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1. General Information

General Information: Unless otherwise stated, all reactions were set up under inert (N2) atmosphere.
Starting materials were purchased from commercial suppliers (Kaili Catalyst&materials Co. Ltd,
Sigma Aldrich, Energy Chemical, Bidepharm, Tansoole) and used without further purifications
unless otherwise stated. Basified silica gel was obtained by immersing silica in the 5% Et3N/pentane
overnight, and then the solvent was removed in vacuo. All solvents were dried according to standard
procedures or purchased from commercial suppliers. Reaction was monitored using thin-layer
chromatography (TLC) on Merck silica gel aluminium plates with F254 indicator. Visualization of
the developed plates was performed under UV light (254 nm) or KMnOj stain (1.5 g KMnOs, 1.25
mL 10% NaOH, 10 g K»COs3, 200 mL H>O).

'H, 13C, and '°F NMR spectra were recorded on a Bruker AVIII 400 spectrometer. '"H NMR and *C
NMR chemical shifts were reported in parts per million (ppm) downfield from tetramethylsilane
and 'F NMR chemical shifts were determined relative to CFCl; as the external standard and low
field is positive. Coupling constants (J) are reported in Hertz (Hz). The residual solvent peak was
used as an internal reference: 'H NMR (CDCl; § 7.26 ppm), *C NMR (CDCl; § 77.16 ppm), 'H
NMR (DMSO-ds § 2.50 ppm), *C NMR (DMSO-ds & 39.50 ppm), 'H NMR (CD;OD & 4.87 ppm),
BC NMR (CD;OD & 49.00 ppm). The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. IR spectra
were recorded using Nicolet iS50 spectrometer. HRMS data was recorded using HRMR Exactive
Plus instrument. Melting point was measured using SGW X-4A instrument.

2. Optimization of Reaction Conditions

In a glove box filled with nitrogen, to an oven-dried 10 mL tube equipped with a stirring bar were
added methyl N-(tert-butoxycarbonyl)-S-tosyl-L-cysteinate 1la (0.1 mmol, 1.0 equiv.), (4-
fluorophenyl)boronic acid 2a (0.2 mmol, 2 equiv.), Cu catalyst, Ligand, base, solvent. The tube was
sealed with a Teflon screw cap and the mixture was stirred at an indicated temperature. Upon
completion, the yield was determined by '°F NMR spectroscopy with (trifluromethoxy)benzene as

an internal standard.



Table S1: Optimization of catalyst and ligand

s-Ts B(OH)2 s )F
conditions
Boc. N o * ~  Boc. 0
H N
(6] H
1a

~

o
2a 3a
Entry Catalyst Ligand Yield (%)Ia]
1 20 mol% Cu(OTf), 20 mol% L1 82
2 20 mol% Cu(OAc), 20 mol% L1 96
3 20 mol% CuSOy4 20 mol% L1 77
4 20 mol% Cu(OAc), 20 mol% L2 91
5 20 mol% Cu(OAc), 20 mol% L3 55
6 20 mol% Cu(OAc), 20 mol% L4 trace
7 20 mol% Cu(OAc), 10 mol% L1 73
8 10 mol% Cu(OAc), 20 mol% L1 14
9 10 mol% Cu(OAc), 10 mol% L1 67
10 5 mol% Cu(OAc), 5 mol% L1 41
/ \
o O = =
\ / \ / \ '\I }\l /
N N
L1 L2 L3 L4

Reaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), NaHCO; (0.2 mmol, 2.0
equiv.), 5-20 mol% catalyst, 5-20 mol% ligand in anhydrous MeOH (0.1 M) under N, atmosphere
at 30°C for 4 h. ™Yield determined by crude '"F NMR spectra analysis using trifluoromethoxy

benzene as internal standard.

Table S2: Optimization of solvent and base

_ B(OH)
e Ses
conditions /g‘/

BOC\N o_ * Boc\N (ONg
H
(0] F H e}
1a 2a 3a
Entry Base Solvent Yield (%)[@!
1 NaHCO3; MeOH 96
2 Na,CO3 MeOH 64
3 K,CO3 MeOH 50
4 K3POy4 MeOH trace
5 NaHCO3; EtOH 14
6 NaHCO3 DMF trace
7 NaHCO3; CH;CN 68

Reaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), base (0.2 mmol, 2.0
equiv.), 20 mol% Cu(OAc)z, 20 mol% L1 in anhydrous solvent under N atmosphere at 30°C for 4
h. ¥Yield determined by crude 'F NMR spectra analysis using trifluoromethoxy benzene as

internal standard.



Table S3: Control experiment

_ B(OH)2
S—Ts S F
conditions /(n/

Boc-. o * Boc. " o
H o I H
1a 2a 3a

Entry Deviation from standard condition Yield (%)!2]

1 none 96

2 1.5 equiv. Base 98

3 1.5 equiv. 2a 53

4 1 equiv. 2a 23

5 no Ligand 77

6 no Catalyst N.R.

7 no Ligand and Catalyst N.R.

8 no Base 79

9 ambient atmosphere 42

10 MeOH/H,0 (80/20) 88

11 0.01M 1a 98

12 0.005M 1a 86

Reaction conditions: 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), base (0.2 mmol, 2.0
equiv.), 20 mol% Cu(OAc)2, 20 mol% L1 in anhydrous MeOH (0.1 M) under N atmosphere at 30°C
for 4 h unless otherwise noted. [Yield determined by crude '"F NMR spectra analysis using

trifluoromethoxy benzene as internal standard.

3. Procedure for the Synthesis of Starting Materials

3.1 Procedure for the Synthesis of 1a

2) sodium 4-methylbenzenesulfinate BOC\N
© l,, DCM, RT, 12h H (0]

S1 1a

SH Oz
/(’( 1) Nal (2 mol%), H,0, (30 %), EtOAc, RT, 40 min S-

Methyl N-(tert-butoxycarbonyl)-S-tosyl-L-cysteinate (1a): To a stirred solution of a N-Boc-L-
Cys-OMe (2 mmol, 470.6 mg) in ethyl acetate (6 mL) was added Nal (6 mg, 2 mol%) and 30%
H>0; (2 mmol, 0.22 mL) and the mixture was stirred at rt for 40 min. The solvent was removed
under reduced pressure and the residue was directly used for the next step without further
purification. To the mixture of sodium p-toluenesulfonate (3.2 mmol, 570 mg) and obtained crude
disulfide in CH>Cl, (6 mL) was added 1> (2 mmol, 507.6 mg), and the mixture was stirred overnight.
CH2Cl> (50 mL) was added, followed by the addition of aq. Na>S>03 (1 M) with stirring until the I,
color disappeared. The mixture was washed with H,O (2x50 mL). The organic layers were dried
over anhydrous Na;SO4, followed by evaporation of solvent under vacuum. The residue was
purified by flash column chromatography to afford the pure desired product 1a (682.4 mg, 1.75
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mmol, 88% yield) as a white solid;'

'H NMR (400 MHz, Chloroform-d) & 7.80 (d, J= 8.4 Hz, 2 H), 7.35 (d, J= 8.1 Hz, 2 H), 5.33 (d, J =
7.6 Hz, 1 H), 4.56 (q, /= 5.3 Hz, 1 H), 3.74 (s, 3 H), 3.51 (dd, J = 14.1, 4.8 Hz, 1 H), 3.40 (dd, J = 14.2,
5.6 Hz, 1 H), 2.45 (s, 3 H), 1.43 (s, 9 H) ppm.

3.2 General Procedure for the Synthesis of Dipeptide 4a-s to 4j-s (Method A)

R

o] 1) NaNO;, HCI (2 N) 0o o] HoN

0C. 40 min (Boc);0, EN A‘)L Hel oL ﬁ/lL ,»S(
3 H —rorencs i ———————» PhSO,S OH——Ff h
”S/\K)J\O“ 2) PhSO;Na, H,0 PhS()zs/\/U\OH water/1,4-dioxane 2 HBTU, HOBT
HCI NH; RT,8h NH, HN 5oc
s2 $21 DIPEA, CH,Cly

S-(phenylsulfonyl)-L-cysteine (S2): L-Cysteine monohydrochloride (6 mmol, 945.6 mg) was
dissolved in 6 mL of 2 N HCI then cooled to 0 °C with ice-water bath. With stirring, a solution of
sodium nitrite (6 mmol, 414 mg) in 4 mL of deionized water was added dropwise and the resulted
deep red solution was stirred for 40 min under air atmosphere, solution of sodium 4-
methylbenzenesulfinate (6 mmol, 1.97 g) in 4 mL deionized water was added dropwise with stirring.
Precipitation of solids was observed immediately. The solution was warmed to room temperature
to disperse solids (the product began collecting on the magnetic stirrer). Stirring was continued at rt
about 12 h. The suspension was briefly cooled in an ice bath, then filtered, and washed with
approximately 6 mL each of DI water, and diethyl ether to afford the target compound S2 as a white
solid (1.143 g, 4.4 mmol, 73%). S2 was directly used for the next step without further purification.
N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteine (S2-1): To a solution of S-
(phenylsulfonyl)-L-cysteine S2 (2 mmol, 522.6 mg) in 4 mL of a mixture of water/dioxane (2 mL/2
mL, v/v). The mixture was added (Boc),O (2 mmol, 436.6 mg) and Et;N (1.6 equiv., 0.44 mL),
stirred overnight. After 12 h, the dioxane was removed under vacuum and the resulting aqueous
layers was acidified to pH 6 and extracted with ethyl acetate for three times and was dried over
Na2SO4. The resulting was concentrated under vacuum and was purified by column chromatography
on silica-gel to afford the desired product as a pale yellow solid (363.5 mg, 1 mmol, 50%).
Dipeptide 4-s: To a 0.1 M solution of the N-Boc-S-(phenylsulfonyl)-L-Cys S2-1 and methyl amino
acids (1.1 equiv.) in anhydrous CH>Cl, were added HBTU (1.1 equiv.), HOBT (0.37 equiv.) and
DIPEA (2 equiv.). The reaction was monitored by analytical TLC. When S2-1 was consumed, the
solution was removed under vacuum and the resulting was dissolved in ethyl acetate. Organic layer
was washed with saturated NaHCO;x1, NaClx2, and dried over anhydrous Na;SOs. The organic
solvent was removed under vacuum and the residue was purified by column chromatography on
silica-gel to afford the desired product 4-s.*

Methyl N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteinyl-L-valinate (4a-s)

\\/,
o ﬁx

4a-s
The title product compound was prepared according to the general procedure (Method A) with 0.5
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 10 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (200.3 mg, 84% yield).
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TH NMR (400 MHz, CDCL3) § 7.90 (d, J = 7.8 Hz, 2 H), 7.60 (t, J = 7.4 Hz, 1 H), 7.51 (t, J = 7.7
Hz, 2 H), 7.07 (d, J = 8.5 Hz, 1 H), 5.63 (d, J = 8.1 Hz, 1 H), 4.50 (q, J= 7.0 Hz, 1 H), 4.41 (dd, J
=8.9,4.9 Hz, 1 H), 3.66 (s, 3 H), 3.34-3.19 (m, 1 H), 2.18-2.06 (m, 1 H), 1.39 (s, 9 H), 0.88 (d, J =
6.9 Hz, 3 H), 0.84 (d, /= 6.9 Hz, 3 H) ppm; *C NMR (101 MHz, CDCl3) § 171.78, 169.72, 155.57,
143.87, 134.01, 129.45, 127.09, 80.70, 57.35, 53.18, 52.21, 36.67, 31.02, 28.18, 18.98, 17.63 ppm;
IR (thin film, cm™): 3348, 2963, 2928, 1670, 1513, 1447, 1392, 1367, 1326, 1257, 1213, 1143,
1078, 1018, 863, 795, 753, 715, 685, 664, 598, 537; [a]p?5= -35.1 (¢ = 0.39, CHCL;); HRMS (ESI-
TOF): calculated for CooH3oN2NaO5S, (M+Na*): 497.1387, found 497.1390; M.p.: 121.5-123.8 °C.

Methyl N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteinyl-D-tyrosinate (4c-s)

OH

4c-s

The title product compound was prepared according to the general procedure (Method A) with 0.3
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 11 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:1, v/v) as the eluent, giving the
titled compound as a white solid (138.5 mg, 86% yield).

'"H NMR (400 MHz, CDCl3) § 7.88 (d, J= 7.4 Hz, 2 H), 7.61 (t, J = 7.5 Hz, 1 H), 7.51 (t,J = 7.7
Hz,2 H), 7.04 (d,/J=7.8 Hz, 1 H), 6.91 (d,/J=8.1 Hz, 2 H), 6.70 (d,/=8.2 Hz,2 H), 5.59 (d, J =
8.4 Hz, 1 H),4.73 (q, J=6.1 Hz, 1 H), 4.45 (q, /= 6.8 Hz, 1 H), 3.68 (s, 3 H), 3.34-3.17 (m, 2 H),
3.03 (dd, J=14.1, 5.3 Hz, 1 H), 2.96 (dd, J = 14.0, 6.3 Hz, 1 H), 1.42 (s, 9 H) ppm; 3C NMR (101
MHz, CDCls) § 171.53, 169.63, 155.71, 155.55, 143.89, 134.14, 130.39, 129.56, 127.14, 126.77,
115.74,81.09, 53.72, 53.42, 52.53, 37.02, 28.27 ppm; IR (thin film, em™): 3346, 2958, 2926, 1666,
1614, 1515, 1446, 1367, 1324, 1257, 1216, 1161, 1142, 1077, 1018, 795, 756, 715, 684, 597, 537,
[a]p?® = -33.0 (¢ = 0.44, CHCl;); HRMS (ESI-TOF): calculated for C4H30N2NaOsS, (M+Na"):
561.1336, found 561.1343; M.p.: 85.8-87.4°C.

Methyl N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteinyl-D-alaninate (4d-s)
6)

20 9
Ph/s\s/\‘)J\N\" ONg
_NH H 0

Boc

4d-s

The title product compound was prepared according to the general procedure (Method A) with 0. 5
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 12 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (2:5, v/v) as the eluent, giving the
titled compound as a white solid (177 mg, 80% yield).

'"H NMR (400 MHz, CDCl3) § 7.93 (d, J= 7.9 Hz, 2 H), 7.64 (t, J = 6.6 Hz, 1 H), 7.55 (1, J = 6.8
Hz,2 H), 7.04 (d, /= 7.3 Hz, 1 H), 5.56-5.47 (m, 2 H), 4.59-4.45 (m, 2 H), 3.71 (s, 3 H), 3.34 (dd,
J=15.0,5.6 Hz, 1 H), 3.25 (dd, /= 14.0, 5.1 Hz, 1 H), 1.44 (s, 9 H), 1.39 (d, /= 7.3 Hz, 3 H) ppm;
13C NMR (101 MHz, CDCls) § 172.85, 169.30, 155.71, 144.05, 134.11, 129.56, 127.24, 80.99,
53.24, 52.63, 48.35, 36.91, 28.32, 18.20 ppm; IR (thin film, cm™): 3325, 2960, 2924, 2162, 1979,
1740, 1665, 1512, 1448, 1367, 1326, 1258, 1144, 1078, 1017, 864, 796, 716, 685, 600, 537, 432,
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418; [a]p?>=-29.5 (¢ = 0.38, CHCl3); HRMS (ESI-TOF): calculated for C1sH26N2NaO7S, (M+Na*):
469.1074, found 469.1077; M.p.: 110.5-112.5 °C.

Methyl N°’-(tert-butoxycarbonyl)-N-(N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-
cysteinyl)-L-lysinate (4f-s)
.Boc
W\ ’/O o ”
Ph—°~ s /ﬁ)l\ N O ~
H
_NH o)
Boc
4f-s

The title product compound was prepared according to the general procedure (Method A) with 0.5
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 11 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (259.7 mg, 86% yield).

'"H NMR (400 MHz, CDCl3) § 7.88 (d, J= 7.7 Hz, 2 H), 7.59 (t, J = 7.4 Hz, 1 H), 7.51 (t,J = 7.7
Hz,2 H), 7.12(d,J=8.0 Hz, 1 H), 5.71 (d, J=6.5 Hz, 1 H), 4.80 (t,/=5.9 Hz, 1 H), 445 (q, J =
7.8 Hz, 1 H), 3.66 (s, 3 H), 3.27 (qd, /= 14.6, 5.7 Hz, 2 H), 3.00 (q, /= 6.8 Hz, 2 H), 1.84-1.73 (m,
1 H), 1.68-1.56 (m, 1 H), 1.46-1.32 (m, 20 H), 1.30-1.22 (m, 2 H) ppm; *C NMR (101 MHz, CDCl5)
§ 218.29, 172.09, 169.65, 156.01, 155.52, 143.88, 133.99, 129.44, 127.07, 80.63, 78.96, 52.41,
52.14, 40.05, 36.86, 31.67, 29.23, 28.38, 28.19, 22.33 ppm; IR (thin film, cm™): 3332, 3019, 2962,
1694, 1508, 1367, 1260, 1214, 1144, 1094, 1013, 805, 747, 684, 665, 600, 537; [a]p*>=-38.6 (c =
0.85, CHCl3); HRMS (ESI-TOF): calculated for CzcHa1N3NaOsS; (M+Na"): 626.2176, found
626.2181; M.p.: 144.5-146 °C.

Methyl N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteinyl-L-phenylalaninate (4g-s)

4g-s

The title product compound was prepared according to the general procedure (Method A) with 0.3
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 19 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a pale yellow syrup (108 mg, 69% yield).

'"H NMR (400 MHz, CDCl3) § 7.94 (d, J= 7.6 Hz, 2 H), 7.65 (t, J = 7.4 Hz, 1 H), 7.60-7.52 (m, 2
H), 7.26 (dd, J=14.2,7.0 Hz, 3 H), 7.12 (d, J= 6.4 Hz, 2 H), 6.98 (d, /= 7.5 Hz, | H), 5.49 (d, J
=8.2Hz, 1 H), 4.81 (q,J=6.4Hz, 1 H),4.49 (q,J=7.7 Hz, 1 H), 3.35 (dd, J=14.0, 5.6 Hz, 1 H),
3.22(dd, J=14.1,49 Hz, 1 H), 3.15 (dd, J=13.9, 5.8 Hz, 1 H), 3.06 (dd, J=13.9, 6.5 Hz, 1 H),
1.45 (s, 9 H) ppm; 3C NMR (101 MHz, CDCl3) § 171.31, 169.43, 155.52, 143.95, 135.62, 134.05,
129.49, 129.28, 128.66, 127.23, 127.17, 80.80, 53.48, 53.36, 52.43, 37.83, 36.94, 28.26 ppm; IR
(thin film, em™): 3312, 2959, 2926, 2649, 2323, 2287, 2049, 1979, 1741, 1665, 1512, 1446, 1367,
1326, 1259, 1143, 1079, 1018, 863, 796, 715, 686, 600, 537, 417; [a]p**= -30.2 (¢ = 0.44, CHCl5);
HRMS (ESI-TOF): calculated for C24H3oN2NaO7S, (M+Na"): 545.1387, found 545.1392.



Methyl N-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteinyl-L-tryptophanate (4h-s):

~ NH
q\ //o Q
Ph/S\S/\HJ\N O\
H
NH (0]
Boc”
4h-s

The title product compound was prepared according to the general procedure (Method A) with 0.5
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 6 h and isolated by column chromatography
on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound
as a white solid (222 mg, 79% yield).

'"H NMR (400 MHz, CDCl3) § 8.77 (s, 1 H), 7.81 (d, J = 7.5 Hz, 2 H), 7.56 (t, J = 7.5 Hz, 1 H),
7.50 (d,J=7.8 Hz, 1 H), 7.42 (t, J= 7.7 Hz, 2 H), 7.31 (d, J= 7.9 Hz, 1 H), 7.19 -7.06 (m, 2 H),
7.05-6.97 (m, 2 H), 5.55 (d, /J=8.4 Hz, 1 H), 4.83 (q,J=5.5 Hz, 1 H), 4.56-4.44 (m, 1 H), 3.62 (s,
3 H), 3.35-3.15 (m, 4 H), 2.80 (s, 1 H), 1.40 (s, 9 H) ppm; *C NMR (101 MHz, CDCl3) § 171.77,
169.50, 155.49, 143.81, 136.22, 133.96, 129.41, 127.37, 127.04, 123.47, 122.08, 119.50, 118.33,
111.57, 109.04, 80.67, 53.11, 52.45, 38.61, 37.29, 28.17, 27.39 ppm; IR (thin film, em™): 3357,
2955, 2926, 1666, 1512, 1457, 1446, 1367, 1324, 1256, 1214, 1161, 1142, 1095, 1076, 1048, 1020,
862, 797, 746, 715, 684, 597, 536, 427; [a]p*> = -28.6 (¢ = 0.51, CHCI5); HRMS (ESI-TOF):
calculated for CsH31N3NaO7S, (M+Na'): 584.1496, found 584.1499; M.p.: 87.9-90.1 °C.

