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1. General remarks:

All reactions were carried out in oven-dried glassware. All the reactions were
monitored by thin-layer chromatography (TLC); All reagents and solvents were
obtained from commercial sources. Starting material thiol compounds 2 were
purchased from commercial sources. Starting material ynamides were synthesized
according literature. Products purification was done using silica gel column
chromatography. 'H/!3C NMR, in CDCl;3 unless otherwise stated, using either TMS or
the undeuterated solvent residual signal as the reference. 'H NMR spectra were
recorded in CDCI3 and referenced to residual CHCIs at 7.26 ppm, and '*C NMR spectra
were referenced to the central peak of CDCls at 77.0 ppm. Data for 'H NMR are
reported in terms of chemical shift (8), integration, multiplicity (s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet), broad peaks (br), coupling constants (Hz), and
assignment. Data for *C NMR are reported in terms of chemical shift, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet), and coupling constants (Hz),
and no special nomenclature is used for equivalent carbons. High-resolution mass
spectra (HRMS) were obtained by the electrospray ionization time-of-flight (ESI-TOF)
mass spectrometry. Flash column chromatography purification of compounds was

carried out by gradient elution using ethyl acetate (EA) in light petroleum ether (PE).



2. General procedure for the preparation of starting ynamides

1.5 equiv. Cs,CO; Cl
EWG, 11equiv. TCE  EWG ) 22equiv."Buli EWG
A N - N—
2 (o)
R®  DMF 50°C, 1-2h R2 CI THF, -78°C R2

CH3OH

General procedure A

2.1: General procedure for the Cs;CO; promoted synthesis of 1,2-

dichloroenamides.

To a stirring suspension of amide (1.0 equiv.), Cs2COs3 (1.5 equiv.) and DMF (0.75
mL/mmol of amide substrate), at 50 °C, was added trichloroethylene (1.1 equiv.)
dropwise over 10 minutes. The resulting mixture was stirred at 50 °C until reaction
completion, as analysed by TLC (1-2 h). Upon cooling to room temperature, the
mixture was partitioned between EtOAc and H20 (roughly 2:1 of EtOAc:H20), the
organic layer was separated and further washed with water (x3). The organic layer was
then dried (Na2SOs), filtered and concentrated in vacuo. Purification was then
performed as described for each compound. Note: The use of an inert atmosphere or

rigorously dried solvent is not necessary for this transformation.
2.2: General procedure for the synthesis of ynamides using #-butyllithium.

To an oven-dried, argon flushed flask was added 1,2-dichloroenamide (1.0 equiv.)
and anhydrous THF (4 mL/mmol of enamide substrate), and cooled to -78 °C whilst
stirring. A solution of n-butyllithium (2.5 M solution in hexanes, 1.2 equiv.) was then
added dropwise over 10 minutes, such that the reaction does not exceed -70 °C, and the
resulting mixture was then stirred at-78 °C for 5 minutes, followed by warming to -
41 °C for 30 minutes. Upon cooling to -78 °C, another portion of n-butyllithium (2.5
M solution in hexanes, 1.0 equiv.) was added dropwise over 10 minutes, and stirred for
a further 10 minutes. Next, the electrophile (1.2 equiv.) was added at -78 °C and the
stirring mixture was allowed to warm to room temperature. Upon reaction completion,
as analysed by TLC (~ 1 h), the reaction mixture was quenched with water, followed
by extraction with Et2O (%2). The organic extracts were combined and dried (Na2SOa4),
filtered and concentrated in vacuo. Purification was then performed as described for

each compound.



General procedure B 2

EWG 1)DMF, Cs,COs5 EWG
NH - - N——

- 2

R®  2)TMs—==—I—ph OTf R

Cs2CO0s (1.5 equiv.) was added to a solution of amide (1.0 equiv.) in absolute
toluene under argon at 0 °C. Stirred for a further 2 hours. After the mixture was allowed
to warm to room temperature, iodonium salt 2 (1.1 equiv.) was added in small portions.
The reaction mixture was stirred for 12 h and then filtered through a plug of silica gel.

Purification by column chromatography.

General procedure C 3

2
R 20 mol% CuCl,, Pyridine, Na,COs3 o
R——H + H-N » R'——N
R3 O,, Tolune, 70 °C R3

Adding acetylene substrate (1.0 equiv.), CuClz (0.2 equiv.), pyridine(2.0 equiv.),
Na2C03(2.0 equiv.), and toluene in turn into a schlenk flask, adding an atmospheric
pressure of oxygen, using a peristaltic pump to add the amide (5.0 equiv.). TLC
monitoring the reaction, after the reaction, removing the toluene. Purifying the products

by chromatographic column.



3. General experimental procedure:

To an oven-dried Schlenk tube equipped with a magnetic stir bar was added
ynamides (0.2 mmol), Cs2COs3 (1.5 equiv.), thiols or thiophenols (0.4 mmol) in i-
propanol (1.0 mL). The solution was heated at 35 °C and monitored by TLC. Upon the
reaction completion, the residue was purified by silica gel chromatography to afford the

desired products.
4. Characterization of products:

(Z)-N-(2-(tert-butylthio)vinyl)-N,4-dimethylbenzenesulfonamide (3a)
Me
Ts—N  SBu

H H

White solid, (57.4 mg, yield 96%): Ry= 0.2 (PE/EA = 10:1); 'H NMR (400 MHz, CDCl5)
57.69 (d,J= 8.2 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.28 (d, /= 8.0 Hz, 1H), 5.73 (d, J
= 8.0 Hz, 1H), 3.08 (s, 3H), 2.42 (s, 3H), 1.31 (s, 9H); 3C NMR (100 MHz, CDCl3) &

143.7,134.9, 129.7, 127.4, 126.2, 113.8, 44.4, 36.0, 30.7, 21.6. HRMS (ESI) m/z calcd.

for C1aH22NO2S2" [M + H]": 300.1086, found: 300.1096.

(Z)-N-(2-(cyclohexylthio)vinyl)-N,4-dimethylbenzenesulfonamide (3b)
Me

Ts—N o SO

H>_<H
White solid, (60.5 mg, yield 93%); Ry=0.2 (PE/EA=10:1); '"H NMR (400 MHz, CDCl3)
0 7.68 (d, J=8.3 Hz, 2H), 7.30 (d, /= 8.0 Hz, 2H), 6.16 (d, /= 7.8 Hz, 1H), 5.65 (d, J
=7.8 Hz, 1H), 3.06 (s, 3H), 2.78 —2.67 (m, 1H), 2.42 (s, 3H), 1.99 — 1.89 (m, 2H), 1.72
(dt, J= 6.8, 3.3 Hz, 2H), 1.40 — 1.16 (m, 6H); *C NMR (100 MHz, CDCls) & 143.6,

134.9, 129.6, 127.4, 125.1, 116.8, 46.7, 35.7, 33.5, 25.9, 25.6, 21.6. HRMS (ESI) m/z
caled. for C16H23NNaO2S2" [M + Na]*: 348.1062, found: 348.1073.

(Z)-N-(2-(hexylthio)vinyl)-N,4-dimethylbenzenesulfonamide (3¢)
Me
Ts—N SnCGH 13

H H
White solid, (61.5 mg, yield 94%); Ry=0.2 (PE/EA=10:1); 'H NMR (400 MHz, CDCl;)
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0 7.69 (d,J=8.2 Hz, 2H), 7.30 (d, /= 8.0 Hz, 2H), 6.13 (d, J=7.7 Hz, 1H), 5.58 (d, J
=7.7Hz, 1H), 3.06 (s, 3H), 2.60 (t, /= 7.4 Hz, 2H), 2.42 (s, 3H), 1.56 (dt, J=14.9, 7.3
Hz, 2H), 1.31 (m, 8H), 0.87 (t, J = 6.8 Hz, 3H); '3C NMR (100 MHz, CDCl3) § 143.7,
134.9,129.7, 127.4, 124.8, 119.0, 35.6, 34.8, 31.3, 30.0, 28.1, 22.5, 21.5, 14.0. HRMS
(ESI) m/z calcd. for C16H2sNNaO2S2" [M + Na]': 350.1219, found: 350.1229.

(Z)-N-benzyl-N-(2-(tert-butylthio)vinyl)-4-methylbenzenesulfonamide (3d)

/Me p
Ts—N S

H H
White solid, (57.9 mg, yield 87%); R/=0.2 (PE/EA =10:1); 'H NMR (400 MHz, CDCI:)
0 7.65 (d, J= 8.3 Hz, 2H), 7.32 — 7.22 (m, 7H), 6.16 (d, J= 7.8 Hz, 1H), 5.53 (d, J =
7.8 Hz, 1H), 3.80 (s, 2H), 3.00 (s, 3H), 2.41 (s, 3H)."*C NMR (100 MHz, CDCls) §
143.7,137.3, 134.7, 129.7, 128.8, 128.6, 127.3, 127.3, 125.8, 116.1, 38.7, 35.6, 21.5.
HRMS (ESI) m/z calcd. for C17H19NNaO2S2" [M + Na]': 356.0749, found: 356.0757.

(Z)-N,4-dimethyl-N-(2-(phenylthio)vinyl)benzenesulfonamide (3e)

Me
Ts—N o S‘—Q
H>_<H

White solid, (59.9 mg, yield 94%); R/= 0.2 (PE/EA=10:1); 'H NMR (400 MHz, CDCl3)
07.72 (d,J=8.2 Hz, 2H), 7.33 (d, /= 8.0 Hz, 2H), 7.29 (d, J = 4.3 Hz, 4H), 7.22 (dq,
J=8.5,43 Hz, 1H), 6.45 (d, J = 7.8 Hz, 1H), 5.79 (d, J = 7.8 Hz, 1H), 3.16 (s, 3H),
2.44 (s, 3H); 1*C NMR (100 MHz, CDCl3) § 144.0, 135.9, 134.8, 129.8, 129.1, 128.9,
128.2,127.4,126.7, 113.6, 35.8, 21.6. HRMS (ESI) m/z caled. for CicHi1sNO2S2" [M +
H]": 320.0773, found: 320.0783.

(Z)-N-(2-((4-bromophenyl)thio)vinyl)-N,4-dimethylbenzenesulfonamide (3f)

Me
Ts—N s@—Br
H H

White solid, (72.0 mg, yield 91%); R/= 0.2 (PE/EA = 20:1); '"H NMR (400 MHz, CDCl5)
§7.70 (d, J= 8.1 Hz, 2H), 7.38 (d, J = 8.3 Hz, 2H), 7.33 (d, /= 8.0 Hz, 2H), 7.13 (d, J
=8.3 Hz, 2H), 6.49 (d, J= 7.8 Hz, 1H), 5.70 (d, J= 7.8 Hz, 1H), 3.13 (s, 3H), 2.43 (s,
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3H); 3C NMR (100 MHz, CDCL3) & 144.1, 135.3, 134.5, 132.1, 130.1, 129.8, 129.3,
127.3, 120.4, 111.8, 35.8, 21.5. HRMS (ESI) m/z calcd. for CisHisBrNNaO2S:" [M +
Na]*: 419.9698, found: 419.9703.

(Z)-N,4-dimethyl-N-(2-(m-tolylthio)vinyl)benzenesulfonamide (3g)

Me
Ts—N s@
=

H H
White solid, (63.9 mg, yield 96%): Ry= 0.2 (PE/EA = 20:1); 'H NMR (400 MHz, CDCl5)
87.72 (d, J= 8.1 Hz, 2H), 7.32 (d, J = 7.9 Hz, 2H), 7.27 — 7.23 (m, 1H), 7.13 (m, 3H),
6.47 (d, J = 7.8 Hz, 1H), 5.66 (d, J = 7.8 Hz, 1H), 3.17 (s, 3H), 2.43 (s, 3H), 2.31 (s,
3H); 13C NMR (100 MHz, CDCls) § 143.9, 137.6, 134.8, 134.7, 130.3, 129.8, 129.4,
1283, 127.3, 126.9, 126.7, 113.7, 35.7, 21.5, 20.3. HRMS (ESI) m/z caled. for
CisH1sBrNNa0:S2" [M + H]': 334.0940, found: 334.0930.

(Z)-N-(2-((2-aminophenyl)thio)vinyl)-N,4-dimethylbenzenesulfonamide (3h)

White solid, (60.1 mg, yield 90%): R/=0.2 (PE/EA = 10:1); 'H NMR (400 MHz, CDCl5)
87.73 (d, J= 8.3 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.28 (m, 1H), 7.13 (m, 1H), 6.77 —
6.62 (m, 2H), 6.08 (d, J = 7.4 Hz, 1H), 5.67 (d, J = 7.4 Hz, 1H), 4.23 (s, 2H), 3.10 (s,
3H), 2.44 (s, 3H); '*C NMR (100 MHz, CDCLs) & 147.7, 143.9, 134.8, 134.4, 130.3,
129.7, 127.5, 125.9, 121.2, 118.5, 116.5, 115.3, 36.3, 21.5. HRMS (ESI) m/z calcd. for
CisH1sN2Na02S:" [M + Na]': 357.0702, found: 357.0704.

(Z)-N-(2-((4-methoxyphenyl)thio)vinyl)-N,4-dimethylbenzenesulfonamide (3i)

H H

White solid, (66.3 mg, yield 95%); R/=0.2 (PE/EA = 20:1); '"H NMR (400 MHz, CDCls)

§7.72 (d, J = 8.3 Hz, 2H), 7.35 — 7.30 (m, 2H), 7.29 — 7.23 (m, 2H), 6.83 (d, J = 8.8

Hz, 2H), 6.21 (d, J = 7.7 Hz, 1H), 5.77 (d, J = 7.6 Hz, 1H), 3.78 (s, 3H), 3.12 (s, 3H),

2.43 (s, 3H); 13C NMR (100 MHz, CDCl3) & 159.2, 143.8, 134.6, 132.1, 129.7, 127.3,

125.9, 125.8, 118.3, 114.8, 553, 35.9, 21.5. HRMS (ESI) m/z caled. for
7



C17H190NNaO3S2" [M + Na]": 372.0699, found: 372.0710.

