methionine, 15 min (ii) 0.1% TFA, 2.4 T8U-6, 1 h; (iii)) 2.5
mM TCEP, 30 min; 100 mNicarbonatduffer (pH 10), O/N; Purify w/ RIHPLC.
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