Ethyl NV-(tert-butoxycarbonyl)-S-(phenylsulfonyl)-L-cysteinylglycinate (4j-s)
o)

1) (0]
\\S// /YJ\ O\/
Ph™=>
S ”/\n/
_NH O
Boc

4j-s

The title product compound was prepared according to the general procedure (Method A) with 0.5
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine for 12 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:3, v/v) as the eluent, giving the
titled compound as a white solid (192.6 mg, 86% yield).

'"H NMR (400 MHz, CDCl3) § 7.92 (d, J= 7.8 Hz, 2 H), 7.62 (t, J = 7.4 Hz, 1 H), 7.54 (t,J = 7.6
Hz,2 H), 7.13 (t, /=54 Hz, 1 H), 5.63 (d,/=8.4Hz, 1 H),4.55(q,J=7.1 Hz, 1 H), 4.16 (q, J =
7.1 Hz, 2 H), 4.04-3.90 (m, 2 H), 3.40-3.24 (m, 2 H), 1.42 (s, 9 H), 1.24 (t, /= 7.1 Hz, 3 H) ppm;
13C NMR (101 MHz, CDCl3) § 170.08, 169.32, 155.61, 143.94, 134.03, 129.48, 127.16, 80.81,
61.61, 53.20, 41.44, 37.07, 28.26, 14.13 ppm; IR (thin film, cm™): 3308, 2961, 2926, 2162, 1979,
1674, 1512, 1367, 1326, 1259, 1143, 1078, 1019, 863, 798, 716, 686, 600, 537, 457; [a]p*>= -36.9
(¢ =0.52, CHCI3); HRMS (ESI-TOF): calculated for C;sH2sN2NaO7S; (M+Na*): 469.1074, found
469.1075; M.p.: 114.5-116.1 °C.

3.3 General Procedure for Synthesis of Dipeptide Sa-s to 5g-s (Method B)



R

Rivy )\H/OH 0 0 o)
(0] H S

? Ph—~ -
BnOH, cyclohexane, 80°C o} S OBn
PhSO,S OH » PhSO,S OBn 0 NH
NH; 4-methylbenzenesulfonic acid NH,+TsOH HBTU, HOBT . j
DIPEA, CH,ClI 1~
52 $2-2 22 N° R
5-s

Benzyl S-(phenylsulfonyl)-L-cysteinate (S2-2): A mixture of S-(phenylsulfonyl)-L-cysteine S2 (2
mmol, 522.6 mg), benzyl alcohol (10 mmol, 1.03 mL), p-toluene sulfonic acid monohydrate (2.4
mmol, 413.3 mg) and cyclohexane (20 mL) was refluxed at 80°C for 4 h using a Dean-Stark
apparatus to separate water that was azeotroped out as it formed. The reaction mixture was cooled
to room temperature and ethyl acetate (50 mL) was added. After stirring for 1 h, the precipitate was
collected by filtration and dried to give the corresponding benzyl ester p-toluenesulfonate as a white
solid. The crude product was used for next step without further purification.

To a 0.1 M solution of the benzyl S-(phenylsulfonyl)-L-cysteinate S2-2 (1.1 equiv.) and protected
amino acids (1 equiv.) in anhydrous CH>Cl, were added HBTU (1.1 equiv.), HOBT (0.37 equiv.)
and DIPEA (2 equiv.). Reaction monitored by analytical TLC. When material was consumed, the
solvent was removed under vacuum and the resulting was dissolved in ethyl acetate. Organic layer
was washed with saturated NaHCOsx 1, brinex2 and dried over Na;SOas. After filtration, organic
solvent was removed under vacuum and the residue was purified by column chromatography on
silica-gel to afford the desired product.’

Benzyl N-((tert-butoxycarbonyl)-L-phenylalanyl)-S-(phenylsulfonyl)-L-cysteinate (5a-s)
Q0 9

Ph—S~g

OBn
Os_NH
Boc. j/ /©
N /
H

5a-s

The title product compound was prepared according to the general procedure (Method B) with 0.55
mmol of benzyl S-(phenylsulfonyl)-L-cysteinate for 5.5 h and isolated by column chromatography
on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound
as a white solid (215.9 mg, 72% yield).

'"H NMR (400 MHz, CDCl3) § 7.87 (d, J= 7.3 Hz, 2 H), 7.62 (t, J = 7.5 Hz, 1 H), 7.51 (t, J = 7.7
Hz, 2 H), 7.39-7.29 (m, 5 H), 7.27-7.11 (m, 6 H), 5.14 (d, /= 4.5 Hz, 2 H), 5.09 (d, /= 8.1 Hz, 1
H), 4.80 (q,/=5.5Hz, 1 H), 4.50-4.39 (m, 1 H), 3.50 (dd, /= 14.5, 4.8 Hz, 1 H), 3.39 (dd, /= 14.5,
5.5Hz, 1 H), 3.17 (dd, J = 14.0, 5.8 Hz, 1 H), 2.96 (dd, J=14.2, 8.1 Hz, 1 H), 1.37 (s, 9 H) ppm;
13C NMR (101 MHz, CDCls) § 171.73, 168.92, 155.45, 143.94, 136.65, 134.78, 134.13, 129.50,
129.35, 128.71, 128.64, 128.51, 127.17, 126.90, 80.28, 67.98, 55.62, 51.89, 38.12, 36.94, 28.26
ppm; IR (thin film, em™): 3300, 2959, 2924, 2323, 2160, 2049, 1983, 1665, 1497, 1447, 1366,
1327, 1258, 1166, 1144, 1078, 1019, 798, 752, 715, 698, 685, 599, 537, 427; [a]p?>= -29.2 (c =
0.36, CHCl3); HRMS (ESI-TOF): calculated for Cs3oH34N2NaO7S; (M+Na"): 621.1700, found
621.1702; M.p.: 90.7-92.5 °C.

Benzyl N-((tert-butoxycarbonyl)-L-leucyl)-S-(phenylsulfonyl)-L-cysteinate (Sbh-s)

10



O o o)

\

Ph~Sg OBn
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The title product compound was prepared according to the general procedure (Method B) with 0.55
mmol of benzyl S-(phenylsulfonyl)-L-cysteinate for 11 h and isolated by column chromatography
on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound
as a white syrup (185.7 mg, 76% yield).

'"H NMR (400 MHz, CDCl3) § 7.88 (d, J= 7.8 Hz, 2 H), 7.62 (t, J = 7.4 Hz, 1 H), 7.51 (t,J = 7.7
Hz, 2 H), 7.39-7.28 (m, 4 H), 7.26 (d, J= 8.2 Hz, 1 H), 5.19-5.10 (m, 2 H), 4.98 (d, /= 8.2 Hz, 1
H), 4.87-4.78 (m, 1 H), 4.19 (t, /= 11.0 Hz, 1 H), 3.47 (qd, J=14.5, 5.1 Hz, 2 H), 1.71-1.62 (m, 2
H), 1.44 (s, 9 H), 0.90 (d, J = 3.6 Hz, 6 H) ppm; *C NMR (101 MHz, CDCl3) & 172.94, 169.12,
155.72, 143.92, 134.81, 134.14, 129.52, 128.72, 128.54, 127.23, 80.24, 67.99, 53.10, 51.82, 41.08,
37.01, 28.77, 24.76, 23.06, 21.82 ppm; IR (thin film, em™): 3323, 2958, 2925, 2323, 2160, 2049,
1664, 1512, 1447, 1366, 1326, 1259, 1165, 1144, 1078, 1020, 796, 753, 715, 697, 685, 598, 537,
433; [a]p?>=-41.6 (¢ = 0.50, CHCl3); HRMS (ESI-TOF): calculated for C27H36N2NaO7S, (M+Na*):
587.1856, found 587.1859.

Tert-butyl (R)-5-(((R)-1-(benzyloxy)-1-0x0-3-((phenylsulfonyl)thio)propan-2-yl)amino)-4-
((tert-butoxycarbonyl)amino)-5-oxopentanoate (5d-s)
O\\ /o O
Ph/s‘s/\‘)J\OBn
OxNH
0
>‘/ \n/\iNHBoc
0
5d-s

The title product was prepared according to the general procedure (Method B) with 0.55 mmol of
benzyl S-(phenylsulfonyl)-L-cysteinate for 11 h and isolated by column chromatography on silica
gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound as a
chartreuse mucus (232.5 mg, 73% yield).

'"H NMR (400 MHz, CDCl3) § 7.88 (d, J= 7.6 Hz, 2 H), 7.62 (t, J = 7.4 Hz, 1 H), 7.50 (t, J = 7.9
Hz,2 H), 7.46 (d, /= 8.1 Hz, 2 H), 7.38-7.29 (m, 5 H), 5.51 (d,J=7.4 Hz, 1 H), 5.15 (s, 2 H), 4.81
(q,J=6.1 Hz, 1 H), 4.25-4.15 (m, 1 H), 3.52 (dd, J=14.5, 4.8 Hz, 1 H), 3.43 (dd, /= 14.4, 6.0 Hz,
1 H), 2.43-2.25 (m, 2 H), 2.17-2.05 (m, 1 H), 1.95-1.83 (m, 1 H), 1.44 (s, 18 H) ppm; *C NMR
(101 MHz, CDCIl3) & 172.45, 171.94, 168.90, 155.52, 143.79, 134.70, 133.97, 129.35, 128.51,
128.48, 128.32, 127.00, 80.58, 79.89, 67.74, 53.84, 51.70, 31.60, 28.20, 27.95, 27.23 ppm; IR (thin
film, cm™): 3314, 2961, 2926, 1720, 1498, 1447, 1366, 1327, 1257, 1144, 1077, 1020, 795, 753,
715, 697, 685, 597, 537; [a]p*® = -28.2 (¢ = 0.51, CHCl3); HRMS (ESI-TOF): calculated for
C30H40N2NaOyS; (M+Na®): 659.2067, found 659.2067.

Benzyl N-((tert-butoxycarbonyl)-L-valyl)-S-(phenylsulfonyl)-L-cysteinate (Se-s)
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The title product was prepared according to the general procedure (Method B) with 1.1 mmol of
benzyl S-(phenylsulfonyl)-L-cysteinate for 24 h and isolated by column chromatography on silica
gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound as a
chartreuse mucus (332.9 mg, 59% yield).

'"H NMR (400 MHz, CDCl3) § 7.88 (d, J= 7.8 Hz, 2 H), 7.61 (t, J= 7.5 Hz, 1 H), 7.49 (t,J = 7.7
Hz,2 H), 7.44 (d, J=17.7 Hz, 1 H), 7.37-7.28 (m, 5 H), 5.37 (d, /=8.9 Hz, 1 H), 5.13 (d, J=2.6
Hz,2 H),4.84 (q,J=6.4 Hz, 1 H), 4.11-3.99 (m, 1 H), 3.49 (dd, /= 14.5,49 Hz, 1 H), 3.43 (dd, J
=14.4,6.5 Hz, 1 H), 2.18-2.06 (m, 1 H), 1.43 (s, 9 H), 0.92 (d, /= 6.9 Hz, 3 H), 0.87 (d, /= 6.8 Hz,
3 H) ppm; 3C NMR (101 MHz, CDCl3) § 172.13, 169.21, 155.85, 143.81, 134.83, 134.14, 129.50,
128.63, 128.60, 128.48, 127.14, 79.83, 67.87, 59.68, 51.79, 36.86, 30.85, 28.35, 19.24, 17.69 ppm;
IR (thin film, em™): 3299, 2961, 2926, 2323, 2160, 1979, 1660, 1499, 1447, 1366, 1326, 1258,
1164, 1143, 1077, 1016, 867, 796, 753, 715, 696, 684, 597, 536; [a]p>>=-19.8 (c = 0.44, CHCl;);
HRMS (ESI-TOF): calculated for C26H34N>NaO7S> (M+Na"): 573.1700, found 573.1700.

Benzyl N-((tert-butoxycarbonyl)-L-threonyl)-S-(phenylsulfonyl)-L-cysteinate (5f-s)
Qo 0

Ph/s‘s OBn

O+_NH
Boc.
ocC NL
H

OH
5f-s

The title product was prepared according to the general procedure (Method B) with 0.55 mmol of
benzyl S-(phenylsulfonyl)-L-cysteinate for 14 h and isolated by column chromatography on silica
gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound as a
chartreuse mucus (213.8 mg, 77% yield).

'"H NMR (400 MHz, CDCl3)  7.86 (d, J= 7.9 Hz, 2 H), 7.68 (d, J= 7.5 Hz, 1 H), 7.58 (t,J = 7.5
Hz, 1 H), 7.47 (t, J=7.8 Hz, 2 H), 7.37-7.27 (m, 5 H), 5.73 (d,J= 7.7 Hz, 1 H), 5.13 (s, 2 H), 4.84
(q,J=6.1Hz,1H),4.31(d,J=63Hz, 1 H),4.17(d,J=7.9 Hz, 1 H), 3.73 (s, 1 H), 3.54 (dd, J =
14.5,4.6 Hz, 1 H), 3.44 (dd, J=14.8, 5.9 Hz, 1 H), 1.44 (s, 9 H), 1.15 (d, J= 5.7 Hz, 3 H) ppm;
13C NMR (101 MHz, CDCls) § 171.38, 168.98, 156.09, 143.77, 134.61, 133.99, 129.35, 128.53,
128.34, 126.96, 80.15, 67.85, 66.93, 58.76, 51.92, 36.64, 28.19, 18.30 ppm; IR (thin film, cm™):
3348, 2961, 2926, 2035, 1978, 1667, 1497, 1447, 1367, 1326, 1258, 1163, 1143, 1077, 1018, 874,
796, 752, 715, 697, 684, 597, 536; [a]p?> = -51.2 (c = 0.43, CHCl3); HRMS (ESI-TOF): calculated
for C25sH3:N2NaOsS» (M+Na+): 575.1492, found 575.1492.

Benzyl N-((tert-butoxycarbonyl)-L-glutaminyl)-S-(phenylsulfonyl)-L-cysteinate (5g-s)
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The title product was prepared according to the general procedure (Method B) with 0.55 mmol of
benzyl S-(phenylsulfonyl)-L-cysteinate for 10 h and isolated by column chromatography on silica
gel using ethyl acetate as the eluent, giving the titled compound as a white solid (243.6 mg, 84%
yield).

'"H NMR (400 MHz, CDCl3) § 7.99 (d, J= 7.6 Hz, 1 H), 7.87 (d, J= 7.4 Hz, 2 H), 7.61 (t,J = 7.4
Hz, 1 H), 7.49 (t,J=17.7 Hz, 2 H), 7.39-7.28 (m, 5 H), 6.36 (s, 1 H), 5.99 (s, 1 H), 5.69 (d,J=7.6
Hz, 1 H), 5.13 (s, 2 H), 4.79 (9, J= 7.2 Hz, 1 H), 4.20 (g, /= 7.1 Hz, 1 H), 3.50 (dd, J = 14.4, 4.7
Hz, 1 H), 3.41 (dd, J=14.4, 6.9 Hz, 1 H), 2.42-2.16 (m, 3 H), 2.12-2.01 (m, 1 H), 1.99-1.86 (m, 1
H), 1.43 (s, 9 H) ppm; *C NMR (101 MHz, CDCl5) & 175.40, 172.09, 169.39, 155.92, 143.96,
134.78, 133.66, 129.47, 128.69, 128.50, 127.14, 80.21, 67.97, 53.58, 51.86, 36.82, 31.74, 28.91,
28.33 ppm; IR (thin film, em™): 3337, 2958, 2924, 2323, 2160, 1979, 1664, 1512, 1448, 1366,
1309, 1257, 1163, 1143, 1076, 1023, 861, 796, 753, 715, 696, 684, 590, 536, 491; [a]p*=-15.7 (c
= 0.35, CHCl3); HRMS (ESI-TOF): calculated for C26H33N3NaOsS, (M+Na"): 602.1601, found
602.1608; M.p.: 65.6-66.4 °C.

Benzyl (R)-4-(((R)-1-(benzyloxy)-1-0x0-3-((phenylsulfonyl)thio)propan-2-yl)amino)-3-((tert-
butoxycarbonyl)amino)-4-oxobutanoate (Sh-s)

O o 0]

\

Ph/s\s OBn
O~__NH

10
Boc\N OBn

H
5h-s

The title product was prepared according to the general procedure (Method B) with 0.55 mmol of
benzyl S-(phenylsulfonyl)-L-cysteinate for 5.5 h and isolated by column chromatography on silica
gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound as a
chartreuse mucus (262 mg, 80% yield).

"H NMR (400 MHz, CDCl3) 6 7.88 (d, J = 7.4 Hz, 2 H), 7.60 (t, J= 7.6 Hz, 1 H), 7.53-7.45 (m, 3
H), 7.38-7.26 (m, 10 H), 5.72 (d, J= 8.8 Hz, 1 H), 5.14 (s, 2 H), 5.11 (s, 2 H), 4.84-4.77 (m, 1 H),
4.61 (q,J=6.6 Hz, 1 H), 3.51 (dd, J=14.5,4.8 Hz, 1 H), 3.42 (dd, /= 14.5, 5.7 Hz, 1 H), 2.93 (dd,
J=16.8, 5.4 Hz, 1 H), 2.80 (dd, J = 17.0, 5.9 Hz, 1 H), 1.45 (s, 9 H) ppm; '*C NMR (101 MHz,
CDCl3) 6 171.10, 170.91, 168.76, 155.39, 143.86, 135.38, 134.69, 133.96, 129.34, 128.55, 128.52,
128.46, 128.33,128.21, 128.13, 127.02, 80.44, 67.81, 66.67, 51.89, 50.63, 36.62, 36.09, 28.18 ppm;
IR (thin film, cm™): 3353, 2960, 2926, 2162, 1735, 1679, 1497, 1447, 1366, 1327, 1257, 1162, 1143,
1077, 1049, 1022, 909, 859, 798, 751, 715, 696, 684, 597, 536; [a]p** = -15.6 (c = 0.59, CHCl;);
HRMS (ESI-TOF): calculated for C3;H3sN2NaOoS, (M+Na'): 679.1754, found 679.1752.

3.4 Procedure for Synthesis of Tripeptides
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Methyl N?~(tert-butoxycarbonyl)-N-((R)-1-((2-ethoxy-2-oxoethyl)amino)-1-oxo-3-
((phenylsulfonyl)thio)propan-2-yl)-L-glutaminate (6a-s)

o\\ _Ph
[o) (0]
\\S/,Oﬁ)L o 1) TFA, CH3ClI
Ph™>>g N
NH HT 2) HBTU, HOBT, DIPEA Jko/\
Boc” o
4j-s
HO o~
HN.
Boc

4j-s (150.2 mg, 0.34 mmol) was dissolved in 0.5 mL of dichloromethane, and TFA (0.5 mL) was
added dropwise. After 1 h, solvent was removed under reduced pressure. The resulting residue as a
brown yellow liquid for next step without further purification.

The residue and (S)-4-((tert-butoxycarbonyl)amino)-5-methoxy-5-oxopentanoic acid (80.8 mg, 0.31
mmol) in anhydrous CH,Cl, were added HBTU (129 mg, 0.34 mmol), HOBT (15.5 mg, 0.11 mmol)
and DIPEA (80 mg, 0.62 mmol). Reaction monitored by analytical TLC. When material was
consumed, the solvent was removed under vacuum and the resulting was dissolved in ethyl acetate.
Organic layer was washed with saturated NaHCO;x1, brinex2 and dried over Na;SOs. After
filtration, organic solvent was removed under vacuum and the residue was purified by column
chromatography on silica-gel using ethyl acetate/petroleum ether (2:1, v/v) as the eluent to afford
the desired product as a pale yellow mucus (78.4 mg, 43% yield).

'"H NMR (400 MHz, CDCl3) § 7.90 (d, J= 7.4 Hz, 2 H), 7.62 (t, J = 7.4 Hz, 1 H), 7.54 (t,J = 7.7
Hz, 2 H), 742 (t, J=5.8 Hz, 1 H), 7.10 (d, J=7.8 Hz, 1 H), 549 (d, /=8.2 Hz, 1 H), 4.81 (q, J =
6.7 Hz, 1 H), 4.28 (q,J=7.1 Hz, 1 H), 4.14 (q, J= 7.2 Hz, 2 H), 4.02-3.87 (m, 2 H), 3.70 (s, 3 H),
3.38(dd, J=14.6,6.7 Hz, 1 H), 3.28 (dd, /= 14.6, 5.3 Hz, 1 H), 2.35 (t,/= 7.2 Hz, 2 H), 2.19-2.10
(m, 1 H), 2.00-1.92 (m, 1 H), 1.38 (s, 9 H), 1.22 (t, J = 7.2 Hz, 3 H) ppm; *C NMR (101 MHz,
CDCls) 8 172.99, 172.90, 169.87, 169.51, 155.76, 143.81, 134.15, 129.57, 127.21, 80.15, 61.57, 52.79,
52.56, 52.14, 41.45, 36.40, 31.89, 28.33, 28.12, 14.15 ppm; IR (thin film, cm™): 3312, 2957, 2927,
1738, 1660, 1527, 1445, 1368, 1324, 1255, 1207, 1144, 1075, 1020, 862, 794, 754, 715, 685, 597,
536; [a]p?® = -48.3 (¢ = 0.42, CHCl;); HRMS (ESI-TOF): calculated for CasH3sN3NaOioS;
(M+Na"): 612.1656, found 612.1652.