(Z)-N-(2-(tert-butylthio)vinyl)-N-ethyl-4-methylbenzenesulfonamide (4a)
Ts,

BuS B N—\

H>_<H
White solid, (57.0 mg, yield 91%); R/= 0.2 (PE/EA=20:1); 'H NMR (400 MHz, CDCl;)
07.70 (d, J=8.2 Hz, 2H), 7.27 (d, J= 8.1 Hz, 2H), 6.04 (d, J=7.8 Hz, 1H), 5.94 (d, J
=7.7Hz, 1H), 3.48 (q, J = 7.1 Hz, 2H), 2.41 (s, 3H), 1.32 (s, 9H), 1.12 (t, J= 7.1 Hz,
3H); *C NMR (100 MHz, CDCl3) § 143.3,136.5, 129.5,127.2,123.1, 118.4,44.1,43.2,
30.7, 21.5, 14.0. HRMS (ESI) m/z calcd. for C1sH23NNaO2S2" [M + Na]™: 336.1062,
found: 336.1064.

(Z)-N-benzyl-N-(2-(tert-butylthio)vinyl)-4-methylbenzenesulfonamide (4b)
Ts

BuS N

i QD
White solid, (69.0 mg, yield 92%); Ry=0.2 (PE/EA =20:1); '"H NMR (400 MHz, CDCl3)
8 7.72 (d, J = 8.2 Hz, 2H), 7.33 — 7.22 (m, 7H), 5.96 (d, J = 7.4 Hz, 1H), 5.90 (d, J =
7.4 Hz, 1H), 4.60 (s, 2H), 2.42 (s, 3H), 1.20 (s, 9H); '*C NMR (100 MHz, CDCI3) &
143.4, 136.4, 136.4, 129.5, 128.2, 128.2, 127.4, 127.4, 123.3, 121.9, 51.9, 44.2, 30.7,

21.5. HRMS (ESI) m/z calcd. for C20H2sNNaO2S2" [M + Na]™: 398.1229, found:
398.1227.

(Z)-N-(2-(tert-butylthio)vinyl)-4-methyl-N-phenethylbenzenesulfonamide (4c)
Ts,
‘Bus, N
=

White solid, (75.5 mg, yield 97%); Ry=0.2 (PE/EA=20:1); '"H NMR (400 MHz, CDCl;)
0 7.68 (d, J=8.2 Hz, 2H), 7.28 — 7.15 (m, 7H), 6.15 (d, J= 7.8 Hz, 1H), 591 (d, J =
7.8 Hz, 1H), 3.68 — 3.61 (m, 2H), 2.91 — 2.83 (m, 2H), 2.39 (s, 3H), 1.33 (s, 9H); 1*C
NMR (100 MHz, CDCls) 6 143.4, 138.6, 136.4, 129.6, 129.0, 128.4, 127.2, 126.4, 123.5,

117.4,49.6, 44.4, 35.3, 30.8, 21.5. HRMS (ESI) m/z calcd. for C21H27NNaO2S2" [M +
Na]™: 412.1375, found: 412.1382.



(Z)-N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-N-(2-(tert-butylthio)vinyl)-4-methyl

benzenesulfonamide (4d)

t Ts,
BUS>:<N_\_O

H H TBS

White solid, (80.6 mg, yield 91%); Ry=0.2 (PE/EA =20:1); '"H NMR (400 MHz, CDCl3)

6 7.66 (d,J=7.9 Hz, 2H), 7.22 (d, J= 7.9 Hz, 2H), 6.04 (d, /= 7.6 Hz, 1H), 5.89 (d, J

=7.6 Hz, 1H), 3.70 (t, J = 7.0 Hz, 2H), 3.48 (t, J = 7.0 Hz, 2H), 2.36 (s, 3H), 1.26 (s,

9H), 0.83 (s, 9H), 0.00 (s, 6H); '3*C NMR (100 MHz, CDCl3) § 143.3, 136.4, 129.5,
127.2,123.7,119.2,61.3,50.0,44.1,30.7,25.9, 21.5, 18.2, -5.4. HRMS (ESI) m/z calcd.

for C21H37NNa03S2Si" [M + Na]': 466.1876, found: 466.1885.

(Z)-N-(2-(tert-butylthio)vinyl)-N-(furan-2-ylmethyl)-4-methylbenzenesulfon-

amide (4e)
Ts,
‘Bus N
— @)
H o n d

White solid, (70.0 mg, yield 96%); Ry/=0.2 (PE/EA =20:1); 'H NMR (400 MHz, CDCl)
87.71 — 7.64 (m, 2H), 7.27 — 7.24 (m, 2H), 6.23 (dt, J= 6.9, 2.5 Hz, 2H), 6.06 (d, J =

7.2 Hz, 1H), 5.93 (d,J=7.2 Hz, 1H), 4.67 (s, 2H), 2.40 (s, 3H), 1.28 (s, 9H); '3C NMR

(100 MHz, CDCl3) § 149.9, 143.4, 142.1, 136.2, 129.4, 127.5, 123.0, 122.7, 110.2,

108.9, 44.7, 44.1, 30.7, 21.5. HRMS (ESI) m/z calcd. for C1sH23NNaO3S2" [M + Na]':

388.1012, found: 388.1022.

(Z)-N-(2-(tert-butylthio)vinyl)-N-cyclopentyl-4-methylbenzenesulfonamide (4f)

Ts,
'Bus N—G
H H

White solid, (40.2 mg, yield 57%); R;= 0.2 (PE/EA =20:1); "H NMR (400 MHz, CDCl5)
57.73 (d, J= 8.0 Hz, 2H), 7.27 (d, J = 7.8 Hz, 2H), 6.57 (d,J = 6.7 Hz, 1H), 5.64 (d, J
— 6.7 Hz, 1H), 4.28 (p, J= 8.0 Hz, 1H), 2.41 (s, 3H), 1.67 (m, 2H), 1.55 — 1.37 (m, 6H),
1.34 (s, 9H); 1*C NMR (100 MHz, CDCl3) § 143.1, 136.9, 133.7, 129.3, 127.8, 118.6,
60.6, 43.5, 31.0, 28.7, 23.8, 21.5. HRMS (ESI) m/z calcd. for C1sH27NNaO2S2" [M +
Na]": 376.1375, found: 376.1371.



(Z)-N-(2-(tert-butylthio)vinyl)-4-methyl-N-phenylbenzenesulfonamide (4g)

Ts\
BuS N—a<::j>
H H

White solid, (57.8 mg, yield 80%); Ry=0.2 (PE/EA = 20:1); 'H NMR (400 MHz, CDCls)
5 7.57 — 7.43 (m, 2H), 7.30 — 7.18 (m, 5H), 7.16 — 7.00 (m, 2H), 6.61 (d, J = 7.9 Hz,
1H), 5.73 (d, J =7.9 Hz, 1H), 2.40 (s, 3H), 1.18 (s, 9H); *C NMR (100 MHz, CDCl5)
0143.8,139.0, 135.2,129.4, 128.7, 128.6, 127.7, 127.4, 124.4, 114.6, 43.9, 30.7, 21.6.
HRMS (ESI) m/z caled. for C1oH23NNaO2S2" [M + Na]": 384.1062, found: 384.1044.

(Z)-N-(2-(tert-butylthio)vinyl)-N-(4-fluorophenyl)-4-methylbenzenesulfonamide
(4h)

Ts\
Bus N—*<::>%—F
H H

White solid, (60.6 mg, yield 80%); Ry= 0.2 (PE/EA = 20:1); "H NMR (400 MHz, CDCls)
57.48 (d, J= 8.4 Hz, 2H), 7.24 (d, J = 8.1 Hz, 2H), 7.04 (m, 2H), 6.98 — 6.92 (m, 2H),

6.60 (d,J = 8.0 Hz, 1H), 5.68 (d, J = 8.0 Hz, 1H), 2.41 (s, 3H), 1.18 (s, 9H); '*C NMR

(100 MHz, CDCL3) § 161.75 (d, 2J = 247.6 Hz), 144.0, 134.8, 134.74 (d, */= 3.2 Hz),

130.79 (d, *J = 8.8 Hz), 129.5, 127.7, 124.2, 115.53 (d, J = 22.7 Hz), 113.6, 44.0, 30.6,

21.6. HRMS (ESI) m/z calcd. for CioH22FNNaO2S2" [M + Na]™: 402.0968, found:

402.0699.

(Z)-4-(tert-butyl)-N-(2-(tert-butylthio)vinyl)-N-methylbenzenesulfonamide (4i)

Me Q
Bus B N—§©—t8u
FP__<H

White solid, (66.8 mg, yield 98%); Ry=0.2 (PE/EA =20:1); '"H NMR (400 MHz, CDCl3)
§7.73 (d, J = 8.5 Hz, 2H), 7.51 (d, J = 8.6 Hz, 2H), 6.32 (d, J = 8.0 Hz, 1H), 5.72 (d, J
= 7.9 Hz, 1H), 3.11 (s, 3H), 1.34 (s, 9H), 1.29 (s, 9H); '*C NMR (100 MHz, CDCls) §
156.6, 134.9,127.2,126.3, 126.0, 113.5, 44.2, 36.0, 35.1, 31.1, 30.6. HRMS (ESI) m/z
caled. for C17H27NNaO2S2" [M + Na]*: 364.1375, found: 364.1141.

(Z)-N-(2-(tert-butylthio)vinyl)-N-methylmethanesulfonamide (4;)

10



Ms;\
Bus N-Me

H H

Yellow oil, (41.5 mg, yield 93%); Ry=0.2 (PE/EA = 10:1); '"H NMR (400 MHz, CDCl3)
06.27(d,J=7.8 Hz, 1H), 5.84 (d, /= 7.8 Hz, 1H), 3.17 (s, 3H), 2.87 (s, 3H), 1.36 (s,
9H); 13C NMR (100MHz, CDCl3) & 125.5, 115.6, 44.5, 37.7, 35.6, 30.7. HRMS (ESI)
m/z calcd. for CsHisNO2S2" [M + H]": 224.0773, found: 224.0788.

(Z2)-3-(2-(tert-butylthio)vinyl)oxazolidin-2-one (4k)

O
Bus @
>:< o}
H H
White solid, (39.4 mg, yield 98%); Ry=0.2 (PE/EA = 8:1); '"H NMR (400 MHz, CDCl3)
3 6.68 (d, J=8.7 Hz, 1H), 5.40 (d, J= 8.7 Hz, 1H), 4.36 (t,J = 7.9 Hz, 2H), 4.20 (t, J
= 7.8 Hz, 2H), 1.32 (s, 9H); 1*C NMR (100 MHz, CDCI3) § 156.6, 125.5, 101.9, 62.6,
45.4, 44.8, 30.5. HRMS (ESI) m/z calcd. for CoHisNNaO2S™ [M + Na]™: 224.0716,
found: 224.0721.

(Z)-N-benzyl-N-(2-(tert-butylthio)vinyl)-4-methylbenzamide (41)

Bn\ @)
BuS N

H>:<H

Yellow oil, (54.2 mg, yield 80%); Rr= 0.2 (PE/EA = 25:1); 'H NMR (400 MHz, CDCl5)
8 7.75 — 7.69 (m, 2H), 7.35 — 7.22 (m, 7H), 5.97 (d, J = 7.3 Hz, 1H), 5.89 (d, J = 7.4
Hz, 1H), 4.59 (s, 2H), 2.42 (s, 3H), 1.20 (s, 9H), 1.05 (s, 2H); 3C NMR (100 MHz,
CDCl3) & 143.4, 136.4, 129.5,128.2, 128.1, 127.4, 127.4, 123.3, 122.0, 51.9, 44.2, 30.6,
21.5, 17.7, 12.3. HRMS (ESI) m/z calcd. for C21H2sNNaOS* [M + Na]*: 362.1549,
found: 362.2410.

Benzyl (Z)-butyl(2-(tert-butylthio)vinyl)carbamate (4m)
Cbz
Bus,  N-"Bu

H H
Colorless oil, (50.2 mg, yield 78%); Ry = 0.3 (PE/EA = 20:1); 'H NMR (600 MHz,
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CDCls) § 7.39 — 7.33 (m, 4H), 7.33 — 7.29 (m, 1H), 6.49 (s, 1H), 5.56 (d, J = 8.5 Hz,
1H), 5.17 (s, 2H), 3.72 — 3.66 (m, 2H), 1.59 — 1.52 (m, 2H), 1.36 (s, 9H), 1.33 — 1.29
(m, 2H), 0.91 (t, /= 7.4 Hz, 3H). >C NMR (150 MHz, CDCl3) 5 128.55, 128.55, 128.12,
128.05, 128.05, 67.65, 46.17,44.34, 30.80, 30.80, 19.95, 13.97. HRMS (ESI) m/z calcd.
for C1sH2sNO2S* [M + H]": 322.1835, found: 322.1829.

(Z2)-9-(2-(tert-butylthio)vinyl)-9H-carbazole (4n)

0
BuS>:<N

H H
Yellow solid, (48.9 mg, yield 87%); Ry = 0.2 (PE/EA = 50:1); 'H NMR (400 MHz,
CDCls) § 8.12 (d, J = 7.7 Hz, 2H), 7.50 (m, 2H), 7.38 (d, J = 8.1 Hz, 2H), 7.31 (t, J =
7.5 Hz, 2H), 6.94 (d, J = 7.2 Hz, 1H), 6.65 (d, J = 7.3 Hz, 1H), 1.43 (s, 9H); '°*C NMR
(100 MHz, CDCls) § 139.8, 125.7, 123.7, 123.5, 120.3, 120.2, 119.9, 110.8, 44.4, 31.0.
HRMS (ESI) m/z calcd. for C2iH2sNNaOS* [M + Na]*: 362.1549, found: 362.2410.

