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l. General Information

Materials and Methods

HPLC grade tetrahydrofuran, methylene chloride, diethyl ether, toluene, and DMF were
purchased from Fisher, Acros, J&K, and Oceanpak, and were purified and dried by passing
through a PURE SOLV® solvent purification system (Innovative Technology, Inc.) when
anhydrous solvents were required. Other reagent grade solvents for chromatography were
purchased from Beijing Tongguang Fine Chemicals Company. Molecular sieves (4 A,
power) were pre-activated in an oven at 65 € overnight and further flame-dried before
being used in the reactions. All other reagents and relevant catalysts were purchased from
Sigma-Aldrich, NovaBiochem, GL Biochem, Acros, TCI, Adamas, Innochem, J&K, Alfa,
and Energy, and were used without further purification. Ultra-pure argon (>99.999%) was

used when inert reaction conditions were required.

Analytical thin layer chromatography was performed using 0.25 mm silica gel 60-F
plates (Merck). Flash chromatography was performed using 200-300 mesh silica gel
(Qingdao Haiyang Chemical Co., Ltd.). Yields refer to chromatographically and
spectroscopically pure materials unless otherwise stated. *H NMR spectra were recorded
at 400 MHz at ambient temperature with CDCls (Cambridge Isotope Laboratories, Inc.) as
the solvent unless otherwise stated. 3C NMR spectra were recorded at 100.0 MHz at
ambient temperature with CDClz as the solvent unless otherwise stated. Chemical shifts are
reported in parts per million relative to CDCls (*H, § 7.26; 3C, § 77.0) and acetone-ds (*H,
§2.05; 1C, § 206.3). Data for *H NMR are reported as follows: chemical shift, integration,
multiplicity (ovrlp = overlapping, s = singlet, d = doublet, t = triplet, g = quartet, m =
multiplet) and coupling constants. All *C NMR spectra were recorded with complete
proton decoupling. Infrared spectra were recorded on a Nicolet Nexus 470 FT-IR
spectrophotometer. High-resolution mass spectra were obtained in the Chemical
Instrumentation Center, Peking University Health Science Center using a Waters Q-TOF

mass spectrometer (Xevo G2 Q-TOF). Optical rotations were recorded on an AUTOPOL
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VI digital polarimeter at 589 nm and are recorded as [o]o® (concentration in grams/100
mL solvent). Melting points were recorded on a Melting Point-M560 (Buchi). Low-
resolution mass spectra analyses were performed on a Waters SQD mass spectrometer.
Circular dichroism (CD) spectra was performed on a JASCO J-810 Spectrometer (Japan),
Ultraviolet-Visible Spectroscopy was performed on a WPA Biowave Il Spectrophotometer.

The absorbance of cell viability was detected on a Multiskan™ GO (Thermo Scientific™).

HPLC
All HPLC separations involved a mobile phase of 0.05% (v/v) TFA in water (solvent A)
and 0.04% (v/v) TFA in MeCN (solvent B) unless otherwise stated.

Analytical LC-MS chromatographic separations were performed using a Waters
Alliance €2695 Separations Module, an SQ Detector, and a Waters 2489 UV/Visible
(UV/Vis) Detector equipped with an Agilent C18 column (5.0 pum, 4.6 x 150 mm) at a flow
rate of 0.4 mL/min or a Higgins Analytical PROTO-300 C4 (5.0 um, 2.1 X 150 mm) at a
flow rate of 0.2 mL/min. The wavelengths of UV-detector were set to 210 nm and 220 nm.

Analytical HPLC chromatographic separations were performed using an Agilent
Technologies 1260 Infinity LC system equipped with an Agilent C18 column (5.0 um, 4.6
% 150 mm) at a flow rate of 0.4 mL/min or a Higgins Analytical PROTO-300 C4 (5.0 um,
2.1 x 150 mm) at a flow rate of 0.2 mL/min. The wavelengths of UV-detector were set to
210 nm and 220 nm.

Preparative HPLC separations were performed using a Hanbon Sci. & Tech. NP7005C
solvent delivery system and a Hanbon Sci. & Tech. NU3010C UV detector equipped with
an Agilent Eclipse XDB-C18 column (7.0 um, 21.2 x 250 mm) or a Proto 300 C4 column
(10.0 pm, 20 x 250 mm) at a flow rate of 16 mL/min. The wavelengths of UV-detector

were set to 210 nm and 220 nm.
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I1. Experimental Procedures and Characterization of Unnatural
Amino Acids and Derivatives

2.1 Procedures for preparing amino acids and derivetives:
Preparation of (2S, 3S)-2,6-di-(tert-butoxycarbonylamino)-4-methyldithio-hexanoic

acid (13a)
o)
OEt OEt
0— 1.1eq. TEA, THF
+ \
HZN\/\)\OEt (:E‘ZEN_< PhthN\/\)\oa
o)
S1 s2 ©

S3

To a solution of 4,4-diethyloxybutylamine (2.0 mL, 11.3 mmol) and N-
carbethoxyphthalimide (3.17 g, 14.5 mmol) in THF (23.0 mL) was added triethylamine
(1.7 mL, 12.2 mmol) at 0 °C dropwise. The reaction was stirred at room temperature for 24
h and then quenched with 1 M aqueous HCI solution at 0 °C. The resulting mixture was
extracted three times with EtOAc, and the combined extracts were washed with brine, dried
over MgSOs, and concentrated in vacuo. The crude residue was purified using silica gel
column chromatography (petroleum ether/EtOAc = 3:1) to afford known compound S3 as
a white solid (3.32 g, 98%).5!

OEt 1\ HCI, acetone (0]

Ph’(hN\/\)\OEt _— PhthN\/\)J\

S3 6

H

To a solution of compound S3 (3.32 g, 11.4 mmol) in acetone (22.0 mL) was added 1
M aqueous HCI solution (20.0 mL) dropwise. The resulting solution was stirred at room
temperature for 20 min and then concentrated under reduced pressure to remove most of
the acetone. The resulting mixture was extracted three times with EtOAc, and the combined

extracts were washed with brine, dried over MgSQOs, and concentrated in vacuo. The crude

S1 Storz, M. P.; Maurer, C. K.; Zimmer, C.; Wagner, N.; Brengel, C.; de Jong, J. C.; Lucas, S.; Musken, M.; Haussler,
S.; Steinbach, A.; Hartmann, R. W. J. Am. Soc. Chem. 2012, 134, 16143-16146.
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residue was purified using silica gel column chromatography (petroleum ether/EtOAC =
4:1) to afford known compound 6 as a white solid (2.21 g, 90%).5*

0 DCM 0

PhthN\/\)LH + Phyp” “COCH; ——> PhthN\/\/\)J\o/
6 S4
To a solution of compound 6 (1.82 g, 8.4 mmol) in DCM (15.0 mL) was added the
solution of methyl(triphenylphosphoranylidene)acetate (2.94 g, 8.8 mmol) in DCM (15.0
mL), and the reaction was stirred at room temperature for 20 h. After concentrated in vacuo,
the crude residue was purified using silica gel column chromatography (petroleum
ether/EtOAC = 4:1) to afford known compound S4 as a white solid (2.07 g, 90%).5?

3.0 eq. K3Fe(CN)g, 3.3 eq. K,COg3,
0.14 eq. (DHQD),-PHAL
0.01 eq. K;0s04°H,0 OH O

o .
PhthN\/\/\)J\ P 1.0 eqt. Methanesulfonamide PhthN\/\)\l)J\o/
(0] BUuOH/H,0= 1:1
OH
s4 S5

A solution of methanesulfonamide (2.13 g, 22.4 mmol), potassium ferricyanide (22.95
g, 69.7 mmol), (DHQD),-PHAL (262.8 mg, 3.37 mmol) and potassium osmate(V1)
dehydrate (90.1 mg, 0.24 mmol) in 'BUOH/H20 (80.0 mL/80.0 mL) was stirred at 0 °C for
30 min, and a solution of compound S4 (6.35 g, 23.2 mmol) in DCM (20.0 mL) was added
dropwise at 0 °C. The resulting solution was stirred at room temperature for 24 h. The
reaction was quenched with Na2S0O3 (30 g, 0.24 mol) and then stirred for 1 h until the color
turned to yellow. The organic phase was removed in vacuo and the water phase was
extracted three times with EtOAc, the combined extracts were washed with brine, dried
over MgSO4, and concentrated in vacuo. The crude was dissolved in DCM and
recrystallized at -20 °C for 12 h to afford known compound S5 as a white solid (5.71 g,
80%).52

S2 Hughes, P. F.; Smith, S. H.; Olson, J. T. J. Org. Chem. 1994, 59, 5799-5802.
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1.3eq. PhCH(OMe), Ph

OH O 0.04 eq. BF3°OEt, o—{
PhthN\/\/l\l)J\O/ DCM, Ar PhthN\/\/k_/o
OH COZMB
S5 s6

To a solution of compound S5 (1.10 g, 3.6 mmol) and benzaldehyde dimethyl acetal
(0.7 mL, 4.7 mmol) in anhydrous DCM (13.0 mL) was added boron trifluoride diethyl
etherate (20 L, 0.16 mmol) at 0 °C. The resulting solution was stirred at room temperature
under an argon atmosphere for 16 h and then quenched with water. The reaction was diluted
with DCM and water and then extracted three times with DCM, and the combined extracts
were washed with saturated aqueous NaHCOz3 solution, brine, dried over MgSO4, and
concentrated in vacuo. The crude was purified using silica gel column chromatography
(petroleum ether/EtOAc = 2:1) to afford known compound S6° as a white solid (1.1 g,
75%) and recovered starting materials S5 (250 mg, 20%).

Ph
O’{ 1.6 eq. NBS, 0.17 eq. (PhCO,), OBz O
CCly, 76 °C, Ar, reflux
PhthNMO 4 PhthN o~
Co,Me Br
s6 S7

To a solution of compound S6 (2.65 g, 6.7 mmol) and N-bromosuccinimide (1.92 g,
10.9 mmol) in anhydrous CCls (80.0 mL) was added benzoyl peroxide (272 mg, 1.12
mmol). The resulting solution was refluxed under an argon atmosphere for 2 h and then
cooled to room temperature. The CCls was removed under a nitrogen atmosphere and the
resulting mixture was diluted with DCM and water and extracted three times with DCM,
and the combined extracts were washed with brine, dried over MgSOa4, and concentrated in
vacuo. The crude residue was purified using silica gel column chromatography (petroleum
ether/EtOACc = 5:1) to afford known compound S7 as a yellow oil (2.34 g, 75%).%2

OBz O 5.4 eq. NaN3, DMSO, Ar OBz O
PhthN\/\/k/U\ PhthN
- 07 o~
Br N3
s7 Y

A solution of compound S7 (2.34 g, 5.0 mmol) and sodium azide (1.8 g, 27.5 mmol)

in anhydrous DMSO (11.4 mL) was stirred at room temperature under an argon atmosphere
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for 4 h and then dilute with EtOAc and water. The resulting mixture was extracted three
times with EtOAc, the combined extracts were washed with brine, dried over MgSOa, and
concentrated in vacuo. The crude residue was purified using silica gel column
chromatography (petroleum ether/EtOAc = 4:1) to afford known compound S8 as a yellow
oil (1.65 g, 76%).52

i) 10% Pd(OH),/C, H,
EtOAC/EtOH= 10:1
OBz O i) 6 M HCI, 100°C reflux OH O

PhthN BocHN
\/\)\HJ\O/ OC! O/\/
iii) 3.0 eq. Boc,0, 3.0 eq. TEA
N3 1,4-dioxane/H,0 = 1:1, r.t. NHBoc
S8 vi) 1.4 eq. Allyl bromide 9

1.4 eq. DIEA, DMF, 60°C

To asolution of compound S8 (726.7 mg, 1.7 mmol) in EtOAc/EtOH (8.0 mL/0.8 mL)
was added powder of palladium hydroxide on carbon (72.7 mg, 10% w/w). The reaction
was bubbled under a H, atmosphere for 30 min. The resulting solution was stirred under a
H> atmosphere at room temperature for 12 h and filtered through Celite. The filtrate was
collected and concentrated in vacuo to afford a white solid.

The crude obtained from last step was dissolved in 6 M aqueous HCI (16.0 mL), the
resulting mixture was refluxed at 100 °C for 24 h and then cooled to room temperature.
The mixture was neutralized with saturated aqueous Na,COs solution at 0 °C, and
concentrated in vacuo to give crude mixture, which was utilized in the next step
immediately without further purification.

To a solution of the obtained crude in 1,4-dioxane/H20 (9.0 mL/9.0 mL) was added
di-tert-butyl pyrocarbonate (1.2 mL, 5.2 mmol), then triethylamine (0.65 mL, 4.7 mmol)
was added dropwise at 0 °C. The reaction was stirred at room temperature for 24 h and then
quenched with 1 M aqueous HCI. The mixture was extracted three times with EtOAc, and
the combine extracts were washed with brine, dried over MgSO4, and concentrated in
vacuo. The resulting mixture was utilized immediately without further purification.

To a solution of the obtained crude and allyl bromide (0.25 mL, 2.0 mmol) in DMF
(6.0 mL) was added N,N-diisopropylethylamine (0.34 mL, 2.0 mmol) at 0 °C. The reaction
was stirred at 60 °C for 24 h and then diluted with EtOAc and water. The resulting mixture
was washed three times with EtOAc, and the combined organic phases were washed with

water for five times, brine for once, dried over MgSOs, and concentrated in vacuo. The
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resulting residue was purified using silica gel column chromatography (petroleum ether/

EtOAc = 3:1) to afford compound 9 as a colorless oil (434 mg, 65% over four steps).

i) 1.7 eq. MsCl,

OH O 2.0 eq. TEA SCN O

DCM, 0°C -
BocHN ' BocHN
ocC \/\/H)j\o/\/ oC| O/\/
NHBoc ii) 10.0 eq. KSCN NHBoc

MeCN/THF=2:1

9 10

80°C

A solution of compound 9 (220.0 mg, 0.55 mmol) in DCM (6.0 mL) was cooled to 0
°C. Triethylamine (152 pL, 1.10 mmol) and methanesulfonyl chloride (72 piL, 0.93 mmol)
were added dropwise. The resulting solution was stirred at 0 °C for 30 min and then
guenched with 1 M aqueous HCI at 0 °C. The resulting mixture was extracted three times
with DCM, and the combined extracts were washed with water, brine, dried over MgSOs,
and concentrated in vacuo. The resulting crude compound was utilized immediately
without further purification.

To a solution of the obtained crude in MeCN /THF (4.0 mL/2.0 mL) was added
potassium thiocyanate (534.5 mg, 5.5 mmol). The reaction was stirred at 80 °C for 24 h
and then concentrated in vacuo. The resulting residue was diluted with DCM and water,
then extracted three times with DCM, and the combined extracts were washed with water,
brine, dried over MgSQOg4, and concentrated in vacuo. The crude was purified using silica
gel column chromatography (petroleum ether/ EtOAc = 3:1) to afford compound 10 as a
yellow oil (134 mg, 55% over two steps).

SCN O i) 0.25M cystein sodium solution MeSS 0
R THF, Ar H
BocHN O/\/ BocHN O/\/
NHBoc ii) 2.8 eq. MMTS (11a), 2.0 eq. TEA NHBoc
10 DCM, Ar 12a

A solution of cysteine (90.0mg, 0.75 mmol) and sodium hydroxide (30.0 mg, 0.75
mmol) in degassed H>O (3.0 mL) was added into the solution of compound 10 (50.0 mg,
0.11 mmol) in anhydrous degassed THF (2.0 mL) at 0 °C. The reaction was stirred at room
temperature for 2 h and then quenched with 1 M aqueous HCl at 0 °C. The resulting mixture

was extracted three times with EtOAc, the combined extracts were washed with water,
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brine, dried over MgSOs, and concentrated in vacuo. The resulting crude residue was
utilized immediately without further purification.

To a solution of the obtained crude in DCM (2.0 mL) was added methanethiosulfonic
acid S-methyl ester (11a) (31 pL, 0.32 mmol) and triethylamine (31 pL, 0.23 mmol) at 0
°C. The reaction was stirred at room temperature under an argon atmosphere for 12 h and
then quenched with 1 M aqueous HCI at 0 °C. The resulting mixture was extracted three
times with DCM, and the combined extracts were washed with water, brine, dried over
MgSOs, and concentrated in vacuo. The crude was purified using silica gel column
chromatography (DCM/EtOAc = 20:1) to afford compound 12a as a colorless oil (33.0 mg,

65% over two steps).

2.0 eq. N-methylaniline

MeSS O 0.1 eq. Pd(PPhg),, THF MeSS
BocHN - = BocHN “__COOH
\/\/\HJ\O/\/
NHBoc NHBoc
12a 13a

To a solution of compound 12a (82.8 mg, 0.18 mmol) and tetrakis
(triphenylphosphine) palladium (22.4 mg, 0.018 mmol) in anhydrous THF (2.0 mL) was
added N-methylaniline (37 L, 0.36 mmol) at 0 °C. The resulting solution was stirred at
room temperature under an argon atmosphere for 30 min and then diluted with EtOAc and
H20. The resulting mixture was extracted three times with EtOAc, and the combined
extracts were washed with 1 M aqueous HCI for three times, brine for once, dried over
MgSOs, and concentrated in vacuo. The crude was purified using silica gel column
chromatography (DCM/Acetone/AcOH = 90:9:1) to afford compound 13a as a yellow oil
(56.6 mg, 75%).