Methyl N-(tert-butoxycarbonyl)-S- (phenylsulfonyl)-L cysteinylglycylglycinate (6b-s)

@(\\ s YJ\N/\H/N\)J\ ~

6b-s
The title product compound was prepared according to the general procedure (Method A) with 0.5
mmol of N-(tert-butoxycarbonyl)-S-tosyl-L-cysteine and 0.55mmol of methyl glycyl glycinate for
10 h and isolated by column chromatography on silica gel using ethyl acetate/petroleum ether (3:1,
v/v) as the eluent, giving the titled compound as a white syrup (182 mg, 74% yield).
'"H NMR (400 MHz, CDCl3) 8 7.95 (d, J= 7.1 Hz, 2 H), 7.66 (t, J = 7.4 Hz, 1 H), 7.57 (t, J = 7.8
Hz,2 H), 7.29 (d, J=5.8 Hz, 1 H), 6.94 (s, 1 H), 5.71 (d, J= 7.6 Hz, 1 H), 4.51 (q, J= 6.2 Hz, 1
H), 4.09-3.94 (m, 4 H), 3.73 (s, 3 H), 3.43-3.30 (m, 2 H), 1.45 (s, 9 H) ppm; *C NMR (101 MHz,
CDCl3) 6 170.43, 170.25, 168.96, 155.93, 144.00, 134.27, 129.66, 127.32, 81.34, 53.93, 52.55,
43.21, 41.26, 36.95, 28.39 ppm; IR (thin film, em™): 3287, 3021, 2961, 2927, 1743, 1647, 1497,
14



1446, 1327, 1257, 1214, 1167, 1144, 1078, 1015, 795, 751, 697, 595, 536; [a]p>* = -30.0 (c = 0.32,
CHCIls); HRMS (ESI-TOF): calculated for C19H27N3NaOgS> (M+Na*): 512.1132, found 512.1130.

Benzyl N-(tert-butoxycarbonyl)-L-phenylalanyl-L-phenylalanyl-S-(phenylsulfonyl)-L-
cysteinate (6c¢-s)

o 0 0

\\S//
\S/H)J\OBn
Oj/NH
HN /©
WO
HN.
Boc

6c-s

The title product was prepared according to the general procedure (Method B) with 0.55 mmol of
benzyl S-(phenylsulfonyl)-L-cysteinate and 0.5 mmol of (tert-butoxycarbonyl)-L-phenylalanyl-L-
phenylalanine for 16 h and isolated by column chromatography on silica gel using ethyl
acetate/petroleum ether (1:2, v/v) as the eluent, giving the titled compound as a pale yellow solid
(150.2 mg, 40% yield).

'"H NMR (400 MHz, CDCl3) § 7.90 (d, J= 7.4 Hz, 2 H), 7.61 (t, J = 7.4 Hz, 1 H), 7.50 (t, J = 7.7
Hz, 3 H), 7.43-7.16 (m, 15 H), 7.07 (d, /= 6.7 Hz, 2 H), 6.78 (d, /= 8.2 Hz, 1 H), 5.16 (s, 2 H),
4.87-4.73 (m, 2 H), 4.45-4.36 (m, 1 H), 3.47 (dd, J=14.4, 5.3 Hz, 1 H), 3.37 (dd, /= 14.4, 6.2 Hz,
1 H), 3.12-2.89 (m, 4 H), 1.37 (s, 9 H) ppm; *C NMR (101 MHz, CDCl3) § 171.30, 170.82, 168.82,
155.60, 144.01, 136.49, 136.05, 134.87, 134.00, 129.42, 129.33, 129.31, 128.66, 128.62, 128.58,
128.54, 128.46,127.97, 127.10, 126.96, 80.27, 67.81, 55.85, 53.83, 52.00, 37.92, 36.79, 28.25 ppm;
IR (thin film, cm™): 3316, 2957, 2926, 1662, 1527, 1444, 1408, 1368, 1323, 1255, 1214, 1142,
1076, 1017, 862, 793, 754, 714, 685, 597, 536; [a]p**=-19.0 (c = 0.20, CHCl3); HRMS (ESI-TOF):
calculated for C390H43N3NaOsS> (M+Na'): 768.2384, found 768.2380; M.p.: 122.5-124.5 °C.

Methyl N-(tert-butoxycarbonyl)-L-phenylalanyl-L-phenylalanyl-S-(phenylsulfonyl)-L-
cysteinylglycylglycinate (7a-s)

o o o) o) o]
H 1) TFA, CH,Cl, H H H
N

PhSOgS/\)k”/Y \)'LO/ BOC/N\;)LN N\V)LN/WN\AO/
HN o] 2) HBTU, HOBT, DIPEA,CH,Cl, : Hog Y H oo
Boc PhO,SS
Boc-L-Phe-L-Phe
6b-s Ta-s

6b-s (123.6 mg, 0.25 mmol) was dissolved in 3 mL of dichloromethane, and TFA (1 mL) was added
dropwise. After 20 min, solvent was removed under reduced pressure. The resulting residue as a
brown yellow liquid for next step without further purification.

The residue and (tert-butoxycarbonyl)-L-phenylalanyl-L-phenylalanine (82.5 mg, 0.2 mmol) in
anhydrous CH>Cl, were added HBTU (83.4 mg, 0.22 mmol), HOBT (10 mg, 0.07 mmol) and
DIPEA (77.6 mg, 0.4 mmol). Reaction monitored by analytical TLC. When material was consumed,
the solvent was removed under vacuum and the resulting was dissolved in CHCls. Organic layer
was washed with saturated NaHCO3x1, brinex2 and dried over Na>SOs. After filtration, organic
solvent was removed under vacuum and the residue was purified by column chromatography on

basified silica-gel using ethyl acetate/petroleum ether (2:1, v/v) as the eluent to afford the desired
15



product as a colorless mucus (101.6 mg, 65% yield).

"H NMR (400 MHz, CDCl3) § 7.94 (d, J= 7.4 Hz, 2 H), 7.67 (t, J= 7.4 Hz, 1 H), 7.58 (t, J= 7.6
Hz, 2 H), 7.51 (d,/=8.1 Hz, 1 H), 7.38 (s, 1 H), 7.36-7.27 (m, 5 H), 7.16 (d, J= 6.2 Hz,2 H), 7.10
(d, J=6.7 Hz, 2 H), 7.00-6.95 (m, 1 H), 6.70-6.58 (d, 1 H), 4.85 (d, /J=4.3 Hz, 1 H), 4.76-4.64 (m,
1 H), 4.54 (dd, J=12.1, 5.8 Hz, 1 H), 4.32-4.24 (m, 1 H), 4.17-4.00 (m, 2 H), 3.88 (td, /= 17.0, 5.5
Hz, 2 H), 3.69 (s, 3 H), 3.48 (dd, J=13.9, 4.1 Hz, 1 H), 3.33-3.16 (m, 2 H), 3.14-3.00 (m, 2 H),
2.87 (dd, J=14.0, 8.4 Hz, 1 H), 1.28 (s, 9 H) ppm; *C NMR (101 MHz, CDCls) § 173.30, 171.89,
170.40, 169.74, 169.28, 156.84, 144.11, 135.68, 135.63, 134.27, 129.69, 129.35, 129.29, 129.26,
129.08,127.73, 127.60, 127.34, 81.77, 56.69, 55.34, 52.94, 52.36,43.43,41.11, 37.36,36.57,36.37,
28.37 ppm; IR (thin film, em™): 3278, 2958, 2923, 2852, 1698, 1632, 1514, 1446, 1392, 1365,
1328, 1258, 1215, 1145, 1078, 1016, 798, 753, 715, 698, 684, 596, 536; [a]p>>= -34.3 (c = 0.87,
CHCl3); HRMS (ESI-TOF): calculated for C37H4sNsNaO10S2 (M+Na"): 806.2500, found 806.2488.

4. General Procedure for Copper-Catalyzed S-Arylation

4.1 General Procedure for Copper-Catalyzed S-Arylation of 1a (Method C)

S-Ts B(OH), 20 mol% Cu(OAc), S
N S
L 20 mol% L1 K
Boc.. (0] * -
N ™ | X NaHCO; (15 equiv)  C°° N SN
o) R ’ H
MeOH, 30 C 0o
1a 2 3

The mixture of 1a (0.1 mmol, 38.9 mg), 2 (0.2 mmol, 2 equiv.), NaHCO3 (0.15 mmol, 12.6 mg),
Cu(OAc), (20 mol%, 4 mg), L1 (20 mol%, 4.3 mg) in 1 mL of dry methanol was stirred at 30°C
under N atmosphere. After 4 h, the solvent was removed under vacuum and the residue was purified

by flash column chromatography to afford the pure desired product.

Methyl N-(tert-butoxycarbonyl)-S-(4-fluorophenyl)-L-cysteinate (3a)

3a was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:7, v/v) as the eluent, giving the
titled compound as a white solid (32.2 mg, 98% yield).

'"H NMR (400 MHz, CDCl3) § 7.44-7.37 (m, 2 H), 6.98 (t, J = 8.6 Hz, 2 H), 5.34 (d, J = 8.0 Hz, 1
H), 4.57-4.46 (m, 1 H), 3.54 (s, 3 H), 3.23-3.35 (m, 2 H), 1.40 (s, 9 H) ppm; '°’F NMR (376 MHz,
CDCl;) & -114.12 (m, 1 F) ppm. The data is in accordance to the literature.®

Methyl N-(tert-butoxycarbonyl)-S-(2-fluorophenyl)-L-cysteinate (3b)
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3b was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent, giving the
titled compound as a white mucus (32.5 mg, 81% yield).

'"H NMR (400 MHz, CDCl3) § 7.43 (t, J= 7.6 Hz, 1 H), 7.28-7.20 (m, 1 H), 7.08 (d, J= 7.4 Hz, 1
H), 7.04 (d, J=8.4 Hz, 1 H), 5.37 (d, /= 8.1 Hz, 1 H), 4.59-4.50 (m, 1 H), 3.52 (s, 3 H), 3.42-3.28
(m, 2 H), 1.41 (s, 9 H) ppm; ’F NMR (376 MHz, CDCl;) § -107.87 (m, 1 F) ppm; '*C NMR (101
MHz, CDCl3) 6 170.85, 162.18 (d, Jc.r = 247.4 Hz), 154.95, 134.27, 129.72, 129.68 (d, Jc.r = 8.02
Hz), 124.51 (d, Jc.r = 3.81 Hz), 115.91 (d, Jc.r = 22.80 Hz), 80.12, 53.24, 52.34, 36.38, 28.25; IR
(thin film, cm™): 3368, 2956, 2925, 1746, 1712, 1499, 1473, 1437, 1366, 1349, 1258, 1219, 1162,
1052, 1012, 859, 796, 755, 673, 548, 457; [a]p*>= 61.7 (¢ = 0.47, CHCl3); HRMS (ESI-TOF):
calculated for C;sH20FNNaO4S (M+Na*): 352.0989, found 352.0989.

Methyl N-(tert-butoxycarbonyl)-S-(4-methoxyphenyl)-L-cysteinate (3c¢)

C /
S (0]
BocHN /(”/

SN

3c

3¢ was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent, giving the
titled compound as a white mucus (33.5 mg, 98% yield).
'"H NMR (400 MHz, CDCl3) § 7.38 (dt, J = 8.8, 3.2 Hz, 2 H), 6.82 (dt, /= 8.7, 3.2 Hz, 2 H), 5.33
(d, /=79 Hz, 1 H), 4.56-4.44 (m, 1 H), 3.78 (s, 3 H), 3.53 (s, 3 H), 3.24 (d, /=4.8 Hz, 2 H), 1.41
(s, 9 H) ppm. The data is in accordance to the literature.®

Methyl S-(3-aminophenyl)-V-(tert-butoxycarbonyl)-L-cysteinate (3d)

NH,

)

3d was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a brown yellow mucus (28.8 mg, 88% yield).

'"H NMR (400 MHz, CDCl3) § 7.06 (t, J = 7.8 Hz, 1 H), 6.77 (d, J= 7.4 Hz, 1 H), 6.72 (s, 1 H),
6.52 (d, J=5.7Hz, 1 H), 5.35 (d, /= 8.0 Hz, 1 H), 4.50-4.62 (m, J=9.2, 5.0 Hz, 1 H), 3.58 (s, 3
H), 3.34 (d, J= 4.9 Hz, 2 H), 1.42 (s, 9 H) ppm; *C NMR (101 MHz, CDCl;) § 171.13, 155.03,
146.93, 135.54, 129.83, 120.70, 117.04, 113.82, 80.10, 53.24, 52.35, 36.94, 28.28 ppm; IR (thin
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film, em™): 3367, 2956, 2924, 2852, 1741, 1701, 1623, 1591, 1500, 1482, 1438, 1391, 1365, 1305,
4257,1215,1161, 1051, 1012, 860, 777, 686, 498, 448, 421; [a]p*5=43.6 (¢ = 0.55, CHCl;); HRMS
(ESI-TOF): calculated for CisH22N>NaO4S (M+Na"): 349.1192, found 349.1193.

Methyl N-(tert-butoxycarbonyl)-S-(4-hydroxyphenyl)-L-cysteinate (3e)

O
BocHN/(”/

O

O
3e

3e was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:1, v/v) as the eluent, giving the
titled compound as a yellow mucus (32.7 mg, quant. yield).

'"H NMR (400 MHz, CDCl3) § 7.30 (d, J = 8.1 Hz, 2 H), 6.98 (s, 1 H) 6.75 (d, J = 8.2 Hz, 2 H),
5.43 (d, J=8.4 Hz, 1 H), 4.40-4.52 (m, 1 H), 3.52 (s, 3 H), 3.20 (d, /= 5.2 Hz, 2 H), 1.42 (s, 9 H)
ppm; 3C NMR (101 MHz, CDCl3) § 171.53, 156.49, 155.48, 135.02, 123.94, 116.37, 80.65, 53.21,
52.57, 38.96, 28.41 ppm; IR (thin film, em™): 3353, 2955, 2926, 1683, 1600, 1582, 1495, 1435,
1392, 1366, 1258, 1216, 1161, 1094, 1054, 1011, 829, 796, 756, 659, 638, 523; [a]p?*= 63.0 (c =
0.50, CHCl3); HRMS (ESI-TOF): calculated for C;sHx;NNaOsS (M+Na*): 350.1033, found
350.1033.

Methyl N-(tert-butoxycarbonyl)-S-(4-(trifluoromethyl)phenyl)-L-cysteinate (3f)

o
BocHN/(H/

SN

(0]
3f

3f was synthesized according to general procedure (Method C) for 6 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent, giving the
titled compound as a white solid (37.9 mg, quant. yield).

"H NMR (400 MHz, CDCl3) § 7.52 (d, J= 8.3 Hz, 2 H), 7.46 (d, J= 8.1 Hz, 2 H), 5.31 (d, /= 8.0
Hz, 1 H), 4.57-4.67 (m, 1 H), 3.62 (s, 3 H), 3.49 (dd, J=13.7, 4.4 Hz, | H), 3.40 (dd, J=14.1, 4.6
Hz, 1 H), 1.40 (s, 9 H) ppm; ’F NMR (376 MHz, CDCl;) & -62.58 (s, 3 F) ppm. The data is in
accordance to the literature.’

Methyl (R)-4-((2-((tert-butoxycarbonyl)amino)-3-methoxy-3-oxopropyl)thio)benzoate (3g)

3g was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent, giving the
titled compound as a brown yellow mucus (32.5 mg, 88% yield).

'"H NMR (400 MHz, CDCl3) § 7.92 (d, J = 7.3 Hz, 2 H), 7.37 (d,J= 7.4 Hz, 2 H), 5.35 (d, J=7.9
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Hz, 1 H), 4.62 (q,/=6.9, 6.1 Hz, 1 H), 3.89 (s, 3 H), 3.61 (s, 3 H), 3.49 (dd, /=13.7,4.4 Hz, 1 H),
3.42(dd,J=13.9, 4.3 Hz, 1 H), 1.41 (s, 9 H). ppm; *C NMR (101 MHz, CDCl3) § 170.88, 166.67,
155.03, 142.06, 130.11, 128.32, 127.89, 80.40, 53.30, 52.65, 52.22, 35.63, 28.33 ppm; IR (thin film,
em™): 3362, 2953, 2925, 2853, 1746, 1716, 1594, 1492, 1454, 1435, 1392, 1366, 1351, 1284, 1274,
1258, 1162, 1106, 1089, 1052, 1013, 794, 759, 691, 523, 485, 424; [a]p?>= 50.9 (c = 0.57, CHCl5);
HRMS (ESI-TOF): calculated for Ci17H23NNaOgS (M+Na"): 392.1138, found 392.1138.

Methyl N-(tert-butoxycarbonyl)-S-(4-nitrophenyl)-L-cysteinate (3h)

G
BocHN/(”/

SN

O
3h

3h was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a pale yellow solid (35.6 mg, quant. yield).

'"H NMR (400 MHz, CDCl3) § 8.12 (d, J = 8.9 Hz, 2 H), 7.42 (d, J= 8.9 Hz, 2 H), 5.34 (d, /= 7.1
Hz, 1 H),4.64 (q,/J=5.7Hz, 1 H), 3.70 (s, 3 H), 3.57 (dd, /= 14.0, 5.0 Hz, 1 H), 3.43 (dd, /= 13.9,
5.0 Hz, 1 H), 1.41 (s, 9 H) ppm. The data is in accordance to the literature.

Methyl N-(tert-butoxycarbonyl)-S-(4-methyl-2-0xo0-2H-chromen-7-yl)-L-cysteinate (3i)

3i was synthesized according to general procedure (Method C) for 20 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a brown yellow mucus (39.4 mg, quant. yield).

'"H NMR (400 MHz, CDCl3) § 7.47 (d, J= 8.2 Hz, 1 H), 7.27-7.20 (m, 2 H), 6.22 (s, 1 H), 5.34 (d,
J=7.9 Hz, 1 H), 4.67-4.56 (m, 1 H), 3.68 (s, 3 H), 3.51 (dd, /=13.8, 4.7 Hz, 2 H), 3.38 (dd, J =
14.0, 5.2 Hz, 2 H), 2.39 (s, 3 H), 1.40 (s, 9 H) ppm; 3C NMR (101 MHz, CDCl3) § 170.87, 160.52,
155.03, 153.78, 152.07, 141.20, 124.92, 124.38, 118.12, 116.19, 114.57, 80.50, 53.23, 52.80, 35.77,
28.35, 18.68 ppm; IR (thin film, cm™): 3345, 2955, 2925, 2853, 1713, 1619, 1600, 1503, 1436,
1386, 1366, 1314, 1245, 1216, 1162, 1095, 1053, 1011, 954, 853, 800, 751, 705, 664, 571, 537, 520,
439; [a]p**=20.4 (c = 0.50, CHCl3); HRMS (ESI-TOF): calculated for C19H23NNaOsS (M+Na"):
416.1138, found 416.1137; M.p.: 87.2-88.3 °C.

Methyl N-(tert-butoxycarbonyl)-S-(pyren-1-yl)-L-cysteinate (3j)
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BocHN/I:H/O\\

o]
3j

3j was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:3, v/v) as the eluent, giving the
titled compound as a brown yellow mucus (43.6 mg, quant. yield).

"H NMR (400 MHz, CDCl3)  8.70 (d, J=9.2 Hz, 1 H), 8.26-8.16 (m, 4 H), 8.09 (t, /= 7.72 Hz, 2
H), 8.03 (t, /= 6.8 Hz, 2 H), 5.33 (d, /= 8.0 Hz, 1 H), 4.63-4.55 (m, 1 H), 3.56 (qd, J = 14.0, 4.6
Hz, 1 H), 3.37 (s, 3 H), 1.23 (s, 9 H) ppm; 3C NMR (101 MHz, CDCl;) § 171.01, 154.81, 132.05,
131.47, 131.24, 131.22, 130.90, 129.03, 128.42, 128.00, 127.18, 126.30, 125.58, 125.53, 125.25,
124.90, 124.63, 124.44, 79.91, 53.77, 52.29, 38.75, 28.07 ppm; IR (thin film, cm™): 3366, 2955,
2923, 2852, 1744, 1711, 1593, 1497, 1455, 1436, 1365, 1349, 1257, 1213, 1161, 1051, 1013, 844,
817, 796, 756, 713, 680, 664, 600, 495; [a]p*>= 66.7 (c = 0.51, CHCl3); HRMS (ESI-TOF):
calculated for C2sH2sNNaO4S (M+Na"): 458.1397, found 458.1397.