N-((Z)-2-(tert-butylthio)vinyl)-N-(5-((N-((Z)-2-(tert-butylthio)vinyl)-4-methyl
phenyl)sulfonamido)pentyl)-4-methylbenzenesulfonamide (40)

H H
H\Z\N/\/\/\N)\(H
| |

SBu Ts Ts SBu

White solid, (54.2 mg, yield 80%); Ry= 0.2 (PE/EA =3:1); 'H NMR (400 MHz, CDCl5)
87.67 (d, J= 8.2 Hz, 4H), 7.27 (d, J = 5.8 Hz, 4H), 5.96 (d, J = 1.6 Hz, 4H), 3.32 (t, J
= 7.2 Hz, 4H), 2.41 (s, 6H), 1.52 (dt, J = 14.8, 7.5 Hz, 4H), 1.40 — 1.33 (m, 2H), 1.31
(s, 18H).3C NMR (100 MHz, CDCL3) 5 143.3, 136.3, 129.5, 127.2, 123.4, 119.7, 48.3,
44.1,30.7, 28.1, 23.6, 21.5. HRMS (ESI) m/z calcd. for C31H4sN2NaOaSa* [M + Na]':
661.2233, found: 661.2230.
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(Z)-N-(2-(tert-butylthio)prop-1-en-1-yl)-N,4-dimethylbenzenesulfonamide (6a)
Me
Ts—N SBu

H Me

White solid, (57.0 mg, yield 91%); Rr= 0.2 (PE/EA =10:1); 'H NMR (400 MHz, CDCl5)
5 7.68 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 6.36 (d, J = 1.4 Hz, 1H), 3.09 (s,

3H), 2.41 (s, 3H), 2.04 (d, J = 1.3 Hz, 3H), 1.32 (s, 9H); '*C NMR (100 MHz, CDCl5)

5 143.6, 135.1, 131.2, 129.7, 127.5, 125.1, 47.1, 37.2, 32.1, 26.3, 21.6. HRMS (ESI)

m/z caled. for C1sH23sNNa02S2" [M + Na]': 336.1056, found: 336.1062.

(Z)-N-(2-(hexylthio)prop-1-en-1-yl)-N,4-dimethylbenzenesulfonamide (6b)
Me

Ts—N SnC6H13

H  CHs
White solid, (62.0 mg, yield 91%); Ry= 0.2 (PE/EA =10:1); '"H NMR (400 MHz, CDCl3)
0 7.69 (d, J=8.3 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 5.70 (d, J = 1.7 Hz, 1H), 2.91 (s,
3H), 2.70 — 2.63 (m, 2H), 2.41 (s, 3H), 1.95 (d, J= 1.4 Hz, 3H), 1.56 — 1.44 (m, 2H),
1.39 — 1.24 (m, 6H), 0.87 (t, J = 6.8 Hz, 3H); '3C NMR (100 MHz, CDCls) & 143.4,
134.6, 134.6, 129.5, 127.6, 123.0, 36.8, 31.4, 30.2, 30.0, 28.5, 22.5, 21.5, 20.3, 14.0.

HRMS (ESI) m/z calcd. for C17H27NNaQO2S2" [M + Na]*: 364.1375, found: 364.1371.

(Z)-N-(2-(cyclohexylthio)prop-1-en-1-yl)-N,4-dimethylbenzenesulfonamide (6¢)

Me

Ts—N o SO

H>—<Me
White solid, (63.7 mg, yield 94%); Ry=0.2 (PE/EA=10:1); 'H NMR (400 MHz, CDCl3)
07.68 (d,J=8.3 Hz, 2H), 7.30 (d, J= 8.0 Hz, 2H), 6.16 (d, /= 7.8 Hz, 1H), 5.65 (d, J
=7.8 Hz, 1H), 3.06 (s, 3H), 2.78 — 2.67 (m, 1H), 2.42 (s, 3H), 1.99 — 1.89 (m, 2H), 1.72
(dt, J = 6.8, 3.3 Hz, 2H), 1.40 — 1.16 (m, 6H). 3*C NMR (100 MHz, CDCls) § 143.4,
134.8, 132.0, 129.5, 127.5, 124.8, 42.3, 36.9, 33.8, 26.0, 25.6, 21.5, 21.2. HRMS (ESI)
m/z calcd. for C17H2sNNaO2S2" [M + Na]": 362.1219, found: 362.1214.

(Z)-N-(2-(benzylthio)prop-1-en-1-yl)-N,4-dimethylbenzenesulfonamide (6d)
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H Me
White solid, (63.8 mg, yield 92%); Ry=0.2 (PE/EA=10:1); 'H NMR (400 MHz, CDCl3)
0 7.73 —7.65 (m, 2H), 7.32 — 7.26 (m, 6H), 7.22 (dt, J = 8.8, 4.3 Hz, 1H), 5.76 (q, J =
1.4 Hz, 1H), 3.93 (s, 2H), 2.84 (s, 3H), 2.42 (s, 3H), 1.97 (d, J= 1.5 Hz, 3H); '*C NMR
(100 MHz, CDCI3) & 143.5, 137.6, 134.5, 133.4, 129.6, 128.7, 128.5, 127.6, 127.1,
124.0, 36.7, 35.1, 21.5, 20.8. HRMS (ESI) m/z caled. for C1sH21NNaO2S2" [M + Na]™:
370.0906, found: 370.0903.

(Z)-N,4-dimethyl-N-(2-(phenylthio)prop-1-en-1-yl)benzenesulfonamide (6e)
Me

White solid, (55.9 mg, yield 84%); Ry= 0.2 (PE/EA =20:1); 'H NMR (400 MHz, CDCl3)
07.73 (d, J= 8.3 Hz, 2H), 7.34 — 7.25 (m, 7H), 5.97 (d, J= 1.5 Hz, 1H), 3.02 (s, 3H),
2.43 (s, 3H), 1.77 (d, J = 1.4 Hz, 3H); 3C NMR (100 MHz, CDCl3) § 143.7, 134.6,
132.7, 132.4, 131.6, 129.6, 129.2, 128.9, 127.6, 125.7, 37.1, 21.6, 21.1. HRMS (ESI)
m/z calcd. for C17H19NNaO2S2" [M + Na]': 356.0749, found: 356.0745.

(Z)-N-(2-((4-methoxyphenyl)thio)prop-1-en-1-yl)-N,4-dimethylbenzenesulfon
amide (6f)

White solid, (60.3 mg, yield 83%); Ry= 0.2 (PE/EA =10:1); 'H NMR (400 MHz, CDCl3)
0 7.73 (d, J= 8.3 Hz, 2H), 7.35 — 7.27 (m, 4H), 6.82 (d, J = 8.7 Hz, 2H), 5.71 (q, J =

1.4 Hz, 1H), 3.79 (s, 3H), 2.98 (s, 3H), 2.43 (s, 3H), 1.66 (d, J= 1.4 Hz, 3H); '°*C NMR

(100 MHz, CDCI3) & 159.9, 143.6, 136.0, 136.0, 134.5, 129.6, 127.7, 122.8, 122.1,

114.5,55.3,37.2,21.5, 20.6. HRMS (ESI) m/z caled. for C1sH21NNaO3S2" [M + Na]™:

386.0855, found: 386.0851.

(Z)-N,4-dimethyl-N-(2-(m-tolylthio)prop-1-en-1-yl)benzenesulfonamide (6g)
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Me
Me
Ts—N . S@
H>_<Me

White solid, (61.0 mg, yield 88%); Ry= 0.2 (PE/EA =20:1); 'H NMR (400 MHz, CDCl3)
0 7.73 (d, J= 8.2 Hz, 2H), 7.32 (d, J = 8.1 Hz, 2H), 7.19 — 7.05 (m, 4H), 5.96 (d, J =
1.5 Hz, 1H), 3.02 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H), 1.76 (d, J= 1.3 Hz, 3H); '*C NMR
(100 MHz, CDCI3) & 143.6, 138.7, 134.7, 133.4, 132.4, 132.0, 129.8, 129.6, 128.7,
128.5, 127.6, 125.4, 37.1, 21.6, 21.3, 21.1. HRMS (ESI) m/z calcd. for
Ci1sH21NNa02S2" [M + Na]": 370.0906, found: 370.0903.

(Z)-N,4-dimethyl-N-(2-(p-tolylthio)prop-1-en-1-yl)benzenesulfonamide (6h)

White solid, (61.0 mg, yield 88%); Ry= 0.2 (PE/EA =20:1); 'H NMR (400 MHz, CDCl3)
0 7.77—1.70 (m, 2H), 7.32 (dd, J= 7.6, 4.9 Hz, 3H), 7.22 — 7.17 (m, 2H), 7.14 — 7.08

(m, 1H), 5.91 (d, J = 1.4 Hz, 1H), 3.01 (s, 3H), 2.43 (s, 3H), 2.34 (s, 3H), 1.66 (d, J =

1.4 Hz, 3H); *C NMR (100 MHz, CDCl3) § 143.6, 141.1, 134.2, 131.2, 130.3, 129.6,

128.3, 127.7, 126.4, 124.7, 36.9, 21.5, 20.7. HRMS (ESI) m/z calcd. for

Ci1sH21NNa02S2" [M + Na]": 370.0906, found: 370.0903.

(Z)-N-(2-((4-chlorophenyl)thio)prop-1-en-1-yl)-N,4-dimethylbenzenesulfonamide
(61)

White solid, (61.8 mg, yield 84%); Ry= 0.2 (PE/EA =20:1); '"H NMR (400 MHz, CDCl3)
0 7.74 —7.68 (m, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.24 (s, 4H), 5.94 (d, /= 1.4 Hz, 1H),
2.98 (s, 3H), 2.43 (s, 3H), 1.76 (d, J = 1.4 Hz, 3H); 1*C NMR (100 MHz, CDCl3) §
143.8, 134.4, 133.9, 133.8, 131.7, 131.1, 129.7, 129.1, 127.6, 126.3, 37.1, 21.6, 21.1.
HRMS (ESI) m/z calcd. for C17H1sCINNaO2S2" [M + Na]™: 390.0360, found: 390.0355.

(Z)-N-(2-(tert-butylthio)hex-1-en-1-yl)-N,4-dimethylbenzenesulfonamide (6j)
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,Me
Ts—N SBu

H  "CsHs
White solid, (67.5 mg, yield 99%); Ry= 0.2 (PE/EA =10:1); 'H NMR (400 MHz, CDCl3)
0 7.68 (d, J=7.9 Hz, 2H), 7.30 (d, /= 7.9 Hz, 2H), 6.50 (s, 1H), 3.13 (s, 3H), 2.42 (s,
3H), 2.22 (t, J= 7.4 Hz, 2H), 1.53 (dt, J = 14.7, 7.3 Hz, 2H), 1.29 (s, 9H), 0.83 (t, J =
7.3 Hz, 3H). 3C NMR (100 MHz, CDCI3) § 143.6, 134.9, 132.5, 129.7, 127.9, 127.4,
47.5,41.3,37.4,31.9, 21.9, 21.5, 13.3. HRMS (ESI) m/z calcd. for C17H27NNaO2S>"
[M + Na]": 364.1375, found: 364.1369.

(Z)-N-(2-(tert-butylthio)oct-1-en-1-yl)-N,4-dimethylbenzenesulfonamide (6k)
Me
Ts—N  SBu

H "CeH13
White solid, (75.8 mg, yield 99%); Ry=0.2 (PE/EA=10:1); '"H NMR (400 MHz, CDCl3)
0 7.68 (d, J=8.0 Hz, 2H), 7.30 (d, /= 7.9 Hz, 2H), 6.50 (s, 1H), 3.13 (s, 3H), 2.41 (s,
3H), 2.24 (t,J = 7.5 Hz, 2H), 1.48 (p, J= 7.2 Hz, 2H), 1.29 (s, 9H), 1.23 (m, 6H), 0.85
(t,J= 6.7 Hz, 3H); '*C NMR (100 MHz, CDCls) § 143.6, 135.0, 132.4, 129.7, 128.1,
127.4,47.5,39.4,37.4,31.9, 31.6, 28.8, 28.5,22.6, 21.5, 14.1. HRMS (ESI) m/z calcd.
for C20H33NNaO2S2" [M + Na]*: 406.1845, found: 406.1840.

(Z)-N-(2-(tert-butylthio)-2-cyclopropylvinyl)-N,4-dimethylbenzenesulfonamide
(61)

Me
Ts—N SBu

<

White solid, (62.4 mg, yield 92%); Ry= 0.2 (PE/EA =10:1); '"H NMR (400 MHz, CDCls)
5 7.68 (d, J= 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.56 (s, 1H), 3.15 (s, 3H), 2.43 (s,
3H), 1.34 (s, 9H), 0.74 — 0.67 (m, 2H), 0.59 — 0.52 (m, 2H); '>*C NMR (100 MHz,
CDCly) & 143.7, 134.9, 131.6, 129.8, 128.2, 127.4, 47.8, 37.0, 31.9, 31.0, 21.6, 19.7,

7.4. HRMS (ESI) m/z calcd. for C17H2sNNaO2S2" [M + Na]™: 362.1219, found:
362.1211.

(Z)-N-(2-(hexylthio)-3,3-dimethylbut-1-en-1-yl)-N-methylmethanesulfonamide
(6m)
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Me
Ts—N S'nC6H13

H ‘Bu
Colorless oil, (48 mg, yield 78%); Ry= 0.2 (PE/EA =20:1); 'H NMR (600 MHz, CDCl5)
3 6.36 (s, 1H), 3.19 (s, 3H), 2.90 (s, 3H), 2.72 (t, /= 7.4 Hz, 2H), 1.54 (m, J = 7.4 Hz,
2H), 1.39 — 1.35 (m, 2H), 1.27 (m, J = 3.3 Hz, 4H), 1.16 (s, 9H), 0.87 (t, J = 6.9 Hz,
3H). *C NMR (150 MHz, CDCl3) § 141.88, 126.34, 38.08, 36.04, 34.89, 33.88, 31.58,
29.46,29.42,28.69, 22.67, 14.16. HRMS (ESI) m/z calcd. for C1aH30NO2S2" [M + H]":
308.1712, found: 308.1705.

