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Materials and Methods

All solvents were reagent grade or HPLC grade (Fisher). The following Fmoc amino acids from Sigma,
Aldrich, EMD Biosciences, Chem-Impex International and PolyPeptide Laboratories were employed:
Fmoc-Ala-OH, Fmoc-Asn(Trt)-OH, Fmoc-Glu(O7Bu)-OH, Fmoc-Leu-OH, Fmoc-Pro-OH, Fmoc-
Ser(Bu)-OH, Fmoc-Trp(Boc)-OH, Fmoc-Val-OH, Boc-Ala-OH, Boc-GIn(Trt)-OH, Boc-Phe-OH, Boc-
Pro-OH, Boc-Val-OH, (28, 4R)-Fmoc-Mpt(Trt)-OH, and (2S, 4S)-Fmoc-Mpt(Trt)-OH.

Solid Phase Peptide Synthesis: Automated peptide synthesis was performed on an Applied Biosystems
Pioneer continuous flow peptide synthesizer. Peptides were synthesized using the standard automated
Fmoc protocol (HATU, DIEA, DMF). The deblocking solution was a mixture of DMF/piperidine/DBU
(100/5/5). The NovaSyn® TGT resins from EMD Biosciences were employed for the synthesis.

HPLC: All separations involved a mobile phase of 0.05% TFA (v/v) in water (solvent A)/0.04% TFA in
acetonitrile (solvent B). LCMS analyses were performed using a Waters 2695 Separations Module and a
Waters 996 Photodiode Array Detector equipped with Varian Microsorb 100-5, C18 150x2.0mm
column at a flow rate of 0.2 mL/min. UPLC-MS analyses were performed using a Waters Acquity'
Ultra Preformance LC system equipped with Acquity UPLC® BEH C18, 1.7ul, 2.1 x 100 mm column at
a flow rate of 0.3 mL/min. Preparative separations were performed using a Ranin HPLC solvent delivery
system equipped with a Rainin UV-1 detector and Varian Dynamax using Varian Microsorb 100-5, C18
250x21.4mm column at a flow rate of 16.0 mL/min.

Preparation and Characterization of Peptide Precursors for Ligation

Unprotected Peptides

Upon completion of automated synthesis on a 0.05 mmol scale, the peptide resin was washed into a
peptide cleavage vessel with DCM. The resin cleavage was performed by the treatment with
TFA/H,O/TIS (95:2.5:2.5) for 45 min to yield the unprotected peptides. TFA was removed by N,. The
oily residue was extracted with diethyl ether and centrifuged to give a white pellet. After the ether was
decanted, the solid was dissolved in MeCN/H,O/AcOH (47.5:47.5:5) for HPLC purification.
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Compound 4: C3;Hs5,NgO,S Exact Mass: 800.35, [M+H]" m/z = 801.36, [M+2H]*" m/z = 401.18.
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Compound 7: C;7;Hs,NgO,0S Exact Mass: 800.35, [M+H]+ m/z=801.36, [M+2H]2+ m/z=401.18.
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Compound 20: C47HeN;9O1,S Exact Mass: 994.46, [M+H]+ m/z =995.47, [M+2H]2+ m/z =498.24.

Figure S1. UPLC-MS analyses of purified unprotected peptides. Left: UV and mass traces of the purified product. Right: ESI
mass spectrum of the desired product.

Fully Protected Peptidyl Acids

Upon completion of automated synthesis on a 0.05 mmol scale, the peptide resin was washed into a
peptide cleavage vessel with DCM. The resin cleavage was effected by treatment with AcOH/TFE/DCM
(1:1:8) for 2 x 1 hour to yield the fully protected peptidyl acids. The solvent was removed by N,. The
oily residue was extracted with diethyl ether and centrifuged to give a white pellet. After the ether was
decanted, the solid was resuspended in MeCN/H,O (1:1) and was lyophilized to dryness.

Peptide Phenolic Esters

The fully protected peptidyl acid (43 mM, 1.1 equiv) and HCI-H-AA-O-(2-ethyldithio)-phenyl ester (40
mM, 1.0 equiv) in CHCI;/TFE (v/v = 3/1) was cooled to -10 °C. HOOBt (1.1 equiv) and EDCI (1.1
equiv) were added. The reaction mixture was stirred at room temperature for 2.5 h. The solvent was
blown off under a gentle N, stream and TFA/H,O/TIS (95:2.5:2.5, 3 ml) was added. After deprotection
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for 20 min, TFA was blown off and the oily residue was extracted with diethyl ether. The precipitate
was pelleted and the ether was subsequently decanted. The resulting solid was dissolved in
MeCN/H,0/AcOH (47.5:47.5:5) for HPLC purification.
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Compound 3: C4HgsNgO»S, Exact Mass: 927.42, [M+H]" m/z =928.43, [M+2H]" m/z = 464.72.
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Compound 10: C4;3H7N;,0;3S, Exact Mass: 998.46, [M+H]" m/z = 999.46, [M+2H]*" m/z = 500.23.
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Compound 12: C4;H7NyO,,S, Exact Mass: 1017.47, [M+H] m/z = 1018.47, [M+2H]"" m/z = 509.74.
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Compound 14: C;3H7NyO1,S; Exact Mass: 969.47, [M+H] m/z =970.47, [M+2H]"" m/z = 485.74.
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Compound 16: C4;3HgNoO1,S, Exact Mass: 967.45, [M+H]" m/z = 968.46, [M+2H]*" m/z = 484.74.