Preparation of S-tert-Butyl Methanethiosulfonate (11b)

0520 . o
., U 1.0 eq. TEA, E,0, 0°C ¢ )<

~

SH Cl g S
11b

To a solution of tert-butyl thiol (0.11 mL, 1.0 mmol) in EtO2 (2 mL) was added
methanesulfonyl chloride (77 L, 1.0 mmol) and triethylamine (0.14 mL, 1.2 mmol) at 0
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°C. The reaction was stirred at 0°C for 30 min and then quenched with 1 M HCI solution
at 0°C. The resulting mixture was extracted three times with EtOAc and the combined
extracts were washed with water, brine, dried over MgSOs, and concentrated in vacuo. The
crude was purified using silica gel column chromatography (petroleum ether/DCM= 5:1)

to afford known compound 11b as a colorless oil (150 mg, 90%).53

Preparation of (2S, 3S)-2.6-di-(tert-butoxycarbonylamino)-4-tert-butyldithio-hexanoic

acid (13b)

i) 0.25 M cystein sodium solution

SCN O THE. Ar BuSS O
BocHN ' ' :
oc O/\/ > BocHN O/\/
NHBoc ii) 2.8 eq. 11b, 2.0 eq. TEA NHBoc
10 DCM, Ar 12b

A solution of cysteine (90.0mg, 0.75 mmol) and sodium hydroxide (30.0 mg, 0.75 mmol)
in degassed H20 (3.0 mL) was added into the solution of compound 10 (50.0mg, 0.11
mmol) in anhydrous degassed THF (2.0 mL) at 0 °C. The reaction was stirred at room
temperature for 2 h and then quenched with 1 M aqueous HCl at 0 °C. The resulting mixture
was extracted three times with EtOAc, and the combined extracts were washed with water,
brine, dried over MgSOs, and concentrated in vacuo. The resulting crude residue was
utilized immediately without further purification.

To a solution of the obtained crude in DCM (2.0 mL) was added reagent 11b (53.0
mg, 0.32 mmol) and triethylamine (31 pL, 0.23 mmol) at 0 °C. The reaction was stirred at
room temperature under an argon atmosphere for 12 h and then quenched with 1 M aqueous
HCl at 0 °C. The resulting mixture was extracted three times with DCM, and the combined
extracts were washed with water, brine, dried over MgSO4, and concentrated in vacuo. The
crude was purified using silica gel column chromatography (petroleum ether/EtOAc = 8:1)

to afford compound 12b as a colorless oil (40.0 mg, 72% over two steps).

S3 Pham, H. T.et al., Phosphorus, Sulfur, and Silicon and the Related Elements 2015, 190, 1934-1941.
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2.0 eq. N-methylaniline
'Buss O 0.1 eq. Pd(PPhs),, THF ‘BuSS

BocHN : — s  BocHN ‘. _COOH
oc O/\/

NHBoc NHBoc
12b 13b

To asolution of compound 12b (95.0mg, 0.19 mmol) and tetrakis (triphenylphosphine)
palladium (22.4 mg, 0.018 mmol) in anhydrous THF (2.0 mL) was added N-methylaniline
(37 pL, 0.36 mmol) at 0 °C. The reaction was stirred at room temperature under an argon
atmosphere for 30 min and then dilute with EtOAc and H20. The resulting mixture was
extracted three times with EtOAc, and the combined extracts were washed with 1 M
aqueous HCI for three times, brine for once, dried over MgSO4, and concentrated in vacuo.
The crude was purified using silica gel column chromatography (DCM/Acetone/AcOH =
90:9:1) to afford compound 13b as a yellow oil (66.0 mg, 75%).

Preparation of 25-2-((9H-fluoren-9-yl) methoxy carbonyl) amino-1-(tert-butoxycarbo-

nyl) hydrazinyl-5-oxopentanoic acid (28)

HO O 0 o)

A
1.2 eq. Allyl bromide
1.4 eq. DIEA, DMF, rt.
_— =
FmocHNY ~CO,'Bu

FmocHNY ~CO,'Bu
Fmoc-Glu-O'Bu S9

To a solution of Fmoc-Glu-O'Bu (200 mg, 0.47 mmol) and allyl bromide (50 pi, 0.58
mmol) in DMF (2.0 mL) was added N,N-diisopropylethylamine (0.11 mL, 0.64 mmol) at
0 °C. The reaction was stirred at room temperature for 24 h and then diluted with EtOACc
and water. The resulting mixture was extracted three times with EtOAc, and the combined
extracts were washed with water for five times, then brine for once, dried over MgSQO4, and
concentrated in vacuo. The crude was purified using silica gel column chromatography

(petroleum ether/ EtOACc = 6:1) to afford compound S9 as a colorless oil (196.7 mg, 90%).

/\/O 0 /\/O ©
; i.TFA/DCM= 1:1,2 h

FmocHN” NCO,Bu  ii. 1.2 eq. BocNHNH,, 1.2 eq. HATU T MecHN™ “CONHNHBoc
s9 1.2 eq. HOAt, 2.0 eq. DIEA, DMF S10
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Compound S9 (71.0 mg, 0.15 mmol) was dissolved in a solution of trifluoroacetic
acid/DCM (2.0 mL/2.0 mL) and the reaction was stirred at room temperature for 2 h, then
the solvent was removed under a nitrogen atmosphere. The resulting residue was co-
evaporated with toluene in vacuo to get rid of remaining acid and used in the next step
without further purification.

To a solution of crude residue, tert-butyl carbazate (23 mg), HATU (68.0 mg, 0.18
mmol) and HOAt (24 mg, 0.18 mmol) in DMF (2.0 mL) was added N,N-
diisopropylethylamine (52 pL, 0.30 mmol) at 0 ° C. The reaction was stirred at room
temperature for 2 h and then diluted with water and EtOAc. The resulting mixture was
extracted three times with EtOAc, and combined extracts were washed with water for five
times, then brine for once, dried over MgSOa, and concentrated in vacuo. The crude was
purified using silica gel column chromatography (petroleum ether/ EtOAc = 6:1) to afford

compound S10 as a colorless oil (70.0 mg, 89%).

/\/O 0 HO
2.0 eq. N-methylaniline
0.1 eq. Pd(PPhg),, THF

FmocHN™ "CONHNHBoc FmocHN” “CONHNHBoc
S10 28

()

To asolution of compound S10 (60.0mg, 0.12 mmol) and tetrakis (triphenylphosphine)
palladium (15.4 mg, 0.012 mmol) in anhydrous THF (2.0 mL) was added N-methylaniline
(27 pL, 0.24 mmol) at 0 °C. The resultant solution was stirred at room temperature under
an argon atmosphere for 30 min and then dilute with EtOAc and H2O. The resulting mixture
was extracted three times with EtOAc, and the combined extracts were washed with 1 M
aqueous HCI for three times, brine for once, dried over MgSQOs, and concentrated in vacuo.
The crude was purified using silica gel column chromatography (petroleum
ether/EtOAc/AcOH = 66:33:1) to afford compound 28 as a yellow oil (43.0 mg, 75%).

Preparation of N,N-di-(tert-butoxycarbonyl)-S-ethoxypropanoate-L-tryptophan
thioester (S11)
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BocN BocN

= 1.2 eq. DCC, DCM
BocHN OH 0°Cort, Ar, BocHN \/\[r ~
o) (0] (0]
Boc-Trp(Boc)-OH s11

To asolution of Boc-Trp(Boc)-OH (200.0mg, 0.50 mmol) and ethyl 3-mercaptopropionate
(74 L, 0.6 mmol) in anhydrous DCM (2.0 mL) was added dicyclohexylcarbodiimide (124
mg, 0.6 mmol) at 0 °C. The reaction was stirred at 0 °C under an argon atmosphere for 30
min and then warmed to room temperature and reacted for 1 h. The reaction was quenched
with AcOH (0.2 mL) then filtered through Celite and concentrated in vacuo. The crude was
purified using silica gel column chromatography (petroleum ether/EtOAc = 10:1) to give
compound S11 as a colorless oil (237.5 mg, 95%).

Preparation of 4-(((9H-fluoren-9-ylYmethoxy carbonyl)amino)-5-(allyloxy)-5-

oxopentanoic acid (S13)

tBuO o) BuO O

1.2 eq. Allyl bromide
1.4 eq. DIEA, DMF, rt.
OH
FmocHN FmocHN
o} (0]
Fmoc-Glu(O'Bu)-OH $12

O\/\

To a solution of Fmoc-Glu(O'Bu)-OH (200 mg, 0.47 mmol) and allyl bromide (49 pL, 0.58
mmol) in DMF (2.0 mL) was added N, N-diisopropylethylamine (0.11 mL, 0.64 mmol) at
0 °C. The reaction was stirred at room temperature for 24 h and then diluted with EtOAc
and water. The resulting mixture was extracted three times with EtOAc, and the combined
extracts were washed with water for five times, brine for once, dried over MgSQO4, and
concentrated in vacuo. The crude was purified using silica gel column chromatography
(petroleum ether/ EtOAc = 6:1) to afford the known compound S12 as a colorless oil (203
mg, 93%).5*

S4 Fluxa, V. S.; Maillard, N.; Page, M. G. P.; Reymond, J.-L. Chem. Commun. 2011, 47, 1434-1436.
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‘BuO.__0O HO.__O

TFA/DCM = 1:1

FmocHN O FmocHN O
O O
S12 S13

Compound S12 (203mg, 0.44 mmol) was dissolved in a solution of trifluoroacetic
acid/DCM (2.0 mL/2.0 mL), the solution was stirred at room temperature for 2 h and the
solvent was removed under a nitrogen atmosphere. The crude was purified using silica gel
column chromatography (petroleum ether/ EtOAc/ AcOH = 66:33:1) to afford the known

compound S13 as a colorless oil (107 mg, 60%).5

2.2 Characterization of amino acids and derivatives

OH O (2S, 3R)-Allyl-2,6-di-(tert-butoxycarbonylamino)-
BocHN o  4-hydroxyhexanoate (9)
9 NHBoc R¢=0.2 (petroleum ether/EtOAc=2:1); IR (thin film):

vmax 3385, 2978, 2935, 1717, 1525, 1367, 1252, 1167,
558 cm'!; 'H NMR (CDCls, 400 MHz): § 5.90 (tdd, J = 10.4Hz, J = 10.8 Hz, J = 8.6 Hz,
1H), 5.40 (br, 1H), 5.30 (d, J = 40.3 Hz, 1H), 5.26 (d, J = 33.4 Hz, 1H), 4.75 (br, 1H), 4.64
(d, J = 5.4 Hz 2H), 4.29 (d, J = 8.2 Hz, 1H), 4.12 (br, 1H), 3.23-3.04 (m, 3H), 1.68-1.50
(m, 4H), 1.43 (s, ovlp, 9H), 1.42 (s, ovlp, 9H); °C NMR (CDCls, 100 MHz) : § 171.207,
156.385, 156.197, 131.595, 118.711, 80.017, 79.320, 71.921, 66.049, 57.898, 40.119,
30.628, 28.412, 28.298, 26.473; HRMS-ESI (m/z): [M+H]* calcd for CioHasN207,
403.2444; found, 403.2435. [a]**p = - 2.40° (¢ = 1.0, MeOH).

SCN O (2S, 3S)-Allyl-2,6-di-(tert-butoxycarbonylamino)-
BocHN : o N\F 4-thiocyanate-hexanoate( 10)
10 NHBoc Rf = 0.48 (petroleum ether/EtOAc=3:2); IR (thin

film): vimax 3364, 2977, 2933, 1712, 1517, 1366, 1164,
1019, 913, 745 cm*; 'H NMR (CDCls, 400 MHz): § 5.95 (tdd, J = 22.6 Hz, J = 11.4 Hz, J
= 5.6 Hz, 1H), 5.50 (d, J = 7.1 Hz, 1H), 5.68 (d, J = 29.6 Hz, 1H), 5.34 (d, J = 22.8 Hz,
1H), 4.77-4.68 (m, 3H), 4.65 (br, ovlp, 1H), 3.52 (dt, J = 9.08 Hz, 4.54 Hz, 1H), 3.18 (m,
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2H), 2.00-1.65 (m, 4H), 1.47 (s, 9H), 1.45 (s, 9H); 3C NMR (CDCls, 100 MHz) : & 168.395,
156.982, 154.904, 130.897, 120.038, 109.960, 80.967, 79.393, 66.942, 57.238, 52.315,
39.622, 28.908, 28.398, 28.243, 27.768; HRMS-ESI (m/z): [M+H]"* calcd for CaoHa4N306S,
444.2168; found, 444.2166. [a]**% = - 5.20° (¢ = 1.0, MeOH).

| (2S, 3S)-Allyl-2,6-di-(tert-butoxycarbonylamino)-

s © 4-methyldithio-hexanoate (12a)
BocHNWOM Rt = 0.39 (DCM/EtOAc=5:1); IR (thin film): Vmax
12a NHBoC 2977, 1709, 1165, 913, 742 cm™; *H NMR (CDCls,

400 MHz): 6 5.92 (tdd, J = 14.0 Hz, J = 10.7 Hz, J =
8.2 Hz, 1H),5.34 (d, J = 17.2 Hz, 1H), 5.26 (d, J = 10.24 Hz, 2H), 4.70-4.58 (m, 3H), 4.57
(br, 1H), 3.03-3.18 (m, 3H), 2.40 (s, 3H), 1.81-1.67 (m, 2H), 1.67-1.55 (m, 2H), 1.43 (s,
18H); *C NMR (CDCls, 100 MHz) : & 170.390, 155.944, 155.225, 131.452, 119.177,
80.248, 79.220, 66.214, 56.721, 53.926, 39.983, 28.422, 28.297, 27.802, 27.482, 23.841;
HRMS-ESI (m/z): [M+H]* calcd for C0H37N206S2, 465.2093; found, 465.2091. [a]]*%p =
- 36.40° (c = 1.0, MeOH).

\‘/ (2S, 3S)-Allyl-2,6-di-(tert-butoxycarbonylamino)-4-
S. tert-butyldithio-hexanoate (12b)

BocHN R N~ R¢=0.60 (petroleum ether/EtOAc=2:1); IR (thin film):

NHBoc vmax 2975, 2932, 1716, 1508, 1456, 1392, 1366, 1250,

1168 cm™; *H NMR (CDCls, 400 MHz): § 5.91 (tdd, J

=9.52,11.4,8.6 Hz , 1H), 5.34 (d, J = 17.2, 1.32 Hz, 1H), 5.28 (d, J = 28.2 Hz, 2H), 4.76

(d, J=5.6 Hz, 1H), 4.71-4.52 (m, 3H), 3.20-3.03 (m, 3H), 1.84-1.49 (m, 4H), 1.44 (s, 18H),

1.33 (s, 9H); ®°C NMR (CDCls, 100 MHz) : § 170.444, 155.891, 155.209, 131.448, 119.087,

80.077, 79.217, 66.183, 56.378, 54.977, 48.091, 40.164, 29.961, 28.415, 28.304, 27.909,

HRMS-ESI (m/z): [M+H]" calcd for Ca3HasN206S2, 507.2563; found, 507.2554. [0]**%p =
- 89.20° (c = 1.0, MeOH).

12b
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é (2S, 3S)-2,6-Di-(tert-butoxycarbonylamino)-4-
S O

BocHN w methyldithio-hexanoic acid (13a)
OH  R¢=0.15 (petroleum ether/EtOAc/AcOH=50:50:1); IR (thin
13a NHBoe film): vmax 3357, 2978, 2931, 1716, 1509, 1368, 1251, 1167,
1050, 856, 778 cm™; 'H NMR (CDCls, 400 MHz): 8 5.41 (d, J = 25.2, 1 H), 4.72 (d, J =
21.2, 2H), 3.29-2.96 (M, 3H), 2.43 (s, 3H), 1.84-1.68 (M, 2H), 1.66-1.52 (M, 2H), 1.45 (s,
18H); 3C NMR (CDCls, 100 MHz) : § 176.478, 157.350, 156.319, 79.622, 79.147, 58.641,
53.425, 41.359, 40.355,31.597, 29.708, 28.486; HRMS-ESI (m/z): [M-H]* calcd for
C17H31N206S2, 423.1624; found, 423.1621. [o]2% = - 35.60° (c = 1.0, MeOH).