(Z)-N-(2-(tert-butylthio)-2-phenylvinyl)-N,4-dimethylbenzenesulfonamide (6n)

Me
Ts—N  SBu
H>_<Ph
Colorless oil, (32.3 mg, yield 43%); Ry = 0.2 (PE/EA =20:1); 'H NMR (600 MHz,
CDCl) 6 7.75 = 7.69 (m, 2H), 7.54 — 7.50 (m, 2H), 7.35 — 7.27 (m, 5H), 6.94 (s, 1H),
3.36 (s, 3H), 2.44 (s, 3H), 1.09 (s, 9H). *C NMR (150 MHz, CDCl3) § 143.99, 142.42,
134.98, 134.32, 129.93, 128.38, 128.25, 127.62, 127.41, 47.88, 37.18, 31.76, 21.70.

HRMS (ESI) m/z caled. for C20H2sNNaO2S2" [M + Na]': 398.1219, found: 398.1213.

(E)-N-(2-(tert-butylthio)-2-phenylvinyl)-N,4-dimethylbenzenesulfonamide (6n’)
Colorless oil, (30.1 mg, yield 40%); Ry = 0.15 (PE/EA =20:1); 'H NMR (600 MHz,
Chloroform-d) 6 7.72 (d, J= 8.3 Hz, 2H), 7.53 (d, J= 7.3 Hz, 2H), 7.28 — 7.21 (m, 4H),
7.19 — 7.16 (m, 1H), 6.46 (s, 1H), 3.10 (s, 3H), 2.38 (s, 3H), 1.33 (s, 9H). *C NMR
(150 MHz, Chloroform-d) 6 143.79, 136.15, 135.73,129.88 , 129.76 , 128.14, 128.09 ,
128.04 , 49.37 ,37.35, 31.62 , 21.73 . HRMS (ESI) m/z caled. for C20H2sNNaO2S>"
[M + Na]": 398.1219, found: 398.1214.

Methyl (Z)-N-(tert-butoxycarbonyl)-S-(2-((N,4-dimethylphenyl) sulfonamido)
vinyl)-L-cysteinate (9a)

Colorless oil, (79.9 mg, yield 90%); Ry= 0.2 (PE/EA =4:1); '"H NMR (400 MHz, CDCI3)
0 7.69 —7.62 (m, 2H), 7.32 — 7.28 (m, 2H), 6.10 (d, J = 7.7 Hz, 1H), 5.52 (d, J = 7.7
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Hz, 1H), 5.31 (d,J=7.9 Hz, 1H), 4.51 (dt, J= 9.2, 4.9 Hz, 1H), 3.70 (s, 3H), 3.07 (¢, J
= 5.5 Hz, 2H), 3.01 (s, 3H), 2.41 (s, 3H), 1.42 (s, 2H), 1.41 (s, 9H); 13C NMR (100
MHz, CDCl3) § 170.8, 154.9, 143.9, 134.5, 129.7, 127.3, 126.0, 117.7, 80.3, 53.7, 52.6,
37.3, 35.6, 28.3, 21.6. HRMS (ESI) m/z caled. for CioHasNaNaOsS2* [M + Na]*:
467.1281, found: 467.1292.

Methyl (Z)-N-(tert-butoxycarbonyl)-S-(2-((4-methyl-N-phenethylphenyl)
sulfonamido)vinyl)-L-cysteinate (9b)
H H

Ts—N S
J _\ﬁcozlvle

Ph Boc—NH

Colorless Oil, (66.2 mg, yield 62%); R= 0.2 (PE/EA =4:1); 'H NMR (400 MHz, CDCl3)
0 7.70 — 7.64 (m, 2H), 7.30 — 7.25 (m, 4H), 7.21 (d, /= 7.0 Hz, 3H), 594 (d, /= 7.5

Hz, 1H), 5.79 (d, J="7.3 Hz, 1H), 5.40 — 5.32 (m, 1H), 4.55 (t,J= 6.2 Hz, 1H), 3.72 (s,

3H), 3.53 (td, J=17.2, 6.5, 2.1 Hz, 2H), 3.16 (d, J = 4.8 Hz, 2H), 2.86 (t, J = 8.1 Hz,

2H), 2.41 (s, 3H), 1.43 (d, J= 1.6 Hz, 9H); *C NMR (100 MHz, CDCl3) § 170.7, 155.0,

143.7, 138.3, 135.9, 129.7, 128.9, 128.5, 128.5, 127.3, 126.5, 123.5, 80.3, 53.9, 52.6,

50.1, 37.1, 35.3, 28.3, 21.5. HRMS (ESI) m/z calcd. for C26H34N2NaOsS2" [M + Na]™:

557.1750, found: 557.1750.

Methyl (Z)-N-(tert-butoxycarbonyl)-S-(2-((4-(tert-butyl)-N-methylphenyl)

sulfonamido)vinyl)-L-cysteinate (9¢)

Colorless Oil, (89.4 mg, yield 92%); Ry= 0.2 (PE/EA =5:1); 'H NMR (400 MHz, CDCl3)
07.70 (d, J=8.6 Hz, 2H), 7.51 (d, /= 8.6 Hz, 2H), 6.15 (d, J=7.7 Hz, 1H), 5.51 (d, J
=7.8 Hz, 1H), 5.35-5.27 (m, 1H), 4.57 - 4.47 (m, 1H), 3.71 (s, 3H), 3.09 (dd, J = 7.4,

4.9 Hz, 2H), 3.04 (s, 3H), 1.42 (s, 9H), 1.33 (s, 9H); 1*C NMR (100 MHz, CDCl3) §

170.8,156.8, 154.9,134.5,127.8,127.2,126.1, 116.9, 80.3, 53.7, 52.6,37.4, 35.6, 35.2,

31.1,28.3. HRMS (ESI) m/z caled. for C26H34N2NaOesS2" [M + Na]™: 509.1756, found:

509.1756.

Methyl (Z)-N-(tert-butoxycarbonyl)-S-(2-(N-methylmethylsulfonamido)vinyl)-L-
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cysteinate (9d)
H H

Ms—N S
Me XCOZMe

Boc—NH
Colorless Oil, (50.0 mg, yield 68%); Ry=0.2 (PE/EA =3:1); 'H NMR (400 MHz, CDCl3)
36.17 (d, J=17.6 Hz, 1H), 5.55 (d, J= 7.6 Hz, 1H), 5.37 (d, /= 7.9 Hz, 1H), 4.51 (dt,
J=28.7,4.9 Hz, 1H), 3.70 (s, 3H), 3.12 (s, 3H), 3.04 (dd, J = 14.0, 5.0 Hz, 2H), 2.85 (s,
3H), 1.38 (s, 9H); *C NMR (100 MHz, CDCl3) § 170.7, 154.9, 125.8, 117.5, 80.2, 53.6,
52.6,37.5,37.1,35.4, 28.2. HRMS (ESI) m/z calcd. for C13H24N2NaOsS2" [M + Na]":
391.0968, found: 391.0968.

Methyl (Z)-S-(2-(N-benzyl-4-methylbenzamido)vinyl)-N-((benzyloxy)carbonyl)-
L-cysteinate (9e)

White solid, (71.5 mg, yield 69%); Ry=0.2 (PE/EA =5:1); 'TH NMR (400 MHz, CDCl3)
3 7.69 (d, J=8.0 Hz, 2H), 7.39 — 7.21 (m, 12H), 5.71 (d, /= 7.1 Hz, 1H), 5.58 (d, J =
7.1 Hz, 1H), 5.37 (d, J = 8.0 Hz, 1H), 5.14 — 5.01 (m, 2H), 4.53 (dt, J = 8.3, 4.3 Hz,
1H), 4.42 (q, J = 14.6 Hz, 2H), 3.69 (s, 3H), 3.14 (dd, J = 14.4, 4.0 Hz, 1H), 3.01 (dd,
J=14.4,4.7 Hz, 1H), 2.42 (s, 3H); 3*C NMR (100 MHz, CDCI3) § 170.1, 155.5, 143.8,
136.2,135.9,135.6,129.7,128.5, 128.4,128.3,128.2, 128.2, 128.2, 127.8, 127.5, 127.2,
123.4,67.1,54.3,52.7,52.7, 36.8, 21.6. HRMS (ESI) m/z calcd. for C20H31N205S™ [M
+ H]"™: 519.1948, found: 519.1949.

Methyl (Z)-N-((benzyloxy)carbonyl)-S-(2-((N,4-dimethylphenyl) sulfonamido)
vinyl)-L-cysteinate (9f)
H H

Ts—N S
Me }COQMe

Cbz—NH

Colorless Oil, (79.3 mg, yield 83%); Ry= 0.2 (PE/EA =4:1); 'H NMR (400 MHz, CDCl3)
8 7.65 (d, J= 8.1 Hz, 2H), 7.38 — 7.26 (m, 7H), 6.06 (d, J= 7.6 Hz, 1H), 5.63 (d, J =
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7.9 Hz, 1H), 5.49 (d, J = 7.7 Hz, 1H), 5.14 — 5.06 (m, 2H), 4.60 (dt, J = 8.7, 4.8 Hz,
1H), 3.72 (s, 3H), 3.11 (t, J = 3.9 Hz, 2H), 2.99 (s, 3H), 2.40 (s, 3H); '*C NMR (100
MHz, CDCls) & 170.4, 155.5, 143.8, 136.1, 134.5, 129.7, 128.5, 128.2, 128.1, 127.3,
126.2, 117.4, 67.1, 54.1, 52.7, 37.1, 35.6, 21.5. HRMS (ESI) m/z calcd. for
C22H26N2NaOsS2" [M + Na]*: 501.1124, found: 501.1125.

Ethyl N-((((9H-fluoren-9-yl)methoxy)carbonyl)glycyl)-S-((Z)-2-((N,4-dimethyl
phenyl)sulfonamido)vinyl)-L-cysteinyl-L-leucinate (9g)
H H

pX CO,Et
Ts—N  S— HN—/
w0
}NH 0
HN
Fmoc

White solid, (148.5 mg, yield 90%); Ry= 0.2 (PE/EA =1:1); '"H NMR (400 MHz, CDCl3)
0 7.75 (d, J="17.5 Hz, 2H), 7.66 (d, J = 8.0 Hz, 2H), 7.59 (d, J = 7.5 Hz, 2H), 7.38 (t, J
=17.5 Hz, 2H), 7.30 (d, J = 7.8 Hz, 4H), 7.27 (d, J = 2.7 Hz, 1H), 7.24 (d, J = 7.6 Hz,

1H), 7.14 (d, J = 8.0 Hz, 1H), 5.99 (d, /= 7.1 Hz, 1H), 5.86 (d, /= 7.1 Hz, 1H), 5.80

(d, J=5.8 Hz, 1H), 4.67 (q, J = 6.7 Hz, 1H), 4.51 (q,J=7.4 Hz, 1H), 4.39 (d, J="7.1

Hz, 2H), 4.26 —4.17 (m, 2H), 4.14 (ddd, /= 10.8, 6.9, 3.3 Hz, 2H), 3.95 (d, /= 5.6 Hz,

2H), 3.21 (dd, /= 14.2, 4.8 Hz, 1H), 2.97 (dd, /= 14.2, 7.1 Hz, 1H), 2.89 (s, 3H), 2.41

(s,3H), 1.68 (q, /= 6.4 Hz, 1H), 1.64 (d, /= 6.9 Hz, 2H), 1.26 (d, /= 7.2 Hz, 3H), 0.89

(dd, J = 6.4, 2.9 Hz, 6H); '*C NMR (100 MHz, CDCl3) § 172.3, 169.4, 169.2, 156.7,

144.1,143.8,141.3,133.6, 129.8, 127.8, 127.7,127.6, 127.1, 126.5, 125.1, 123.3, 120.0,
67.3,61.4,53.2,51.5,47.1,44.5, 40.7, 36.5, 36.0, 24.8, 22.7, 21.8, 21.6, 14.2. HRMS

(ESI) m/z calcd. for C3sHa7N4OsS2" [M + H]": 751.2830, found: 751.2830.

Methyl N-(((benzyloxy)carbonyl)-L-alanyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinyl-L-valinate (9h)

H H

=2 CO,Me
Ts—N  s— HN—

Moo, Y
}NH o
HN—/
cb? >
White solid, (125.7 mg, yield 97%); Ry=0.2 (PE/EA =2:1); 'H NMR (400 MHz, CDCl:)
§7.67 (d, J = 8.0 Hz, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.35 — 7.25 (m, 10H), 5.92 (dd, J =
14.5, 7.4 Hz, 2H), 5.84 (d, J = 7.3 Hz, 1H), 5.16 — 5.05 (m, 2H), 4.76 (q, J = 6.6 Hz,
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1H), 4.47 (dd, J=8.6,5.2 Hz, 1H), 4.43 —4.33 (m, 1H), 3.71 (s, 3H), 3.13 (dd, J= 14.3,
5.6 Hz, 1H), 2.99 (dd, J = 14.0, 6.7 Hz, 1H), 2.92 (s, 3H), 2.41 (s, 3H), 2.17 (dt, J =
13.0, 6.7 Hz, 1H), 1.38 (d, J = 7.1 Hz, 3H), 0.91 (t, J = 6.3 Hz, 6H); *C NMR (100
MHz, CDCls) & 172.9, 171.8, 169.7, 156.0, 144.0, 136.3, 133.9, 129.8, 128.5, 128.1,
128.0,127.5,126.1,121.5,66.9, 57.8, 53.2,52.2,50.7, 36.2, 36.1, 31.0, 21.5, 18.9, 18.7,
17.9. HRMS (ESI) m/z calcd. for C30H40NsNaOsS2" [M + Na]™: 671.2180, found:
671.2173.