Dimethyl 3,3'-(1,4-phenylenebis(sulfanediyl))(2R,2 'R)-bis(2-((tert-
butoxycarbonyl)amino)propanoate) (3k)
NHBoc
SHeass
\OJ\./\S °

ﬁHBoc
3k

3k was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent, giving the
titled compound as a colorless mucus (18.0 mg, 66% yield).

'"H NMR (400 MHz, CDCl3) § 7.30 (s, 2 H), 5.32 (d, J = 7.8 Hz, 1 H), 4.55 (q, J = 5.4 Hz, 1 H),
3.58 (s, 3 H), 3.34 (p, J=11.3, 8.6 Hz, 2 H), 1.42 (s, 9 H) ppm; 3C NMR (101 MHz, CDCl;) &
171.07, 155.08, 131.31, 80.35, 53.35, 52.59, 37.25, 28.40 ppm; IR (thin film, cm™): 2954, 2927,
2854, 1745, 1711, 1500, 1478, 1437, 1391, 1365, 1350, 1310, 1253, 1214, 1162, 1102, 1050, 1009,
918, 858, 799, 775, 758, 653, 626, 585; [a]p?®= 63.488 (c = 0.43, CHCl3); HRMS (ESI-TOF):
calculated for C24H36N2NaOsS, (M+Na®): 567.1805, found 567.1796.

N-(tert-butoxycarbonyl)-S-(4-fluorophenyl)-L-cysteine (31)

3l

31 was synthesized according to general procedure (Method C) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:1, v/v) as the eluent, giving the
titled compound as a colorless mucus (21.7 mg, 69% yield).
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'"H NMR (400 MHz, CDCl3) § 7.44 (dd, J = 8.5, 5.3 Hz, 2 H), 6.99 (t, J = 8.5 Hz, 2 H), 5.28 (d, J
=17.8 Hz, 1 H), 4.51 (d, J= 8.0 Hz, 1H), 3.38 (dd, /= 13.8, 4.4 Hz, 1 H), 3.29 (dd, J=14.1, 4.7 Hz,
1 H), 1.41 (s, 9 H) ppm; ’F NMR (376 MHz, CDCl;) § -113.88 (m, 1 F) ppm; *C NMR (101 MHz,
CDCl3) § 174.72, 162.55 (d, Jo.r = 248.7 Hz), 155.43, 134.21 (d, Jo.r = 8.2 Hz), 129.68 (d, Jc.r = 3.0
Hz), 116.39 (d, Jor = 22.0 Hz), 80.75, 53.53, 38.04, 28.39 ppm; IR (thin film, em™): 2955, 2926,
2858, 1714, 1589, 1557, 1490, 1456, 1393, 1367, 1336, 1292, 1257, 1228, 1157, 1090, 1054, 1013,
867, 794, 660, 623, 600, 563; [a]p?5= 15.357 (¢ = 0.28, CHCls); HRMS (ESI-TOF): calculated for
C1sH1sFNNaO4S (M+Na"): 338.0833, found 338.0828.

4.2 General Procedure for Copper-Catalyzed S-Arylation of Dipeptide and Tripeptide
(Method D)

B(OH),
Conditions ] S R
peptide > SS02Ph @ peptide I DR
XR =

2
General procedure (Method D): In a 10 mL reactor, the mixture of dipeptide (0.1 mmol), 2 (0.2
mmol, 2equiv.), NaHCOs (0.15 mmol, 12.6 mg), Cu(OAc), (20 mol%, 4 mg), L1 (20 mol%, 4.3
mg) in 1 mL of dry methanol was stirred at 30°C under N> atmosphere. After 4 h, the solvent was
removed under vacuum and the residue was purified by flash column chromatography to afford the
pure desired product.

Methyl N-(tert-butoxycarbonyl)-S-(4-fluorophenyl)-L-cysteinyl-D-valinate (4a)

4a was synthesized according to general procedure (Method D) in 0.05 mmol scale 4a-s and isolated
by column chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent,
giving the titled compound as a white solid (21.4 mg, quant. yield).

TH NMR (400 MHz, CDCls) & 7.40 (dd, J = 8.0, 5.0 Hz, 2 H), 6.98 (t, /= 8.1 Hz, 2 H), 6.82 (d, J
=8.4Hz, 1H),535(d,J=7.5Hz, 1H),4.46 (dd,J=9.0,4.7 Hz, 1 H), 4.24 (s, 1 H), 3.71 (s, 3 H),
3.24 (d, J=6.4 Hz, 2 H), 2.20-2.05 (m, 1 H), 1.42 (s, 9 H), 0.91 (d, /= 6.9 Hz, 3 H), 0.86 (d, J =
6.8 Hz, 3 H) ppm; ’F NMR (376 MHz, CDCl3) & -114.34 (m, 1 F) ppm; 3C NMR (101 MHz,
CDCl) 6 172.15, 170.23, 162.30 (d, Jc.r = 248.31 Hz), 133.28 (d, Jc.r = 8.11 Hz), 129.41, 116.38
(d, Jc.r=22.14 Hz), 80.67, 57.20, 52.29, 37.10, 31.37, 28.31, 19.03, 17.70 ppm; IR (thin film, cm
"): 3321, 2960, 2926, 1673, 1590, 1490, 1437, 1392, 1367, 1258, 1215, 1156, 1089, 1013, 864, 795,
752, 665, 627, 516; [a]p®® = -24.9 (¢ = 0.45, CHCl;); HRMS (ESI-TOF): calculated for
C20H20FN>NaOsS (M+Na'): 451.1673, found 451.1673; M.p.: 76.0-77.9 °C.

Methyl N-(tert-butoxycarbonyl)-S-(4-nitrophenyl)-L-cysteinyl-D-valinate (4b)
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4b was synthesized according to general procedure (Method D) for 10 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent, giving the
titled compound as yellow mucus (45.6 mg, quant. yield).

'"H NMR (400 MHz, CDCl3) § 8.12 (d, J = 8.8 Hz, 2 H), 7.46 (d, J = 8.5 Hz, 2 H), 6.81 (d, /= 8.8
Hz, 1 H), 5.42 (d,J="7.8 Hz, | H), 4.48 (dd, /= 8.8, 4.8 Hz, 1 H), 4.41 (d, /= 6.8 Hz, 1 H), 3.71
(s, 3 H), 3.42 (s, 1 H), 2.21-2.09 (m, 1 H), 1.43 (s, 9 H), 0.92 (d, /= 6.9 Hz, 3 H), 0.87 (d, J= 6.9
Hz, 3 H); 3C NMR (101 MHz, CDCl;) § 172.06, 169.81, 155.44, 145.69, 145.51, 127.21, 124.22,
81.01,57.43,52.38,34.15,31.31, 28.33, 19.07, 17.75 ppm; IR (thin film, cm™): 3019, 2961, 2927,
1677, 1517, 1340, 1260, 1214, 1090, 1012, 854, 804, 748, 665, 522; [a]p**=-21.5 (¢ = 0.48, CHCl;);
HRMS (ESI-TOF): calculated for C20H290N3NaO7S (M+Na'): 478.1618, found 478.1620.

Methyl N-(tert-butoxycarbonyl)-S-(4-fluorophenyl)-L-cysteinyl-L-tyrosinate (4¢)

OH

4c

4c was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:3, v/v) as the eluent, giving the
titled compound as a white mucus (47.4 mg, 96% yield).

"H NMR (400 MHz, CDCl3) § 7.36 (dd, J= 8.5, 5.2 Hz, 2 H), 7.17 (s, 1 H), 6.98 (s, 1 H), 6.93 (t, J
=8.5Hz, 2 H), 6.87 (d, J=8.1 Hz, 2 H), 6.65 (d, J=7.9 Hz, 2 H), 5.40 (d, /= 8.2 Hz, 1 H), 4.80-
4.71 (m, 1 H), 4.28-4.13 (m, 1 H), 3.72 (s, 3 H), 3.27-3.07 (m, 2 H), 3.06-2.94 (m, 2 H), 1.43 (s, 9
H) ppm; °’F NMR (376 MHz, CDCl;) § -114.03 (m, 1 F) ppm; *C NMR (101 MHz, CDCl3) &
171.69, 170.23, 162.33 (d, Jc.r = 248.5 Hz), 155.64, 155.50, 133.69 (d, Jc.r = 8.3 Hz), 130.43,
129.27 (d, Jc.r = 2.7 Hz), 126.72, 116.36 (d, Jc.r = 22.1 Hz), 115.61, 80.89, 53.80, 53.60, 52.53,
37.44, 37.10, 28.34 ppm; IR (thin film, em™): 3318, 2953, 2925, 2853, 1661, 1614, 1590, 1514,
1490, 1444, 1392, 1392, 1367, 1221, 1158, 1113, 1090, 1047, 1014, 827, 754, 664, 627, 514; [a.]p*
=11.3 (¢=0.47, CHCIl3); HRMS (ESI-TOF): calculated for C2sH20FN>2NaOgS (M+Na'): 515.1623,
found 515.1627.

Methyl N-(tert-butoxycarbonyl)-S-(4-nitrophenyl)-L-cysteinyl-D-alaninate (4d)

O5N
RPN
sﬁ*mkﬁ\
H
NH
Boc” 0

4d

4d was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
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titled compound as yellow solid (39.9 mg, 93% yield).

"H NMR (400 MHz, CDCl3) § 8.11 (d, J=8.9 Hz, 2 H), 7.44 (d, /= 8.5 Hz, 2 H), 6.89 (d, /= 7.6
Hz, 1 H), 5.44 (d,J=82Hz, 1 H),4.51 (p, /=73 Hz, 1 H),4.41 (s, 1 H), 3.72 (s, 3 H), 3.41 (d, J
=5.7Hz, 2 H), 1.42 (s, 9 H), 1.37 (d, J=7.2 Hz, 3 H) ppm; *C NMR (101 MHz, CDCl;) § 218.41,
173.07, 169.37, 155.46, 145.75, 145.60, 127.12, 124.19, 80.95, 53.53, 52.70, 48.35, 34.28, 28.33,
18.23 ppm; IR (thin film, em™): 3312, 2954, 2925, 1740, 1660, 1595, 1578, 1512, 1453, 1366,
1336, 1255, 1215, 1160, 1089, 1049, 1019, 852, 795, 755, 742, 682, 664, 524, 470; [a]p**=-18.6
(c = 0.49, CHCI3); HRMS (ESI-TOF): calculated for C1sH2sN3NaO7S (M+Na*): 450.1305, found
450.1308; M.p.: 112.5-114.0 °C.

Methyl S-(3-aminophenyl)-V-(tert-butoxycarbonyl)-L-cysteinyl-D-alaninate (4e)

/@\ o
H
NH
Boc” 0

4e

4e was synthesized according to general procedure (Method D) for 5 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a brown red mucus (39.3 mg, 99% yield).

'"H NMR (400 MHz, CDCl;) § 7.04 (t,J= 8.0 Hz, 1 H), 6.82 (d, J= 7.2 Hz, 1 H), 6.77-6.71 (m, 2
H), 6.50 (d,/=7.8 Hz, 1 H), 5.36 (d,J=7.8 Hz, 1 H), 4.50 (p,J=7.2 Hz, 1 H), 4.29 (s, 1 H), 3.72
(s, 3 H), 3.35-3.16 (m, 2 H), 1.43 (s, 9 H), 1.36 (d, J = 7.2 Hz, 3 H) ppm; *C NMR (101 MHz,
CDCl3) & 173.15, 169.95, 155.50, 147.31, 135.57, 130.03, 119.73, 115.99, 113.68, 80.56, 52.60,
48.29, 35.74, 28.36, 27.01, 18.27 ppm; IR (thin film, em™): 3363, 3018, 2960, 2927, 1739, 1701,
1671, 1592, 1483, 1453, 1367, 1259, 1214, 1162, 1088, 1047, 1012, 864, 797, 749, 686, 665, 528,
506; [a]p?=-16.9 (c = 0.49, CHCl3); HRMS (ESI-TOF): calculated for C1sH27N3NaOsS (M+Na™):
420.1564, found 420.1566.

Methyl N-(tert-butoxycarbonyl)-N>-(N-(tert-butoxycarbonyl)-S-(4-(trifluoromethyl)phenyl)-

L-cysteinyl)-L-lysinate (4f)
CF3 \©\ 0 N Boc
H
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4f

4f was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (59.0 mg, 97% yield).

'"H NMR (400 MHz, CDCl3) § 7.51 (d, J = 8.3 Hz, 2 H), 7.45 (d, J= 8.3 Hz, 2 H), 6.91 (d, J=7.9
Hz, 1 H), 5.48 (d,/=8.0Hz, 1 H),4.70 (t, /=5.7 Hz, 1 H),4.50 (q,J=7.7 Hz, 1 H), 4.39-4.27 (m,
1 H), 3.71 (s, 3 H), 3.43-3.30 (m, 2 H), 3.05 (q, /= 6.8 Hz, 2 H), 1.87-1.75 (m, 1 H), 1.72-1.59 (m,
1 H), 1.50-1.37 (m, 20 H), 1.31-1.21 (m, 2 H) ppm; ’F NMR (376 MHz, CDCl;) § -62.51 (s, 3 F)
ppm; C NMR (101 MHz, CDCl3) § 172.34, 170.02, 156.14, 155.43, 140.62, 128.39, 128.24 (q,
Je.r=98.3 Hz), 128.08, 127.75, 125.94 (q, Jc.r = 3.8 Hz), 124.12 (q, Jc.r = 271.8 Hz), 80.72, 79.28,
53.90,52.57,52.19,40.18, 34.81,31.96,29.37,28.51, 28.31, 22.35 ppm; IR (thin film, em™): 3324,
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2927, 2865, 1740, 1685, 1606, 1512, 1455, 1392, 1366, 1326, 1253, 1215, 1163, 1123, 1094, 1063,
1012, 864, 822, 795, 755, 664, 590, 492; [alp?S= -6.7 (¢ = 0.52, CHCL); HRMS (ESI-TOF):
calculated for Co7H40FsN3;NaO-S (M+Na*): 630.2431, found 630.2434; M.p.: 82.8-84.0 °C.

Methyl N-(tert-butoxycarbonyl)-S-(4-fluorophenyl)-L-cysteinyl-L-phenylalaninate (4g)

49

4g was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (47.7 mg, quant. yield).

'"H NMR (400 MHz, CDCl3) § 7.40 (dd, J = 8.6, 5.3 Hz, 2 H), 7.28 (q, J = 9.0, 7.7 Hz, 2 H), 7.10
(d, J=6.3 Hz, 2 H), 7.00 (t, /= 8.6 Hz, 2 H), 6.74 (d, J= 7.7 Hz, 1 H), 5.24 (d, J="7.6 Hz, 1 H),
4.84-4.74 (m, 1 H), 4.20 (s, 1 H), 3.72 (s, 3 H), 3.21 (d, /= 6.3 Hz, 2 H), 3.11 (qd, J=13.9, 5.9 Hz,
2 H), 1.44 (s, 9 H) ppm; F NMR (376 MHz, CDCl3) § -114.30 (m, 1 F) ppm; *C NMR (101 MHz,
CDCl3) 6 171.51, 169.91, 162.31 (d, Jc.r = 248.4 Hz), 155.28, 135.72, 133.36 (d, Jc.r = 8.1 Hz),
129.38, 128.68, 127.28, 116.38 (d, Jc.r = 22.0 Hz), 80.58, 53.93, 53.42, 52.46, 37.94, 37.41, 28.33
ppm; IR (thin film, em™): 3315, 2956, 2926, 1741, 1663, 1589, 1490, 1455, 1392, 1367, 1256,
1216, 1159, 1089, 1046, 1014, 865, 794, 752, 700, 664, 627, 510; [a]p*>= 10.3 (c = 0.59, CHCl5);
HRMS (ESI-TOF): calculated for C24H20FN2NaOsS (M+Na®): 499.1673, found 499.1677; M.p.:
73.3-75.6 °C.

Methyl N-(tert-butoxycarbonyl)-S-(4-methyl-2-oxo-2H-chromen-7-yl)-L-cysteinyl-L-
tryptophanate (4h)
NH
0”0 sﬁ)LH O
Boc/NH 0
4h

4h was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a colorless wax (56.3 mg, 97% yield).

'"H NMR (400 MHz, CDCl3)  8.69 (s, 1 H), 7.47 (d, J = 7.9 Hz, 1 H), 7.38 (d, J = 8.4 Hz, 1 H),
7.29 (d,J=8.1 Hz, 1 H), 7.17 (d, /= 8.5 Hz, 1 H), 7.14-7.09 (m, 2 H), 7.05 (t, /= 7.4 Hz, 1 H),
7.00 (d, J=2.3 Hz, 1 H), 6.98-6.91 (m, 1 H), 6.15 (s, 1 H), 5.41 (d,J=8.1 Hz, 1 H), 5.28 (s, 1 H),
4.88-4.79 (m, 1 H), 4.36 (q,J=7.2 Hz, 1 H), 3.66 (s, 3 H), 3.38-3.14 (m, 4 H), 2.31 (s, 3 H), 1.39
(s, 9 H) ppm; 3C NMR (101 MHz, CDCl3) & 171.91, 169.86, 160.79, 155.34, 153.57, 152.37,
141.30, 136.20, 127.55, 124.95, 123.67, 123.15, 122.18, 119.56, 118.39, 117.77, 115.31, 114.13,
111.54, 109.39, 80.56, 53.55, 53.20, 52.58, 35.09, 29.76, 28.29, 27.43, 18.58 ppm; IR (thin film,
em™): 3330, 2954, 2923, 2853, 1712, 1685, 1600, 1512, 1457, 1438, 1386, 1366, 1257, 1214, 1163,
1095, 1053, 1011, 957, 854, 794, 754, 664, 437, 420; [a]p*>= 8.7 (¢ = 0.53, CHCl3); HRMS (ESI-
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TOF): calculated for C3oH33N3Na0O7S (M+Na*): 602.1931, found 602.1941.

Methyl N-(tert-butoxycarbonyl)-S-(4-cyanophenyl)-L-cysteinyl-L-tryptophanate (4i)

4i

4i was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (2:3, v/v) as the eluent, giving the
titled compound as a white solid (52.3 mg, quant. yield).

'"H NMR (400 MHz, CDCl;) 6 8.38 (s, 1 H), 7.48 (d, J = 7.9 Hz, 1 H), 7.45 (d, J = 8.0 Hz, 2 H),
7.31(t,J=9.7Hz,3 H), 7.16 (t, J=7.6 Hz, 1 H), 7.07 (t, /= 7.6 Hz, 1 H), 6.95 (s, 1 H), 6.80 (d, J
=7.8 Hz, 1 H), 5.37-5.26 (m, 1 H), 4.82 (q, J= 5.5 Hz, 1 H), 4.29 (d, /= 8.0 Hz, 1 H), 3.67 (s, 3
H), 3.38-3.17 (m, 3 H), 1.41 (s, 9 H) ppm; *C NMR (101 MHz, CDCl3) § 171.82, 169.57, 155.25,
142.92, 136.17, 132.42, 127.74, 127.63, 123.09, 122.37, 119.76, 118.78, 118.44, 111.54, 109.55,
108.97,80.71, 53.65, 53.41, 52.58, 34.46, 28.30, 27.47 ppm; IR (thin film, cm™): 3342, 2953, 2924,
2853, 2226, 1661, 1592, 1486, 1456, 1437, 1366, 1255, 1214, 1161, 1087, 1047, 1014, 819, 793,
746, 664, 581, 544, 427; [a]p® = 12.0 (¢ = 0.49, CHCl3); HRMS (ESI-TOF): calculated for
C27H30N4NaOsS (M+Na"): 545.1829, found 545.1835; M.p.: 78.9-80.8 °C.

Ethyl N-(tert-butoxycarbonyl)-S-(4-fluorophenyl)-L-cysteinylglycinate (4j)

F
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O\/
_NH (0]
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4j was synthesized according to general procedure (Method D) in 0.067 mmol scale and isolated by
column chromatography on silica gel using ethyl acetate/petroleum ether (1:5, v/v) as the eluent,
giving the titled compound as a colorless mucus (22.2 mg, 83% yield).