\i/ (2S, 3S)-2,6-Di-(tert-butoxycarbonylamino)-4-tert-
S. o butyldithio-hexanoic acid (13b)
BocHN : on Rf= 0.15 (petroleum ether/EtOAc/AcOH=50:50:1); IR (thin

131 NHBoC film): vmax 3373, 2973, 2928, 2860, 1709, 1504, 1392, 1366,
1250, 1168, 1051, 1025, 548 cm™*; *H NMR (CDCls, 400
MHz):  5.65 (br, 1H), 5.05 (d, J = 9.6, 1H)4.48 (d, J = 9.3, 1H), 3.35-2.88 (m, 3H), 2.11-
1.54 (m, 4H), 1.43 (s, 18H), 1.31 (s, 9H); *C NMR (CDCls, 100 MHz) : § 176.277,
157.403, 156.350, 79.676, 79.182, 57.667, 54.732, 47.566, 40.532, 31.935, 30.019,
29.707, 28.492; HRMS-ESI (m/z): [M-H]* calcd for C20H37N206S2, 465.2093; found,
465.2087. [0]?% = - 21.60° (¢ = 1.0, MeOH).

0 2S-2-((9H-fluoren-9-yl) methoxy carbonyl) amino-1-

X0 CO,'Bu  tert-butoxycarbonyl -5-(allyloxy)-5-oxopentanoic acid
NHFmoc (S9)

R = 0.43 (petroleum ether/EtOAc=3:1); IR (thin film):

vmax 3357, 2978, 2931, 1716, 1509, 1368, 1251, 1167,
1050, 856, 778 cm™; *H NMR (CDCls, 400 MHz): § 7.76 (d, J = 7.5 Hz, 2H), 7.60 (d, J =
7.3 Hz, 2H), 7.40 (t, J = 7.5 Hz, 2H), 7.32 (t, J = 7.4 Hz, 2H), 5.92 (ddt, J = 16.2, 10.5, 5.8
Hz, 1H), 5.44 (d, J = 7.8 Hz, 1H), 5.32 (dd, J = 17.2, 1.4 Hz, 1H), 5.24 (dd, J = 10.4, 1.1
Hz, 1H), 4.59 (d, J = 5.7 Hz, 2H), 4.40 (d, J = 7.0 Hz, 2H), 4.31 (dd, J = 12.6, 7.7 Hz, 1H),
4.22 (t, J = 7.0 Hz, 1H), 2.55 — 2.33 (m, 2H), 2.29 — 2.17 (m, 1H), 2.06 — 1.92 (m, 1H),

S9

S17



1.48 (s, 9H). 3C NMR (CDCls, 100 MHz) : § *C NMR (100 MHz, CDCls) & 172.425,
170.999, 155.946, 143.942, 143.793, 141.324, 132.068, 127.714, 127.079, 125.114,
119.989, 118.374, 82.532, 67.034, 65.345, 53.843, 47.219, 30.212, 28.012; HRMS-ESI
(m/z): [M+H]* calcd for C27H32NOs, 466.2230; .found, 466.2218. [a]?*°p = - 18.00° (c =
1.0, MeOH).

0 2S-2-((9H-fluoren-9-yl) methoxy carbonyl)
N0 CONHNHBoc  amino-1-(tert-butoxycarbonyl) hydrazinyl-5-
g0 VHFmoc (allyloxy)-5-oxopentanoic acid (S10)

Rf = 0.19 (petroleum ether/EtOAc =2:1); IR (thin

film): vmax 3296, 2981, 2935, 1716, 1526, 1479,
1247, 1162, 760, 741cm™; 'H NMR (CDCls, 400 MHz): 88.58 (br, 1H), 7.73 (d, J = 7.5
Hz, 2H), 7.56 (dd, J = 7.3, 3.3 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.28 (t, J = 7.4 Hz, 2H),
6.71 (br, 1H), 5.88 (ddd, J = 22.9, 10.9, 5.6 Hz, 2H), 5.29 (dd, J = 17.2, 1.3 Hz, 1H), 5.21
(dd, J =10.4, 1.0 Hz, 1H), 4.56 (d, J = 5.6 Hz, 2H), 4.35 (t, J = 10.5 Hz, 3H), 4.17 (t, J =
6.9 Hz, 1H), 2.63 — 2.42 (m, 2H), 2.19 (dd, J = 13.3, 6.3 Hz, 1H), 2.00 (dt, J = 19.2, 9.5
Hz, 1H), 1.44 (s, 9H), *C NMR (CDCls, 100 MHz) : § 173.030, 171.064, 156.390, 155.204,
143.778,143.653,141.284,131.945, 127.729, 127.101, 125.105, 119.964, 118.482, 81.842,
67.279, 65.495, 52.580, 47.094, 30.216, 28.144, 27.838; HRMS-ESI (m/z): [M+NH4]*
calcd for C2sHz7N4O7, 541.2662; found, 541.2656. [0]**°p = - 28.4° (¢ = 1.0, MeOH).

HOOC CONHNHBoc  25-2-((9H-fluoren-9-yl) methoxy carbonyl) amino-1-
(tert-butoxycarbonyl) hydrazinyl-5-oxopentanoic
acid (28)

Rf = 0.15 (petroleum ether/EtOAc/AcOH=50:50:1); IR
(thin film): vmax 3357, 2978, 2931, 1716, 1509, 1368, 1251, 1167, 1050, 856, 778 cm™; *H
NMR (CDCls, 400 MHz): § 10.38 (br, 1H), 9.26 (br, 1H), 7.69 (d, J = 7.2 Hz, 2H), 7.52 (d,
J=5.9Hz, 2H), 7.33 (t, J = 7.4 Hz, 2H), 7.24 (d, J = 7.4 Hz, 2H), 7.02 (br, 1H), 6.13 (d, J
= 7.2 Hz, 1H), 4.48 (br, 1H), 4.37-4.23 (m, 2H), 4.11 (t, J = 6.6 Hz, 1H), 2.54-2.39 (m,
2H), 2.20-2.05 (m, 1H), 2.02-1.89 (m, 1H), 1.39 (s, 9H), *C NMR (CDCls, 100 MHz) : §
176.602, 171.350, 156.573, 155.602, 143.708, 143.612, 141.222, 132.195, 128.665,

28 NHFmoc
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128.543, 127.720, 127.114, 125.164, 119.944, 82.202, 67.384, 52.141, 46.955, 29.654,
28.108; HRMS-ESI (m/z): [M-H]" calcd for CasH2sN3O7, 482.1927; found, 482.1917.

[0]?®p = - 35.6° (¢ = 1.0, MeOH).

N,N-Di-(tert-butoxycarbonyl)-S-ethoxypropano-
ate-L-tryptophan thioester (S11)

BocN, __ Rf = 0.45 (petroleum ether/EtOAc=3:1); IR (thin
BocHN S \/\[fo «~ film): vmax 3346, 2979, 2933, 2857, 1732, 145_4,
o) o) 1370, 1255, 1160, 1088, 1018, 858, 768, 747, cm™;
s11 !H NMR (CDCls, 400 MHz): *H NMR (400 MHz,
CDCls) 8 8.12 (s, 1H), 7.49 (d, J = 7.7 Hz, 1H), 7.43
(d, J=8.8 Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 7.23 (t, J = 7.4 Hz, 1H), 5.02 (d, J = 8.7 Hz,
1H), 4.80-4.64 (m, 1H), 4.12 (q, J = 7.1 Hz, 2H), 3.28-2.89 (m, 4H), 2.55 (m, 2H), 1.66 (s,
9H), 1.40 (d, J = 10.5 Hz, 9H), 1.24 (t, J = 7.1 Hz, 3H). 3C NMR (CDCls, 100 MHz) : §
13C NMR (101 MHz, CDCls) § 201.056, 171.569, 154.995, 149.535, 135.394, 130.361,
124.641, 124.233, 122,674. 118.971, 115.264, 114.691, 83.737, 80.427, 60. 783, 60. 039,
34.112, 32.543, 28.284, 28.198, 27.923, 14.187; LRMS-ESI (m/z): [M+H]" calcd for

C26H37N207S1, 521.22; found, 521.26. [a]**%p = - 22.40° (c = 1.0, MeOH).
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2.3 NMR Spectra. of amino acids and derivatives

Compound 9 - 'H NMR Spectrum - CDCIs, 400 MHz

OH O
BocHN
O/\/
9 NHBoc
| T T RS e AR LR R 2o |
6.0 5.5 5.0 4.5 4.0 35 3.0 ppm
| ’\__AMM_J\LM ,/j\ A_/\JL o
f T T % T ] = T A T i T P T T T 1
Fu5 720 655 6.0 545 5:0 4.5 4.0 35 3.0 255 2.0 15 1.0 05 0.0 ppm
~ —|on |0 || ~ ~|lo
(o)) ~o ~ [ || O oo
i QN m Qm M L@ S20




,100 MHz
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Compound 10 - *H NMR Spectrum - CDCls, 400 MHz
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Compound 12a - *H NMR Spectrum - CDCls, 400 MHz
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CDCls, 100 MHz

13C NMR Spectrum
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Compound 12b - 'H NMR Spectrum - CDCls, 400 MHz
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CDCls, 100 MHz

Compound 12b — 3C NMR Spectrum
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Compound 13a - *H NMR Spectrum - CDCls, 400 MHz
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Compound 13a — *C NMR Spectrum - CDCIs, 100 MHz
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Compound 13b - *H NMR Spectrum - CDCls, 400 MHz
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Compound 13b — 3C NMR Spectrum - CDCls, 100 MHz
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Compound S9 - *H NMR Spectrum - CDClz, 400 MHz
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Compound S9 — 3C NMR Spectrum - CDCls, 100 MHz
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Compound S10 - *H NMR Spectrum - CDCls, 400 MHz
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Compound S10 — 3C NMR Spectrum - CDCls, 100 MHz

2E8
FEI

212"

FED
08s

SEF
BLE

Zrg’

Z8F”
FoE"
SOt
0T’
BEZL”
SFE"
Fez’
£59°
gLL”
FOZ"
Osg”

Fan”
oen”

LI
‘8z

"LE—

‘28—

"G
LR

18—

CONHNHBoc

NHFmoc

$10

pEm

S35



Compound 28 - 'H NMR Spectrum - CDCls, 400 MHz
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Compound 28 — 3C NMR Spectrum - CDCls, 100 MHz

20T
FED

CEE
T

FBEE

Z0a

PRE"
kT’
PTIT"
QZL”
£FST
5987
SeT”
2ad’
Z19°
BOLT
09’
ELS”

ase”
Z08°

fBE—
TRE=T

O —
TG —

LY —

o=

CONHNHBoc

HOOC

NHFmoc

28

1]

T
100

T
120

T
140

T
160

T
180

T
200

S37



Compound S11 - *H NMR Spectrum - CDCls, 400 MHz
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Compound S11 — ¥C NMR Spectrum - CDCls, 100 MHz
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I11. General Procedures for Peptide Synthesis

3.1 Preparation of amino acid pre-loaded resin and determination of
resin loading®

Pre-load an amino acid to 2-chlorotritylchloride resin

The first Fmoc-amino acid residue was loaded to 2-chlorotritylchloride resin before
Fmoc-SPPS following the general procedure below.

To a mixture of Fmoc-amino acid (1.0 equiv) and 2-chlorotritylchloride resin was
added dry DCM (approx. 10 mL per gram of resin) and DIEA (4.0 equiv). The reaction
was agitated for 2 hours. The resin was collected and washed with 17/2/1 (v/v/v) of
DCM/MeOH/DIEA (x 3), DCM (x 3), DMF (x 2), DCM (x 3), and dried in vacuo for
12 hours before the loading test.

Determination of resin loading

Dry Fmoc amino-acid resin (approx. 5 umol with respect to Fmoc) was weighted into
a clean test tube, followed by the addition of 2 mL of 2% DBU in DMF. The mixture
was agitated gently for 30 min, and then diluted to 10 mL with CH3CN. 2 mL of the
resulting solution was taken out and diluted to 25 mL in a 50 mL centrifuge tube as the
test solution. A reference solution was prepared in the same manner without the addition

of resin.

The silica UV cell was filled with reference solution to blank the U.V.
spectrophotometer. The solution in the silica UV cell was changed to the test solution
after washing with the test solution for three times. The optical density at 304 nm was
recorded for three times and the average value was calculated as AbSsample. The Fmoc
loading of resin could be calculated using the equation below:

Fmoc loading: mmol/g = AbSsampie X16.4/(mg of resin).

3.2 Solid-Phase Peptide Synthesis
3.2.1 Automated Solid-Phase Peptide Synthesis

Automated peptide synthesis was performed on a Pioneer peptide synthesis system

S5 Peptide Synthesis, 2010/2011 Catalog, Merck.
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(GEN600611) or a CS Bio peptide synthesizer (CX136XT).

Pioneer peptide synthesizer Peptides were synthesized under standard automated Fmoc

protocols using DMF as solvent, deblocking for 5 min in piperidine/DBU/DMF (2:2:96,
v/v/v), coupling for 25 min (standard cycle), or 55 min (extended cycle) for amino acids
after steric hindered residues such as prolines, valines, threonines, isoleucines and

arginines using HATU as coupling reagent.

CS Bio peptide synthesizer Peptide synthesis was performed following the general

protocol using DMF as solvent, deblocking (5 min x 2) in piperidine/DMF (20:80, v/v)
containing Oxyma (0.1 M), couple for 25 min using HATU/HOBt (1:1) as coupling
reagent, for amino acids after steric hindered residues, the coupling cycle was repeated

as needed.

3.2.2 Manual Solid-Phase Peptide Synthesis

Manual peptide synthesis was performed when dipeptides (Fmoc-Gly-Thr(yMeM¢Pro)-
OH, Fmoc-Tyr('Bu)-Ser(yM*M°Pro)-OH, Fmoc-Asn(Trt)-Ser(yM*MPro)-OH) and
synthetic amino acid derivatives (Fmoc-Ser (a-Man-Ac4)-OH, Fmoc-Asn(Chitobiose-

Acs)-OH, Boc-LysPSSMe(Boc)-OH, Boc-LysP -S54 (Boc)-OH) were involved.

Deprotection: The resin was treated with piperidine/DMF (20:80, v/v) containing 0.1
M Oxyma (5 min % 2) and washed with DMF (x 3), DCM (x 3) and DMF (x 3).

Amino acid coupling: Protected amino acid (2 equiv), HATU (2 equiv) and HOAt (2
equiv) was dissolved in 3 mL of DMF, to which DIEA (4 equiv) was added. The amino

acid was preactivated for 1 min, then the solution was added to the resin. After agitated
for 1 h, the resin was washed with DMF (x 3), DCM (% 3) and DMF (x 3), and same

coupling cycle was repeated.

The following *N-Fmoc or “N-Boc-protected amino acids and pseudoproline
dipeptides from Novabiochem, GL Biochem, CS Bio or Bomaijie were employed in
SPPS: Fmoc-Ala-OH, Fmoc-Arg(Pbf)-OH, Fmoc-Asn(Trt)-OH, Fmoc-Asp(O'Bu)-OH,
Fmoc-Glu(O'Bu)-OH, Fmoc-GIn(Trt)-OH, Fmoc-Gly-OH, Fmoc-His(Trt)-OH, Fmoc-
Ile-OH, Fmoc-Leu-OH, Fmoc-Lys(Boc)-OH, Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc-
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Pro-OH, Fmoc-Ser('‘Bu)-OH, Fmoc-Thr(‘Bu)-OH, Fmoc-Trp(Boc)-OH, Fmoc-Tyr-OH,
Fmoc-Val-OH, Fmoc-Thr(HPO3Bzl)-OH, Fmoc-Gly-Thr(yM®MPro)-OH, Fmoc-
Tyr(‘Bu)-Ser (yM*M°Pro)-OH, Fmoc-Asn(Trt)-Ser(yMMPro)-OH, Boc-Asp(O'Bu)-
OH, Boc-Ile-OH, Boc-Leu-OH, Boc-Thr('Bu)-OH, Boc-Ala-OH, Boc-Trp(Boc)-OH,
Boc-Cys(Trt)-OH, N-Boc-L-pyroglutamic acid, Fmoc-Thr(HPO3Bzl)-OH.

The 2-chlorotritylchloride resin (1.147 mmol/g) employed in SPPS was purchased
from GL Biochem, and Rink MBHA resin (0.42 mmol/g) was purchased from CS Bio.

3.3 Preparation of Peptidyl Acids and Peptidyl Amides

Upon completion of the automated synthesis on a 0.05 mmol scale, the peptide resin
was washed into a peptide synthesis vessel using DCM. Resin cleavage and global
deprotection was performed under the treatment of TFA/H>O/TIS (95:2.5:2.5, v/v/v)
solution for 2 hours. The resin was then removed by filtration, and the filtrate was
concentrated under a nitrogen atmosphere. The resulting residue was triturated with
cold diethyl ether to give a white solid, which was then dissolved in a solution of MeCN
and water containing 5% of acetic acid. The resulting solution was ready for HPLC
purification after filtration. Utilization of 2-chlorotrityl resin and Rink-MBHA resin

afforded the peptidyl acids and peptidyl amides respectively.