Methyl (6R,128S,Z)-6-(methoxycarbonyl)-2,2,12-trimethyl-4-0x0-11-tosyl-3-oxa-8-
thia-5,11-diazatridec-9-en-13-oate (9i)
H H

et
Meo~2 _>—cozlv|e

Boc NH

Yellow Oil, (75.3 mg, yield 73%); Ry= 0.2 (PE/EA =2:1); 'H NMR (400 MHz, CDCl:)
07.69 (d,J= 8.1 Hz, 2H), 7.28 (d, J=10.0 Hz, 2H), 6.33 (d, /= 6.5 Hz, 1H), 5.93 (d,
J=6.5Hz, 1H), 5.56 (d, /= 8.1 Hz, 1H),4.71 (q,J= 7.3 Hz, 1H), 4.59 (dt, /= 8.8, 4.6
Hz, 1H), 3.75 (s, 3H), 3.47 (s, 3H), 3.23 (dd, J = 14.4, 4.0 Hz, 1H), 3.14 (dd, J = 14.3,
5.1 Hz, 1H), 2.42 (s, 3H), 1.46 (s, 9H), 1.40 (d, J= 7.4 Hz, 3H); '*C NMR (100 MHz,
CDCl3) 56 171.4,170.5, 155.0, 143.6, 136.6, 136.1, 129.3, 127.6, 120.2, 80.1, 56.5, 53.9,
52.5,51.9,36.5,28.3,282,21.5, 16.5. HRMS (ESI) m/z calcd. for C22H32N2NaOsS>"
[M + Na]": 539.1492, found: 539.1492.

Methyl (SR,11R,Z)-11-isobutyl-5-(methoxycarbonyl)-3-oxo-1-phenyl-10-tosyl-2-
oxa-7-thia-4,10-diazadodec-8-en-12-oate (9j))

POSaN

Cbz— NH
Yellow Oil, (71.0 mg, yield 60%); Ry= 0.2 (PE/EA =2:1); 'H NMR (400 MHz, CDCl3)
0 7.64 (d, J = 8.0 Hz, 2H), 7.34 (dd, J = 12.4, 5.0 Hz, 5H), 7.17 (d, J = 8.0 Hz, 2H),
6.26 (d,J=6.7 Hz, 1H), 6.05 (d, J= 8.3 Hz, 1H), 5.91 (d, J= 6.6 Hz, 1H), 5.15(q, J =
12.4 Hz, 2H), 4.71 (dt, J=8.5,4.2 Hz, 1H), 4.58 (dd, /= 8.4, 6.4 Hz, 1H), 3.76 (s, 3H),
3.37 (s, 3H), 3.32 (dd, J = 14.5, 3.7 Hz, 1H), 3.15 (dd, J = 14.4, 4.9 Hz, 1H), 2.38 (s,
3H), 1.83 — 1.77 (m, 1H), 1.49 (ddd, J= 8.1, 6.0, 4.1 Hz, 2H), 0.92 (d, J = 6.6 Hz, 6H);
3C NMR (100 MHz, CDCl3) § 171.2, 170.3, 155.8, 143.6, 136.5, 136.3, 135.7, 129.3,
128.5, 128.1, 128.1, 127.7, 120.5, 67.1, 58.9, 54.4, 52.7, 51.7, 39.8, 36.6, 24.6, 22.7,
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21.6,21.5. HRMS (ESI) m/z calcd. for C2sH36N2NaOsS2" [M + Na]': 615.1805, found:
615.1800.

Methyl S-((Z)-2-((N-(2-(tert-butoxy)-2-oxoethyl)-4-methylphenyl) sulfonamido)
vinyl)-N-((tert-butoxycarbonyl)-L-alanyl)-L-cysteinate (9k)

H H
):( O. HN-Boc

N\ S_//’ H
‘BuO Ts /—NH

Yellow Oil, (109.5 mg, yield 89%); Ry=0.2 (PE/EA =1:1); '"H NMR (400 MHz, CDCl3)
0 7.71 (d, J= 8.2 Hz, 2H), 7.34 — 7.26 (m, 2H), 7.13 (d, J= 7.6 Hz, 1H), 6.28 (d, J =
7.5 Hz, 1H), 5.65 (d, J = 7.5 Hz, 1H), 5.35 — 5.25 (m, 1H), 4.80 (dt, J = 7.7, 4.7 Hz,
1H), 4.31 (d, J=18.1 Hz, 1H), 4.18 (d, /= 18.2 Hz, 2H), 3.73 (s, 3H), 3.15 (d, /=4.7
Hz, 2H), 2.42 (s, 3H), 1.45 (s, 9H), 1.40 (s, 9H), 1.36 (d, J = 7.1 Hz, 3H); *C NMR
(100 MHz, CDCI3) & 172.7, 170.2, 167.5, 155.4, 143.9, 135.9, 129.6, 127.4, 125.2,
119.6, 82.3, 79.9, 52.7, 52.6, 50.1, 49.6, 36.6, 28.3, 27.9, 21.5, 18.2. HRMS (ESI) m/z
calcd. for C27H41N3NaQOoS2" [M + Na]': 638.2176, found: 638.2176.

Tert-butyl ((R,Z)-6-(methoxycarbonyl)-2,2-dimethyl-4-0xo-11-tosyl-3-oxa-8-thia-
5,11-diazatridec-9-en-13-oyl)-L-leucinate (91)

H H

N, S
HN*( Ts _yCOZMe
", O Boc—NH
/7—O’Bu
(@)

Yellow Oil, (119.6 mg, yield 89%); R;=0.2 (PE/EA =1:1); 'H NMR (400 MHz, CDCl)
57.69 (d,J= 7.9 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.5 Hz, 1H), 6.09 (d, J
=6.9 Hz, 1H), 5.78 (d, J= 6.9 Hz, 1H), 5.72 (d,J="7.9 Hz, 1H), 4.51 (dp, J=17.8, 6.9,
6.1 Hz, 2H), 4.02 (d, J = 17.2 Hz, 1H), 3.74 (s, 3H), 3.17 (d, J = 5.3 Hz, 2H), 2.4 (s,
3H), 1.74 (dt, J= 13.2, 6.7 Hz, 1H), 1.61 (ddd, J= 11.4, 8.1, 5.7 Hz, 2H), 1.46 (d, J =
8.6 Hz, 18H), 0.96 (t, J = 6.8 Hz, 6H); '3C NMR (100 MHz, CDCl3) & 171.6, 170.6,
167.0, 155.1, 144.5, 134.1, 129.8, 127.8, 127.5, 124.3, 81.8, 80.1, 53.7, 52.7, 52.5, 51 .4,
41.6, 36.4, 28.2, 27.9, 247, 22.8, 219, 21.5. HRMS (ESI) m/z caled. for
C30H47N3Na0sS2™ [M + Na]*: 680.2646, found: 680.2640.
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Tert-butyl N-((Z)-2-(((R)-2-((S)-2-((tert-butoxycarbonyl)amino)propanamido)-3-
methoxy-3-oxopropyl)thio)vinyl)-N-tosylglycyl-L-leucinate (9m)
H H
N %
HN Ts “INH

[ 0 MeOC )
/7—of5u O HN—-Boc
o)

Yellow oil, (111.6 mg, yield 75%); Ry= 0.2 (CH;OH/CH2Cl> =50:1); '"H NMR (400
MHz, CDClI3) 6 7.70 (d, J= 8.3 Hz, 2H), 7.52 (d, J="7.1 Hz, 1H), 7.32 (d, /= 8.5 Hz,
2H), 7.22 (d, J= 8.5 Hz, 1H), 6.11 (d, J= 7.5 Hz, 1H), 5.80 (d, J= 7.5 Hz, 1H), 5.47
(d,/J=8.2 Hz, 1H), 4.72 — 4.63 (m, 1H), 4.51 (td, /= 8.6, 5.5 Hz, 1H), 4.34 — 4.24 (m,
1H), 4.08 (d, J = 7.8 Hz, 2H), 3.72 (s, 3H), 3.21 (dd, /= 14.2, 4.5 Hz, 1H), 3.10 (dd, J
=14.2, 6.1 Hz, 1H), 2.43 (s, 3H), 1.76 — 1.69 (m, 1H), 1.63 — 1.57 (m, 2H), 1.45 (d, J
= 9.9 Hz, 18H), 0.95 (t, J = 6.4 Hz, 6H); *C NMR (100 MHz, CDCl3) § 173.2, 172.2,
170.1, 167.5, 155.5, 144.4, 134.6, 129.8, 127.5, 125.5, 121.3, 81.9, 79.8, 52.6, 51.5,
51.2,49.9,41.2,36.0, 28.3, 27.9, 24.8, 22.8, 21.9, 21.5, 18.3. HRMS (ESI) m/z calcd.
for C33Hs52NaNaO10S2" [M + Na]": 751.3017, found: 751.3019.

(S)-4-((tert-butoxycarbonyl)amino)-5-(((R)-3-(((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)thio)-1-methoxy-1-oxopropan-2-yl)amino)-5-oxopentanoic
acid (11a)

HHH

Ts—N, S
MeQO }COOMe
NH

N,
Boc -
COOH

White solid, (92.8 mg, yield 82%); Ry=0.2 (PE/EA =2:1); '"H NMR (400 MHz, DMSO-
de) 0 8.32 (d, J=7.7 Hz, 1H), 7.65 (d, /= 7.9 Hz, 2H), 7.43 (d, J= 7.9 Hz, 2H), 6.96
(d, J=8.2 Hz, 1H), 6.05 (d,/J=7.6 Hz, 1H), 5.89 (d, /= 7.6 Hz, 1H), 4.44 (td, J = 8.0,
4.9 Hz, 1H), 4.05 (td, J= 8.7, 5.3 Hz, 1H), 3.61 (s, 3H), 3.14 — 2.95 (m, 2H), 2.87 (s,
3H), 2.47 — 2.41 (m, 2H), 2.02 (s, 3H), 1.85 — 1.71 (m, 2H), 1.35 (s, 9H); *C NMR
(100 MHz, DMSO-de) 6 172.4, 171.0, 155.7, 144.4, 134.1, 130.4, 127.6, 125.9, 119.4,
78.6, 53.8, 52.8, 52.6, 35.9, 35.3, 32.2, 30.0, 28.6, 21.5, 15.1. HRMS (ESI) m/z calcd.
for C24H37N3NaOoS2" [M + Na]™: 598.1863, found: 598.1862.
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(S)-3-(((benzyloxy)carbonyl)amino)-4-(((R)-3-(((Z)-2-((N,4-dimethylphenyl)sul

fonamido)vinyl)thio)-1-ethoxy-1-oxopropan-2-yl)amino)-4-oxobutanoic acid (11b)

0
¢9H 0
Cbz\H ON%J\ Et
S I\I/Ie

O
R/N\Ts
White solid, (86.3 mg, yield 73%); Ry= 0.2 (PE/EA =2:1);'"H NMR (400 MHz, DMSO-
de) 5 12.40 (s, 1H), 8.45 (d,J= 7.7 Hz, 1H), 7.70 (d, J = 8.0 Hz, 2H), 7.60 (d, J = 8.2
Hz, 1H), 7.48 (d, J = 8.0 Hz, 2H), 7.39 (m, 5H), 6.09 (d, J = 7.6 Hz, 1H), 5.95 (d, J =
7.6 Hz, 1H), 5.13 — 4.99 (m, 2H), 4.46 (m, 2H), 4.11 (q, J= 7.1 Hz, 2H), 3.14 (dd, J =
14.0, 5.3 Hz, 1H), 3.04 (dd, J = 14.1, 8.1 Hz, 1H), 2.91 (s, 3H), 2.68 (dd, J = 16.7, 4.5
Hz, 1H), 2.44 (s, 3H), 1.28 (s, 1H), 1.21 (t, J = 7.1 Hz, 3H). 3C NMR (100 MHz,
DMSO-ds) 6 172.0,171.6,170.4, 156.2, 144.4,137.3, 134.1, 130.4, 128.8, 128.3, 128.2,
127.6, 125.7, 119.7, 66.0, 61.4, 53.2, 51.7, 36.7, 35.9, 35.1, 21.5, 14.4. HRMS (ESI)
m/z calcd. for C27H33N3NaOoS2" [M + Na]™: 630.1550, found: 630.1546.

Methyl N-((benzyloxy)carbonyl)-S-((Z)-2-((N,4-dimethylphenyl) sulfonamido)
vinyl)-L-cysteinyl-L-histidinate (11c)

H H
= CO,Me

Ts—N S HN "34(/\NH

e )
Cbz—NH O N

White solid, (97.2 mg, yield 79%); Ry= 0.2 (PE/EA =2:1); '"H NMR (400 MHz, DMSO-
de) 0 8.52 (d, J=7.4 Hz, 1H), 7.66 (d, J = 8.0 Hz, 2H), 7.58 (d, J = 8.7 Hz, 1H), 7.53
(s, 1H), 7.43 (d, J= 8.0 Hz, 2H), 7.39 — 7.23 (m, 5H), 6.84 (s, 1H), 6.00 (s, 2H), 5.09 —
4.96 (m, 2H), 4.49 (q, /= 6.9 Hz, 1H), 4.21 (td, J=9.5, 3.9 Hz, 1H), 3.04 (dd, /= 13.9,
3.9 Hz, 1H), 2.94 (h, J= 6.7 Hz, 2H), 2.83 (s, 3H), 2.81 — 2.74 (m, 1H), 2.54 (s, 1H),
2.39(s, 3H); >*C NMR (100 MHz, DMSO-ds) 6 172.1, 170.6, 156.4, 144.4,137.3, 135 4,
134.1,130.4, 128.8, 128.2, 128.1, 127.6, 124.9, 120.6, 66.0, 55.4, 53.1, 52.3, 40.8, 36.3,
35.9, 21.5. HRMS (ESI) m/z calcd. for C28H34N507S2" [M + H]": 616.1894, found:
616.1894.