"H NMR (400 MHz, CDCl3) § 7.41 (dd, J= 8.4, 5.2 Hz, 2 H), 6.98 (t, J = 8.4 Hz, 2 H), 6.86 (t, J =
5.3 Hz, 1 H),5.38 (d,/=8.0 Hz, 1 H), 428 (s, 1 H), 4.19 (q, J= 7.2 Hz, 2 H), 4.03-3.84 (m, 2 H),
3.25(d,J=6.4 Hz, 2 H), 1.42 (s, 9 H), 1.26 (t,J = 7.2 Hz, 3 H) ppm; '’F NMR (376 MHz, CDCl5)
8 -114.30 (m, 1 F) ppm; '*C NMR (101 MHz, CDCls) § 170.55, 169.57, 162.29 (d, Jo.r = 248.4
Hz), 155.49,133.41 (d, Jc.r=8.1 Hz), 129.59, 116.35 (d, Jc.r=22.0 Hz), 80.67, 61.72, 53.83, 41.48,
37.54, 28.35, 14.21 ppm; IR (thin film, em™): 3324, 2960, 2926, 1741, 1670, 1590, 1490, 1393,
1367, 1258, 1214, 1158, 1090, 1014, 864, 796, 751, 665, 627, 516; [a]p*>=-10.6 (c = 0.54, CHCl5);
HRMS (ESI-TOF): calculated for CisH2sFNoNaOsS (M+Na"): 423.1360, found 423.1363.

Benzyl N-((tert-butoxycarbonyl)-L-phenylalanyl)-S-(4-hydroxyphenyl)-L-cysteinate (5a)
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5a was synthesized according to general procedure (Method D) for 6 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:3, v/v) as the eluent, giving the
titled compound as a white solid (44.2 mg, 80% yield).

'"H NMR (400 MHz, CDCl3) § 7.41-7.21 (m, 10 H), 7.17 (d, J= 7.3 Hz, 2 H), 6.79 (d, J = 8.1 Hz,
2 H), 6.66 (d,J=7.6 Hz, 1 H), 5.21-4.71 (m, 4 H), 4.26 (q, /= 7.5 Hz, 1 H), 3.30 (dd, /= 14.3, 4.6
Hz, 1 H), 3.17 (dd, J=14.0,4.5 Hz, 1 H), 3.11-3.01 (m, 1 H), 2.94-2.81 (m, 1 H), 1.44 (s, 9 H) ppm;
13C NMR (101 MHz, CDCl3) & 171.04, 169.69, 156.48, 155.43, 136.27, 134.92, 132.96, 129.31,
128.70, 128.63, 128.57, 128.38, 127.01, 124.16, 116.78, 80.55, 67.55, 55.54, 52.85, 38.42, 38.06,
28.27 ppm; IR (thin film, em™): 3317, 3018, 2961, 2926, 2323, 2050, 1670, 1600, 1582, 1495,
1455, 1368, 1260, 1214, 1167, 1092, 1011, 799, 749, 699, 665, 520; [a]p>>= 14.1 (c = 0.41, CHCl5);
HRMS (ESI-TOF): calculated for C30H34N2NaOgS (M+Na®): 573.2030, found 573.2039; M.p.:
159.7-161.6 °C.

Benzyl S-(4-bromophenyl)-/V-((tert-butoxycarbonyl)-L-leucyl)-L-cysteinate (Sb)

5b

S5b was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (57.6 mg, 99% yield).

'"H NMR (400 MHz, CDCl3) § 7.40-7.31 (m, 5 H), 7.29-7.21 (m, 4 H), 6.98 (d, J = 7.3 Hz, 1 H),
5.08 (d,J=12.2Hz, 1 H),4.94 (d,J=12.2 Hz, | H),4.82 (q,/J=5.0Hz, 1 H), 4.75 (d, J=7.9 Hz,
1 H), 4.11 (s, 1 H), 3.42 (dd, J=14.1, 4.9 Hz, 1 H), 3.33 (dd, /= 14.1, 5.0 Hz, 1 H), 1.68-1.56 (m,
2 H), 1.45 (s, 9 H), 1.38-1.28 (m, 1 H), 0.91 (t,J= 6.6 Hz, 6 H) ppm; 3*C NMR (101 MHz, CDCl;)
5 172.48, 169.87, 155.65, 134.89, 134.13, 132.65, 132.23, 128.70, 128.65, 128.39, 121.17, 80.28,
67.63,52.31, 41.06, 36.74, 28.40, 24.78, 23.08, 21.90 ppm; IR (thin film, cm™): 3327, 2957, 2924,
2868, 1736, 1663, 1532, 1517, 1473, 1384, 1367, 1323, 1293, 1258, 1237, 1214, 1169, 1093, 1073,
1022, 1005, 908, 863, 802, 756, 696, 664, 478; [a]p>>= -4.7 (c = 0.47, CHCl3); HRMS (ESI-TOF):
calculated for Co7H36BrN2OsS (M+H)™: 579.1523, found 579.1536; M.p.: 127.3-128.7 °C.

Benzyl S-(3-aminophenyl)-/V-((tert-butoxycarbonyl)-L-leucyl)-L-cysteinate (5c)
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S5c¢ was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a yellow mucus (51.6 mg, quant. yield).
'"H NMR (400 MHz, CDCl3) § 7.39-7.28 (m, 5 H), 7.05 (t,J= 7.8 Hz, 1 H), 6.82 (d, J = 6.8 Hz, 1
H), 6.78 (d, J=7.7 Hz, 1 H), 6.74 (s, 1 H), 6.53 (d, J=8.0 Hz, 1 H), 5.12 (d, /= 12.2 Hz, 1 H),
5.00 (d, J=12.2 Hz, 1 H), 4.91-4.87 (m, 1 H), 4.72 (d, /= 8.0 Hz, 1 H), 4.06 (d, /= 10.7 Hz, 1 H),
3.41(dd, J=14.3,42 Hz, 1 H), 3.32 (dd, J= 14.4, 4.8 Hz, | H), 1.65-1.53 (m, 2 H), 1.45 (s, 9 H),
1.32-1.23 (m, 1 H), 0.89 (t, J = 5.5 Hz, 6 H) ppm; *C NMR (101 MHz, CDCL) § 172.30, 169.99,
155.66, 147.24, 135.84, 135.12, 130.11, 128.72, 128.61, 128.48, 121.19, 117.38, 114.08, 80.22, 67.61,
53.00, 41.18, 36.53, 28.44, 24.78, 23.15, 21.80 ppm; IR (thin film, em™): 3317, 3018, 2961, 2926,
1670, 1600, 1582, 1495, 1455, 1368, 1260, 1214, 1167, 1092, 1011, 799, 749, 699, 665, 521; [a]p>>
=-6.6 (c=0.29, CHCI3); HRMS (ESI-TOF): calculated for C7H3sN30sS (M+H)": 516.2527, found
516.2534.

Tert-butyl  (R)-5-(((R)-1-(benzyloxy)-3-((4-formylphenyl)thio)-1-oxopropan-2-yl)amino)-4-
((tert-butoxycarbonyl)amino)-5-oxopentanoate (5d)
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5d was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (2:5, v/v) as the eluent, giving the
titled compound as a white solid (51.2 mg, 85% yield).

'"H NMR (400 MHz, CDCl3) 8 9.91 (s, 1 H), 7.74 (d, J = 7.8 Hz, 2 H), 7.41 (d, J = 8.0 Hz, 2 H),
7.38-7.23 (m, 6 H), 5.26 (d, /J=7.7 Hz, 1 H), 5.13 (d, J=12.2 Hz, 1 H), 5.05 (d, /= 12.2 Hz, 1 H),
490 (q,J=5.6 Hz, 1 H),4.11 (q,J=7.4 Hz, 1 H), 3.58 (dd, /=13.9,4.9 Hz, 1 H), 3.45 (dd, J =
13.9, 5.4 Hz, 1 H), 2.43-2.24 (m, 2 H), 2.13-1.98 (m, 1 H), 1.88-1.76 (m, 1 H), 1.55-1.35 (m, 18 H)
ppm; 3C NMR (101 MHz, CDCl3) § 191.25, 172.86, 171.89, 169.68, 155.71, 144.28, 134.81,
134.15, 130.20, 128.71, 128.43, 128.18, 81.10, 80.27, 67.80, 54.06, 52.21, 34.56, 31.79, 28.37,
28.14, 27.41 ppm; IR (thin film, em™): 3325, 2963, 2926, 1697, 1591, 1561, 1498, 1455, 1390,
1366, 1256, 1214, 1167, 1087, 1047, 1013, 836, 796, 753, 696, 664, 608, 484; [a]p*= -9.5 (c =
0.38, CHCl3); HRMS (ESI-TOF): calculated for C3;1HsN2NaOsS (M+Na"): 623.2398, found
623.2405; M.p.: 121.8-122.9 °C.

Benzyl N-((tert-butoxycarbonyl)-L-valyl)-S-(4-fluorophenyl)-L-cysteinate (Se)
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S5e was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (50.5 mg, quant. yield).

'"H NMR (400 MHz, CDCl3) § 7.42-7.29 (m, 5 H), 7.25 (d, J= 4.5 Hz, 2 H), 6.96 (t,J = 7.6 Hz, 2
H), 6.74 (d,J=7.6 Hz, 1 H), 5.06 (d, /= 12.2 Hz, 1 H), 5.00 (d, /=8.9 Hz, 1 H), 4.90 (d,/=12.2
Hz, 1 H), 4.82 (q,J=6.7, 6.3 Hz, 1 H), 3.95 (t, J=7.4 Hz, 1 H), 3.40-3.25 (m, 2 H), 2.19-2.06 (m,
1 H), 1.45 (s, 9 H), 0.93 (d, J= 6.7 Hz, 3 H), 0.87 (d, Jc.r = 6.9 Hz, 3 H) ppm; 'F NMR (376 MHz,
CDCl;) 8-113.51 (m, 1 F) ppm; *C NMR (101 MHz, CDCl3) § 171.48, 169.98, 162.46 (d, Jc.r =
249.0 Hz), 155.82, 134.91, 134.25 (d, Jc.r = 8.1 Hz), 129.50 (d, Jc.r = 3.4 Hz), 128.71, 128.67,
128.42, 116.36 (d, Jc.r = 22.0 Hz), 80.09, 67.62, 59.85, 52.13, 37.97, 30.95, 28.42, 19.28, 17.71
ppm; IR (thin film, em™): 3018, 2961, 2926, 1675, 1590, 1490, 1367, 1259, 1214, 1157, 1090,
1013, 866, 800, 749, 697, 665, 628, 517; [a]p**= 13.0 (c = 0.47, CHCl;); HRMS (ESI-TOF):
calculated for C2sH33FN,NaOsS (M+Na"): 527.1986, found 527.1993; M.p.: 142.9-144.9 °C.

Benzyl N-((tert-butoxycarbonyl)-L-threonyl)-S-(4-fluorophenyl)-L-cysteinate (5f)
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5f was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (48.9 mg, 96% yield).
'"H NMR (400 MHz, CDCl3) § 7.46-7.31 (m, 6 H), 7.29-7.23 (m, 2 H), 6.96 (t, J = 8.6 Hz, 2 H),
5.47(d,J=9.4Hz 1H),5.06(d,/=12.2Hz, 1H),4.92(d,/J=12.2 Hz, 1 H),4.78 (g, J=5.9 Hz,
1 H), 4.35-4.27 (m, 1 H), 4.10 (d, J= 7.8 Hz, 1 H), 3.36 (dd, J = 14.1, 4.8 Hz, 1 H), 3.32-3.19 (m,
2 H), 1.46 (s, 9 H), 1.16 (d, J = 6.5 Hz, 3 H) ppm; ’F NMR (376 MHz, CDCl;) § -113.39 (m, 1 F)
ppm; *C NMR (101 MHz, CDCl3) § 171.29, 169.94, 162.50 (d, Jc-r = 249.2 Hz), 156.39, 134.90,
134.32 (d, Jc.r = 8.2 Hz), 129.24 (d, Jc.r = 3.4 Hz), 128.73, 128.69, 128.42, 116.37 (d, Jc.r = 21.9
Hz), 80.54, 67.68, 67.04, 58.29, 52.19, 37.74, 28.42, 18.15 ppm; IR (thin film, cm™): 3414, 3017,
2961, 2926, 1740, 1668, 1590, 1490, 1456, 1367, 1259, 1215, 1158, 1089, 1012, 872, 796, 750, 696,
665, 627, 514; [a]p*>=-9.4 (¢ = 0.48, CHCl3); HRMS (ESI-TOF): calculated for C2sH31 FN2NaOgS
(M+Na"): 529.1779, found 529.1785; M.p.: 115.6-117.0 °C.

Benzyl S-(4-acetylphenyl)-V-((tert-butoxycarbonyl)-L-glutaminyl)-L-cysteinate (5g)
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S5g was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate as the eluent, giving the titled compound as a white
solid (36.7 mg, 66% yield).

'"H NMR (400 MHz, CDCl3) § 8.01 (d, J= 7.2 Hz, 1 H), 7.82 (d, J= 8.4 Hz, 2 H), 7.41-7.32 (m, 5
H), 7.32-7.26 (m, 2 H), 6.38 (s, 1 H), 6.02 (s, 1 H), 5.64 (d, /J=7.6 Hz, 1 H), 5.30 (s, 2 H), 5.08 (q,
J=12.2Hz,2 H),4.86 (q,J=6.4 Hz, 1 H), 4.18 (q,J=7.2 Hz, 1 H), 3.53 (dd, /= 14.0, 5.0 Hz, 1
H), 3.40 (dd, /= 14.0, 6.5 Hz, 1 H), 2.55 (s, 3 H), 2.38-2.28 (m, 2 H), 2.07-1.97 (m, 1 H), 1.95-1.84
(m, 1 H), 1.43 (s, 9 H) ppm; *C NMR (101 MHz, CDCl3) § 197.35, 175.47, 172.00, 170.24, 155.95,
142.26, 134.87, 129.01, 128.74, 128.70, 128.41, 128.21, 80.22, 67.78, 53.56, 52.27, 34.58, 31.87,
29.26, 28.40, 26.61 ppm; IR (thin film, em™): 3018, 2961, 1675, 1590, 1499, 1367, 1260, 1214,
1167, 1096, 1011, 798, 748, 665; [a]p*=-15.3 (c = 0.43, CHCl3); HRMS (ESI-TOF): calculated
for C23H3sN3Na07S (M+Na'): 580.2088, found 580.2092; M.p.: 125.0-126.3 °C.

Benzyl (S)-4-(((R)-1-(benzyloxy)-3-((4-cyanophenyl)thio)-1-oxopropan-2-yl)amino)-3-((tert-
butoxycarbonyl)amino)-4-oxobutanoate (Sh)

5h

5h was synthesized according to general procedure (Method D) for 10 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (40.2 mg, 65% yield).

'"H NMR (400 MHz, CDCl3) § 7.49 (d, J = 8.5 Hz, 2H), 7.39-7.32 (m, 10 H), 7.31-7.27 (m, 2 H),
5.58 (d,J=8.2 Hz, 1 H), 5.15-5.01 (m, 4 H), 4.90-4.81 (m, 1 H), 4.56-4.47 (m, 1 H), 3.47 (dd, J =
14.1, 5.2 Hz, 1 H), 3.40 (dd, J=14.0, 5.1 Hz, 1 H), 3.03 (dd, J=17.4,4.4 Hz, 1 H), 2.69 (dd, J =
17.3, 6.0 Hz, 1 H), 1.44 (s, 9 H) ppm; *C NMR (101 MHz, CDCl;) § 171.85, 170.92, 169.50,
155.61, 142.67, 135.39, 134.75, 132.51, 128.82, 128.80, 128.75, 128.57, 128.49, 128.45, 128.34,
118.72, 109.48, 80.92, 67.90, 67.06, 52.32, 50.58, 35.86, 34.60, 28.38 ppm; IR (thin film, cm™):
3346, 2960, 1926, 2226, 1734, 1678, 1593, 1486, 1455, 1390, 1367, 1257, 1212, 1163, 1086, 1015,
793, 750, 696, 664, 579, 544; [a]p** = 3.8 (c = 0.45, CHCl;); HRMS (ESI-TOF): calculated for
C33H3sN3NaO7S (M+Na"): 640.2088, found 640.2094; M.p.: 127.9-128.8 °C.

Benzyl (8)-4-((R)-1-(benzyloxy)-1-0x0-3-((4-(trifluoromethyl)phenyl)thio)propan-2-
yl)amino)-3-((tert-butoxycarbonyl)amino)-4-oxobutanoate (5i)
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5i was synthesized according to general procedure (Method D) for 5 h and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (59 mg, 89% yield).

'"H NMR (400 MHz, CDCl3) § 7.49 (d, J = 8.2 Hz, 2 H), 7.44-7.30 (m, 11 H), 7.28-7.23 (m, 2 H),
5.57(d,J=28.7Hz, 1 H), 5.13 (s, 2 H), 5.07 (d, /= 12.3 Hz, 1 H), 4.95 (d, /= 12.2 Hz, 1 H), 4.89-
4.77 (m, 1 H), 4.59-4.49 (m, 1 H), 3.50-3.36 (m, 2 H), 3.00 (dd, /= 17.1, 4.5 Hz, 1 H), 2.70 (dd, J
=17.1, 6.1 Hz, 1 H), 1.45 (s, 9 H) ppm; ’F NMR (376 MHz, CDCl;) § -62.50 (s, 3 F) ppm; 3C
NMR (101 MHz, CDCl3) 6 171.74, 170.83, 169.62, 155.61, 140.31, 135.47, 134.84, 129.40, 128.74,
128.72, 128.63 (q, Jc.r = 32.8 Hz), 128.51, 128.39, 128.35, 125.93 (q, Jc.r = 3.8 Hz), 124.10 (q, Jc-
F=272.9 Hz), 80.83, 67.74, 67.01, 52.35, 50.66, 35.96, 35.43, 28.37 ppm; IR (thin film, cm™):
3333,2958, 2924, 2853, 1739, 1669, 1607, 1536, 1522, 1455, 1391, 1368, 1331, 1302, 1255, 1212,
1162, 1108, 1096, 1065, 1012, 822, 795, 758, 732, 694, 664, 509, 493; [a]p?®= 11.1 (c = 0.37,
CHCl3); HRMS (ESI-TOF): calculated for C33H35F3N2NaO7S (M+Na®): 683.2009, found 683.2012;
M.p.: 127.6-128.8 °C.

Methyl N’-((R)-3-((4-bromophenyl)thio)-1-((2-ethoxy-2-oxoethyl)amino)-1-oxopropan-2-yl)-

N’-(tert-butoxycarbonyl)-L-glutaminate (6a)
Br

H Q ® o @
Boc N N\)J\o/\
Ho o
~o" Yo
6a

6a was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a pale yellow solid (40.3 mg, 66% yield).

'"H NMR (400 MHz, CDCl3) § 7.39 (d, J = 8.6 Hz, 2 H), 7.27 (d, J = 8.6 Hz, 2 H), 7.13-7.07 (m, 1
H), 7.00 (d, /J=7.5Hz, 1 H), 5.41 (d, /=79 Hz, 1 H), 4.59 (q, /= 7.0 Hz, 1 H), 4.42-4.34 (m, 1
H), 4.18 (q,/=7.2 Hz,2 H), 3.98 (dd, /= 18.2, 5.5 Hz, 1 H), 3.89 (dd, /= 18.2, 5.2 Hz, 1 H), 3.72
(s,3H),3.30(d, J=6.7 Hz, 2 H), 2.30 (t, /= 7.0 Hz, 2 H), 2.21-2.09 (m, 1 H), 1.96-1.81 (m, 1 H),
1.41 (s, 9 H), 1.26 (t,J=7.1 Hz, 3 H) ppm; 3C NMR (101 MHz, CDCl;) § 172.91, 172.47, 170.13,
169.61, 155.97, 133.93, 132.35, 131.65, 120.96, 80.52, 61.79, 52.72, 52.63, 41.57, 38.75, 35.35,
32.25, 29.06, 28.43, 14.26 ppm; IR (thin film, em™): 3301, 2959, 2923, 2852, 1740, 1651, 1524,
1473, 1454, 1366, 1258, 1207, 1164, 1090, 1009, 861, 794, 660, 481; [a]p**= -16.5 (c = 0.20,
CHCIls); HRMS (ESI-TOF): calculated for C24H34BrN3NaOgS (M+Na"): 626.1142, found 626.1146;
M.p.: 158.8-160.2 °C.
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Ethyl N-(tert-butoxycarbonyl)-S-(4-nitrophenyl)-L-cysteinylglycylglycinate (6b)

N
0O, \@\ (6] H 0
S N\)J\ PN
N (0)
N, H
N (0]
Boc

6b

6b was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (2:1, v/v) as the eluent, giving the
titled compound as a yellow solid (38.2 mg, 81% yield).