3.4 Preparation of Peptidyl Thioesters

3.4.1 Preparation of peptidyl thioester using a side-chain anchoring strategy™®

The Rink amide MBHA resin was employed to install the first amino acid derivative,
followed by the automated SPPS, where the final amino acid was introduced as Boc-
Xaa-OH. After SPPS, the peptide resin was washed into a peptide synthesis vessel using
DCM, washed further with DCM, and dried in vacuo overnight. Then peptide resin (1.0
equiv based on a scale of 0.05 mmol) was swollen in dry DCM (5 mL), followed by the
addition of a solution of Pd(PPhs)4 (1.0 equiv) and PhSiHj3 (40 equiv) in dry DCM (2
mL), agitated for 1 h, and washed with DCM (x 3), DMF (% 3) and DCM (x 3). A
solution of ethyl 3-mercaptopropionate (50 equiv), anhydrous HOBt (60 equiv), DIEA
(70 equiv) and DIC (60 equiv.) in DCM/DMF (4:1, v/v) was added to the vessel, and
the resin was agitated for 1 h at room temperature, washed with DCM (x 3), DMF (%

3) and DCM (% 3). Resin cleavage and global deprotection was performed under the

S6Ficht, S.; Payne, R. J.; Guy, R. T.; Wong, C.—H. Chem. Eur. J. 2008, 14, 3620-3629.
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treatment of TFA/H,O/TIPS (95:2.5:2.5, v/v/v) solution for 2 hours. The resin was then
removed by filtration, and the filtrate was concentrated under a nitrogen atmosphere.
The resulting residue was triturated with cold diethyl ether to give a white solid, which
was then dissolved in a solution of MeCN and water containing 5% of acetic acid. The

resulting solution was ready for HPLC purification after filtration.

3.4.2 Preparation of peptide thioester using a direct thioesterfication strategy>’

After SPPS using 2-chlorotritylchloride or Trityl-ChemMatrix resin, where the last
residue was introduced as Boc-Xaa-OH, the protected peptidyl acid (1.0 equiv based
on a scale of 0.05 mmol) was cleaved from resin using DCM/TFE/AcOH (3:1:1, v/v/v)
for three times, and the filtrate was concentrated under a nitrogen atmosphere. The
resulting residue was dissolved in a solution of 20% MeCN in water, and lyophilized
to remove residual acid.

To the obtained dry powder was added PyClock (5 equiv), 4 A molecular
sieves (approx. 40 mg), and the mixture was dissolved in 3 mL of dry DMF. The
resulting reaction was cooled to -20 °C, and ethyl 3-mercaptopropionate (30 equiv) was
added, followed by the addition of DIEA (5 equiv). The resulting mixture was stirred
at -20 °C for 2 h, quenched by adding 0.2 mL of acetic acid, diluted with 20% MeCN
in water, and concentrated via lyophilization. The resulting residue was treated with 4
mL of TFA/H,O/TIS (95:2.5:2.5, v/v/v) and stirred at room temperature for 2 h. The
mixture was concentrated under a nitrogen atmosphere, and triturated with cold diethyl
ether. The resulting residue was dissolved in a solution of MeCN and water containing

5% acetic acid. The resulting solution was ready for HPLC purification after filtration.

3.5 Native Chemical Ligation

To a mixture of the west-side peptide thioester (1.1 equiv), and east-side peptide
containing thio-amino acid at the N-terminus (1.0 equiv), were added appropriate
volume of ligation buffer (6 M Gn-HCI, 300 mM NaH>PO4, 200 mM MPAA, 20 mM
TCEP-HCI, pH 7.2) under an argon atmosphere, the concentration of the east-side
peptides is approximately 3 mM, and the resulting solution was stirred at room
temperature (25 °C) and monitored using LC-MS. The reaction was quenched with

H>0/MeCN/AcOH (90:5:5, v/v/v) and purified using preparative HPLC.

S7 Kajihara, Y.; Yoshihara, A.; Hirano, K.; Yamamoto, N. Carbohydr. Res. 2006, 341, 1333-1340.
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3.6 Metal-free Desulfurization

To a solution of the thiol-containing peptide (3 mM) in appropriate volume of degassed
buffer (6 M Gn*HCl, 200 mM Na,HPOs, pH 7.2) was added 200 pL of 0.5 M Bond-
breaker® TCEP solution (Pierce), 20 pL of 2-methyl-2-propanethiol and 100 pL of
radical initiator VA-044 (0.1 M in degassed water). The reaction mixture was stirred at
37 °C and monitored by LC-MS. Upon complete consumption of the thiol-containing
peptide, the reaction was quenched with Ho-O/MeCN/AcOH (90:5:5, v/v/v) and further
purified using preparative HPLC.

3.7 One-pot Ligation-Desulfurization

To a mixture of the west-side peptide thioester (1.1 equiv), and east-side peptide
containing thio-amino acid at the N-terminus (1.0 equiv), was added appropriate
volume of ligation buffer (6 M Gn-HCL, 200 mM Na,HPO4, 20 mM TCEP-HCI, pH
7.0) under an argon atmosphere, the concentration of the west-side peptides is
approximately 3 mM, and the resulting reaction was stirred at room temperature (25 °C)
and monitored by LC-MS.

Upon completed consumption of the east-side peptide, 200 puL of 0.5 M Bond-
breaker® TCEP solution (Pierce), 20 uL of 2-methyl-2-propanethiol and 100 uL of
radical initiator VA-044 (0.1 M in degassed water) were added sequentially to the above
reaction mixture carefully under an argon atmosphere. The reaction was stirred at 37 °C
and monitored by LC-MS. Upon completion, the reaction was quenched with

H>O/MeCN/ AcOH (90:5:5, v/v/v) and further purified using preparative HPLC.

3.8 Hydrazide-based Peptide Ligation®®

To a mixture of the west-side peptidyl hydrazide (1.1 equiv), and east-side peptide
containing thio-amino acid at the N-terminus (1.0 equiv), was added appropriate
volume of buffer A (6 M Gn-HCI, 200 mM NaH>POg, pH 3-4), the concentration of the
west-side peptides is approximately 4 mM. The reaction mixture was transferred to —a
15 °C bath, and a freshly-prepared solution of 200 mM NaNO; (7.0 equiv) in water was
added dropwise. After oxidized for 20 min at -15 °C, buffer B (6 M Gn-HCI, 200 mM

S8 (a) Fan, G.-M.; Li, Y.-M.; Shen, F.; Huang, Y.-C.; Li, J.-B.; Lin, Y.; Cui, H.-K,; Liu, L. Angew. Chem., Int. Ed.
2011, 50, 7645 -7649; (b) Zheng, J.-S.; Tang, S.; Qi, Y.-K.; Wang, Z.-P.; Liu, L. Nat. Protoc. 2013, 8, 2483-2495.
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NaHPO4, 200 mM MPAA, pH 7.0-7.2) was added, the solution was adjusted to pH 7.0
by slow addition of 2.0 M NaOH solution, and the final concentration of the west-side
peptides is approximately 2 mM.

The resulting reaction was stirred at room temperature (25 °C) and monitored by
LC-MS. Upon completed consumption of west-side peptide, 200 mL of buffer C (6 M
Gn-HCI, 200 mM Na,HPO4, 50 mM TCEP-HCI, pH 7.0-7.2) was added, and reacted
for 20 min, then diluted with HoO/MeCN/AcOH (90:5:5, v/v/v) and further purified
using preparative HPLC.
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V. Preparation and Characterization of Peptide Segments

Peptidyl thioester 16a

Chemical Formula: CogHs7N704,S

HH Exact Mass: 705.30
N S ' )
QL j}( \'q‘\ g " CO,Et  Molecular Weight: 705.78

H - DQSIQ - S(CH,),CO,E! (16a)
Peptidyl thioester 16a was prepared according to General Procedure 2.4.1 using Pioneer
peptide synthesizer on a 0.05 mmol scale, and Fmoc-Glu-OAll (S13) was applied as
the first amino acid residue, the y-carboxylate was linked to the Rink amide resin.
Purification of the crude peptide using preparative HPLC (10 to 50% solvent B over 30
min, Agilent Eclipse XDB-C18 column) afforded peptide 16a as a white solid after
lyophilization (16.4 mg, 45%).

ACQ.SQDELBAB20 22:30:4621-Dec-2017 ACQ-SQDHLBAB20 21-De0-201722:30:46
Armay DYK_5_32_C_100050 1124 (18 872) Cm (11031162) Saa
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Figure S1. Left: UV and MS traces of the purified peptidyl thioester 16a. Linear gradient: 10 to 50%
solvent B over 30 min, Agilent C18 column, tg = 18.9 min; Right: ESI-MS data of the purified
peptidyl thioester 16a. Calcd for C,sHa7N7012S: 705.78 Da (average isotopes), (m/z) [M+H]*:
706.31; found [M+H]": 706.28.

Peptidyl thioester 16b

Chemical Formula: C3gHgoNgOgS
\/\CO Et Exact Mass: 788.43

Molecular Weight: 789.01

NH2
H - ILKNW - S(CH,),CO,Et (16b)

Peptidyl thioester 16b was prepared according to General Procedure 2.4.2 using
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Pioneer peptide synthesizer on a 0.05 mmol scale. Purification of the crude peptide
using preparative HPLC (20 to 70% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16b as a white solid after lyophilization (16.0 mg, 39%)).
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Figure S2. Left: UV and MS traces of the purified peptidyl thioester 16b. Linear gradient: 20 to 80%
solvent B over 30 min, Agilent C18 column, tg = 14.1 min; Right: ESI-MS data of the purified
peptidyl thioester 16b. Calcd for C3sHgoN3gOsS: 789.01 Da (average isotopes), (m/z) [M+H]*: 789.43,
[M+2H]?:395.22; found [M+H]*: 789.89, [M+2H]?": 395.67.

Peptidyl thioester 16¢

NH2
Chemical Formula: C33HgoN1,08S
HZN\)L i‘/N\A i‘/ \)LN/YS\/\CO gt Exact Mass: 786.45

Molecular Weight: 787.00

H-LRLRGG - S(CHZ)ZCOZEt(16c)

Peptidyl thioester 16¢ was prepared according to General Procedure 2.4.2 using Pioneer
peptide synthesizer on a 0.05 mmol scale. Purification of the crude peptide using
preparative HPLC (55 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16¢ as a white solid after lyophilization (13.9 mg, 35%).
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Figure S3. Left: UV and MS traces of the purified peptidyl thioester 16¢. Linear gradient: 5 to 50%
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solvent B over 30 min, Agilent C18 column, tg = 21.4 min; Right: ESI-MS data of the purified
peptidyl thioester 16¢. Calcd for C3sHeN1205S: 787.00 Da (average isotopes), (m/z) [M+H]":
787.46, [M+2H]**:394.23; found [M+H]": 787.35, [M+2H]*": 394.41.

Peptidyl thioester 16d

H,N._O
OH S
Lo by HN " C0,Et
Chemical Formula: C35Hs56N19010S
N N (o] 35M56/N10Y1092
H,N QL” e
o ( o \S/\ )‘K

Exact Mass: 840.36

N Molecular Weight: 841.01
H

NH

HNZ NH,
H - TRQC(Acm)F - S(CH,),CO,Et (16d)

Peptidyl thioester 16d was prepared according to General Procedure 2.4.2 using
Pioneer peptide synthesizer on a 0.05 mmol scale. Purification of the crude peptide
using preparative HPLC (20 to 35% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16d as a white solid after lyophilization (11.1 mg, 26%).
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Figure S5. Left: UV trace f of peptidyl thioester 16d. Linear gradient: 5 to 50% solvent B over 30
min, Agilent C18 column, tg = 24.7 min; Right: ESI-MS data of the purified peptidyl thioester 16d.

Caled for C35Hs¢N19010S2: 841.01 Da (average isotopes), (m/z) [M+H]*: 841.37; found [M+H]":
841.29.

Peptidyl thioester 16e

Chemical Formula: CpgHs50NgO11S
CO,Et 29M1501N6~ 11
N\g\( Jk % Y25 Exact Mass: 690.33

Molecular Weight: 690.81

H - DQSIL - S(CH,),CO,Et (16e)

Peptidyl thioester 16e was prepared according to General Procedure 2.4.2 using Pioneer
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peptide synthesizer on a 0.05 mmol scale. Purification of the crude peptide using
preparative HPLC (20 to 65% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16e as a white solid after lyophilization (8.4 mg, 24%).

L T N R I I T Y ™

Figure S4. Left: UV and MS traces of the purified peptidyl thioester 16e. Linear gradient: 20 to 60%
solvent B over 30 min, Agilent C18 column, tg = 18.0 min; Right: ESI-MS data of the purified
peptidyl thioester 16e. Calcd for CaoHsoNeO11S: 690.81 Da (average isotopes), (m/z) [M+H]":
691.33; found [M+H]": 691.55.

Peptidyl thioester 16f

HN\

HZN\)L /<r\/ ¢ % ~_-CO,Et Chemical Formula: Co7Hs4N7013PS
s Exact Mass: 737.25

Molecular Weight: 737.72

H - AHT(POSHLIDV - S(CHyCOREL (160
Peptidyl thioester 16f was prepared according to General Procedure 2.4.2 using Pioneer
peptide synthesizer on a 0.05 mmol scale, where commercially available Fmoc-
Thr(HPO3Bzl)-OH was coupled manually. Purification of the crude peptide using
preparative HPLC (15 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16f as a white solid after lyophilization (12.0 mg, 33%).

m.
b — — e wam | L | .
T a0 800 800 000 1200 400 | 1600 1RQ0 | 2000 | z200 | pam 2600 @m0 w00 I S N N N R TR Y

Figure S6. Left: UV and MS traces of the purified peptidyl thioester 16f. Linear gradient: 10 to 50%
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solvent B over 30 min, Agilent C18 column, tg = 18.3 min; Right: ESI-MS data of the purified
peptidyl thioester 16f. Calcd for Cy7H44N7013PS: 737.72 Da (average isotopes), (m/z) [M+H]":
738.25; found [M+H]": 738.38.

Peptidyl thioester 16qg

HO HO

o Chemical Formula: C43H75N1,02,8
"o Q&&/NH Exact Mass: 1140.46
AcHN Molecular Weight: 1141.17
AcHN OH
(o} 9—1 o H 0]
H2N\)k NJK > NJ& S~
- N N2 - N/Y CO,Et
E HHE : H

HOT(’ o) ( o)
o) j\”
B-Chitobiose HN™ "NH,

|
H - DNGTRG - S(CH,),CO,Et (16g)

Peptidyl thioester 16g was prepared according to General Procedure 2.4.2 using Pioneer
peptide synthesizer on a 0.03 mmol scale, where Fmoc-Asn(chitobiose-Acs)-OH® (1.5
equiv x 2) and Boc-Asp(O'Bu)-OH (4 equiv x 1) were coupled manually. After the
installation of the last amino acid, the acetyl groups on chitobiose were removed by
treating the resin with 4 mL of 5% N2H4*H2O in DMF overnight. Then the peptide was
cleaved from resin following the general procedure. Purification of the crude peptide
using preparative HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16g as a white solid after lyophilization (2.7 mg, 14%).
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Figure S7. Left: UV and MS traces of the purified peptidyl thioester 16g. Linear gradient: 5 to 50%
solvent B over 30 min, Agilent C18 column, tg = 14.7 min; Right: ESI-MS data of the purified
peptidyl thioester 16g. Calcd for CazH7:2N12022S: 1141.17 Da (average isotopes), (m/z) [M+H]":
1141.47; found [M+H]": 1141.28.

9 Wagner, M.; Dziadek, S.; Kunz, H. Chem. Eur. J. 2003, 9, 6018-6030.
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Peptidyl thioester 16h

NH,
HS,
v 0 v 9@ v © Chemical Formula: C7Hs4NgO 1S5
H’N\AN%N%N N\)kzNjYS\/\COZEt Exact Mass: 850.34
B H o :\ H o) i OH O Molecular Weight: 851.00
AN S OH i
o
H - WASKDP(4-SH) - S(CH,),CO,Et (16h)
Peptidyl thioester 16hS° was prepared according to General Procedure 2.4.2 using
Pioneer peptide synthesizer on a 0.05 mmol scale. Purification of the crude peptide
using preparative HPLC (18 to 40% solvent B over 30 min, Agilent Eclipse XDB-C18
column) afforded peptide 16h as a white solid after lyophilization (11.1 mg, 26%).
HPLC-MS: tr =22.7 min (5 to 50% solvent B over 30 min, Agilent C18 column); ESI-
MS: caled for C37Hs4NsO11S2: 851.00 Da (average isotopes), [M+H]" m/z = 852.00,

[M+2H]?* m/z = 426.50; observed [M+H]* m/z = 851.90, [M+2H]>" m/z = 426.61.

Peptide 19a

Molecular Weight: 640.77

NH,
\S/S o OHO/"
H H Chemical Formula: Cp4H44NgO10S>
HaN N\)kNj;(NJLN H OH Exact Mass: 640.26
: H B
OHO/ o 1\ [e]

0”7 oH
H - KPSSMSVET - OH (19a)

Peptide 19a was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale, where Boc-LysPSSM¢(Boc)-OH (13a) (1.5 equiv) was
coupled manually. Purification of the crude peptide using preparative HPLC (5 to 50%
solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded peptide 19a as a
white solid after lyophilization (17.6 mg, 55%).