Methyl N-((tert-butoxycarbonyl)-L-glutaminyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11d)
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H H

Y= O, HN-Boc
Ts—N  S—
Me /—NH
MeO,C NH,
0

White solid, (98.4 mg, yield 86%); Ry= 0.2 (PE/EA =2:1); '"H NMR (400 MHz, DMSO-
de) 6 8.31 (d, J=7.8 Hz, 1H), 7.71 — 7.66 (m, 2H), 7.47 (d, J = 8.0 Hz, 2H), 7.26 (s,
1H), 6.88 (d, J=8.1 Hz, 1H), 6.77 (s, 1H), 6.09 (d, /= 7.6 Hz, 1H), 5.91 (d, J= 7.6 Hz,
1H), 4.48 (td, J=17.9, 5.1 Hz, 1H), 3.96 (tt, J = 10.5, 5.1 Hz, 1H), 3.64 (s, 3H), 3.12
(dd, J=14.0, 5.1 Hz, 1H), 3.02 (dd, J = 13.8, 7.8 Hz, 1H), 2.91 (s, 3H), 2.43 (s, 3H),
2.13 (dt, J = 8.9, 6.0 Hz, 2H), 1.39 (s, 9H); '*C NMR (100 MHz, DMSO-ds) & 174.3,
172.6, 171.0, 155.7, 144.4, 134.2, 130.4, 127.6, 125.9, 119.3, 78.6, 54.3, 52.8, 52.6,
35.9,354,31.9, 28.6,28.2, 21.5. HRMS (ESI) m/z caled. for C24H36N4NaOsS2" [M +
Na]™: 595.1867, found: 595.1862.

Ethyl N-(((benzyloxy)carbonyl)-L-asparaginyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11e)

o)

HHZ 0]

S |

\/N\Ts
White solid, (86.2 mg, yield 71%); Ry= 0.2 (PE/EA =2:1); '"H NMR (400 MHz, DMSO-
de) 6 8.35 (d, J=7.7 Hz, 1H), 7.66 (d, J= 7.9 Hz, 2H), 7.47 — 7.25 (m, 9H), 6.92 (s,
1H), 6.07 (d, J= 7.6 Hz, 1H), 5.89 (d, J = 7.6 Hz, 1H), 5.00 (d, J = 3.7 Hz, 2H), 4.42
(dd, J= 8.4, 4.9 Hz, 2H), 4.07 (q, J = 7.1 Hz, 2H), 3.13 — 2.96 (m, 2H), 2.88 (s, 3H),
2.46 (d, J= 4.5 Hz, 1H), 2.42 (s, 1H), 2.39 (s, 3H), 1.17 (t, J = 7.1 Hz, 3H). 3*C NMR
(100 MHz, DMSO-ds) 6 172.1, 171.6, 170.4, 156.1, 144.4, 137.3, 134.1, 130.4, 128.8,
128.3, 128.2, 127.6, 125.8, 119.5, 65.9, 61.4, 53.2, 51.9, 37.7, 35.9, 35.3, 21.5, 14.4.
HRMS (ESI) m/z caled. for C27H3aN4NaOsS2" [M + Na]™: 629.1710, found: 629.1706.

Ethyl N-(((benzyloxy)carbonyl)-L-seryl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11f)
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H H

=
" Nivleos_\ﬁcozEt
NH
HN—,
Cbz —OH
White solid, (90.3 mg, yield 78%); Ry= 0.2 (PE/EA =2:1); 'H NMR (400 MHz, CDCl3)
0 7.66 (d, J=8.0 Hz, 2H), 7.41 (d, J= 7.8 Hz, 1H), 7.37 — 7.27 (m, 7H), 6.03 (d, J =
7.5 Hz, 1H), 5.94 (d,J=7.6 Hz, 1H), 5.63 (d, J=7.5 Hz, 1H), 5.12 (d, J=2.5 Hz, 2H),
4.80 (dt, /= 8.0, 5.0 Hz, 1H), 4.34 (d, /= 8.9 Hz, 1H), 4.19 (q, /= 7.1 Hz, 2H), 4.03
(dt,/=10.0,4.5 Hz, 1H), 3.72 (dt, /= 11.9, 6.4 Hz, 1H), 3.28 (t, /= 6.3 Hz, 1H), 3.13
(t,J=4.7 Hz, 2H), 2.95 (s, 3H), 2.41 (s, 3H), 1.26 (t, J= 7.1 Hz, 3H); 3*C NMR (100
MHz, CDCls) 6 170.7, 169.9, 156.4, 144.0, 136.1, 134.1, 129.8, 128.5, 128.2, 128.0,
127.4,126.4, 119.1, 67.2, 62.9, 62.2, 55.8, 52.8, 36.3, 35.9, 21.5, 14.1. HRMS (ESI)
m/z calcd. for C26H33N3NaOsS2" [M + Na]*: 602.1601, found: 602.1599.

Tert-butyl N-(((benzyloxy)carbonyl)-L-threonyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11g)

HO,,
, e
Cbz\HJiNN%OtBU
) _\S ,

K/N\Ts
White solid, (93.3 mg, yield 75%); Ry = 0.2 (PE/EA =2:1); 'H NMR (400 MHz,
Chloroform-d) & 7.67 (d, J= 7.9 Hz, 2H), 7.39 (s, 1H), 7.36 — 7.28 (m, 7H), 6.04 (d, J
=7.4 Hz, 1H), 591 (t,J= 7.1 Hz, 1H), 5.67 (d, J= 7.5 Hz, 1H), 5.12 (s, 2H), 4.72 (dt,
J=17.6,4.9 Hz, 1H), 4.34 (d, /= 6.7 Hz, 1H), 4.24 (m, 1H), 3.39 (d, /=29.2 Hz, 1H),
3.10 (dd, J= 7.3, 4.7 Hz, 2H), 2.96 (s, 3H), 2.41 (s, 3H), 1.46 (s, 9H), 1.18 (d, /= 6.4
Hz, 3H). *C NMR (100 MHz, CDCl3) 8 170.5, 168.7, 156.7, 143.9, 136.2, 134.3, 129.8,
128.5, 128.2, 128.0, 127.4, 126.0, 119.6, 83.3, 67.2, 59.0, 53.4, 48.9, 36.6, 35.9, 27.9,

21.5, 18.4. HRMS (ESI) m/z calcd. for C20H39N3NaOsSz2" [M + Na]™: 644.2071, found:
644.2075.

Ethyl N-((benzyloxy)carbonyl)-S-((Z)-2-((N,4-dimethylphenyl) sulfonamido)
vinyl)-L-cysteinyl-L-tyrosinate (11h)
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H H

Ts—N S CO,Et

Me { HN—/
—< >—OH
Cbz—NH O

White solid, (107.4 mg, yield 82%); Ry = 0.2 (PE/EA =2:1); 'H NMR (400 MHz,
DMSO-ds) 6 9.29 (s, 1H), 8.38 (d, J= 7.5 Hz, 1H), 7.67 (d, J= 7.9 Hz, 2H), 7.49 (d, J
= 8.8 Hz, 1H), 7.43 (d, /= 8.0 Hz, 2H), 7.37 — 7.30 (m, 5H), 6.99 (d, J = 8.1 Hz, 2H),
6.68 (d, J = 8.0 Hz, 2H), 6.00 (s, 2H), 5.02 (q, J = 12.5 Hz, 2H), 4.42 (q, J = 7.3 Hz,
1H), 4.23 (td, J=9.6, 4.1 Hz, 1H), 3.58 (s, 3H), 3.00 (dd, /= 13.8, 4.0 Hz, 1H), 2.96 —
2.87 (m, 2H), 2.85 (s, 3H), 2.82 — 2.74 (m, 1H), 2.39 (s, 3H); *C NMR (100 MHz,
DMSO-ds) 6 172.2,170.6, 156.5, 156.3, 144.4, 137.3, 134.2, 130.5, 130.4, 128.8, 128.3,
128.1, 127.6, 127.3, 124.9, 120.5, 115.6, 66.0, 60.2, 55.3, 54.5, 52.3, 36.3, 35.9, 21.5.
HRMS (ESI) m/z caled. for C32H3sN30sS2" [M + H]"™: 656.2095, found: 656.2094.

Methyl N-((tert-butoxycarbonyl)-L-methionyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11i)

H H
p=X O, HN-Boc
Ts—N S—.
Me J—NH
MeO,C S—

White solid, (105.8 mg, yield 92%); Ry = 0.2 (PE/EA =2:1); 'H NMR (400 MHz,
DMSO-ds) 6 8.25 (d, J = 7.7 Hz, 1H), 7.64 — 7.59 (m, 2H), 7.40 (d, J = 8.1 Hz, 2H),
6.90 (d, J=8.2 Hz, 1H), 6.02 (d, /= 7.6 Hz, 1H), 5.84 (d, /= 7.7 Hz, 1H), 4.40 (td, J
= 8.0, 4.9 Hz, 1H), 4.01 (td, J = 8.4, 5.0 Hz, 1H), 3.57 (s, 3H), 3.06 (dd, J = 14.0, 5.0
Hz, 1H), 2.95 (dd, /= 14.1, 8.3 Hz, 1H), 2.84 (s, 3H), 2.40 (t, J= 7.7 Hz, 2H), 2.36 (s,
3H), 1.98 (s, 3H), 1.75 (ddd, J = 29.5, 13.7, 7.1 Hz, 2H), 1.32 (s, 9H); '3*C NMR (100
MHz, DMSO-ds) 6 172.4,171.0, 155.7, 144.4, 134.2, 130.4, 127.6, 125.9, 119.3, 78.6,
53.8, 52.8, 52.6, 35.9, 35.3, 32.2, 30.1, 28.6, 21.5, 15.1. HRMS (ESI) m/z calcd. for
C24H37N3Na0O7S3" [M + Na]': 598.1686, found: 598.1680.

Methyl N-(((benzyloxy)carbonyl)-L-lysyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11j)
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NH,

e
. N
Cbz H :QJ\OEt
I
s Me

|

\/N\Ts
White solid, (90.6 mg, yield 73%); Ry= 0.2 (DCM/MeOH = 5:1); '"H NMR (400 MHz,
DMSO-ds) 6 8.45 (d,J=7.7 Hz, 1H), 7.63 (d, J= 8.1 Hz, 2H), 7.41 (d, /= 8.1 Hz, 2H),
7.33 (m, 5H), 6.03 (d, /= 7.8 Hz, 1H), 5.90 (d, /= 7.6 Hz, 1H), 4.99 (mJ=12.8,7.3
Hz, 2H), 4.39 (m, J = 7.2 Hz, 1H), 4.14 — 3.91 (m, 4H), 3.08 — 2.91 (m, 2H), 2.84 (s,
3H), 2.37 (s, 3H), 1.62 — 1.55 (m, 1H), 1.52 — 1.45 (m, 1H), 1.35 - 1.19 (m, 6H), 1.14
(t,J=7.0 Hz, 4H)."*C NMR (100 MHz, DMSO-Ds) § 172.3,170.2, 155.9, 144.0, 137.0,
133.6,130.0, 128.4,127.8, 127.7,127.2,125.3,119.3, 65.4, 60.9, 54.5, 52.6, 40.9, 35.5,
34.8,31.9,31.8,22.7,21.1, 14.0. HRMS (ESI) m/z calcd. for C2o0H41N4O7S2" [M + H]":
621.2411, found: 621.2408.

Ethyl N-(((benzyloxy)carbonyl)-L-tryptophyl)-S-((Z)-2-((N,4-dimethylphenyl)
sulfonamido)vinyl)-L-cysteinate (11k)
H H

Ts—N S
MeQ _VCOZEt
i

HN

NH
cby

White solid, (118.0 mg, yield 87%); Ry= 0.2 (PE/EA =2:1); 'H NMR (400 MHz, CDCl3)
0 8.71 — 8.64 (m, 1H), 7.63 (d, J = 8.0 Hz, 3H), 7.29 (h, J = 7.9 Hz, 9H), 7.13 (t, J =
7.5 Hz, 1H), 7.11 — 7.02 (m, 2H), 6.75 (d, J = 7.5 Hz, 1H), 5.69 (d, J = 7.3 Hz, 1H),
5.59(d,J=7.8 Hz, 1H), 5.38 (d,J="7.4 Hz, 1H), 5.16 — 5.04 (m, 2H), 4.70 (dt, J= 8.2,
4.6 Hz, 1H), 4.59 (d, J= 6.6 Hz, 1H), 4.10 (qq, J= 6.8, 3.7 Hz, 2H), 3.17 (dd, J = 14.6,
7.0 Hz, 1H), 3.04 — 2.93 (m, 2H), 2.82 (s, 3H), 2.39 (s, 3H), 1.21 (t, /= 7.1 Hz, 3H);
3C NMR (100 MHz, CDCl3) § 171.4, 169.5, 156.0, 144.0, 136.4, 136.3, 133.9, 129.8,
128.5, 128.1, 128.0, 127.5, 125.6, 123.9, 122.1, 121.4, 119.6, 118.7, 111.5, 109.8, 67.0,
62.0, 55.6, 52.8, 36.4, 36.0, 21.6, 14.1. HRMS (ESI) m/z calcd. for C34H33N4sNaO7S>"
[M + Na]™: 701.2074, found: 701.2070.
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6. X-ray structure for compound 6i and 61

l
7
2.
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CDCC: 2383934 6i

X-Ray crystal structure of 6i
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X-Ray crystal structure of 61

30



7. Copies of 'TH-NMR & *C-NMR Spectrum

et —

e —

80°¢ —

[7X-2N
(7524

129~
6297

082~
eeL”
892~
ors”

dz1-13-6

=106

F/0€

2oL

Feoe

£1 (ppm)

'"H NMR of 3a

€9l —

0L'0€ —
109 —

€YY —

8 el —

L2192k~
ovLzL
vL6zl
06'vEL 7

SLeEvE —

dz-1-3

T
130

140

110

120

200 190 180 170 160 150

10

£1 (ppm)

3C NMR of 3a

31



(222
zz L
€21
A%
STl
9T’L
9z’)
LT
621
62}

v9's
99'G =

519~
1197

6L
-l
192~
6927

dz-2-86-2.1.fid

Me
>~

Ts—N

l0c
Feoe

H/eo.m
0oL
J00°€

0.5

o

0.

o

5

2.0

3.5

4.0

6.0

6.5

£1 (ppm)

"H NMR of 3b

[RFAN
JIRTAN
18527
LYEE~
v26E

S99V —

08°9LL —

v1°GCL ~
o€ L2
Y9621 4
68'vEL

€9'evl —

dz-2-86-2.2.fid

¢

[}
2.

w

Ts—N

X

T

o

o

3

"

4

W

U

130

170

200

110

120

140

150

160

180

190

10

£1 (ppm)

3C NMR of 3b

32



s v

1870
68°0 1
TR
9z'L 1
A%
0g’L 7§
ze'L
ee’L %
SeL

LE1

Nm.:W _—

AR\

om.vw

8g°L
e
wm.w#
om.NW
[4°x4

90°¢ —

166~
6557

[N
vL9”

6L\
veL”
892~
ors”

dz-2-68-1

eHis

57C

Me
=

Ts—N

F00'L

oo’

*zo'c

ooz

£1 (ppm)

'"H NMR of 3¢

66'€L —
12
)
mmwrm W
]

96'8LL —
S8'vCL
6€°L2) —
s9'62L
Le'vel ~

S9'eEvL —

dz-2-68-1

Me
Ts=N SnCﬂH i3
H H

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

13C NMR of 3¢

33



e —

00'¢€ —

08'¢ —

256\
vss 7

NN
INES
€z,

vzl

vZL

szLA
5z'L
9z,
1z
122
8z
621
62L
1L
gL
v9'L
9927

——r—

dz-2-78.1.fid

=20'e

zoe

FeoL

Fo6°L

0.5

5

2.0

o

3.