"H NMR (400 MHz, CDCl3) & 8.09 (d, J=2.1 Hz, 2 H), 7.49 (t,J= 5.6 Hz, 1 H), 7.43 (d, J = 8.6
Hz,2 H), 7.18 (t, J=5.5Hz, 1 H), 5.71 (d,/J=7.8 Hz, 1 H), 4.43 (q,J=7.0 Hz, 1 H), 4.07-3.96 (m,
3 H),3.91 (dd, J=16.8, 5.3 Hz, 1 H), 3.72 (s, 3 H), 3.52-3.33 (m, 2 H), 2.36-2.23 (m, 2 H), 1.89-
1.81 (m, 1 H), 1.40 (s, 9 H) ppm; 3*C NMR (101 MHz, CDCl3) § 170.77, 170.32, 169.15, 155.65,
145.82, 145.50, 127.16, 124.10, 80.84, 53.69, 52.50, 43.00, 41.18, 34.44,28.31 ppm; IR (thin film,
em™): 3312, 2958, 2926, 1747, 1654, 1577, 1511, 1437, 1367, 1336, 1256, 1213, 1161, 1089, 1014,
853, 791, 754, 742, 682, 664, 523, 471; [a]p* = -1.1 (¢ = 0.56, CHCl;); HRMS (ESI-TOF):
calculated for C19H26N4sNaOsS (M+Na"): 493.1364, found 493.1362; M.p.: 87.4-88.9 °C.

Benzyl N-(tert-butoxycarbonyl)-L-phenylalanyl-L-phenylalanyl-S-(4-fluorophenyl)-L-
RO
sﬁ)\osn
Oj/NH
HN /O
0

HN .
Boc

6¢c

cysteinate (6¢)

6¢c was synthesized according to general procedure (Method D) and isolated by column
chromatography on silica gel using ethyl acetate/petroleum ether (1:2, v/v) as the eluent, giving the
titled compound as a white solid (54.2 mg, 77% yield).

'"H NMR (400 MHz, CDCl3) § 7.38-7.29 (m, 6 H), 7.31-7.23 (m, 5 H), 7.26-7.18 (m, 4 H), 7.21-
7.14 (m, 2 H), 7.06 (d, J = 5.6 Hz, 2 H), 7.00-6.90 (m, 2 H), 6.69 (s, 1 H), 6.46 (d,J=7.7 Hz, 1 H),
5.06 (d, J=12.2 Hz, 1 H), 4.93-4.83 (m, 2 H), 4.70-4.57 (m, 2 H), 4.33 (d, /J=7.1 Hz, 1 H), 3.29
(dd, J=14.0,5.3 Hz, 1 H), 3.18 (dd, /= 14.0, 5.7 Hz, 1 H), 3.09-2.89 (m, 4 H), 1.36 (s, 9 H) ppm;
F NMR (376 MHz, CDCl;) § -113.71 (m, 1 F) ppm; *C NMR (101 MHz, CDCl;) § 171.16,
170.29, 169.60, 162.40 (d, Jc.r = 248.9 Hz), 155.58, 136.48, 136.16, 135.02, 134.09 (d, Jc.r = 8.2
Hz), 129.51, 129.48, 129.40, 129.37, 128.90, 128.81, 128.71, 128.69, 128.65, 128.42, 128.34,
116.34 (d, Jc.r =21.9 Hz), 80.59, 67.52, 54.19, 52.32, 38.00, 37.58, 28.33 ppm; IR (thin film, cm’
"): 3283, 2925, 1741, 1690, 1645, 1589, 1521, 1490, 1454, 1391, 1366, 1257, 1216, 1168, 1089,
1014, 795, 752, 697, 664, 627, 507; [a]p*>= 4.7 (c = 0.47, CHCl3); HRMS (ESI-TOF): calculated
for C39H42FN3NaOsS (M+Na"): 722.2671, found 722.2678; M.p.: 187.5-189.0 °C.

Methyl N-(tert-butoxycarbonyl)-L-phenylalanyl-L-phenylalanyl-S-(4-fluorophenyl)-L-
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cysteinylglycylglycinate (7a)
H 0] H 0] H o}
I P
z H = H
©/ O s Iz O

F
7a

7a was synthesized according to general procedure (Method D) in 0.06 mmol and isolated by
column chromatography on basified silica gel using ethyl acetate as the eluent, giving the titled
compound as a white mucus (46.5 mg, quant. yield).

'"H NMR (400 MHz, CD;0D) § 7.44 (dd, J = 8.5, 5.2 Hz, 2 H), 7.29-7.14 (m, 10 H), 7.04 (t, /= 8.6
Hz, 2 H), 4.65 (t,J=7.2Hz, 1 H), 4.39 (t, /= 7.1 Hz 1 H), 4.37-4.30 (m, 1 H), 3.97-3.75 (m, 4 H),
3.68 (s,3 H),3.37 (dd, J=13.9, 5.8 Hz, 1 H), 3.17-3.07 (m, 2 H), 3.07-2.93 (m, 2 H), 2.75 (dd, J =
14.0, 9.8 Hz, 1 H), 1.33 (s, 9 H) ppm; ®’F NMR (376 MHz, CD:0D) & -116.70 (m, 1 F) ppm; *C
NMR (101 MHz, CD3OD) 6 174.42, 173.54, 172.37, 171.67, 171.58, 163.59 (d, Jc.r = 248.6 Hz),
157.69, 138.57, 138.03, 134.60 (d, Jc.r = 8.2 Hz), 131.39 (d, Jc.r = 3.3 Hz), 130.51, 130.35, 129.58,
129.38, 127.76 (d, Jc.r =22.9 Hz), 117.22, 117.00, 80.74, 57.37, 55.92, 54.45, 52.66, 43.43, 41.81,
39.05, 38.68, 37.37, 28.69 ppm; IR (thin film, cm™): 3276, 2924, 2853, 1748, 1630, 1518, 1490,
1438, 1392, 1365, 1259, 1221, 1168, 1013, 802, 745, 698; [a]p* = -45.2 (c = 0.56, CHCl3); HRMS
(ESI-TOF): calculated for C37H44FNsNaOgS (M+Na"): 760.2787, found 760.2781.

5. Gram-scale Synthesis of Arylated Cysteine 3a

SH S-Ts Cu(OAc)z (20 mol%) & .
1) Nal, H>0; (30%), EA, RT, 40 min Ligand (20 mol%) < >
Boc\,\I ONg Boc\N ONg Boc. 0

2) 1, DCM, RT, 12 h NaHCO3 (1.5 eq) N ~
H o H o H
CH30H (0.1 M), 30°C 0
s1 SO2Na 1a 3a
909 mg

2a

To a stirred solution of a N-Boc-L-Cys-OMe S1 (5 mmol, 1.177 g) in ethyl acetate (10 mL) was
added Nal (25 mg, 2 mol%) and 30% H>O; (5 mmol, 0.55 mL) and the mixture was stirred at rt for
40 min. The solvent was removed under reduced pressure and the residue was directly used for the
next step without further purification. To the mixture of sodium p-toluenesulfonate (8 mmol, 1.426
g) and obtained crude disulfide in CH>Cl, (10 mL) was added I, (3 mmol, 761.4 mg), and the
mixture was stirred overnight. CH,Cl, (60 mL) was added, followed by the addition of aq. Na>S»03
(1 M) with stirring until the I, color disappeared. The mixture was washed with H,O (2X50 mL).
The organic layers were dried over anhydrous Na;SOs, followed by evaporation of solvent under
vacuum to afford 1.8 g of crude product 1a. The residue without purification for next step.

In a 100 mL round-bottom flask, the mixture of the residue (2.76 mmol, 1.075 g), 2a (5.52 mmol,
772.2 mg), NaHCO3 (4.14 mmol, 347.8 mg), Cu(OAc)2 (20 mol%, 110.2 mg), L1 (20 mol%, 119.4
mg) in 28 mL of dry methanol was stirred at 30 °C under N> atmosphere. After 4 h, the solvent was
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removed under vacuum and the residue was purified by flash column chromatography to afford the
pure desired product 3a (2.76 mmol, 909 mg, quant. yield).

6. Control Experiments

Table S4: Influence of additives

_ B(OH),
S—Ts s E
conditions
Boc 0 +
> ~ Boc (0]
N N >

(0] £ I
1a 2a 2
Entry Additive equiv. Yield (%)!2]
! D-Glu(OMe)-OMe 0.5 equiv. 19
2 1 equiv. 10
i b
Boc-L-Pro 0.5 equiv. 61
1 equiv. 57¢
Boc-L-Lys 0.5 equiv. 46
1 equiv. 16
0.5 equiv. 49b
N-Boc-L-Met
1 equiv. 520
i b
o N-Boc-L-Arg 0.5 equiv. 61
10 1 equiv. 58¢
" 0.5 equiv. traceP
L-Asn
12 1 equiv. trace®
i b
13 Ac-L-His-OMe 0.5 equiv. 75
b 1 equiv. 48°
10 Ac-L-Phe-OMe 0.5 equiv. quant.
10 1 equiv. quant.
i b
7 Bz-L-Arg-OEt 0.5 equiv. 95
18 1 equiv. 73¢

Conditions: 0.1 M solution of the 1a (0.1 mmol, 1.0 equiv.), 2a (0.2 mmol, 2.0 equiv.), NaHCO;
(0.2 mmol, 2.0 equiv.), 1 or 0.5 equiv. of additive, 20 mol% Cu(OAc),, 20 mol% L1 in anhydrous
solvent under Ny atmosphere at 30°C for 4 h. #Yield determined by crude '°F NMR spectra analysis
using trifluoromethoxy benzene as an internal standard. ® 2 equiv. of base. ¢2.5 equiv. of base.

7. Studies on the Stability of Arylated Products

The stability of arylated products was studied by subjecting S-arylated cysteine or peptides to
commonly used deprotection reactions in the field of peptide chemistry, including acidic, basic, and
reductive conditions.
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7.1 Stability under Acidic Conditions

O\

O O
TFA/DCM
BocHN TFA*HyN

~ rt, 30 min

(0] (0]
3a 3m

2 mL of trifluoroacetic acid (TFA) was added dropwise to the solution of 3a (164.7 mg, 0.5 mmol)
in 5 mL of dichloromethane. After stirred at room temperature for 30 min, the solvent was removed
under reduced pressure. The crude product was analyzed by NMR. Modification or decomposition
of thioether motif was not observed. Boc-deprotected compound 3m was obtained as a colorless oil
(163.7 mg, quant. yield). 'H NMR (400 MHz, CDCl3) § 8.77 (s, 3 H), 7.45 (dd, J= 8.5, 5.1 Hz, 2
H), 7.00 (t, /= 8.5Hz, 2 H), 4.17 (t, /= 5.4 Hz, 1 H), 3.50 (s, 3 H), 3.46 (d, /= 5.4 Hz, 2 H) ppm;
F NMR (376 MHz, CDCl;) § -75.86, -112.32 ppm. 3C NMR (101 MHz, CDCl3) & 168.24, 162.92
(d, Je.r=249.3 Hz), 135.00 (d, Jc.r = 8.4 Hz), 127.31 (d, Jc.r = 3.4 Hz), 116.63 (d, Jc.r = 22.0 Hz),
53.35, 52.18, 35.91 ppm; IR (thin film, em™): 2957, 2292, 2851, 1749, 1670, 1589, 1531, 1491,
1440, 1199, 1134, 1089, 832, 799, 722; [a]p* = 38.364 (¢ = 0.55, CHCl3); HRMS (ESI-TOF):
calculated for C1oH13FNO2S (M+H"): 230.0646, found 230.0634.

SOF TFA/H,O/TIPS SOF
(95/2.5/2.5)
BocHN TFAH,N

(ONg -
t,2h

3a 3m

0.1 mmol of 3a was treated with 0.1 mL of TFA/H,O/TIPS (95/2.5/2.5). The solution was stirred at
room temperature for 2 h. The solvent was removed under reduce pressure. The crude product was
analyzed by NMR. Modification or decomposition of thioether motif was not observed. Boc-
deprotected compound 3m was obtained as a colorless oil (31.2 mg, quant. yield).

These results indicate that the thioether motif formed by S-arylation is stable under acidic conditions.

7.2 Stability under Basic Conditions

1) - > No reaction
~ rt, 30 min

20% piperidine in DMF
BocHN

(e}
3a

0.1 mmol 3a was dissolved in 20% piperidine in DMF, and the solution was stirred at room
temperature for 30 min. 3a stay intact after the reaction.

S@F NaOH (15%), THF SOF
BocHN/g(o\ t,7h BocHN /g(OH

0.6 mL of 15% NaOH aqueous solution was added dropwise to the solution of 3a (0.2 mmol) in
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THF (0.3 mL). The reaction was stirred at room temperature for 7 hours, and the solution was
acidified to pH 2 with 1 N HCIL. The aqueous phase was extracted with CH,Cl, for 3 times. The
combined organic layers were dried over NaSO4. The organic solvent was removed under reduced
pressure. The crude product was analyzed by NMR. Hydrolysis compound 31 was obtained in 87 %
yield. Modification or decomposition of thioether motif was not observed.

These results indicate that the thioether motif formed by S-arylation is stable under basic conditions.

7.3 Stability under Reductive Conditions

F
Qg A,
S%OBn NiCly*6H,0, NaBH, S%O/
HN__O

MeOH, rt, 2 h
NH NH
Boc Boc

5e 5e’

0.15 mmol NiCl,-6H,0 was added to the solution of 0.05 mmol 5e in MeOH (0.5 mL). 0.45 mmol
of NaBH4 was added portionwise to the green solution with stirring. The mixture turned black, and
was stirred for another 2 h. The reaction mixture was filtered through celite, and the residue was
washed with methanol. The resulting solution was concentrated in vacuo and purified by column
chromatography on silica gel using ethyl acetate/petroleum ether = 1:2 as the eluent. Modification
or decomposition of thioether motif was not observed. Ester exchange compound Se' was obtained
as a white solid in 53% yield. "H NMR (400 MHz, CDsCl) § 7.42 (dd, J = 8.8, 5.2 Hz, 2 H), 7.00
(t,J=8.6 Hz, 2 H), 6.68 (d,J="7.5Hz, 1 H),4.97 (d, /J=7.6 Hz, 1 H), 4.82 —4.73 (m, 1 H), 3.98
—3.89 (m, 2 H), 3.55 (s, 2 H), 3.33 (dd, /= 5.0, 2.8 Hz, 1 H), 2.21 — 2.10 (m, 1 H), 1.46 (s, 9 H),
0.96 (d, J = 6.8 Hz, 3 H), 0.89 (d, J = 6.9 Hz, 3 H) ppm. ’F NMR (376 MHz, CDCl3) § -113.51
ppm.

JLM—AJ.J\JLL_J\_JUL JJU L

T T T T T T T T T T T T T T T T T T T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 05
1 (ppm)

Scheme S1. '"H NMR of S-arylated dipeptide after deprotection of benzyl group.
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These results indicate that the thioether motif formed by S-arylation is stable under reductive

conditions.

8. Continuous-flow Process for Synthesis of Arylated Cysteine 3a

1a (0.6 mmol)
2a (1.2 mmol) @
15 mL MeOH - - !
0.5 mL/min V=175l o175 min S@,F
Solution A b % > BOC\NLH/O\
s H le}
Cu(OAc); (0.12 mmol) )
L1 (0.12 mmol) A Micro Reactor 3a, 91%
NaHCO; (0.9 mmol) \
12 mL MeOH, 3 mL HQO 0.5 mL/min
Solution B

Scheme S2. Details of the micro reactor for the arylated cysteine 3a (0.6 mmol scale)

1a (233.7 mg, 0.6 mmol, 1 equiv.), 2a (167.9 mg, 1.2 mmol, 2 equiv.) were dissolved in MeOH
(15 mL) as Solution A. NaHCO3 (75.6 mg, 0.9 mmol, 1.5 equiv.), Cu(OAc): (24 mg, 0.12 mmol,
20 mol%), 4,4'-dimethoxy-2,2'-bipyridine (26 mg, 0.12 mmol, 20 mol%) were dissolved in 12 mL
MeOH and 3 mL H>O as Solution B. The Solution A and B were transferred into 20 mL syringes
separately. The two liquid streams were merged with a T-Mixer, then flowed into PFA tubing
(Volume = 17.5 mL, O’D = 1/16 inch, I’'D’ = (0.8 mm) at 0.5 mL/min respectively. The collection
was directly quenched with H>O. Upon being emptied, two syringes were recharged with MeOH (8
mL), which were pumped at 0.5 mL/min to evacuate the tubing residue. All collection was combined,
then extracted with CH>Clbx3, and the organic layer was collected, dried with Na;SO4 and
evaporated under reduced pressure. The resulting crude compound was purified by column
chromatography using ethyl acetate/petroleum ether (1:7, v/v) as the eluent, giving the titled
compound 3a (180 mg, 91%).
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9. Characterization Data
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Figure S1. 'H NMR (400 MHz, CDCl:) spectra for compound 3a
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Figure S2. YF NMR (376 MHz, CDCl;) spectra for compound 3a
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Figure S4. YF NMR (376 MHz, CDCl;) spectra for compound 3b
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Figure S6. 'H NMR (400 MHz, CDCls) spectra for compound 3¢

39



T

€ee
pee’
8s'¢”

vsy
Ss
E.w\
65
PESA
9¢'s7

1579
mm.c/
w9

oZV
8,97
v0'Lf
co.Lﬁ

80°L

/o

86’8

FL6'T
=o'

Hs8o

7.0

1 (ppm)

Figure S7. 'TH NMR (400 MHz, CDCl:) spectra for compound 3d

'8¢ — -

90°LE —

8PTS
Legs”

€08 —

Yo' Ell ~
LULTT—
T80T —
96'6C1 —
L9SET —

90°LYT —

9I'SST —

. _ /
9T ILI /@ o

1 (ppm)

Figure S8.*C NMR (101 MHz, CDCl) spectra for compound 3d

40



(4

61°€~
S.m\
e

) J

&7y
44

el

Vs~
vrs

L9
on.o%

869~

6TLT
ﬁm.h\

|

OH

Feoc
He6c

k80

R0z
Meo
61

1 (ppm)

Figure S9. 'H NMR (400 MHz, CDCls) spectra for compound 3e

1¥'8C—

96'8¢ —

LSTS
17es”

§9°08 —

LESLT —

¥6'€Cl —

co'sel —

8F°SST
69517

€STILT —

1 (ppm)

Figure S10. *C NMR (101 MHz, CDCl:) spectra for compound 3e

41



N o— >~ N NO T~ AN OoO oAl — N 0
R a® 3R ERAITTT AR 3
[ L N T M ennn o 1
— NN e e ——

// s / J/

3f
|
|
[
I

| A f “ N

=] iy + (e i) %

= Q < @ QaeQ @

al ol o o M- - [}

‘J 0 9‘.5 9‘.0 8{5 8‘.0 7‘.5 7{0 6‘.5 6‘.0 5‘.5 5‘.0 4‘.5 4‘.0 3{5 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 0‘.5 D‘AO C; 5
f1 (ppm)

Figure S11. 'H NMR (400 MHz, CDCl:) spectra for compound 3f

o0
\n
o
el
c
|
S @c Fs
SR
N 0
0N ~
H o
3f
1‘0 b —%0 —‘20 —2‘30 -40 -50 -60 -70 -80 —éo —1‘00 110 120 130 140 150 160 1‘70 1‘80 190 —2‘00 —2‘10

1 (ppm)

Figure S12. YF NMR (376 MHz, CDCl) spectra for compound 3f

42



6€°€
or'e
ere
&3
9r'E
LY'E
0s°€F
ree S
19°¢
mwm\
09
19t~
moiﬂ
9y
rESA
9¢'s”

By

6

__lzo'1

L0'€

1 (ppm)

Figure S13. "TH NMR (400 MHz, CDCl:) spectra for compound 3g

€€'8C —
€9°6€ —
cTes \

§9°CS
0€'€s /

01°08 —

68°LTI \
Te8Tl
1roet

90°CYl —

€0°SST —

L9991 —
88°0LT —

1 (ppm)

Figure S14. 3C NMR (101 MHz, CDCL) spectra for compound 3g

43



i~
e’

I1°8~
€I’

LA

P01
5260

f00°€

He60

60

566'1

=61

1 (ppm)

Figure S15. 'H NMR (400 MHz, CDCls) spectra for compound 3h

op-t

6€T
omm/
LE€
or'e
T3
6v'€
0s°€
403
mm.m\
89°¢
65
19%
S.vx
v9'y
€676~
ses/

w9 —

1L
wL
YTL

st

ow&\
8¥'L

///

7660
01

R00°€

=1'c
=160

1 (ppm)

Figure S16. 'H NMR (400 MHz, CDCl:) spectra for compound 3i

44



8981 —

SE8CT—

LLSE—

08T\
cress

0508 —

LTI
61911~
st
8EHTI ~
6+Tl

~

0TIyl —

LOTST
8LEST -
cosc1’
250917

L8OLT —

f1 (ppm)