$10 Gui, Y.; Qiu, L.; Li, Y.; Li, H.; Dong, S. J. Am. Chem. Soc. 2016, 138, 4890—4899.
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Figure S8. Left: UV and MS traces of the purified peptide 19a. Linear gradient: 5 to 50% solvent
B over 30 min, Agilent C18 column, tg = 11.7 min; Right: ESI-MS data of the purified peptide 19a.
Calcd for C24HasN6O10S2: 640.77 Da (average isotopes), (m/z) [M+H]": 641.26; found [M+H]":
641.36.

Peptide 19b

NH,
O, OH o
\S/S u o " 0o OH  Chemical Formula: Cy4H4oNgO13S;
H2N NJLH NJLH on 52?22375?3&32?&22384.73
O/E o \OH o
HO o
H - KP-SSMeEESD - OH (19b)
Peptide 19b was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale, where Boc-LysPSSM¢(Boc)-OH (13a) (1.3 equiv) was
coupled manually . Purification of the crude peptide using preparative HPLC (2 to 50%
solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded peptide 19b as a
white solid after lyophilization (10.5 mg, 29%).
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Figure S9. Left: UV and MS traces of the purified peptide 19b. Linear gradient: 2 to 50% solvent
B over 30 min, Agilent C18 column, tr = 11.0 min; Right: ESI-MS data of the purified peptide 19b.
Calcd for Co4HaoNsO13S2: 684.73 Da (average isotopes), (m/z) [M+H]*: 685.22; found [M+H]*:
685.48.

Peptide 19c

OH
1) Chemical Formula: C3Hg1N;013S3
H .
Exact Mass: 895.35
N
N %OH Molecular Weight: 896.10
0 :

PR

NH, NHa
a—Ma‘nnose
H - K#SSMeSMYK - OH (19c)
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Peptide 19¢ was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale, where Fmoc-Ser(Man-Ac4)-OH5! (1.5 equiv x 2),
Boc-LysPSSM¢(Boc)-OH (13a) (0.6 equiv x 2) were coupled manually. Upon
completion of manual synthesis, the resin was subjected to a cleavage cocktail
TFA/TIS/H20 (95:2.5:2.5, v/v/v) for 2 h. The resin was removed via filtration, and the
solvent was blown off under a nitrogen atmosphere.

The resulting residue was triturated with cold diethyl ether to give a white solid,
which was then dissolved in a solution of 20% CH3CN in H2O. After lyophilization,
the resulting powder was treated with 10 ml of hydrazine solution (hydrazine
hydrate/MeOH, 95:5, v/v) at rt under an argon atmosphere overnight to remove the
acetyl groups on mannose. The reaction was quenched with 10 ml of
CH3CN/H20O/AcOH (5:90:5, v/v/v). Purification of the crude peptide using preparative
HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded
peptide 19¢ as a white solid after lyophilization (10.5 mg, 25%))..
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Figure S10. Left: UV and MS traces of the purified peptide 19c. Linear gradient: 5 to 50% solvent
B over 30 min, Agilent C18 column, tg = 13.0 min; Right: ESI-MS data of the purified peptide 19c.
Calcd for C3sHs1N7013Ss: 896.10 Da (average isotopes), (m/z) [M+H]*: 896.36, [M+2H]%*: 448.68;
found [M+H]*: 896.41, [M+2H]?*: 448.94.

Peptide ASa-a

NH,

HN__O e
HO
0 H ) H o Hi Hi Chemical Formula: C4gH7gN13029
HONN NJ)LN N, AN N N A2 OH  Exact Mass: 1133.56
H H H H : HH Molecular Weight: 1134.21
(0] NH, OHO (0] (¢} \OH o 1\ o
o 2
)

N
H
NH O~ "OH

H - DQSIQKaSVET - OH (ASa-a

S11 Chen, L.; Tan, Z. Tetrahedron Lett. 2013, 54, 2190-2193.
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Peptide ASa-a was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale. Purification of the crude peptide using preparative
HPLC (10 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded
peptide ASa-a as a white solid after lyophilization (16.9 mg, 30%).
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Figure S11. Left: UV and MS traces of the purified peptide ASa-a. Linear gradient: 10 to 20%
solvent B over 30 min, Agilent C18 column, tz = 15.3 min; Right: ESI-MS data of the purified
peptide ASa-a. Calcd for CssH7oN13020: 1134.21 Da (average isotopes), (m/z) [M+H]*: 1134.56;
found [M+H]*: 1134.47.

Peptide ASa-¢

Oy NH2 Oy OH
HO OH

0 ';‘Hz hw © HH o ,iH ; o %H Q gH H 0 Chemical Formula: C4gH7gN13050

z HO

H,N™ 0

H - DQSIQK®SVET - OH (ASa-g)
Peptide ASa-¢ was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale, where Boc-Lys(Fmoc)-OH was used besides other
standard Fmoc-amino acids. Purification of the crude peptide using preparative HPLC
(10 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded peptide

ASa-¢ as a white solid after lyophilization (18.4 mg, 32%).
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Figure S12. Left: UV and MS traces of the purified peptide ASa-¢. Linear gradient: 10 to 20%
solvent B over 30 min, Agilent C18 column, tr = 15.2 min; Right: ESI-MS data of the purified

peptide ASa-g. Caled for C46H79N13020: 1134.21 Da (average isotopes), (m/z) [M+H]": 1134.56;
found [M+H]": 1134.40.

Peptide ASb-a

NHz Chemical Formula: CsgHggN14019
\)L \)L Exact Mass: 1260.64
N o Molecular Weight: 1261.40

H - ILKNWK EESD - OH (ASb-a)

Peptide ASb-a was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale. Purification of the crude peptide using preparative
HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded
peptide ASb-a as a white solid after lyophilization (27.2 mg, 43%).
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Figure S13. Left: UV and MS traces of the purified peptide ASb-a. Linear gradient: 5 to 50%
solvent B over 30 min, Agilent C18 column, tg = 16.4 min; Right: ESI-MS data of the purified
peptide ASb-a. Calcd for CsgHsgN14O19: 1261.40 Da (average isotopes), (m/z) [M+H]": 1261.64;
found [M+H]": 1261.54.
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Peptide ASb-¢

NH, Hf/
ZNf
Chemical Formula: C56HggN14019
OH Exact Mass: 1260.64
oH Molecular Weight: 1261.40
NH

H - ILKNWK®EESD - OH (ASb-g)

Peptide ASb-¢ was prepared according to General Procedure 2.3 using Pioneer peptide
synthesizer on a 0.05 mmol scale, where Boc-Lys(Fmoc)-OH was used besides other
standard Fmoc-amino acids. Purification of the crude peptide using preparative HPLC
(5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column) afforded peptide
ASDb-g as a white solid after lyophilization (21.6 mg, 20%).
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Figure S14. Left: UV and MS traces of the purified peptide ASb-¢. Linear gradient: 5 to 50%
solvent B over 30 min, Agilent C18 column, tg = 16.4 min; Right: ESI-MS data of the purified
peptide ASb-g. Calcd for CssHgsN14O19: 1261.40 Da (average isotopes), (m/z) [M+H]": 1261.64,
[M+2H]*": 631.32; found [M+H]": 1261.51 [M+2H]*": 631.44.
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V. Investigation of the Selectivity in g-Thiolysine-mediated
Peptide Ligation

5.1 Investigation of a-ligation at lysine site

Ligation reaction between 16a and 19a

NHs NH,
CONH,
MeSS a's
H
woL A @D
N SVET }—OH
S(CH,),CO,Et + SVET }-OH ——— H—{DaslI N
H—{oasi }-n HaN (sver) LR
o o
16a 19a CONH, 20a

1.12 mg of peptidyl thioester 16a (1.1 equiv) and 0.92 mg of thiolysine peptide 19a
(1.0 equiv)were subjected to the ligation conditions following General Procedure 3.5
as described previously. The reaction was stirred at room temperature (25 <C) under an
argon atmosphere and monitored by LC-MS. Upon the completed consumption of 19a
after 8 h, the reaction was quenched with 1.0 mL of CHzCN/H2O/AcOH (5:90:5, v/viv)
solution. The resulting mixture was purified using preparative HPLC (5 to 50% solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 20a (1.34 mg, 80%)

as a white solid.
2 MPAA

from buffer__ 16a(MPAA)

W | e Wed | wed | 1 | aeg | 2% | Mo | e | o0 | e HN__O
5

: NH,
T
|DYK_5_64_8in_Sm80 - Scan L;

1oH i a5l w HS.
I I+ oo Lo Ny, o 4o .o OH
|

HN\)ku N\)J\H ;' N\)ku N\)ku N\)J\u g OH
Ho\ﬂ/ O oy o] O oy o} l o
I o [ogiae]

HN" S0 H
i 20a
\ i Chemical Formula: C4gH7gN130508
e Exact Mass: 1165.53
Tew Molecular Weight: 1166.27
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Figure S15. Top left: UV and MS traces of the ligation reaction between peptides 16a and 19a after
8 h; Top right: Structure and Structure and calculated data of 20a; Bottom left: UV and MS traces
of the purified product 20a. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column,
tr = 13.6 min; Bottom right: ESI-MS data of the purified product 20a. Calcd for CssH79N13020S:
1166.27 Da (average isotopes), (m/z) [M+H]*: 1166.54, [M+2H]?*: 583.77; found: [M+H]*: 1166.57,
[M+2H]?*: 584.00.

Desulfurization reaction of 20a

NH, NH,

HS o

o
H MFD H

H—{Dasl NQLN SVET}-oH H—{Dasl NJLH SVET}—OH
E

o] : 9]
CONH, 20a CONH, 21a
1.11 mg of peptide 20a obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere and monitored by LC-MS,
upon the completed consumption of 20a after 1 h, the reaction was quenched with 1.0
mL of CH3CN/H20/AcOH (5:90:5, v/v/v) solution. The resulting mixture was purified
using preparative HPLC (7 to 30% solvent B over 30 min, Agilent Eclipse XDB-C18
column). The fractions containing pure peptide were collected, and concentrated via

lyophilization to afford 21a (0.76 mg, 70%) as a white solid.

H,N 0 HO o

21a
Chemical Formula: C4gH7gN13020
— - Exact Mass: 1133.56
& mn  me  ww Molecular Weight: 1134.21
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Figure S16. Top left: UV and MS traces of the desulfurization reaction of 20a; Top right: Structure
and calculated data of 21a; Bottom left: UV trace of the purified product 21a. Linear gradient: 5 to
50% solvent B over 30 min, Agilent C18 column, tr = 13.9 min; Bottom right: ESI-MS data of the
purified product 21a. Calcd for CasH7oN13020: 1134.21 Da (average isotopes), (m/z) [M+H]*:
1134.56; found: [M+H]*: 1134.40.

Structure elucidation of peptide 21a

The analytical samples were prepared by dissolving the desulfurized peptide 21a
(DYK-X), synthetic authentic peptides ASa-a (DYK-A), ASa-¢ (DYK-B) and a
mixture of ASa-a and ASa-¢ (DYK-MIX) in CH3CN/H20 (1:4, v/v), respectively. Four
samples were injected to analytic UPLC and analyzed according to the conditions
described in Table S1. The UV traces indicated that the retention time of DYK-X (tr=
6.71 min) aligned well with that of DYK-A (tr= 6.72 min), which was of significantly
difference with the retention time of DY K-B (tr= 7.30 min). These results suggest that
the desulfurized peptide 21a (DY K-X) is an a-peptide.

Table S1. UPLC analysis conditions of 21a, ASa-a and ASa-g.

Column Agilent Zorbax SB-Phenyl column, 100 x 4.6 mm 1.8 pm

Mobile phase: Phase A (Water), Phase B (MeOH+0.05% TFA)

Flow Mode Time (min) Phase A Phase B
0 90% 10%
10 70% 30%
12 5% 95%
14 5% 95%

Flow 1.0 mL/min

UV wavelength 210 nm

Column Temp. 40 °C
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DAD1 A, Sig=210,4 Ref=off (D:\PHRAMAR..\201801120180109\20180109-11315- 2018-01-09 16-16-01\DYK-X-H20.D)

100

50

-50

-100

-150

-200

L_B706

-250

Figure S17. UPLC analysis of desulfurized peptide 21a (DY K-X).
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Figure S18. UPLC analysis of synthetic peptide ASa-a (DYK-A).
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Figure S19. UPLC analysis of synthetic peptide ASa-¢ (DYK-B).
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Figure S21. Overlay of the UPLC traces.

Ligation reaction between 16b and 19b

NH,

M MeSS oS
JL OH
(k) S(CH,),CO4Et + (EESD) OH*>H —(Ikny
o}
19b

o
NH
20b

1.28 mg of peptidyl thioester 16b (1.1 equiv) and 1.0 mg of thiolysine peptide 19b (1.0

16b

equiv) were subjected to the ligation conditions following General Procedure 3.5 as
described previously. The reaction was stirred at room temperature (25 <C) under an
argon atmosphere and monitored by LC-MS. Upon the completed consumption of 19b
after 8 h, the reaction was quenched with 1.0 mL of CH3sCN/H2O/AcOH (5:90:5, v/v/v)
solution. The resulting mixture was purified using preparative HPLC (5 to 50% solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 20b (1.18 mg, 77%)

as a white solid.
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Chemical Formula: CsgHgsN14015S

Exact Mass: 1292.61
Molecular Weight: 1293.46

Figﬁfe $22. Tép left: UV and MS traces of thélligation reaction between péptides 16b and 19b after

8 h; Top right: Structure and calculated data of 20b; Bottom left: UV and MS traces of the purified
product 20b. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tr = 15.8 min;
Bottom right: ESI-MS data of the purified product 20b. Calcd for CssHsgN14O19S: 1293.46 Da
(average isotopes), (m/z) [M+H]™: 1293.61, [M+2H]*": 647.31, [M+3H]**: 431.88; found: [M+H]":
1293.70, [M+2H]*": 647.71, [M+3H]*": 432.16.

Desulfurization reaction of 20b

NH, NH,

HS

e 0
H H
HN%H OH  wFD HN:QLH oH

o) 0
~NH ~NH
20b 21b

0.70 mg of peptide 20b obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere and monitored by LC-MS
upon the completed consumption of 20b after 1 h, the reaction was quenched with 1.0
mL of CH3CN/H20/AcOH (5:90:5, v/v/v) solution. The resulting mixture was purified
using preparative HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18
column). The fractions containing pure peptide were collected, and concentrated via
lyophilization to afford 21b (0.51 mg, 70%) as a white solid.
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Figure S23. Top left: UV and MS traces of the desulfurization reaction of 20b; Top right: Structure
and calculated data of 21b; Bottom left: UV trace of the purified product 21b. Linear gradient: 5 to
50% solvent B over 30 min, Agilent C18 column, tr = 16.2 min; Bottom right: ESI-MS data of the
purified product 21b. Calcd for Cs¢HssN14Oi9: 1261.40 Da (average isotopes), (m/z) [M+H]":
1261.64, [M+2H]*": 631.32; found: [M+H]": 1261.83, [M+2H]*": 631.68.

Structure elucidation of peptide 21b

The analytical samples were prepared by dissolving the desulfurized peptide 21b
(DYK-X), synthetic authentic peptides ASb-a (DYK-A), ASb-¢ (DYK-B) and a
mixture of ASb-a and ASb-¢ (DYK-MIX) in CH3CN/H20 (1:4, v/v), respectively. Four
samples were injected to analytic UPLC and analyzed according to the conditions
described in Table S2. The UV traces indicated that the retention time of DYK-X (tr=
5.69 min) aligned well with that of DYK-A (tr= 5.68 min), which was of significantly
difference with the retention time of DYK-B (tr=5.98 min). These results suggest that
the desulfurized peptide 21b (DYK-X) is an a-peptide.
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Table S2. UPLC analysis conditions of ASb-a, ASb-¢ and 21b/21b’.

Column Waters BEH C18 100 x 2.1 mm 1.7 um
Mobile phase: Phase A (Water+5 mM NH4Ac), Phase B (MeOH)
Flow Mode Time (min) Phase A Phase B
0 95% 5%
10 15% 85%
12 15% 85%
Flow 0.3 mL/min
UV wavelength 210 nm
Column Temp. 40 °C
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Figure S24. UPLC analysis of desulfurized peptide 21b (DY K-X).
DAD1 B, 8ig=210,4 Ref=cff (D:\Pharmaron\DATA\20171213\ZHUSHAI-20171025-8 2017-12-14 09-13-69\DYK-A-.D)
mAU ] 3
400; “
30[)*:.
] |
200
100—2
] ~ NH,
-100 o N
2 4 & 8 10 i
# Meas. Ret. Time Height Height Area Area H OH
T e s 07.3  100.00  1089.2426  100.0000 ©  Asba

Figure S25. UPLC analysis of synthetic peptide ASb-a (DYK-A).
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Figure S26. UPLC analysis of synthetic peptide ASb-¢ (DYK-B).
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Overlay of the

HPLC traces.