6.0

6.5

£1 (ppm)

"H NMR of 3d

esle—

65'6€ —
€.8¢ —

SLolL—
08'szh
6222k /
Le szl
15'82h
188zl
s9'62L \
vLvEL
8z LEL \
89°€YL

dz-2-78.2.fid

180

160 150 140 130 120 110

170

200 190

10

£1 (ppm)

3C NMR of 3d

34



e —

ol’e —

816~
08’

PO~
o9’

6L°L
ONNW
[XAVA

ccL
€TL
vTL
82,
62°L
ce’L
ve'L
[ VAVA
€L°L

dz-2-64

r

J

J

Me
S
H

Ts—N

H

Fo

60
(VR4
c0C

0'C

T
0.5

5

2.0

o

6.0

6.5

£1 (ppm)

'"H NMR of 3e

1512 —

08'GE —

y9ELL
12921
6€°22L
61821
16821
zL6zL
18621
9L¥EL T
26°GEL 7
86°€VL —

Nl

dz-2-64

o

Me

Ts—N

S

H

|
|
MM oo MMWMJN’LW

H

110

10

£1 (ppm)

13C NMR of 3e

35



ev'e—

€Lr'e —

696G~
12’

8v'9~
0597
(AW

1&%
zZeLN
veLf
Rs\

6€°L
69°L

VoL

dz-3-20-3.1.fid

- 000000

- 00

Y

=>0'¢e

£zoe

0z
£€0C

102
oz

£1 (ppm)

'H NMR of 3f

vGLe —

9L'6¢ —

8L —
Lozl
AN
9z'62h
Loezt 3
L0°0EL 7
L0284
8yvel
oz'sel
prpeerd

dz-3-20-3.2.fid

Br

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

B3C NMR of 3f

36



LT~
vz

L1'e —

dz-3-20-1.1.fid

7e0'e

Azoe

J Floe

F00'E
»Se

20T
0z

£1 (ppm)

'"H NMR of 3g

ze0T
ege”

cLse —

69°€LL —
99'9¢l
68921
€e'Le)
9c'8cl —

ev'ect
LL62)
6C°0¢)
VL veL
€8'veL
€9°LE)
zeerL

dz-3-20-1.2.fid

30

110

10

£1 (ppm)

3C NMR of 3g

37



vz —

oL'e—

€Ty —

H,N
s

Me

Ts—N

H

H

o 0.

0.

0.

£1 (ppm)

"H NMR of 3h

vSle—

L€9¢ —

82°GlLL
6v°9LL
0G'8LL /

811zl
z6'seh N
05°2zh

cLect -
a

dz-3-16-2.2.fid

HaN

Me
s

Ts—N

H

H

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

3C NMR of 3h

38



ev'e—
cle—

8¢ —

916~
8157
0Z9~
zz9”
289
vw.ow
v8'9
szL
szL
9z'L
1z1
gL
ee'L
ee’L
L2

dz-3-15-2.1.fid

£1 (ppm)

"H NMR of 3i

0s'le—

06'6€ —

€€°69 —

9LV
62'8LlL W
0g8'scl
€6°G¢l /
veLCl ~
0,621 7,
soecel *
8G'vEL
v8evL —

v2'est —

dz-3-15-2.2.fid

Me

=

Ts—N

CH,

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

210

£1 (ppm)

3C NMR of 3i

39



oL’
1%
143
[4>8

e

€6'S

mm.mV
€097
S0'9 \

9L~
6227
69°L~\
(Ve

dz-89-2.1.fid

/1

=l0¢
=006

£.0C

»10'L
00')

=l0¢

=00¢

0.5

0.0

£1 (ppm)

'"H NMR of 4a

96°¢ch —
6v'Lc —

cL0E —

£TEP
vy

evelL
cLeel M
€z leh

ol
179eL —
ZEEVL A

dz-89-2.2 fid

T T T T T T T
200 190 180 170 160 150 140 130 2 110

210

£1 (ppm)

13C NMR of 4a

40



0z’ —

e —

09y —

68'G
16°'G
S6'S
mm.mN

€T’L
veL
oT'L
LTLF
62°L
€L
€e’L

E.h\

€L,

dz-3-21-1.1.fid

I —— €06

E— - =l0¢

e — - 20

— = 60°C

£1 (ppm)

"H NMR of 4b

yS'lc—

§9°0€ —

LVvy —

26°1LS —

€6'12L
mm.mﬁ/
6¢°L21 NS
Zv L2l

si'ezl
0z'ezl
55621
ov'oEl
vrogt \
=y

dz-3-21-1.2.fid

110

140

150

160

T
170

10

1 (ppm)

3C NMR of 4b

41



€e’lL —

6€C—
§8'C
98'¢C
8¢
88'C
68°C
29t
y9'€
y9'€
s9'¢
99'¢

06'S
26°S
vL9
wvww
6L
0zL
\zL
vzl
sz
oz’
1972~
6927

dz-89-1.1.fid

=206

=loe

l0c

€0’
00}

=loe

5

0.0

£1 (ppm)

'"H NMR of 4¢

05l —

SL0€ —
82'G¢ —

€Yy —
€96V —

ZvLLL
rezn
Lrozl

zzLeL %
ev'ezl -
16'821 x
15624

proel
09'8E}

evev, |

dz-89-1.2.fid

190

170 160 5¢ 140 130 120 110

180

200

10

£1 (ppm)

13C NMR of 4¢

42



000-—

€8°0 —

9L —

9€¢C —

ov'e
wv.m/
05¢ —
89°¢ 7
oﬁm\
cLe

88'G
06'G ~

€09 W

S09

VAN
gz’
S9L~
1917

dz-3-33-3.1.fid

/]

=109

=€0'¢

=€o0c

=0'C

=00}

00’}

Lok

£1 (ppm)

"H NMR of 4d

9€'G-—

341
ov'Le”
98'Ge —
69°0€ ~

eLvy —
6667 —

g9 —

2o
veezr
zz ek M
Ly'6Th

vroeL —
PN

dz-3-33-3-1.10.fid

43

190 180 170 160 5¢ 140 130 120 110
£1 (ppm)

200

10



82'L —

ov'e —

19v
6’
€6'S

S09
209
12’9
[44°]
€29
€29
€29
vZ9
Y29
veL
veL
veL
erAVA
oT'L
99°L
19,
19,
89/,
69°L

dz-3-21-3.1.fid

L

=106

=.0C

200}
=£0'}
266'L

=90°¢C

£60'¢C

0.5

0.0

£1 (ppm)

'"H NMR of 4e

Lyl —

€.0¢€ —

SLvh~
LLvy

26'801 ~
LzoL

59°ZZ1
96221 W
svizl
8e'621
zzoeL
Lzpl —
eevt”’
£6'671 ~

dz-3-21-3.2.fid

110

140

160

10

£1 (ppm)

13C NMR of 4e

44



Ve v

8’ |
681 |
ov'L 1
v
evl |
151
Z51
Z51
251
€51 7
99} ,W
191

8oL
8.@
691

\Wwe—

1A 4
ON.V/
8TV F
om.v\
[4>n4

€96~
G957

1G9~
8597

9T L~
8zL”

[IVAN
Vel

dz-4-87-d.1.fid

'

0.5

0.0

0

2.5

3.0

8.0

5

8.

9.

£1 (ppm)

'H NMR of 4f

gt~
8L€C
298¢ ~
00°'Le

Lg'er —

1909 —

€9'8LL —

91121 —
eezl /.
ggeel 7
06'9¢1
oLerl ~

dz-4-87-d.2.fid

60

110

140

150

160

T
170

10

£1 (ppm)

3C NMR of 4f

45



8Ll —

ov'e —

[7X-2N
[7X-24

099~
1997
102
80 LT
60°2f
oLL q
122
ez ]
sz'L]
STL
9z'/ 1
9z'2 ]
8y’ |
6V,
6L
@]

dz-2-88-3-2.

I

ooy

Fooz
hso'g
Fooz

0.5

0.0

£1 (ppm)

'"H NMR of 4g

yS'lc—

§9°0€ —

g8’y —

€9Vl —
6evel
Lv'leL
69221

29'8Ch
cLech
ov,mNF\
NF,mwF\
0o0'6€l
ow.mvr\

dz-2-88-3-2.2 fid

110

140

150

160

T
170

10

£1 (ppm)

3C NMR of 4g

46



1

\Wwe—

N

Ts,
=

‘BuS

=506

€0}

0L
J20¢
£60'C
=00
¥0L'T

0.5

0.0

2.

3.0

©

8.0

5

8.

9.

£1 (ppm)

"H NMR of 4h

99l —

¥9'0€ —

00'v¥ —

LOELL
LrGLL
vo'SLL
(TR TR
YIRS
Lg'62L ~

cL el
SLveEL
¥8'velL \
[4'h44%

25091 ~
8629l —

dz-3-2-1.2.fid

60

110

140

150

160

T
170

10

£1 (ppm)

3C NMR of 4h

47



he—

LIS~
€157

LE9~
gc9”

05,

Nm.hV
[P
VNN\

dz-3-2-4.1.fid

Wmo”m

=l0'¢

=l0¢
*00'¢

£1 (ppm)

"H NMR of 4i

19°0€
80°LE —
cL'se -
86°GE /
vevy —

sy el —

86°GCl
ceoct W
gl'lch
06'vEL —

L5951 —

dz-3-2-4.2.fid

Bu

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

3C NMR of 4i

48



dz-2-88-1-1.10.fid

Ms

Bus N-Me

H H

—3.19
—2.89
—1.38

630
{628
587
{585

9.07=

0 10.5 10.0 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. 0.0
f1 (ppm)
'"H NMR of 4j
dz-2-88-1.1.fid 3 g ~No o
0 0 XN~
N -~ <t NWOoO
- - T OO®
[ [ ZEENIERN
Ms
‘ .
Bus N=Me
I
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

£1 (ppm)

13C NMR of 4

49



celL —

8Ly
ON.V/
ey~

vev -
wm.v\

15N 4

6€G~\
s

199~
6997

dz-3-14-1.1.fid

— N

—

£20'6

¥00'C
=0

£1 (ppm)

"H NMR of 4k

Ly'0€ —

18y~
ersy

G9C9 —

06°1L0} —

§6'Gel —

29961 —

dz-3-14-1.2 fid

200 190 180 170 160 5¢ 140 130 120 110

10

£1 (ppm)

3C NMR of 4k

50



S0'L~
oz'L—

e —

65 —

-.0¢C
206

60'¢

»00'L
~00'L

Fovz

=00'C

1 (ppm)

"H NMR of 41

e~
€L L~ -
SShe~

¥9'0€ —

Sbvy —

€6'1S —

vozeh
0€'€CL - =
8e/2l

1 (ppm)

3C NMR of 41

sg'6Ch
LE9EL -
vrevl \

S xA%
vi'sch
mv.mmv\

dz-7-10-2.2 fid

T
180 70

190

200

10

51



060
160
260

Le
ce’
e
og’
€5’
S’
S’
SS°
SS°
95"
95"
95"
15"
15"
851

19'€ \

mom\

oL€

U N

LS —

12BN
1567

679 —
LeL
ceL
ceL
ve'L
Se'L
og’L
8€'L
8€'L

22J-15-67. 1. fid

SBu

n
,Bu

Cbz—-N

H

H

.

0'C
0'6

Aoy

=l0c

Foo't

60
1>

£1 (ppm)

'"H NMR of 4m

16°€L — -

S6'6L — -

08'0¢
08'0¢ v

Yevy ~ -—
ANl

G9'L9 —

so0'sch
so0'sch

z1'8zL 3

gs'8clL
gs'8clL
95'9¢€L — I

9651 — 7

fBu
/ SBu

Cbz—-N

fid

2.

272J-15-67.

T T T T T T T
190 180 170 160 150 140 130 120 110

T
200

10

£1 (ppm)

13C NMR of 4m

52



ev'lL —

997
9991
€69 1
569 1
621
1L
€€
1827
6e L
8y’ L
6¥°L
052
05~
25,
25,

IR 2N
c1g’

dz-8-68.1.fid

J

=206

001
/860
10T
6L
*00C

0.5

0.0

0

2.5

3.0

8.0

5

8.

9.