Figure S17.3C NMR (101 MHz, CDCl:) spectra for compound 3i

€T

108
€0°8 1
S0°8
L0°8 1
608 1
181
81°8 Y
61'8 Y
0z'8 )W
T8t
vz8/
69'8
s’

=00'¢
et

60

60

0'C
10T

H/v:u

=10°1

45

1 (ppm)

Figure S18. 'H NMR (400 MHz, CDCls) spectra for compound 3j

8.0




L1I'8C—
68'8¢ —

6€°TS
88°¢S

2008

SSHTI
YLYT |
10°521 {
9€°5T1 1
¥9°ST1 1
69°STI 7
0921
6T°LTI
ﬁﬁxmﬂ$
€5°8T1
v16Tl
10°1€1

€EIEl

SEIET

8SI€1

STzel

T6'PS1 —

CUILT —

ol

1 (ppm)

Figure S19.3C NMR (101 MHz, CDCl:) spectra for compound 3j

wrt—

6T'€
oc'e
433
ree
see
LE€E
awmw
wwm\
86°¢
€Sy
PSy
o@v\
LSV
1€~
ees/

osL”

J

6’8

Hoe
H0'¢

60

F18°0

=$6'1

0
[«

1 (ppm)

Figure S20. 'H NMR (400 MHz, CDCls) spectra for compound 3k

46



o~ % —
(=) (=} o wvy v N el (=1
— v — “a “awn N <
o~ wv o (=1 ool o~ 0
—_— — — 0 w o o
! | } N Lo
NHBoc
S _A~_0
(o] /@/ W ~
o
o7 s
NHBoc
3k
| I
| " ‘
| | | 1 " "
bo 1‘90 1‘50 1‘70 1‘50 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 éO éO 7‘0 éo 5‘0 1‘10 3‘0 2‘0 1‘0
f1 (ppm)
Figure 21. 3C NMR (101 MHz, CDCl) spectra for compound 3k
vt 0 — QN > N~ o O SISO —= O~ 0 —
TITT S Ao na ITaoacamaaa
Lo i e o~ O O v <+ < N onoenoonoenoonoonoon
—— = N Ve e :[
[ ] s /
s%: :FF
OH
BocHN
0
3l
|
Il
] i H‘
4 & g <& & I
a < *® Q - N
— [o\] o (=1 o o)}
7‘.5 7‘ 0 6.5 6.0 5.5 5.0 4‘.5 4‘,0 3‘.5 3‘.0 2‘.5 2‘,0 1‘.5 1‘.0 0‘.5 D‘,O -0‘.5 -1

9.5 9.0 8.5 8.0
1 (ppm)

Figure S22. 'TH NMR (400 MHz, CDCls) Spectra for compound 31

47



-113.88

OH
BocHN
(0]
3l
| mm«dWwmmwmmmmmmmmwhhmemmwwmw
1‘0 b —1‘0 —‘20 {‘!D —1‘10 —‘50 —(‘50 —‘70 7‘80 —éO —1‘00 —1‘10 —1‘20 —1‘30 —1‘40 —1‘50 —1‘80 —1‘70 71‘80 —1‘90 —2‘00 210
1 (ppm)
Figure S23. ’F NMR (376 MHz, CDCl:) Spectra for compound 31
o~ 0 A o v~ Q0 S o
©~ oS oon <t N — O © v A vy [sa} < N
< A= T ARR OO = 0 < a
~ O O n N oen AN A — (=3 [sa) 0 0
— — o — — o — — o0 wy o (]
| 7\ ~ N \ | |
S“< >‘*F
OH
BocHN
(0]
31
]
H L | |
Ik X i A |
1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 éO éO 7‘0 éO ELO 4‘0 C‘SO 20 1‘0

1 (ppm)

Figure S24. 3C NMR (101 MHz, CDCl:) Spectra for compound 31

48



o~ S O v o O o~ OV Wn
= I¥TIAE383 =ESZ2A¥ T
o] L e ~ o~ O <t <t <+t on o
| —_— —

o]
HoN ~
TFA 0
3m
] [ X
L e
ey Lg I
3 S < 2 S
[} o (o} — N —
‘),0 9‘.5 9‘.0 8‘.5 8‘.0 7‘,5 7{0 6‘5 6.0 5.5 5.0 4‘.5 4.0 3.5 3.0 2.5 2.0 1‘5 1‘0 0‘5 O‘D -d.S -1‘
1 (ppm)
Figure 25. 'H NMR (400 MHz, CDCL) spectra for compound 3m
o
o (3}
o o
v —
5 n
s{ %F
o]
HoN ~
TFA O
3m
10 o 10 20 30 1‘10 ‘50 éO »‘70 -‘80 »‘90 -1‘00 -1‘10 -1‘20 -1‘30 -1‘40 -1‘50 -1‘60 1‘70 1‘80 -1‘90 2‘00 2‘10
f1 (ppm)

Figure 26. '°’F NMR (376 MHz, CDCl:) Spectra for compound 3m

49



16's€—

81°TS~.
sees”

€9°911 —

reLer —

00°s€l —

6091 —
Y7891 —

S
HZN/g]/O\

TFA

3m

0o

1 (ppm)

Figure 27. 3*C NMR (101 MHz, CDCl) Spectra for compound 3m

/]

4a-s

~s
Boc

)

Ph—S

901

660

80
10T
H/oo.ﬁ

61

1.0

1 (ppm)

Figure S28. "TH NMR (400 MHz, CDCl:) spectra for compound 4a-s

50



€9°LT~
86817

81'8C—

w01e”
L9°9€ ~

1TTS~
81°¢s
seLs

0L708 —

60°LTT ~
Sv6Tl
10¥€1 —

L8V —

LS'SST —

TL'691 ~
SLILL T

190

T
200

1 (ppm)

Figure S29. 3C NMR (101 MHz, CDCL) spectra for compound 4a-s

ma.mg
ma.mg
L6T
86'C 1
00-¢
20°€
0°€
SO€ Y
om.mg
ey
YT €
LT E N
6T\
1€e—
89°€
Yy
vy
i
LYY
LY~
Ly
YL
IL'Y
866\
09's”
699
L9

06’9
N@.@/
€0'L /

SO'L

oy L~
1S°L
€S°L
6S°L
19°L
9L
LYL
68°L

|/

s

/

OH

FLS'6

=00°'¢

F260
o1

7561
v16'1
RN
wWi1'T
H,oo;

T6'1

1 (ppm)

Figure S30. 'TH NMR (400 MHz, CDCls) spectra for compound 4c-s

51



LT'8C —

co'LE —

€6°CS
Nv.mmW
CcLES

6018 —

YLSTT —

hh.cmﬁ
vI'LTI V
9¢°6C1 N
6£°0¢1 \
vIvel

68°¢V1 —

SSTSST~
1ss1”

€9°691 ~
€SILT T

OH

(@)

2
~
S

Ph-S

\

Boc

4c-s

m

100
1 (ppm)

Figure S31. 3C NMR (101 MHz, CDCL) spectra for compound 4c-s

190

00

wmq/

Ob =
4!

€Te
voe
9T'¢
8T'¢
cee

€e'e
omﬁ\
LEE
ﬁhAm\
LYY
(a4
sy
(454
€$Sy
144
0SS =
(48
vs's

€0'L
SO'L

vS'L
SS'L
LS'L
wL
yo'L
S9L
°6'L
Y6'L

e e

Jf

I
[
l\)g{
a2
S —

F6'0

Heo

=10°C
660

1671

1 (ppm)

Figure S32. 'H NMR (400 MHz, CDCls) spectra for compound 4d-s

52



0T8Il —

(45 T

169¢€ —

SE8Y
£9°TS
vTes

6608 —

YTLTT ~
95621~
Irvel —

SOvyl —

IL°SST—

0€°691 —
S8'TLI —

100
1 (ppm)

Figure S33.3C NMR (101 MHz, CDCl) spectra for compound 4d-s

190

171,
YT
STI1
9T'1 1
9T'1
LT
6T’
SETA
8€T
651

€91
§9'1
Ll
LT
LL
6L1

L6T]
66T

—
<
)
C
—=—n

9T

(=3
o
o

stt]
08 |
187 ﬁ

e

2]
~
L

1S°L ]

LSL

68°L

P

s/

_Boc

ZT

%/

Ph-S

2

]

Boc

¥ 81°T
bet 0]
ES01
Reo

Agel
Kot
7 00°g

F 612

E001

E 680,

A 2870
L6
= 660
v S6'1

1 (ppm)

Figure S34. 'TH NMR (400 MHz, CDCls) spectra for compound 4£-s

53



€670\
61°8C
€8T
mmdmw
L9°1€
989¢ 7
soor/
v1zs
?%W
LTSS

96'8L —
€908

LO'LTI ~
441154
66°€El —

88Vl —

TS°SST~L
109517

S9°691 ~
60°CLL

100
1 (ppm)

Figure S35.3C NMR (101 MHz, CDCl) spectra for compound 4£-s

120

130

.Boc

150 140

160

H
4f-s

170

_NH

N\ /,O
Ph-S<g
Boc
180

190

00

Las
€0°€
s0'€
90°€
80°€ 1
e
€€ ]
STE

91t
61°¢
0T'€
€Te
vTE
1€
€6°E
s€E
9€'€

oL'e
Plad

LL'Y

LY S~

v6'L?

J s1f

€6

S90°1
Woo;
M/Mo;

80
“oo'¢
H60
HO'T

£86'0

54

1 (ppm)

Figure S36. "TH NMR (400 MHz, CDCl:) spectra for compound 4g-s




9T'8C —

Y6'9€
€8'LE”

€v'es
cm‘mmw
8Y'€S

0808 —

LILTI
€TLTl /
99'871

8T6T1 \!
6621/
SopEl w
z9°s€1

S6'Erl —

(4% S

V691 ~
€L~

Lk

100
1 (ppm)

Figure S37.13C NMR (101 MHz, CDCL) spectra for compound 4g-s

110

120

140 130

O,
\\ /)
Ph-S~g
Boc
4g-s
170 160 150

180

190

00

08'C
1Te
e
vTE
sTe
8T'E
6T°€
ree ]
£€€ ]
see ]

(42 EEE——

Eu.vg
mv.vg
_m.ﬁj
[4Na
[
187
8’1
Y8y
S8'Y
S'S
96°6 1
oo.j
_o.:
No.j
80°L Y
01'L
LA

m_s;

ST'LA
L1'LA

OM.:
TeLA
0L
LA
Yy LA
61" LA

16°L~

vS'L
9¢°L
8S°'L

08°L
L

LL'8—

[ ali]]

4i-s

O,
\ /)
Ph-S~g
Boc

£80
860

860

M\quﬁ
e

E86°1
10°1
w/moA

10°C

60

55

1 (ppm)

Figure S38. 'H NMR (400 MHz, CDCls) spectra for compound 4i-s




6€LT~
L8t

6TLE~
19°8¢

SHTS
mes”

L9°08 —

057691 ~
LLILT

0 o

\

ph—S

2

]

Boc

4i-s

1 (ppm)

Figure $S39.3C NMR (101 MHz, CDCl;) spectra for compound 4i-s

Ty
YT 1A
ST
T
sTe
9T’€
8T'€
0€°¢ ]
€€ |

PEE
9¢7¢ |
16°¢ |
26°€ 1
96°¢ 1
L67€ 1
86°€ 1
10 |
€0p
PIE |
91y 1
LTHA
6% 7
1w/
©sr

vSy

95y

LSY

795~
v9°57

crL
€L
SI'L

L
¥S'L

9s°LF
09°L
9L

¥9°L
16’L
€6'L

0 %
S NWO\/
_NH (0]
Boc
4j-s

Q
Ph~

=9L°¢
=0T'6

76870

680

R00°1
50T
20’1
00T

1 (ppm)

Figure S40. 'H NMR (400 MHz, CDCl:) spectra for compound 4j-s

56



Syl —

8T'8C —

orLe—
Ly 1y —

wres —

€9°19 —

7808 —

81°LTI ~
1s621
90vEl —

96°cvl —

¥9°SS1 —

SE691
oLt

o
|
A

O
YLNWO\/
-NH
4j-s

100
1 (ppm)

Figure S41.3C NMR (101 MHz, CDCl) spectra for compound 4j-s

190

00

LETY
96'C
L6'T
66'C
SI'E
91°¢
mL‘mg
0ze
Lee
8€1¢]
¢
e
8¢ |
6v'€ |
15°¢ 1
zse
244
9b'¥ |
6LY 1
18'% 1
80°S
01°S {
€1°61
PIS Y
PILY
SIL]
91'L1
ST°L 1
171
€TLA
YL
9T'L 1
0€'LA
0€°L
1€°LA
T LA
YELA
YEL
seL
9¢L]
Lo
6v°L]
152
€5°L
09°L 1
T9°L]
v9°L 1
98°L 1

e

8L

VYAV

s o,

0

O\\/O
Ph—S

2

OBn

s

NH

7

T

ZT

(@)

Boc.

5a-s

Fre

v160
¥96°0
¥S60
Ry60

Feg0
660
01
6'1

o
[o

1 (ppm)

Figure S42. "TH NMR (400 MHz, CDCl:) spectra for compound 5a-s

57



YT8C—

T6'9€
0r'se”

L8'1S —
09°6s —

96°L9 —

9708 —

88°9C1
STl
8p'8T1
29'8T1
89'8T1
€€'6T1 \
L6t
0rpEl
9LpEl
29°9€1 \
16°€p1T
TrssT —

06'891 ~
OL TLT —

OBn
NH

1y

T

ZT

o)

7

ph—S

]
O

(6]
i\
Boc.

5a-s

100
1 (ppm)

Figure S43.3C NMR (101 MHz, CDCL) spectra for compound 5a-s

190

LETY

el <t
2L
~ ~
s

! N
~

€sL
09
9L
¥9°L ]
98°L
88°L"

vy

I s

bﬂw ke
= 7160
== 7960
== 7560
== %60

= bego
B 60
h m\oo;

pOT9
£00°S
20T
Y01
586°1

1 (ppm)

Figure S44. 'H NMR (400 MHz, CDCls) spectra for compound 5b-s

58



vT'8T—
T6'9€
01r'se”

L8'1S —
09°6s —

96°L9 —

9708 —

OBn

Oy NH

H5bﬁ

p=4

o
N
Ph—S<g
Boc.

00

1 (ppm)

Figure S45. 3C NMR (101 MHz, CDCL) spectra for compound 5b-s

tas
a8
671 |
98'T |
88°T |
06'T |
6'1 |
80°C |
60°C |
Ty
0€T

€7
ety
cez
LETA
Ire
e
sre
ob'€
0s'€
15

ss'e

(4
m:uw.
Ty

6LV~
18y
(404
vw.v\
SIS
0SS
42

€L
L
€€'L
vE'L
Se'L
9¢'L
Sv'L ]
Li'L]
8t'L ]
6t°L]
0s°L
TS'L
09°L 1
79°L 1
€91
L87L]
68L"

S s

) )

OBn

NH

o » O

\ /)
~

ph—S

_Boc

ZT

5d-s

Hegl

F ool
= F 2ot
=< }F 80

H\wﬁ.m

98°0)
01°¢
00°L
96°L

2.0

7.5

1 (ppm)

Figure S46. 'H NMR (400 MHz, CDCls) spectra for compound 5d-s

59



€TLT
m@SNW
ONAwN\
09°'1¢
Nﬁcm\

0L 1S~
P8°€S

YLLO —

68°6L~
85087

00°LTl
(414t
81°8CI1

15°8C1
seett /.
S.mﬂw
0LPET

6LErT —

¢SSl —

06891
P6ILT~
sy’

OBn

NH

ZT

5d-s
i
I

OSO

4

N\

Ph—S
0

100
1 (ppm)

Figure S47.3C NMR (101 MHz, CDCL) spectra for compound 5d-s

190

00

9801
8801
1670
€6°0
1 y
€'l 1
1s1 #
wo.Ny
oody
e

ey
E.Sﬁ

91T
ov's
e
e
ste
Lt'E
8t'e
15°€ ¥
e/
€0
SOy
B.v\
08t
€87\
m:\
98y [

1459
se's
8¢'¢

0g'L
(42
€L
veL
SEL
€L
SY'L
LY'L
6t'L
Is°L
6S°L
19°L
€9°L
L8'L
68°L

Ve

e
0'¢

£o'6

oot

60
60

2680
#88°1
78L°0

I's
H\ww.o
0'C
Hfoq

0°C

1 (ppm)

Figure S48. 'TH NMR (400 MHz, CDCls) spectra for compound Se-s

60



PSLI~N
60°61 7

08¢ —

oL0c”
1L°9€ ~

9IS —
£€5°6S —

€L°L9 —

89'6L

66°9C1
£€°8C1
S¥'8TI

8t'8TI
seezt
66€€T \
89'pEl
99"t —

0L'SST—

90691 ~
86'ILTI —

OBn
Boc
I
|

o
X
5e-s

S

7

O\\
ph—S

1 (ppm)

Figure S49. 3C NMR (101 MHz, CDCL) spectra for compound Se-s

mﬁ.ﬁ/

o'l —

Py =—
ey
P €
9I€
LY €
4N
€5°€
9¢°¢
LS €
vn.m%

LUl
61'v
ﬁm.w/
€ey
(424
vmé/
S8y
hw.vﬂ

1457

€LS~
sus”
0c'L
0¢'L
€L
€eL
€€L
veL
9L~
wzx
0s°L
8S°L
09°L
9L
89°L
oLt
S8L
LS'L

s

1/

— 888 |

Feee

[
%ou_

001
H/aw.o

81 [

Figure S50. 'H NMR (400 MHz, CDCls) spectra for compound 5f-s

61



0€'81 —
61'8C—

9'9¢€ —

6 1S —
9L'8S —
€699~
§8'L97

SI'o8 —

co.cﬁ /
vm.wﬁ
€871 V
szt
66°€€1 \
19%€1

LLEPT —

60951 —

86'891 ~
8C LT

Q.0
ph-S

OBn

»n O

7
~

I I

1 (ppm)

\

ZT

Boc.

Figure S51.3*C NMR (101 MHz, CDCl:) spectra for compound 5f-s

5f-s

vl
co'l
v6'1 |
96T 1
€0°C
S0'TH
LO'TH
80°C 1
T
8TT1
0€°'C

[
YETH
0r'€q
Nw.TW
2 8%
8¢
67’ €
167¢
(4 %R\
81y
0Ty
LLY
oLy
08’y
(484
€r's
89S
oL’S
66'S
9€9

S

V4

/

0€'L
0€'L
€L
L
€eL
veEL

e ——
;s

9¢L o
»ms\m = z
Ly

6v'L
15°L] Z
65 Yo
19°L 1 7
€9°L ] o »©
98'L 1 o
88°L 1 £
86'L 1
008"

£86°0
2L0°1
8T

vL6'0

886°0
F£8°0

60

=06'1

M/E.o
568°0

H\Ow.o

pLoY
00T
2001
66'1
Ago

T
8.0

1 (ppm)

Figure S52. "TH NMR (400 MHz, CDCl:) spectra for compound 5g-s

62



EP'STy
0067

esied
1697

S6'IS~
L9ES

90'89 —

0€°08 —

cTLel /
65'8TI

srsz1 4
oc6z1 7.
SLEET \
88HE

SObPT —

107961 —

87691 ~
61°CLI —
6V SLT

OBn
NH,

OQv/NH

ZT

O

Z

ph—S

s

o
\\
Boc.