UPLC analysis of mixed peptideASb-a and ASb-¢ (DYK-MIX).
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5.2 Attempted e-ligation at Lysine sites

Ligation reaction between excess 16a and 19a

H
e NH; H—(Das )N np
fOoNH2 H,NOC
MeSS. OHS OHS
S(CH,),COEt + Ve o - H
oot OH N, SVET }—OH
=iy HN Y w% gy Aoy N D
B ) T
16a 19a N
CONH; 20a 22 CONHy

1.90 mg of peptidyl thioester 16a (2.2 equiv) and 0.79 mg of thiolysine peptide 19a
(1.0 equiv) were subjected to the ligation conditions following General Procedure 3.5
as described previously. The reaction was stirred at room temperature (25 <C) under an
argon atmosphere and monitored by LC-MS (5 to 50% solvent B over 30 min, Agilent
C18 column).

As shown in Figure S29, 1 min after dissolved in reaction buffer, peptide 19a was
rapidly reduced to give 19a(SH). After 1 h, 19a was fully converted to ligated product
20a, but there was no di-ligated peptide 22 detected even after reacting for 30 h. At
higher temperature (37 <C), the major product from the reaction did not change after 4
h. Extended reaction time (24 h) led to decomposition, along with MPAA-modified
peptide 20a(+MPAA) as the only identified product.
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Figure S29. MS traces and ESI-MS data from HPLC-MS analysis of the ligation between excess
16a and 19a. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column. ESI-MS of
19a(SH): calcd for Ca3Ha2NsO10S: 594.68 Da (average isotopes), (m/z) [M+H]*: 595.28, found:
[M+H]*: 595.40; ESI-MS of 16a(MPAA): calcd for C31H4sN701,S: 739.80 Da (average isotopes),
(m/z) [M+H]*: 740.29, found: [M+H]*: 740.39; ESI-MS of 20a(+MPAA\): calcd for CsaHgsN13022S2:
1332.46 Da (average isotopes), (m/z) [M+H]*: 1332.54, [ M+2H]?*: 666.78; found: [M+H]*:
1332.77, [M+2H]?*: 667.10.

)

Attempted e-Peptide ligation between 16¢ and 20a

o

NH, H—LRLRGG NH

H HS
0 y 9 NGL e
SVET — SVET
HS(CH2)2C02E1+H Dasl NQLN (SvET)-on H—(Dasl N%” (SVET}-oH
LR : )
16¢ CONH, 202 ConH, 23

0.72 mg of peptidyl thioester 16c (1.5 equiv) and 0.72 mg of peptide 20a (1.0 equiv)
were subjected to the ligation conditions following General Procedure 3.5 as described
previously. The reaction was stirred at 37 <C under an argon atmosphere and monitored
by LC-MS (5 to 50% solvent B over 30 min, Agilent C18 column).

As shown in Figure S30, the reaction at 37 <C for 21 hours produced small amount
of ligated peptide 23 (tr=16.95 min, 17.45 min), along with peptidyl acid 16c(OH)
(tr=14.97 min, 15.63 min)that derived from the hydrolysis of 16c¢, as well as the mostly
unreacted starting material 20a. There were two sets of peaks observed for both
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16¢(OH) and 23, which shared the same mass. The reason for this observation has not

been identified at this stage. Nevertheless, the estimated conversion based on

calculations of the UV traces integrates of peptides 20a and 23 was about 13%,

indicating the low efficiency of the e-ligation even with less sterically demanding

glycine residue at forced heating conditions.
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Figure S30. MS traces and ESI-MS data from HPLC-MS analysis of ligation between 16¢ and 20a.
Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tgr = 16.2 min. ESI-MS of
16¢(OH): calcd for CogHsaN1207: 670.82 Da (average isotopes), (m/z) [M+H]*:671.43, found:
[M+H]*: 671.45; ESI-MS of 23: calcd for C74H131N25026S: 1819.07 Da (average isotopes), (m/z),
[ M+2H]%*: 909.98; found: [M+2H]?*: 910.20.
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V1. LC-MS Data of Ligation and Desulfurization Reactions

Ligation reaction between 16¢ and 19a

NH,
MesSS Js
\)L SVET }—0OH
H—{LRLRG) N/YS(CHz)zcozEH (SVET}-oH _ N —(RLRGY
)
16¢c 19a 20c

1.09 mg of peptidyl thioester 16¢ (1.1 equiv) and 0.79 mg of thiolysine peptide 19a (1.0
equiv) were subjected to the ligation conditions following General Procedure 3.5 as
described previously. The reaction was stirred for 8 h at room temperature under an
argon atmosphere, and quenched with 1.0 mL of CH3CN/H20/AcOH (5:90:5, v/viv)
solution. The resulting mixture was subjected to LC-MS analysis, and purified using
preparative HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column).
The fractions containing pure peptide were collected, and concentrated via
lyophilization to afford 20c (1.46 mg, 95%) as a white solid.

20c

20 MPAA 72t
|

16c(MPAA)

z
P FFF B

ne -
e — E— e - HNYNHQ HNYNHQ

Chemical Formula: Cg;HgsN15016S
g 'y Exact Mass: 1246.68
Y T e A A A AP s Molecular Weight: 1247.48
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§ 58§ 8

¥

)\ |
Flgure S31. Top left: UV and MS traces of the Ilgatlon reaction between peptldes 16c and 19a after
8 h; Top right: Structure and calculated data of 20c; Bottom left: UV and MS traces of the purified
product 20c. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tg = 15.4 min;
Bottom right: ESI-MS data of the purified product 20c. Calcd for CsiHoaN18O16S: 1247.48 Da
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(average isotopes), (m/z) [M+H]*: 1246.69, [M+2H]%*: 624.35, [M+3H]%*: 416.57; found: [M+H]*:
1247.76, [M+2H]?*: 624.72, [M+3H]**: 416.87.

Ligation reaction between 16d and 19c

NH,

OHop
S 0 %T—I HS
fem S(CHp)sCOE s ? et Hﬂ
2)2C02EL & SMYK —> H— TRQC }—N
H—{TRal J-n T HN (sMYK}—oH o

3 :
16d 19¢ @/

0.94 mg of peptidyl thioester 16d (1.1 equiv) and 0.94 mg of thiolysine peptide 19c
(1.0 equiv) were subjected to the ligation conditions following General Procedure 3.5
as described previously. The reaction was stirred for 8 h at room temperature under an
argon atmosphere, and quenched with 1.0 mL of CH3CN/H20/AcOH (5:90:5, viviv)
solution. The resulting mixture was subjected to LC-MS analysis, and purified using
preparative HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column).
The fractions containing pure peptide were collected, and concentrated via

lyophilization to afford 20d (1.19 mg, 73%) as a white solid.

20d 2 Do vy
Ranga 9 15401
|

16d(MPAA
19¢(SH) \eo

NH, NH,

20d
Chemical Formula: CgsH1gsN17021S3
Exact Mass: 1555.68
Molecular Weight: 1556.83

T R T R R T T T R i)

e S i |

Figure SéZ. Top left: UV énd MS “tra‘cels of the ligation reaction bétween peptides 16d and 19é after
8 h; Top right: Structure and calculated data of 20d; Bottom left: UV and MS traces of the purified
product 20d. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tr = 15.4 min;

Bottom right: ESI-MS data of the purified product 20d. Calcd for CesHiosN17021S3: 1556.83 Da
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(average isotopes), (m/z) [M+2H]*>": 778.85, [M+3HJ]*": 519.57; found: [M+2H]*": 779.16,
[M+3H]**: 520.04.

Ligation reaction between 16e and 19b

NH,

Hu/d;s (OO o g@m MN% OH
16e Y

O 19p

1.10 mg of peptidyl thioester 16e (1. equiv) and 0.96 mg of thiolysine peptide 19b (1.0
equiv) were subjected to the ligation conditions following General Procedure 3.5 as
described previously. Notably, the reaction was stirred for 8 h at 37 <C under an argon
atmosphere, and quenched with 1.0 mL of CH3CN/H20/AcOH (5:90:5, v/v/v) solution.
The resulting mixture was subjected to LC-MS analysis, and purified using preparative
HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column). The
fractions containing pure peptide were collected, and concentrated via lyophilization to
afford 20e (1.19 mg, 71%) as a white solid.

20e MPAA %ty

Il 16e(MPAA)
|

'*"‘ xm |
Sad NH,
e Ee e, H,N__O HO__O
o
211 . s
v b * b v b OH
_N N N N N H
H %u \AHH %u %u %u o
OY 0 oy © \( o l 0 oy ©
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20e

Chemical Formula: C47H7gN1202,S
Exact Mass: 1194.51
Molecular Weight: 1195.26
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Flgure 833 Top left: UV and MS traces of the Ilgatlon reaction between peptldes 16e and 19b after
8 h; Top right: Structure and calculated data of 20e; Bottom left: UV and MS traces of the purified

product 20e. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tr = 16.0 min;
Bottom right: ESI-MS data of the purified product 20e. Calcd for Ca7H7sN1202S: 1195.26 Da
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(average isotopes), (m/z) [M+H]*:1195.51, [M+2H]?*: 598.26; found: [M+H]*: 1195.62, [M+2H]?*:
598.52.

Ligation reaction between 16f and 19b

NH, NH:
PO3H2 _s
S(CH,)2COZEL + 8" NCL PO3H,H
AHTD Jk EESD}-0H
EESD AHTD
5 HoN OH H—{anTD }N X
16f O 19p AN 20f

1.02 mg of peptidyl thioester 16f (1.1 equiv) and 0.84 mg of thiolysine peptide 19b (1.0
equiv) were subjected to the ligation conditions following General Procedure 3.5 as
described previously. The reaction was stirred for 56 h at 37 <C under an argon
atmosphere, and quenched with 1.0 mL of CHsCN/H20/AcOH (5:90:5, v/v/v) solution.
The resulting mixture was subjected to LC-MS analysis, and purified using preparative
HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column). The
fractions containing pure peptide were collected, and concentrated via lyophilization to
afford 20f (0.67 mg, 44%) as a white solid.

v 6,60 12n_Sa080 2 Do Ay
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Figure S34. Top left: UV and MS traces of the ligation reaction between peptides 16f and 19b after

56 h; Top right: Structure and calculated data of 20f; Bottom left: UV and MS traces of the purified
product 20f. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tr = 10.0 min;
Bottom right: ESI-MS data of the purified product 20f. Calcd for C4sH72N13024PS: 1242.17 Da
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(average isotopes), (m/z) [M+H]": 1242.43, [M+2H]*": 621.72; found: [M+H]": 1242.61, [M+2H]**:
622.08.

Ligation between 16g and 19c¢

NH, o oH M,
OH Cl OH OH
Aim“ o 0 o OH 0 OH HS OH
OH \S/S o NCL H fo) o
S(CH,),CO,Et + — -
HiDNGTR H/Y N SMYK)}—OH H—{DNGTR NQKN SMYK}—0OH
o 2 H
o e}
169 19¢ 20g

0.66 mg of peptidyl thioester 16g (1.2 equiv) and 0.43 mg (1.0 equiv) of thiolysine
peptide 19¢ were subjected to the ligation conditions following General Procedure 3.5
as described previously. The reaction was stirred for 8 h at room temperature under an
argon atmosphere, and quenched with 1.0 mL of CH3CN/H20/AcOH (5:90:5, v/viv)
solution. The resulting mixture was subjected to LC-MS analysis, and purified using
preparative HPLC (5 to 50% solvent B over 30 min, Agilent Eclipse XDB-C18 column).
The fractions containing pure peptide were collected, and concentrated via

lyophilization to afford 20g (0.76 mg, 85%) as a white solid.
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Figure S35. Top left: UV and MS traces of the ligation reaction between peptides 16g and 19c¢ after
8 h; Top right: Structure and calculated data of 20g; Bottom left: UV and MS traces of the purified
product 20g. Linear gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tgr = 12.4 min;
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Bottom right: ESI-MS data of the purified product 20g. Calcd for C73H121N19033S,: 1856.99 Da
(average isotopes), (m/z) [M+H]*: [M+2H]?*: 928.90; found: [M+H]*: [M+2H]?*: 929.11.

Desulfurization reaction of 20c

NH, NH,

HS o

o]
¥ MFD H
H—(LRLRG N\)LN SVET}—OH —— — »|i__(IRLRG N\)LH SVET }—0H
H
o o

20c 21c

0.78 mg of peptide 20c obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere for 1 h, and quenched with
1.0 mL of CH3CN/H20/AcOH (5:90:5, v/v/v) solution. The resulting mixture was
subjected to LC-MS analysis, and purified using preparative HPLC (5 to 50% solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 21c¢ (0.53 mg, 70%)

as a white solid.
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Figure S36. Top left: UV and MS traces of the desulfurization reaction of 20¢; Top right: Structure
and calculated data of 21¢; Bottom left: UV and MS traces of the purified product 21¢. Linear
gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tg = 15.1 min; Bottom right: ESI-
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MS data of the purified product 21c. Calcd for CsiHo4N13O16: 1215.42 Da (average isotopes), (m/z)
[M+H]": 1215.72, [M+2H]?*": 608.36; found: [M+H]": 1215.79, [M+2H]*": 608.67.

Desulfurization reaction of 20d

NH,
OHoy
LoZoH

HS OH
Acm (0] Acm o
H—{TRQC H\V)LN SMYK)}—0oH _MFD_ . TRQG N\V)LN
: H : H

oo o
1.10 mg of peptide 20d obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere for 1 h, and quenched with
1.0 mL of CH3CN/H20/AcOH (5:90:5, viviv) solution. The resulting mixture was
subjected to LC-MS analysis, and purified using preparative HPLC (5 to 50% solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 21d (0.95 mg, 88%)
as a white solid.
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Figure S37. Top left: UV and MS traces of the desulfurization reaction of 20d; Top right: Structure
and calculated data of 21d; Bottom left: UV and MS traces of the purified product 21d. Linear
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gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tg = 15.1 min; Bottom right: ESI-
MS data of the purified product 21d. Calcd for CesH105N17021S2: 1524.77 Da (average isotopes),
(m/z) [M+H]*: 1524.72, [M+2H]%*: 762.86; found: [M+H]*: 1524.59, [M+2H]?*: 762.92.

Desulfurization reaction of 20e

NH,

NH,
g o
H MFD
HNQLN (EEso}-on —— HN%H (EEsD}-on
2 o 2 o}
\( 20e Y 21e

0.66 mg of peptide 20e obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere for 1 h, and quenched with
1.0 mL of CH3CN/H20/AcOH (5:90:5, viviv) solution. The resulting mixture was
subjected to LC-MS analysis, and purified using preparative HPLC (5 to 50% solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 21e (0.50 mg, 78%)

as a white solid.
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Figure S38. Top left: UV and MS traces of the desulfurization reaction of 20e; Top right: Structure
and calculated data of 21e; Bottom left: UV and MS traces of the purified product 21e. Linear
gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tr = 15.7 min; Bottom right: ESI-
MS data of the purified product 21e. Calcd for C47H78N12022: 1163.20 Da (average isotopes), (m/z)
[M+H]*: 1163.54; found: [M+H]*: 1163.29.

Desulfurization reaction of 20f
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. H 5 i H g
21f

0.61mg of peptide 20f obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere for 1 h, and quenched with
1.0 mL of CH3CN/H20/AcOH (5:90:5, viviv) solution. The resulting mixture was
subjected to LC-MS analysis, and purified using preparative HPLC (5 to 15%solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 21f (0.45 mg, 76%)
as a white solid.
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Figure S39. Top left: UV and MS traces of the desulfurization reaction of 20f; Top right: Structure
and calculated data of 21f; Bottom left: UV and MS trace of the purified product 21f. Linear
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0 3000

gradient: 5 to 50% solvent B over 30 min, Agilent C18 column, tr = 9.1 min; Bottom right: ESI-
MS data of the purified product 21f. Calcd for C4sH72N13024P: 1210.11 Da (average isotopes), (m/z)
[M+H]*:1210.46, [M+2H]?*: 605.73; found: [M+H]*: 1210.21, [M+2H]?*: 605.77.

Desulfurization reaction of 20g
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0.76mg of peptide 20g obtained from the ligation reaction was subjected to the
desulfurization conditions following General Procedure 3.6 as described previously.
The reaction was stirred at 37 <C under an argon atmosphere for 1 h, and quenched with
1.0 mL of CH3CN/H20/AcOH (5:90:5, v/v/v) solution. The resulting mixture was
subjected to LC-MS analysis, and purified using preparative HPLC (5 to 50% solvent
B over 30 min, Agilent Eclipse XDB-C18 column). The fractions containing pure
peptide were collected, and concentrated via lyophilization to afford 21g (0.54 mg, 72%)

as a white solid.