Figure S2. UPLC-MS analyses of purified peptide phenolic esters. Left: UV and mass traces of the purified product. Right:
ESI mass spectrum of the desired product.
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Preparation and Characterization of Ligation/Desulfurization and Direct Aminolysis Products

N-terminal peptide ester (4.1 mM, 1.5 equiv) and C-terminal peptide (2.7 mM, 1.0 equiv) were
dissolved in 0.4 ml of ligation buffer (6 M Gdn-HCI, 100 mM Na,HPO,4, 50 mM TCEP, pH 7.5). The

reaction mixture was stirred at room temperature. The reactions were monitored by UPLC-MS and
purified directly by HPLC upon consumption of the starting material.

To a solution of the purified ligated peptide in degassed CH;CN/H,O (v/v = 1:1, 0.2 ml) were added 0.2
ml of 0.5 M bond-breaker® TCEP solution (Pierce), 0.02 ml of 2-methyl-2-propanethiol and 0.2 ml of
radical initiator (VA-044, 0.1 M in H,O). The reaction mixture was stirred at 37 °C. The reactions were
monitored by UPLC-MS and purified directly by HPLC upon disappearance of the starting material.
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Compound 6: CsoH,p7N170,,S Exact Mass: 1541.75, [M+H]" m/z = 1542.76, [M+2H]"" m/z = 771.89.
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Desulfurized 6: CgoH;7N1,0,; Exact Mass: 1509.78, [M+H]" m/z = 1510.79, [M+2H]*" m/z = 755.90. Yield: 88%.
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Compound 11: C72H112N180228 Exact Mass: 161279, [M+2H]2+ m/z = 807.40.
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Desulfurized 11: C;,H,;,N30,, Exact Mass: 1580.82, [M+2H]2+ m/z=1791.42. Yield: 90%.
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Compound 13: C;6H;3N70,;S Exact Mass: 1631.80, [M+H]+ m/z=1632.81, [M+2H]2+ m/z=816091.
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Desulfurized 13: CysH,13N17,0,, Exact Mass: 1599.83, [M+H]" m/z = 1600.84, [M+2H]*" m/z = 800.93. Yield: 83%.
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Compound 19: C4sHsoNgO4;S Exact Mass: 897.41, [M+H]+ m/z=898.41, [M+2H]2+ m/z=449.71.
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Desulfurized 19: C,,HsoNoO;; Exact Mass: 865.43, [M+H]" m/z = 866.44, [M+2H]2+ m/z=433.73. Yield: 89%.
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Compound 21: CgrH;56N20024S Exact Mass: 1806.90, [M+H] m/z=1807.91, [M+2H]" m/z = 904.46.
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Desulfurized 21: Cg,H;>6NO»4 Exact Mass: 1774.93, [M+H]" m/z = 1775.93, [M+2H]*" m/z = 888.47. Yield: 85%.

Figure S3. UPLC-MS analysis of purified ligation and desulfurization products. Left: UV and mass traces of the purified
product. Right: ESI mass spectrum of the desired product.
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C18,18-38 2: Diode Array C18,18-38 1: Scan ES+
293 Range: 3.543e+1 100 769.49 4.74e6
769.31.
3.0e+1
o 20e+1 H—PWEPLQ—OH
<
1.0e+1
\ H—PWEPLQ—OH
0.0 : T
1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00
1: Scan ES+ ® [70.25
2.98 TIC
| 2.74e8
{
* |
771.25
‘ 1154.25
159 2.31 . 333352 382 423 447466 I 1025.60 |
T r Time 0 U m/z
1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 600 700 800 900 1000 1100 1200 1300
+
C37H52N8010 Exact Mass: 76838, [M+H] m/z =1769.39.
C18,18-38 2: Diode Array C18,18-38 1: Scan ES+
4.06 Range: 1.861 100 791.74 1.44e6
15
791.43
10 H—ALLVNSSQPWEPLQ—OH 792.06
2
5.0e-1 |
|
00l / B B H—ALLVNSSQPWEPLQ—OH
2.50 3.00 3.50 4.00 4.50 5.00
1: Scan ES+ E
4.11 TIC
i 9.99e7
790.99797 68
® | 793.06
I
o 272 2801 go2.81 1054.97
1 o 0 b " | R Lo miz
2.50 3.00 600 700 800 900 1000 1100 1200 1300 1400

Desulfurized 11: C;,H,;,N30,, Exact Mass: 1580.82, [M+2H]2+ m/z=791.42. Yield: 80%.

Figure S4. UPLC-MS analysis of the starting materials for the direct aminolysis reaction and the product. Left: UV and mass
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traces of the purified product. Right: ESI mass spectrum of the desired product.

Q11