5g-s

1 (ppm)

Figure S53.3C NMR (101 MHz, CDCL) spectra for compound 5g-s

Sl 1
8L'C
6L'C
[4: %4
£€8'C
06'C
c6'cC
mo.Ng
96'C

mm.mg
o

Ve
ve
8¢ 1
6v'¢
[ASR
€5°€
81
097 1
971
8L'Y
6LY 1
1819
WY
[N
YISy
Ls

mn.my

/7

//

v

8T'LT
6TL1
0€'L A
1€°L 1
€L
€€°L Y
IS
SELA
SELA
9ET
9L
L'L
8L ]
0s°L]
0s'L]
L
8S°L 1
09°L
19°2 1
L8°L]

6817

00762

T
7.5

<
[©

8.5

9.0

9.5

).0

1 (ppm)

Figure S54. 'H NMR (400 MHz, CDCls) spectra for compound Sh-s

63



81'8C —

60°9€
299¢ 7/

€9°0S
6815~

L9799~
18297

v¥'08 —

T0°LTl
€1'8T1
1781
€€°8C1
9t°8C1
T5°8¢l1
SS'8TI
re6Tl b
96 €1 \
69'v<1 T
8€°SEl \
98¢l —

6€°SST —

9L89T
16°0L1
o_._:W

100
1 (ppm)

Figure S55. 3C NMR (101 MHz, CDCL) spectra for compound 5h-s

190

00

o
[}
n

[ /s

N
H
6a-s

#e'e
Zr'e

60
ko't
296'1

§L6°0

10°1
#50°€
760°C
81T
K680

Fo1

260

260
Lo
Yoot

M6l

1 (ppm)

Figure S56. "TH NMR (400 MHz, CDCl:) spectra for compound 6a-s

64



SI'vl—

TI8T~
mm.wmw
68°1€
ovog
Satad
pICS
cm.mmw
6LTS
LS19—

S1°08—

1TLTT ~
LS6T1 7
SI'veEl —

18°evl —
9L'SST —

167691
L8691 V
06'CLI
66°CLI N.

100
1 (ppm)

Figure S57.13C NMR (101 MHz, CDCL) spectra for compound 6a-s

190

SY 1
Nm.j

=90'6

M/OO‘N
~80°¢
H\No.v

=0'1l

=60

No6°0
8L
10T
660
00T

1 (ppm)

Figure S58. 'H NMR (400 MHz, CDCls) spectra for compound 6b-s

65



6€'8C —

S6'9¢€ ~
9T 1Y~
ey -

SSTTS
€6°€S

Pe18 —

LTl ~
99°6C1 7
LTYEL —

00yl —

€6°SST —

96'891
STOLI W
€V0LT

H

S//

N

o

o/

N
H

HN.
Boc

]

6b-s

1 (ppm)

Figure S59. 3C NMR (101 MHz, CDCL) spectra for compound 6b-s

€€
00°€ 1
20°¢
€0°€q
S0°€
90°¢ {
0€°¢
cee
e €T
SEEY
€

e
b€
€
9€¥ 1
LEY T
w
YLV ]
9Lt
8LV |
08'%
AN
€L°91
SL9A
20°L
¥0°L
mﬁ.hg
*l.hg
9l'LA
91"LA
S1'LA
S1°L
0T'L A
€TL
STLA
LT LA
6T L
0€ £
1€°L]
L]
ceL
veL]
v
9p°L
8L ]
96°L
85°L
6L
8L

s7

/

I

/]

9827

HN.
Boc
6¢c-s

= 0¢€°6

Ferng
J 00T
Ep80le

=8
v SOGR
T_.D
¥ L0
2 60°1
= $6°1

7.5

Figure S60. 'TH NMR (400 MHz, CDCls) spectra for compound 6¢-s

66



ST'8T—

6L9€
w6'LES

00°TS
€8°€5 —
s8'ss”

18°L9 —
LT08 —

96'9T1 |
01'LTT A
L6°LTI
95871 ]
¥$'8TT 1
86°8TT
79'8T1
9981
1€°6T1 Y
€€°621 /W
weTt
00'v€1 F
LSPET

S09€T

6%'9€1 \
10b¥1

09°SST—

[CREINN
8°0LT ~
0E'ILI /

(0}
~Hosn
j/NH
(0]

Boc
I
I

S
O

O\\ //O
HN
6c-s

r

1 (ppm)

Figure S61. *C NMR (101 MHz, CDCL) spectra for compound 6¢-s

om.h;

L9721

s6L?

FlI'e

SO
wie
HoT
01
100°€

HIT
hore
290'1
—= 801
=5 2601
Roo

60
_ Ho.o

61
- 61
s

Ta-s

60

60
c0'C
u/mo._

8’1

1 (ppm)

Figure 62. 'H NMR (400 MHz, CDCl) spectra for compound 7a-s

67



LE8T—
LE9E
LS9¢€
om.hm\
:Aw*
ey
9¢€°CS =
wm.mm\

wm.mm\
69°9¢

LL'I8 —

veLTl
09°LTI
€L'LTL
80°6CI
9c6cl
6T°6CI1
seecl
69°6C1
LTYEL N
€9°s¢€l
89°¢¢El N
vyl —

¥8°9S1 —

87691

vL 691

o0voL1 -
i

%.E\
0€'ELT

Ta-s

1 (ppm)

Figure 63.3C NMR (101 MHz, CDCls) spectra for compound 7a-s

$8°0
L8°0

o)

80C
mo.m%
e

€1
vI'T
91T
81T
61T
wumx
sTe
e’
YTy
3&%
Sty
9&\
LYY
PESA
9¢s 7

189
€89
969
wm.o/
00°L—

8¢°L
6€°L
ov'L
L

1

96T
50°¢

!/

Boc

=16

=T

=00°¢

~<F60°1
=€l

T
7.0

1 (ppm)

Figure S64. '"H NMR (400 MHz, CDCl:) spectra for compound 4a

68



—-114.34

_NH (0]
Boc
4a
T T T ) T T ; T ; T ; ' T ' ; T ’
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180

1 (ppm)

Figure S65. ’F NMR (376 MHz, CDCl) spectra for compound 4a

wvenoen o~ o o <t — o o~

— AN o A< < A [N [=J-N o~ —
NS m—=un RN O O © R M
~ I~ OO0 0 A —_— =) ~ ~ — %
————— —— — —— o0 v o N on A
[ I ~ N | [ FoN

H .
_NH (6]
Boc
4a
1l
|
[ n\ I J
I
Ll J i L J
1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 S‘)O éo 7‘0 éO 5‘0 4‘0 3‘0

1 (ppm)

Figure S66. >*C NMR (101 MHz, CDCL) spectra for compound 4a

69

- 19.03
N 17.70



98°0

88°0 - _ e
160 N I'e
mo.ow

rt— €6
e

Q.L/p

vI'e - F90'T
91T

L1T

61°C

we— — K61
re— — =00°¢
or'y

Nw«/

aa - 60
Lyt - mMo‘_
Sty

0s't

7S~ . .
cve 560
089~ — [P
897 16’0
SriLs, . F86'1
L¥'L

118~ . )
crg 0T

1.0

1 (ppm)

Figure S67. 'H NMR (400 MHz, CDCl:) spectra for compound 4b

SLLI~
LO'61 7
€€°8T~
1e1e—
STveE~

8€°CS —
VLS —

1018 —

Trel ~
1cLer —

1S°sv1
69°ST1 V

vy esl —

18691 ~
90°CLT

O,N

Boc

1 (ppm)

Figure S68. °*C NMR (101 MHz, CDCL) spectra for compound 4b

70



el 1
mm.j

T0°€
Y0°€
SO°E |
60°€ |
11°¢
ey
E.SW
EI\
om..&,

L6°T
661
00:€ 1

//////

OH

906

_NH

Boc

4c

T
7.5

1 (ppm)

Figure S69. 'TH NMR (400 MHz, CDCl:) spectra for compound 4c

€0vIl-—

OH

F

_NH

Boc

4c

1 (ppm)

Figure S70. ’F NMR (376 MHz, CDCl:) spectra for compound 4¢

71



YE€8C—

O1'LE~
vrLe”

£6°CS
oc.mmW
08°¢S

68°08 —

19°611
mN.o:W
LY 9T11
cLott
§T6Cl N
8T'6Cl
€r'0cl \
S9'eel

€Leel

0S'SST~
v9'ss1/
01’191 —
957¢91 7
€TOLT ~
69117

OH

_NH

Boc

4c

100
1 (ppm)

Figure S71.3C NMR (101 MHz, CDCl:) spectra for compound 4c¢

190

9¢'1L \

wil

or'eE~
we
we’

vy
mv.w/
LYy F
o'y
1Sy
€Sy
144

mv.mx
S¥'S

8879\
069~

V'L~
SY'L

018~
s/

/7

O,N

1T¢
6

Feoc
=00°¢

Wma.o

Tl

F66'0

60
H0'C

6’1

25 2.0 1.5

3.0

3.5

4.0

4.5
1 (ppm)

Figure S72. 'H NMR (400 MHz, CDCls) spectra for compound 4d

72



€T81 — -

€€'8C—
8TvE—

SE8P~
0L TS~
€5es

S6°08 —

61'vCl ~

crLer—

09°SPI~ ‘vﬂo

sUse1” "

IS — o

LE6IT — 2]
LOELT —

O,N

100
1 (ppm)

Figure S73.3C NMR (101 MHz, CDCl) spectra for compound 4d

190

00

/s

o
S/\‘)k
Boc” NH

4e

ot
~50°€

680
ko1

Heéo

¥56°0
6T
“6°0
2001

7.0

1 (ppm)

Figure S74. 'TH NMR (400 MHz, CDCl:) spectra for compound 4e

73



o
Le €T ro
] ST o
LT8T— [— " LTTH B
E 6C'1
o ] 0€°1 1 Lo
Sﬁ\ L8 4R
9¢°8T o .
) ] - 69'1 B
vLSE — o= e F I
ls = el Ny = 7987
= _— e
: oL 612
S 08°1 N ot
67’87 — — L3 (=3 181 m:.ﬁ
N R ¢o
09°7S — E— m 81 flo
. O €81
re S 81 0
< 98'T o
« .
e 8 X3 .
b1 voaw ~ Iy vod "
A mo.m* < Fest
9508 — — e @ L0°€ e
-~ Loy — v’
s O e 2
a2 £y
T O by — N ¥ T6°0
o E e
ree o 8v°t A s
bt m 0S¥ N 5’2670
° 1Sy Fo
89°€11 s 1304 ’
~ e v .
66'STT— -— . S oLy N Ecg02
€L611~ T = S‘Lﬁ o
6v'S o o
. E d
€0°0€T — —_ 18 S
. / Z o
LS'sE1— o - e U 069 / e
o R Nwo% Q
. S o) = F560e
1€l — K — g : "
ZT L8 - vyL .
T opL - ZT - 7961
0S'sS1— © — @ . - - 0"~
T - 0S'L (@] <
z 3 = I
L@ R, TsL Z o
3 e ‘o ®
»w o ° = o
$6'691 ~ - RS n @ o
STELT— — ®
L8 o
@ ro
z
nm/_ o EMJ 0
Lo o For
L8 L2

74

1 (ppm)

Figure S76. 'H NMR (400 MHz, CDCl:) spectra for compound 4f



16°C9-—

.Boc

ZT

CF;

_NH

Boc

4f

1 (ppm)

Figure S77. YF NMR (376 MHz, CDCl) spectra for compound 4f

xay
1£'82
15'8T
R.mmw
9617
18°p€
sror/

61°CS \
LSTS
06°¢S /

8T'6L~
w08’

LLeel
LY'STL
88°6CI
c6'stl
96°SCI
00°9C1
SL'LTI
80°8CI
81°8CI
6£°8CI1
€L°8T1
o0l —

£PSST
v1'os1

CO0°0LT ~
yecLL

.Boc

_NH

Boc

)
[T
(@]

4f

122

125 124 123
1 (ppm)
]
|

126

127

129

1 (ppm)

Figure S78.3C NMR (101 MHz, CDCl:) spectra for compound 4f

75



wl

ov'LA

///j//

Boc

il

F66'8

750°C
hz8'1

=00'¢
60
Ol

60

J66°0
0T
90
ke

"s0r

1 (ppm)

Figure S79. 'TH NMR (400 MHz, CDCl:) spectra for compound 4g

oEyIl-—

F

_NH
4g

Boc

-200 -210

-190

1 (ppm)

Figure S80. ’F NMR (376 MHz, CDCl) spectra for compound 4g

76



€€'8C—

LE~
veLE S

oS
NwAmmW
£€6°¢S

8608 —

LTOTT~
6t 9117
8T'LTI
89'871 %
8€°6T1
zecel

ow.mm_\
TLsel

8T'SS1—
80191~
PSE9l —
167691~
1S1L1—

ZT

_NH

Boc

49

100
1 (ppm)

Figure S81. 3C NMR (101 MHz, CDCL) spectra for compound 4g

00

ot I
€T
1ce
€T¢
8CT'¢
6T'¢
[423
€e'e
se'e
hm.mg

LEY
18
€8’y
€8’
v8'Y |
v8'¥
981 1
(Y
w's
S1'9 1
$6'9
969
00°'L
00°'L
€0°L Y
SO'L
90°L
60°L 1
1T°LA
Tl'LA
€1°LA
91"L A
8T°L Y

T

ST'L
0€°LA
9¢7L~L
LEL \W
6€L
6€°L]
or'L]
8L

698 —

s B
L
N~

J

Boc

Hve

0'¢

1 (ppm)

Figure S82. 'H NMR (400 MHz, CDCls) spectra for compound 4h

77



o
Le Lo
8581 — — 1] E
E
LT B - S
om.mmw — 8
9L°6T 1 = o
e S [~
60°s€ s "
<
=
E r— 506 | @
(=]
85°TS - B m._
ccc S I s
sses ) b
o )
-4 o
r [
tw o
- |
s STy 3
. O 8T €~ —
9508 — 7 o oce/ o
wn (v
- L9E— I—
. i~ o .
e - :
: : 8 08 ™~
eIyl g5 O st 2
it S S
6€°811 — -2 = S5/ E
957611 J— = 0E'S ™y -
wﬁwﬁ/ — R s Le
srect — [ :
e \ = ~ 6L97
S6'T1 T s & oo N
SSTLTT .
0T9¢1 — z 4 7 z e E
s ) 4 SR | :
o€ THT o a 60" L[ - o o
s & L~ - / o ™~
LETST ZT B e % 91°L “m —
Lsest 7 o - = o UL o zT B
o s =
AR A = T M $TL ° H
6L°091 o F ) ] T e
" 8 o im 1€L N/ <
o
98'691 ~ — e €€°L ] ~ 8 = 160 |«
16'1L1 3&% » o ®
ls 9%'L
- S.L e
o .
\ o] :
@ J L
o z
3 o

78

1 (ppm)

Figure S84. 'TH NMR (400 MHz, CDCl:) spectra for compound 4i



LY’ LT~
omAwN\
e —

86°CS
:\mmW
$9°€S

1,08 —

LS691 ~
TRILT T

NC

Boc

100
1 (ppm)

Figure S85.*C NMR (101 MHz, CDCl:) spectra for compound 4i

190

00

=l 1'¢

LESN
65

$8'9
989
L8'9
969

wo@% -
00’

6€°L
ov'L
1L
€L

Do

je

_NH

Boc

[u 290'6

- HH//EHO

=== 500’1

10°C

= v00'C

4.0

7.0

7.5

1 (ppm)

Figure S86. 'H NMR (400 MHz, CDCl:) spectra for compound 4j

79



—-114.30

NH M
Boc
4j
2‘0 1‘0 b —1‘0 —‘20 —5‘30 —“'D —‘50 —(‘50 —‘70 —éO —‘90 —1‘00 —1‘10 —1‘20 —1‘30 —1‘40 —1‘50 —1‘60 —1‘70 —1‘80 —1‘90 —2‘00 —2‘10
1 (ppm)
Figure S87. F NMR (376 MHz, CDCl) spectra for compound 4j

Vol wll o) B olie)} v~ QN O <
N n o< <t on <t A o~ ™ o 0 < wy —
PRI mme o6 = S SR S
0~ O O O wn N on AN —— (=3 — o — I~ 0 <
— o —— ——— —— o0 =l s} <t on o —

Ve veN | I L |

F
T,
O\/
S“ﬁu“ﬁ
_NH o
Boc
4j
‘\
I
I
. l | | | |
1 ] | A
‘00 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 1‘10 1‘00 éO éO 7‘0 éO 5"0 “10 3‘0 2‘0 1‘0

1 (ppm)

Figure S88.*C NMR (101 MHz, CDCl:) spectra for compound 4j

80



e
SET
6€'1 1
S
Nw.j
ow,ﬁ
98'C1
88'C1

10°€ 1
20

$0°€ 1
S0°¢
11°¢
MRS
SIeq
AR
ST €N
9T €
8T e~

0Ty
wy
YTy

s6t]

61°L]
0T'L
TTLA
YTLA
sTL
LT
see ]
Lo ]

s

299

wccw

s

LL9 7
€1

o
s Homn

HO

Fsvgn

= 06°0
07,
70077

Fzson

1 (ppm)

Figure S89. "TH NMR (400 MHz, CDCl:) spectra for compound 5a

6€'8C—

IR
rs'8¢

L6'CS ~
99°65 —

L9°L9 —

9908 —

€I'LTl
67°8C1
69°8C1
PL'8TI

18°8¢C1 \
recl
ho.mmﬁ\

68911
8TVl /

Y0°S€El
6£°9¢€1

SSSSI~
659517

18691~
STILT

100
1 (ppm)

81

110

120

150 140 130

NH
Figure S90. *C NMR (101 MHz, CDCL) spectra for compound 5a

o

(o)

T

Boc.
5a
180

190

)

00



6801
16°0 1
€6°0
6T'1 1
1€°1 7
YE1
9€'1 |

mv._F _

LS'T Y
wm.jh

19T~
€91
¥9°1 N
99'1
€€
we
1423
see
ot'€
S.mv
mw‘mx
a3
Iy~

YLV
@h&/
081~

18v
€8y
v8'Yy
(44
S6't
90°¢S
60°¢S

L6'9
om‘o/
€TL

sTL M
STL \W
9T'L
9L
Lz
sz
PEL A
PEL
se]
9¢'L ]
L]
8¢ |
gg )

/s

S

/I

Br.

OBn

OQ§/NH

ZT w

Boc.

5609
JEC!
5006
FiTT

oz

60

60
10°1
2001

0°1

2680
vSO
£90°¢

1 (ppm)

Figure S91. 'H NMR (400 MHz, CDCl:) spectra for compound 5b

0812
srec—
sLve
br'8e
€579¢ —
81T —

00°¢€S —
1929 —

TTo8 —

80V
8E€LII
6l'ICI
8¥'8C1
19°8¢1
TL'8TI
1roetl

S.mm_w
¥8°s€l

YLyl —

N

99°¢S1 —

66691 ~
0gTLL

OBn

NH

V\;,,

Br.

zT '

Boc.

180 170 160 150 140 130 120 110 100
1 (ppm)

190

00

Figure S92. 3C NMR (101 MHz, CDCL) spectra for compound 5b

82



LS80
6870 1
060 1
ST
ST
LT
8T'1
671
va:
PS'T A
9S4

LSTN

19°1
0g'e
Iee
vee
see

@mAmV

or'e
we *s

v

SOy~

LY
mn.v/
L8V

wmuv&

681
86’
10°S
1rs
1489

(4]
vmﬁk

L9~

LL'9
6L°9
1891
289
€0°L
S0°L |
LO'L

6T'L 1
€L
e
v

091
191

)

/
1 (ppm)
Figure S93. 'TH NMR (400 MHz, CDCl:) spectra for compound Sc

/11]s

//////
OBn

T

SSa~=335
o222

Boc.

3&
3¢L

HoN

0812
srec—
sLve /.
br'8e
€679 —
81T —

00°¢€S —
19°L9 —

T8 —

80FTT
SCLIT
61121
88Tl
19821
TL8TI
11°0€1
:gw
¥8°s€l

N

YLyl —

99°¢S1 —

66691 ~
0gTLL

100
1 (ppm)
83

Figure S94. 3C NMR (101 MHz, CDCl:) spectra for compound 5S¢

110

120

OBn
140 130

160 150

O NH

Boc .
170

H,N
180

190

00



€'l
as
8L1
08°1 1
81
vl
1071
€07
0T
9071
80°TH
60T

6T'C

€€°C
YT
9¢'T
8€°C
ov'e
£ve
vbe
9°€
8p°c |
sse]
95°¢ 1

88V |
68 1

€eL

S S s

oS

5d

Wmo.w_
¥ 96
¥ 8S1
1 86°1

v 60
A b6

7101
F o6t
N pe

Wowh

6l
007

=06

3.0 2.5 2.0

3.5

4.5 4.0

T
5.0
1 (ppm)

Figure S95. 'H NMR (400 MHz, CDCls) spectra for compound 5d

7.0

7.5

I¥'LT

V1I'8C~:
LE'8T
mh;m*

9¢'ve

1Tes~
90'vS

08'L9 —

LT08~
orig’

81°821
m;ﬁ/
12821~
ozl

m_.viw
I18bE

8TYYI —
IL°SST—

89'691
6811~
ogzL1”/

sclel —

5d

1 (ppm)

Figure S96. 3°C NMR (101 MHz, CDCl) spectra for compound 5d

84



¥6°€ T ™
cm.m\

&
<
=
"/

vm.hk
STL
€€°L

PEL
seL

OBn
Boc

LEL
LeL?

b6l

=80

(U
oo

e

¥L6'0
F96'1
0T
6t

1 (ppm)

Figure S97. 'TH NMR (400 MHz, CDCl:) spectra for compound Se
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Figure S110. 'H NMR (400 MHz, CDCl:) spectra for compound 6a
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Figure 117. 'H NMR (400 MHz, CD30D) spectra for compound 7a
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Figure 119.3C NMR (101 MHz, CD30D) spectra for compound 7a
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