R,
Wwww%mmﬂj;‘w Chemical Formula: C73H121N19033S,
Exact Mass: 1855.78

Molecular Weight: 1856.99

S78



ACQ-SQD#LBABZO 20:28:1609-Jan-2018 ACQ-SQDELBABZ0 09-Jan-201820:28:16
DYK_8_126.C_St030 2. Diode sy | | DYK_9_126_¢_ 5030 877 (14 740) Cm (862 859) Scon E5e
- o Fange: & 8851 | | o wze 27508
i |
g
| anerd |
= 1 o
200]
1004]
004
T T T T M e M T ]
DYK_9_126_C_Sto30 1 Scan ES+ #
N a8 i
1 06t
o
ol Qo P— MM_,HGFL..Z._.,‘,\!

300 4ba | SA0 | 600 | 700  BOD 900 1000 1100 | 1200 | 1300 1400 | 1800 ' 1800 ' 1700 180D ' 1800

Figure S40. Top left: UV and MS traces of the desulfurization reaction of 20g; Top right: Structure
and calculated data of 21g; Bottom left: UV and MS trace of the purified product 21g. Linear
gradient: 5 to 30% solvent B over 30 min, Agilent C18 column, tr = 14.7 min; Bottom right: ESI-
MS data of the purified product 21g. Calcd for C73H121N19033S: 1824.93 Da (average isotopes),
(m/z) [M+H]*: 1824.82, [M+2H]?*: 912.91; found: [M+H]*: 1825.54, [M+2H]?*: 912.81.

One-pot ligation desulfurization reactions between 16h and 19a

NH; NH,
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o7 S(CHp),COE 5 G H o §

16h 19a 21h

1.24 mg of peptidyl thioester 16h (1.1 equiv) and 0.85 mg of thiolysine peptide 19a
(1.0 equiv) were subjected to the ligation conditions following General Procedure 3.7
as described previously. The reaction was stirred at room temperature and monitored
by LC-MS. Upon completed consumption of 19a after 8 h, formation of desulfurized
peptide 21h, mono-desulfurized 21h(+SH), and non-desulfurized peptide 21h(+2SH)

were observed (Figure S41).
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Figure S41. Top left: UV and MS traces of the ligation reaction between 16h and 19a after 8 h; Top
right: Structure and calculated data of 21h(+2SH) and 21h(+SH); Bottom left: ESI-MS data of the
non-desulfurized peptide 21h(+2SH), calcd for CssHgsN14019S2: 1311.49 Da (average isotopes),
(m/z) [M+H]*:1311.57, [M+2H]?*:656.29; found: [M+H]*: 1311.30, [M+2H]?*:656.36; Bottom
right: ESI-MS data of the mono-desulfurized peptide (21h+SH), calcd for CssHgsN14019S: 1279.43
Da (average isotopes), (m/z) [M+H]*:1279.60, [M+2H]?**:640.30; found: [M+H]*: 1279.16,
[M+2H]?*:640.38.

200 puL of Bond-breaker® TCEP solution, 100 uL of VA-044 (0.1 M), and 20 pL
of 'BuSH were added sequentially to the above reaction mixture carefully under an
argon atmosphere following General Procedure 3.7. The reaction was stirred for
another 1 h at 37 <C under an argon atmosphere, and quenched with 1.0 mL of
CH3CN/H20/AcOH (5:90:5, v/viv) solution. The resulting mixture was subjected to
LC-MS analysis, and purified using preparative HPLC (5 to 50% solvent B over 30
min, Agilent Eclipse XDB-C18 column). The fractions containing pure peptide were
collected, and concentrated via lyophilization to afford 21h (0.97mg, 59%) as a white

solid.
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Figure S42. Top left: UV and MS traces of the one-pot desulfurization reaction following ligation;
Top right: Structure and calculated data of 21h; Bottom left: UV and MS trace of the purified
product 21h. Linear gradient: 10 to 40% solvent B over 30 min, Agilent C18 column, tr = 11.8 min;
Bottom right: ESI-MS data of the purified product 21h. Calcd for CssHgsN14O19: 1247.37 Da
(average isotopes), (m/z) [M+H]*: 1247.63, [M+2H]%*: 624.32; found: [M+H]*: 1247.45, [M+2H]?*:
624.41.
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VII. Chemical Synthesis of Interferon Gamma (IFN-v)

Synthesis of IEN-y(1-36) (24)

H—{ Pyr - Asngs - Trp3e t—S(CH,),CO,Et

IFN-y (1-36) (24) 36

Chemical Formula: Cg,H285N47057S
Exact Mass: 4193.06
Molecular Weight: 4195.72

The fully protected peptidyl acid (1-35) was prepared via SPPS according to General
Procedure 3.2.1 using CS Bio synthesizer on a 0.05 mmol scale, where Boc-Pyr-OH
was used to incorporate the N-terminal residue. After cleavage using DCM/TFE/AcOH
(3:1:1, viviv), the solvent was blown off under a nitrogen atmosphere. The resulting
residue was dissolved in a solution of 20% CH3CN in water, which was lyophilized to

afford approx. 210 mg of crude peptidyl acid.

On the other hand, 640 mg of thioester Boc-Trp(Boc)-S(CH2)2CO-Et (S11) was
treated with 4.5 mL of 4 M HCI in 1,4-dioxane, and the resulting solution was stirred
at room temperature for 1 h. The solvent was blown off under a nitrogen atmosphere,
and the resulting residue was dissolved in a solution of 20% CH3CN in water, which
was lyophilized to generate HCI H-Trp-S(CH2)2COEt (S12) as solid powder, which
was used directly in the next step without further purification.

The fully protected peptidyl acid (1.0 equiv) and HCI H-Trp-S(CH.).CO2Et (S12)
(3.0 equiv) in CHCIZ/TFE (3:1, v/v) was cooled to -15<C. HOOB! (3.0 equiv) and EDCI
(3.0 equiv) were added sequentially. The resulting reaction was warmed to room
temperature and continued to stir for 3 h. The solvent was then blown off under a
nitrogen atmosphere, and the resulting residue was treated with 10 mL of TFA/H2O/TIS
(95:2.5:2.5, viviv) according to General Procedure 3.4.2.

After LC-MS analysis, purification of the crude peptide using preparative HPLC
(37 to 47% solvent B over 30 min, Proto-300 C4 column) afforded IFN-y(1-36) (24) as
a white solid after lyophilization (55.7mg, 27%).
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Figure S43. Left: UV and MS traces of the purified IFN-y(1-36) (24) . Linear gradient: 35 to 45%
solvent B over 30 min, Proto-300 C4 column, tg = 19.2 min; Right: ESI-MS data of the purified
IFN-y(1-36) (24). Calcd for Cj9:H2ssN47057S: 4195.72 Da (average isotopes), (m/z) [M+3H]*":
1399.36, [M+4H]*": 1049.77; found [M+3H]**: 1399.45, [M+4H]*": 1049.91.

Side-chain anchoring strategy in the synthesis of IEN-y(37-67) (25)

0] OH O. N—Resin
DIC, Oxyma
FmocHN—Resin +
NHNHBoc DMF, rt NHNHBoc
Rink amide FmocHN overnight  FmOcHN

MBHA resin o) 0o
28 29

Fmoc-based
SPPS

TFAITISIH,O
(95:2.5:2.5, v/v/v)

IFN-y (37-67) (25)

67
inset [¢] X oM
BSSMe NH Lysz;— Glugg - Glng7 J=NHNH, = HaNHN
I_ys'37 Glusg - llegg N NH
25' H 0o 07 > NH,

Chemical Formula: C174H272N46051S3
Exact Mass: 3917.93
Molecular Weight: 3920.54

The fisrt amino acid residue Fmoc-Glu-NHNHBoc (28) was loaded to Rink amide
MBHA resin (loading= 0.35 mmol/g) according to the General Procedure 3.1.
Specifically, Fmoc-Rink amide resin was treated with 20% piperidine in DMF (5 min
x 2) to remove the Fmoc group, and washed with DMF (x 3), DCM (x 3) and DMF (x
3). The Fmoc-Glu-NHNHBoc (28) (2.0 equiv), DIC (2.0 equiv) and Oxyma (2.0 equiv)
was dissolved in DMF (approx. 10 mL per gram of resin), and the resulting solution
was added to the resin. The reaction was agitated overnight. Then the resin was
collected and washed with 8:1:1 (v/v/v) of DMF/Ac>O/DIEA (% 3), DCM (x 3), DMF
(x2), DCM (% 3), and dried in vacuo for 12 hours, and test the loading is 0.22 mmol/g.
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The fully protected peptidyl acid (37-66) was prepared via SPPS according to the
General Procedure 3.2.1 using CS Bio synthesizer on a 0.05 mmol scale, where Boc-
LysPSSMe(Boc)-OH (13a) was coupled manually (1.0 equiv % 2) at the N-terminus.
Peptide was cleaved from resin and deprotection using 10 mL of TFA/HO/TIS
(95:2.5:2.5, viviv) for 3 h, the solvent was then blown off under a nitrogen atmosphere,
and the resulting residue was treated with 10 mL of TFA/H.O/TIS (95:2.5:2.5, vIviv)
according to General Procedure 3.3.

After LC-MS analysis, there was small amounts of cyclic byproduct 25” detected,
purification of the crude peptide using preparative HPLC (29 to 39% solvent B over 30
min, Proto-300 C4 column) afforded IFN-y(37-67) (25) as a white solid after
lyophilization (53.0mg, 27%).
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Figure S44. Left: UV and MS traces of the purified IFN-y(37-67) (25). Linear gradient: 30 to 50%
solvent B over 30 min, Proto-300 C4 column, tg = 11.4 min; Right: ESI-MS data of the purified
IFN-y(37-67) (25). Calcd for C174H27:N460s1S3: 3920.54 Da (average isotopes), (m/z) [M+2H]**:
1960.47, [M+3H]**: 1307.32, [M+4H]*": 980.74, [M+5H]*": 784.79; found [M+2H]*": 1960.69,
[M+3H]*: 1307.28, [M+4H]*": 980.73, [M+5H]": 785.04.

Synthesis of IEN-y(68-108) (26a)

NH,

PSSMe

e = I COEEREERER00,,
IFN-y (68-108) (26a) 685 @
- PO EPEREREREREEOREEE R EEES

Chemical Formula: C517H355Ng3068S3
Exact Mass: 5027.54
Molecular Weight: 5030.78

The fully protected peptidyl acid (68-107) was prepared via SPPS according to the
General Procedure 3.2.1 using CS Bio synthesizer on a 0.05 mmol scale, where Boc-
LysPSSM&(Boc)-OH (13a) was coupled manually (1.0 equiv % 2) at the N-terminus.
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Peptide was cleaved from resin and deprotection using 10 mL of TFA/H2O/TIS
(95:2.5:2.5, viviv) for 3 h, the solvent was then blown off under a nitrogen atmosphere,
and the resulting residue was treated with 10 mL of TFA/H2O/TIS (95:2.5:2.5, viviv)
according to General Procedure 3.3.

After LC-MS analysis, purification of the crude peptide using preparative HPLC
(22 to 35% solvent B over 30 min, Proto-300 C4 column) afforded IFN-y(68-108) (26a)
as a white solid after lyophilization (61.3mg, 24%).
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Figure S45. Left: UV and MS traces of the purified IFN-y(68-108) (26a). Linear gradient: 20 to 35%
solvent B over 30 min, Proto-300 C4 column, tr = 17.9 min; Right: ESI-MS data of the purified
IFN-y(68-108) (26a). Calcd for C217H355N6306sS3: 5030.78 Da (average isotopes), (m/z) [M+3H]**:
1677.52, [M+4H]*: 1258.39, [M+5H]>": 1006.92, [M+6H]*: 839.27, [M+7H]"*: 719.51; found
[M+3H]*": 1677.67, [M+4H]*": 1258.47, [M+5H]>": 1007.02, [M+6H]°": 839.34, [M+7H]"":
719.79.

Synthesis of IFN-y(68-108) (26h)

PSS'Bu

S
| 'Bus”
e =" 1 @REneCeeeees
o En9
680

IFN-y (68-108) (26b)

]

Chemical Formula: C559H361Ng3068S3
Exact Mass: 5069.59
Molecular Weight: 5072.86

The fully protected peptidyl acid (68-107) was prepared via SPPS according to the
General Procedure 3.2.1 using CS Bio synthesizer on a 0.05 mmol scale, where Boc-
LysPSStBY(Boc)-OH (13b) was coupled manually (1.0 equiv x 2) at the N-terminus.
Peptide was cleaved from resin and deprotection using 10 mL of TFA/H>O/TIS

(95:2.5:2.5, viviv) for 3 h, the solvent was then blown off under a nitrogen atmosphere,
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and the resulting residue was treated with 10 mL of TFA/H.O/TIS (95:2.5:2.5, viviv)

according to General Procedure 3.3.

After LC-MS analysis, purification of the crude peptide using preparative HPLC
(23 to 50% solvent B over 30 min, Proto-300 C4 column) afforded IFN-y(68-108) (26b)
as a white solid after lyophilization (59.7mg, 25%).
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Figure S46. Left: UV and MS traces of the purified IFN-y(68-108) (26b). Linear gradient: 20 to
50% solvent B over 30 min, Proto-300 C4 column, tg = 13.4 min; Right: ESI-MS data of the purified
IFN-y(68-108) (26b). Calcd for C220H361N6306sS3: 5072.86 Da (average isotopes), (m/z) [M+3H]**:
1691.54, [M+4H]*": 1268.91, [M+5H]>": 1015.33, [M+6H]°": 846.27, [M+7H]"*: 725.52; found
[M+3H]*": 1692.01, [M+4H]*": 1269.42, [M+5H]*": 1015.75, [M+6H]%": 846.71, [M+7H]"":
725.94.

Synthesis of IEN-y(109-138) (27)

HS
OB OCODOSD
[}
109

Chemical Formula: C147H252N46040S3

Exact Mass: 3397.83 Cysigo—{_lle110 - Gly13s J—OH = Ho @@@

Molecular Weight: 3400.10
138

ERLEEEHHEEE

IFN-y (109-
138) (27)

The fully protected peptidyl acid (109-138) was prepared via SPPS according to the
General Procedure 3.2.1 using CS Bio synthesizer on a 0.05 mmol scale. Peptide was
cleaved from resin and deprotection using 10 mL of TFA/H2O/TIS (95:2.5:2.5, viv/v)
for 3 h, the solvent was then blown off under a nitrogen atmosphere, and the resulting
residue was treated with 10 mL of TFA/H.O/TIS (95:2.5:2.5, vivilv) according to

General Procedure 3.3.

After LC-MS analysis, purification of the crude peptide using preparative HPLC
(28 to 38% solvent B over 30 min, Proto-300 C4 column) afforded IFN-y(109-138) (27)
as a white solid after lyophilization (30.0 mg, 17%).
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Figure S47. Left: UV and MS traces of the purified IFN-y(109-138) (27). Linear gradient: 25 to 45%
solvent B over 30 min, Proto-300 C4 column, tg = 15.7 min; Right: ESI-MS data of the purified
IFN-y(109-138) (27). Calcd for C147H252N46040S3: 3400.10 Da (average isotopes), (m/z) [M+2H]*":
1700.42, [M+3H]**: 1133.95, [M+4H]*": 850.71, [M+5H]>": 680.77; found [M+2H]**: 1701.10,
[M+3H]*": 1134.23, [M+4H]*": 851.04, [M+5H]*": 681.26.

Ligation reaction between of IEN-y(1-36) (24) and I|EN-y(37-67) (25)

o)
Q@@@@@@@@@@@ H\E)J\NHNHQ IFN-y (1-67) (31)

0% >NH
67 °

3.54 mg of IFN-y(1-36) (24 1.0 equiv) and 3.72 mg of IFN-y(37-67) (25 1.1 equiv)
were dissolved in 420 uL of ligation buffer, and subjected to the ligation conditions
following General Procedure 3.5 as described previously. The reaction was stirred at

room temperature under an argon atmosphere and monitored by LC-MS.

After reacted for 20 h, the reaction was quenched with 2.0 mL of CH3CN/H.O/
AcOH (47.5/47.5/5, viviv) solution. The crude mixture was purified using preparative

S87



HPLC (32 to 50% solvent B over 30 min, Proto-300 C4 column). The fractions
containing pure peptide were collected, and concentrated via lyophilization to afford
IFN-y(1-67) (31) (3.00 mg, 45%) as a white solid.
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Figure S48. Top left: UV and MS traces of the ligation reaction between IFN-y(1-36) (24) and IFN-
v(37-67) (25) after 20 h; Top right: Sequence and calculated data of IFN-y(1-67) (31); Bottom left:
UV and MS traces of the purified product IFN-y(1-67) (31). Linear gradient: 30 to 50% solvent B
over 30 min, Proto-300 C4 column, tr = 18.7 min; Bottom right: ESI-MS data of the purified product
IFN-y(1-67) (31). Calcd for C360Hs4sNo30106S2: 7935.99 Da (average isotopes), (m/z) [M+4H]*":
1984.75, [M+5H]*": 1588.00, [M+6H]®*: 1323.50, [M+7H]": 1134.57, [M+8H]¥": 992.88,
[M+9H]’*: 882.67; found: [M+4H]*":1985.01, [M+5H]>": 1588.08, [M+6H]%": 1323.47, [M+7H]"*:
1134.71, [M+8H]¥*: 992.95, [M+9H]’*: 882.70.
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Ligation reaction between of |EFN-y(68-108) (26a) and IFN-y(109-138) (27)

peccorocoT e 0N

IFN-y (68-108) (26a) @

@ 138
@@ EE R mE) B

Ligation
HS

BEccccocoesoe

IFN-y (109-138) (27)

]

@ 138
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IFN-y (68-138) (32)

According to General Procedure 3.8 described previously, 4.08 mg of IFN-y(68-108)

(26a 1.0 equiv) was dissolved in 200 uL of buffer A, the resulting solution was
transferred into -15 <C bath, and 28 pL of 200 mM NaNO: (7.0 equiv) was added
dropwise. After oxidized for 20 min, 4.34 mg of IFN-y(109-138) (27 1.6 equiv)
dissolved in 400 pL of buffer B was added, and adjusted pH to 7.0 with 2.0 M NaOH.

The resulting reaction was warmed to room temperature and monitored by LC-MS.

Upon completed consumption of 26a after 20h, 400 uL of buffer C was added and
reacted for 20 min. The reaction was quenched with 2.0 mL of CH3CN/H2O/AcOH

(47.5/47.5/5, viviv) solution. There was cyclized peptide byproduct detected through

LC-MS analysis, which was temporarily assigned as cyclized IFN-y(68-108) (26a”)

generated from self-ligation (Figure S49).
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Chemical Formula: C;16H349N61065S2
Cyclized IFN-y (68-108) (26a’)  Exact Mass: 4949.52

L A,
AT i

Molecular Weight: 4952.65
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Figure S49. Top left: UV and MS traces of the ligation reaction between IFN-y(38-108) (26a) and
IFN-y(109-138) (27) after 20 h. Linear gradient: 30 to 50% solvent B over 30 min, Proto-300 C4
column; Top right: Sequence and calculated data of IFN-y(68-138) (32); Bottom left: Sequence and
calculated data of cyclized IFN-y(68-108) (26a’); Bottom right: ESI-MS data of cyclized IFN-y(68-
108) (262), tr = 13.3 min (20 to 50% solvent B over 30 min, Proto-300 C4 column); ESI-MS: calcd
for C216H349N61068S2: 4952.65 Da (average isotopes), (m/z) [M+3H]3*: 1651.62, [M+4H]**: 1238.89,
[M+5H]5*: 991.31; found: [M+3H]3*: 1651.59, [M+4H]**: 1238.79, [M+5H]%*: 991.50.

The crude mixture was purified using preparative HPLC (30 to 50% solvent B

over 30 min, Proto-300 C4 column). The fractions containing pure peptide were
collected, and concentrated via lyophilization to afford IFN-y(68-138) (32) (1.89 mg,

28%) as a white solid.
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Figure S50. Left: UV and MS traces of the ligated peptide IFN-y(68-138) (32). Linear gradient: 30
to 50% solvent B over 30 min, Proto-300 C4 column, tg = 14.6 min; Right: ESI-MS data of the
ligated peptide IFN-y(68-138) (32). Calcd for CsssHeo1N1070108Ss: 8352.74 Da (average isotopes),
(m/z) [M+5H]°*: 1671.28, [M+6H]%*: 1392.90, [M+7H]"*: 1194.06, [M+8H]%*: 1044.93, [M+9H]°*:
928.94, [M+10H]1*: 836.14, [M+11H]''*: 760.22; found: [M+5H]%*: 1671.89, [M+6H]°*: 1393.41,
[M+7H]7*: 1194.47, [M+8H]8*: 1045.48, [M+9H]°*: 929.44, [M+10H]¥*: 836.48, [M+11H]'*:

760.61.
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Ligation reaction between of |EFN-y(68-108) (26b) and IFN-y(109-138) (27)
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IFN-y (68-138) (32)

According to General Procedure 3.8 described previously, 8.27 mg of IFN-y(68-
108) (26b) (1.0 equiv) and 8.38mg of IFN-y(109-138) (27) (1.5 equiv) were dissolved
in 400 uL of buffer A, the resulting solution was transferred into -15 <C bath, and 57
uL of 200 mM NaNO:2 (7.0 equiv) was added dropwise. After oxidized for 20 min, 400
uL of buffer B was added, and adjusted pH to 7.0 with 2.0 M NaOH. The resulting
reaction was warmed to room temperature and monitored by LC-MS. Upon completed
consumption of 26b after 21h, 300 puL of 0.5 M TCEP HCI (pH 7.2) solution was added
and reacted for 20 min. The reaction was quenched with 2.0 mL of CH3CN/H20/AcOH
(47.5/47.5/5, vivlv) solution, and the cyclized IFN-y(68-108) (26b”) was largely
suppressed through LC-MS analysis (Figure S51). The crude mixture was purified
using preparative HPLC (30 to 50% solvent B over 30 min, Proto-300 C4 column). The
fractions containing pure peptide were collected, and concentrated via lyophilization to
afford IFN-y(68-138) (32) (6.20 mg, 46%) as a white solid.
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Figure S51. Top: UV and MS traces of the ligation reaction between IFN-y(68-108) (26b) and IFN-
v(109-138) (27) after 21 h; Bottom left: UV and MS traces of the ligated peptide IFN-y(68-138)
(32). Linear gradient: 30 to 50% solvent B over 30 min, Proto-300 C4 column, tgr = 14.7 min; Right:
ESI-MS data of the ligated peptide IFN-y(68-138) (32); Bottom right: ESI-MS data of the ligated
peptide IFN-y(68-138) (32). Calcd for CassHeo1N1070108Ss: 8352.74 Da (average isotopes), (m/z)
[M+5H]%*: 1671.28, [M+6H]%*: 1392.90, [M+7H]"*: 1194.06, [M+8H]®": 1044.93, [M+9H]**:
928.94, [M+10H]1%*: 836.14, [M+11H]!!*: 760.22; found: [M+5H]5*: 1671.28, [M+6H]6*: 1392.91,
[M+7H]™*: 1194.12, [M+8H]®": 1045.86, [M+9H]**: 928.81, [M+10H]**: 836.00, [M+11H]**:
760.61.
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Ligation reaction between of IEN-y(1-67) (31) and IEN-y(68-138) (32)
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According to General Procedure 3.8 described previously, 4.52 mg of IFN-y(1-67) (31)
(1.0 equiv) and 5.19 mg of IFN-y(68-138) (32) (1.1 equiv) were dissolved in 400 pL of
buffer A. The resulting solution was transferred into -15 <C bath, and 20 uL of 200 mM
NaNO- (7.0 equiv) was added dropwise. After oxidized for 20 min, 400 pL of buffer B
was added, and adjusted pH to 7.0 with 2.0 M NaOH, the resulting reaction was warmed
to room temperature and and monitored by LC-MS. After reacted for 30 h, 300 uL
solution of buffer C was added and reacted for 20 min. The reaction was quenched with
2.0 mL of CH3CN/H20/AcOH (47.5/47.5/5, viIvIv) solution, and analyzed with LC-MS
(Figure S52).
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Figure S52. Left: UV and MS traces of the ligation reaction between IFN-y(1-67) (31) and IFN-
v(68-138) (32) after 30 h. Linear gradient: 30 to 50% solvent B over 30 min, Proto-300 C4 column,;
Right: Sequence and calculated data of IFN-y(1-138) (33).
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The crude mixture was purified using preparative HPLC (33 to 43% solvent B
over 30 min, Proto-300 C4 column). The fractions containing pure peptide were
collected, and concentrated via lyophilization to afford protein 33 (4.33 mg, 47%) as a
white solid.
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Figure S53. Left: UV and MS traces of the ligated protein 33. Linear gradient: 30 to 50% solvent
B over 30 min, Proto-300 C4 column, tr = 19.4 min; Right: ESI-MS data of the purified peptide
protein 33. Calcd for Cr23H1142N1980214S7: 16256.68 Da (average isotopes), (m/z) [M+9H]%*:
1807.30, [M+10H]%*: 1626.67, [M+11H]'*: 1478.88, [M+12H]!2*: 1355.72, [M+13H]%3*: 1251.51,
[M+14H]**: 1162.19, [M+15H]***: 1084.78, [M+16H]'¢*: 1017.04, [M+17H]*"*: 957.28,
[M+18H]'8*: 904.15, [M+19H]**: 856.61, [M+20H]2%: 813.83, [M+21H]?!*: 775.13; found:
[M+9H]°*: 1807.44, [M+10H]**: 1626.67, [M+11H]'*: 1478.35, [M+12H]***: 1355.36,
[M+13H]%3*: 1250.83, [M+14H]**: 1161.67, [M+15H]'5*: 1084.18, [M+16H]**: 1016.38,
[M+17H]*7*: 956.91, [M+18H]#*: 903.67, [M+19H]*°*: 856.16, [M+20H]%*: 813.26, [M+21H]%'*:
775.20.

Global desulfurization of protein 33

NH,

NH,
HS HS. HS
H—PYr-Trpss )N Glugg-Glngy, N \N:Iw/ lle109-Gly13s |-OH
Hoo H 0 Hoo

IFN-y (1-138) (33)

Desulfurization

NH,

NH,
CH,
H o H o9 Hoo

IFN-y (1-138) (34)
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According to General Procedure 3.6, 4.33 mg of protein 33 was dissolved in 200 pL of
buffer (6 M GneHCI, 200 mM NazHPOs, pH 7.2), 200 uL of 0.5 M Bond-breaker®
TCEP solution (Pierce), 20 uL of 2-methyl-2-propanethiol and 100 pL of radical
initiator VA-044 (0.1 M in degassed water) were added sequentially. The reaction
mixture was stirred at 37 T and monitored by LC-MS (Figure S54).
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Figure S52. Top left: UV and MS traces of the desulfurization reaction of protein 33 after 5 h.
Linear gradient: 30 to 50% solvent B over 30 min, Proto-300 C4 column; Top right: Sequence and
calculated data of IFN-y(1-138) (34).

Upon completion after 5 h, the reaction was quenched with 2.0 mL of
H>O/MeCN/ACcOH (47.5:47.5:5, viviv) solution. The crude mixture was purified using
preparative HPLC (33 to 43% solvent B over 30 min, Proto-300 C4 column). The
fractions containing pure peptide were collected, and concentrated via lyophilization to
afford IFN-y(1-138) (34) (2.00 mg, 47%) as a white solid.
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Figure S55. Left: UV and MS traces of the purified product IFN-y(1-138) (34). Linear gradient: 30
to 50% solvent B over 30 min, Proto-300 C4 column, tg = 19.9 min; Right: ESI-MS data of the
purified IFN-y(1-138) (34). Calcd for C723H1142N1980214S7: 16256.68 Da (average isotopes), (m/z)
[M+9H]®*: 1796.05, [M+10H]%*: 1616.54, [M+11H]*: 1469.68, [M+12H]*?*: 1347.29,
[M+13H]%**: 124393, [M+14H]“*": 1154.96 [M+15H]'5*: 1078.03, [M+16H]*: 1010.72,
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[M+17H]'7*: 951.32, [M+18H]'8*: 898.53, [M+19H]1%*: 851.29, [M+20H]%*: 808.78, [M+21H]?\*:
770.31; found: [M+9H]%*: 1796.54, [M+10H]1®*: 1617.03, [M+11H]'*: 1470.03, [M+12H]%*:
1347.73, [M+13H]%*: 1244.02, [M+14H]'*: 1155.37, [M+15H]'5*: 1078.44, [M+16H]'*: 1011.15,
[M+17H]'7*: 951.68, [M+18H]'8*: 898.94, [M+19H]'%*: 851.50, [M+20H]%*: 809.04, [M+21H]?*:
770.60.

Folding of IEN-y(1-138) (34)

NH, NH,

I

CHj;

u—{Pyri-Trp3s \N/;([GIUSB»GIMWJ\ j\([SerSS)-LysmB]\N)w/[lleﬂ09-G\y138]70H

N
"o "0 )

IFN-y (1-138) (34)

50 mM TriseHCI,
150 mM NaCl,
Renaturation 1 mM EDTA,

1M urea,
pH8.0,24 h,4°C

50 mM TriseHClI,
pH 8.0
8h,4°C

(X3)

Dialysis

Ultra-centrifuge
Amicon® Ultra-4
Centrifugal Filter Devices

Concentration

ey »%
& [
N ’
| 6
(ge

Folded IFN-y (35)

0.45 mg of IFN-y(1-138) (34, 0.0278 pumol) was dissolved in degassed buffer (50 mM
TriseHCI, 150 mM NaCl, 1| mM EDTA, 1 M urea, pH 8.0). The solution (0.1 mg/mL)
was gently stirred at 4 <C for 24 h, followed by dialysis against a Tris buffer (50 mM
TriseHCI, pH 8.0) at 4 <C for 8 h using a folding tube (MWCO 3,000). The buffer was
then replaced with freshly prepared, and replaced again after dialysis for another 8 h.
After dialysis for 24 h, the solution containing protein was concentrated by using
centrifugal ultra filtration (WMCO 3,000). The concentration of folded IFN-y (35) was
0.12 mg/mL as determined by a Bradford Protein Assay Kit (Solarbio). The folded
IFN-y (35) was further confirmed with LC-MS (Figure S56).
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Figure S56. Left: UV and MS traces of the folded IFN-y (35). Linear gradient: 30 to 50% solvent
B over 30 min, Proto-300 C4 column, tr = 19.2 min; Right: ESI-MS data of the folded IFN-y (35).
caled for Cr3H1142N1080214S7: 16256.68 Da (average isotopes), (m/z) [M+9H]%*: 1796.05,
[M+10H]*%*: 1616.54, [M+11H]**: 1469.68, [M+12H]*>*: 1347.29, [M+13H]***: 1243.93,
[M+14H]%*: 1154.96 [M+15H]%*: 1078.03, [M+16H]*6*: 1010.72, [M+17H]"*: 951.32,
[M+18H]'®*: 898.53, [M+19H]%**: 851.29, [M+20H]?**: 808.78, [M+21H]?*: 770.31; found:
[M+9H]®*: 1796.10, [M+10H]%*: 1616.66, [M+11H]'*: 1469.97, [M+12H]**: 1347.48,
[M+13H]*%*: 1243.71, [M+14H]**: 1155.06, [M+15H]**: 1078.25, [M+16H]**: 1010.59,
[M+17H]Y"*: 951.55, [M+18H]'%*: 898.82, [M+19H]%*: 851.44, [M+20H]®*: 808.97, [M+21H]21*:
770.42.

CD spectra analysis of |FN-y(1-138) (35)

CD spectra were obtained on a JASCO J-810 circular dichroism spectrometer (Japan).
The filtrate after centrifugal ultra filtration mentioned above was used as the reference
solution, and for the dissolving test samples. A standard sample of recombinant IFN-y
(0.12 mg/mL, Genscript) and a sample of synthetic IFN-y (35) (0.12 mg/mL) were
detected seperately. The spectra were collected using a 1 mm pathlength cuvette, the
wavelength range was from 200 nm to 260 nm, and each spectrum was scanned for 3

times, and the spectra were plotted as the average of three runs.
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Figure S56. Left: CD spectra of the recombinant IFN-y and the synthetic IFN-y (35). Right: Primary
sequence of recombinant IFN-y purchased from Genscript bearing one Meto at N-termini and five
amino acid residues (Argise-Glnis3) at C-termini.

SDS-PAGE analysis of IEN-p(1-138) (35)

The recombinant IFN-y (Genscript) and synthetic IFN-y (35) were analyzed by
reducing SDS-PAGE using 4-12% Bis-Tris polyacrylamide gels (Invitrogen, Carlsdad,
CA). Sample were combined in a 3:1 ratio with NUPAGE sample buffer and
electrophoresed at 200 V (constant voltage) in MES buffer(Invitrogen) for 35 min. Gels

were stained with Coomassie Blue.

Figure S57. Left: SDS-PAGE of the recombinant IFN-y (lane 1) and the synthetic IFN-y (35) (lane
2).
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VIII. Anti-proliferation Assay

Human HeLa cell line was obtained from Prof. Mo Li’s group (Peking University), and
maintained in DMEM media (Corning) supplemented with 10% fetal bovine serum
(FBS), 100 pg/mL streptomycin and 100 unit/mL penicillin. HeLa cells were diluted
into 2 < 10° cells/mL and 100 uL media was added to each well (2 x<10* cells). For
measurement, 5 dilutions of samples ranging from 16 to 10000 ng/mL were prepared
in medium and were added in triplicate into a 96-well microplate with 100 uL per well,
PBS buffer as control. After incubation for 48 hours at 37 <C, the CCK-8 method was
employed to measure the cell viability. The absorbance was measured by Multiskan™
GO (Thermo Scientific™).
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