£1 (ppm)

'"H NMR of 4n

16°0€ —

€Yy —

dz-8-68.2.fid

110

140

160

10

£1 (ppm)

13C NMR of 4n

53



5
=l
°
s
o't
el | e
ge'L © 051z~
L&t . 09'€z —
6L Fo L8z —
or'L wmmo.w_, §5.0€
TN // o Y [LoRARS
0s'L oLy |~
cs'h vy —
vS'L wm cegy —
55°L
ovz— — E—— 1 RN
L
0gE\ °
Nm.mw — \ﬁuj\ Foov| .,
ge'e Lo
LS -
n 4
Fa . fm
B
122
=
o Z
e
€6'S
: e/
56' — =T oov|3 mu L6117
56's €L,
16S . ve gL’y
- K .
T Z s 056zt ”
Xz 829l
y [7] | e 0E'EVL
-
STLN _T - o
1217 I 8Ty o
992~ _ _ Nk
8927 W = 20¥ ]
Mo
["od
" o
Z- Mo
3
T o
3 :
2 T z
- o
o
8 2 3
L h ?
e ° 3

60

13C NMR of 40
54

110

200 190 180 170 160 150 140 130

210




dz-4-53-1.1.fid 8553 88
NI~~~ © ©
VN ~

_Me
Ts=N  SBu

H CHa

—3.09
—2.4
2.04
2.04

L3

1.32

T T T T T T T T T T
.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.0 2.5 5 1.0 0. 0.
£1 (ppm)
"H NMR of 6a
. n 0 © ©

dz-3-30-2-1.2.fid o SN8S3 < ™ © 0w

® VWO NW® N R

< ®ONNN N~ NN O~

- v - <~ ™ O~

[N e | < 0NN
Me
Ts—N  S'Bu
H CHs
I
MMMM:ML | &
N oLl ) "
ANy W | W ! 0 R U UL MM
T T T T T T T T T T T T T T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
£1 (ppm)

13C NMR of 6a

55



EL-Av)

1801
680
vZ'L
9’1
221
8T’
6Z'L
€e'l ;
yEL

8vL

Om._\)ﬁ _

(4 aa\E

Sg6°L

S6°L v.
42N
s9C

h@.NW
89'¢C
16¢C

mw.mv

0L'S

8TL~
oeL”
89/~
oLL

dz-4-55-2.1.fid

SCyH 13

Me

Ts—N

Hj

€l'e

o09
Feie

2z
21T
»20°€

=0'c

€0c

£1 (ppm)

"H NMR of 6b

LovL
ce0e \S
€5'1e
Lg'ze V
8¥'8¢
96'6¢C V

8€’LE
9L°9¢ /

16722\
€922\
LG'6ZL ~
85 vEL

toveL

crevL —

dz-4-55-2.2 fid

o

S"CqH,3
Hs

Me

Ts—N
H

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

3C NMR of 6b

56



e
S6'C
L6°¢C
86'C
66°C
oo'e
Loe
co'e
vo'e
€8'G
¥8'S

[——

8T L~
e’
192~
6927

dz-4-55-3.1.fid

avll

Me

Ts—N
H

=00¢C

=60'¢

0.5

5

2.0

o

3.

6.0

6.5

£1 (ppm)

"H NMR of 6¢

6112
1512 A
19'sZ =
16'S2 /
6L€€
18'9€ 7
sezy ~

YerT
€521~
25621 —
86'LEL

1veL”

eyl —

dz-4-55-3.2.fid

3
Hs

Me

Ts—N
H

110

10

£1 (ppm)

13C NMR of 6¢

57



hm._‘v

L6°L
e —

v8'c —

€6°¢ —

SL'G
9L
9L'S
9.
0z'L
0z'L
\zL
1z
(AR
€TL +
AN
vz L
szL %
8T'L
62
gL

dz-4-55-4.1.fid 2383
NINNN~

Me

S

Ts—N

H,

H

JLMJL_J

£90'1
09
0T

£1 (ppm)

'H NMR of 6d

0802\
zs1z”

CL'ge~
€29¢

6G°/2L
8v'8cl -
99'8¢) I
9G'62L

|
eveel \
*

vo'vel
oL'zel W

e veL
S9'LgL
Lgevl

dz-4-55-4.2 fid

Me

S

Ts—N

Ha

H

30

110

10

£1 (ppm)

3C NMR of 6d

58



100

£1 (ppm)

3C NMR of 6e

59

120

130

140

160

°
Fe
°
s
L
© [INFAN
o g Al
L
. - 1028 —
Yy .
s - =2ue |
- [ei
eve— E— = =¥ze |9
i =3
20e— —_— =/0€ [
o
e
c g
o G
Ls 5]
: m m
Leé
g
° Z.
[ (IR 14}
. ) v9 L2l
266 _ e = .
16'S 00 g 16'8Z1L
ozs L1621
2L K 59621
. 9 65 1EL
8T, RSN
. orzel
8z L ° ey
8z, Fe vLTEL
A YovEL
gL T = T0e'L Rodg
om.ﬁ L2 89'eylL
gL -
S.N% — *€0T |
ves] [«
ze L
zes] b
&
wwi
o] - &
x
vesd ., O
kel [}] o
= =
z M.N N
o 1 a
© W ©
9 = °
M N
N N
el o

S
H,

Me

Ts=N
H

190 180

200

10



oo._\v

99'L
ev'e—

86'C —

6L€—

VLS
VLS
LS

LS

189\
€89’
6zL
6L
0g'L
gL
gL
€L
e
viL

dz-4-56-3-1.10.fid

(PRI

Feee

e

Foe

£1 (ppm)

'H NMR of 6f

95°0Z
vsiz”

SlLLe—

€€°69 —

SPphL~
80zzt

oLzzL
VIR
15621 ~
£SVEL
96'5E1

66'SE4 7
9g'erL —

¥6'651 —

dz-4-56-3.2.fid

Me
s

Ts—N

CH,4

Ha

H

110

210

£1 (ppm)

B3C NMR of 6f

60



9Ll

9L'L v.
Leec~
eve—

c0e—

S6'G
wm.mv
90°L
80°L
60°L
oL'L
L
€L’L
SL'L
LV'L
6L°L
Le'L
€e°L
2Ll
€L°L

dz-4-56-7.1.fid

Me
S
Hs

Ts—N
H

=00°¢

N

=20'€

# ~l0e

FlLoe

£1 (ppm)

"H NMR of 6g

oL'le
NN.FNW
8G’L¢e

PAA

ov'sel
v9'Lcl
€6'8¢cL
cLect
v9'6cl ~
8621 %
66°LEL
vyeel

Le7egl
SOvEL
v.'8¢cl

vo'evl

dz-4-56-7.2.fid

Me
8

Ts=N

Hy

H

T
90

110

T T
150 140

T
160

210

£1 (ppm)

3C NMR of 6g

61



mo._‘v

99'L

yeT~
ev'e

10'¢ —

5
Hj

Me

Ts—N
H

=20'¢

-10°€
“so0'¢

=o€

JLO'L
V6L

o

oLe

T
0.5

5

2.0

o

6.0

6.5

£1 (ppm)

"H NMR of 6h

0202~
ssiz”

06'9¢ —

So'vel /
9€'9zL
99°/¢2) /

dz-4-62-2.2 fid

Me

S

Ts—N

Ha

110

210

£1 (ppm)

3C NMR of 6h

62



ev'e —

gLe—

046~
[7X-4

o9~
8v'9”

8L°L
vN.h/
€TL
mNN\
ce’L

ve'L
69°L

[ YAVA

dz-3-19-2.1.fid

Cl

w =o'e |

£1 (ppm)

'H NMR of 6i

¢Sl —

LLGE —

6ccLL
6c°L2L /
co'ect
gl'ect
6.'6cl
26’62
8G°CEL U
6y velL
€GveEL N.

90 v¥L —

dz-3-19-2.2 fid

Cl

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

3C NMR of 6i

63



180
€80
g80
6c'L

L
6v'L
1S'L
€5°L
S5
1571 \
12T
NN.NW
vee’s

cr'e

€Lre—

059 —

6L
[l
192~
6927

dz-5-12-1.1.fid

-

—

5Bu
"CaHs

Me
=

Ts=N

H

i

L

80°¢
=106
Fsoz

=lL0¢
=€0'¢

=l0'¢

=00}

=00C

00

£1 (ppm)

'H NMR of 6

LzelL —

[T
ez’

161e’
6eL8—
ey —
6V Ly

ov'LeL
€6°L2) W
89'6¢l
A
6vcel \
Y6 veL

yoevL —

dz-5-12-1.2.fid

s'Bu
C3Hs

Me
=~

Ts—N

H

90

110

T
140

T
150

T
160

£1 (ppm)

13C NMR of 6

64



v U
980 |
1870 1
L1 |
AR
zTL
AR
€z’
Vel %
9Z'1 1
621 )W
or'L
gyl
05'L
zee
vN.NW

ON.N\

e

€Lr'e —

059 —

622~
-
191~
6927

dz-5-12-2.1.fid

Me
S5Bu

Ts—N

N

"CgH1a

H

=zLe

m\mo.o
=€0'6
kLT

¥50'¢C
=€0'¢e

Froe

Loos

Ferz

Feoz

£1 (ppm)

"H NMR of 6k

SOvL\
s’z

19ze

erecy”
€8'8z

09'1€
16'1€
LE°287;
oe'6e
6v'Ly—

6€L2L
L1'8zh A
9962} 7,
1€2€L w
96'vEL

c9o'evl —

dz-5-12-2.2 fid

SBu
"CeH13

Me
=

Ts—N
H

90

110

T T
150 140

T
160

210

£1 (ppm)

3C NMR of 6k

65



vau
¥S0
S50
960
960
LS80
890
690
0.0
040
120
cL0

09’} —

ev'e—

ske—

969 —

AN
zeL”
194~
6927

dz-5-11-1.1.fid

Me
s'Bu

Ts—N

20
sz0'C

w =126

u 0T
= =0T

'H NMR of 6l

L — =

G961l ~ ——3

85’1

G6°0€ ~ ——y

s6'1e”
€02~

8 LY — I

Llcl /

gi'ect V

VAT —_—
ey /- 3

09'LEL \

L8'vEL

vLevLE — —

Me
s'Bu

Ts—N

dz-5-11-1.2.fid
(LU

l

110

T
190

T
200

10

£1 (ppm)

3C NMR of 61

66



980
801
88°0 |
911
AR
1z P
AR
8zZ'L
8z
62'L

et
oL ]
1871 ]
8¢l
6L 1
[0
€51 |
sl
o511
1571

122
[INA
vLT
062 1
6L¢’

9€'9 —

Ms
S
Bu

Me-N

Z6L'E
006
7L6€
5zT
A%

e0C
p0'e
¥S0'€

=160

£1 (ppm)

'"H NMR of 6m

9l'vlL —
L9'¢cc

69'8¢
Nv.mNWm

ov'6z
851 —
mw.mmw
68'vE \
0°'9€
80°8€

veoct —

88l —

Ms
S
Bu

Me-N

I

110

170

10

£1 (ppm)

13C NMR of 6m

67



60°L —

e —

9€'e —

272J-15-52-A. 1. fid

Ts—=N

SBu

=20'¢

Jmm.o
v.0'S
sz
Jvoe

0.0

8.0

8.5

9.0

£1 (ppm)

"H NMR of 6n

01—

9L'1e —
8L°LE —

88 LY —

60°G¢2L
Lv'leL
c9'Lel
gecect
8¢€'8¢cl
€6'6CL
e veL ~
86'vEL /
eyl
66'evl

Me
S'Bu

Ts—N

200

180 170 160 150 140 130 120 110

190

10

£1 (ppm)

13C NMR of 6n

68



€e L —

8€C—

oL'e—

Js
Ph

Me—N

22J-15-52-B. 1. fid

S-1Bu

H

LS

=L0'¢

v0'L
H/n__\.v
=l0c
=00¢

£1 (ppm)

'H NMR of 6n’

€L —

291 —
Ge'LE —

Le6V —

0'8Cl
60'8CL
182l
962l
8862l
v sel
€L°G€EL /
SL'9eL
12°9€L
6Levl —

Ts
Ph

Me—N

22J-15-52-B. 2. fid

S-Bu

110

T T T
160 150 140

170

10

£1 (ppm)

3C NMR of 6n’

69



_‘T_‘v.

'L

Wz —
Lo'e
oo.w%
L0°¢
60°€ \

0L'e€—

6v'v
Bew
sy

Nm.v\
vey

1e's

Nm.mV
1SS 7
mm.m\
609~
e’

Dz-2-76-2.1.fid
DZ-2-76-2

=<20'¢

0'€
0'C

/7

B
- 102

£1 (ppm)

'"H NMR of 9a

[1-3¥
62'82 ~
v9'gE

£e26\

1925\
oLres”

L2208 —

vLLLL—
G6'GZL
veLZL
esezt”
6vveEL

68l —

€6'vSl —

Dz-2-76-2.2.fid
Dz-2-76-2

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

13C NMR of 9a

70



zsie

LS 1€'82 ~
ve'se

o 80°LE\

Boc—=NH

Ph—)

dz-3-25-2.1 fid
Ts=N

o 6005\
€925~
4 98'es

1£°08 —

0
1 (ppm)

"H NMR of 9b

om.mmr/
61921

mm.nmr%
L2 61821
2582k
- 16824

[ mo,mﬁ\

—= e om,m?\
Ly Lo zesel
=51 [ 25148

° 16751 —

99°0LL —

dz-3-25-2.2 fid

1 (ppm)

3C NMR of 9b

71

S
_S—COZMe

Boc—-NH

Ph—)

Ts—N




€e’l ~
L

{2
ho.m/
80'¢
mo.mw
oL'e

e —

sy
mm.vw
vSy
0€'S
Nm.mw
ze's
om.mx
25’
pLo~
919’

05,

Nm.hV
69°L7
EN\

dz-3-25-3.1.fid

<€L'6

~80'6

— - 6'C
6}

/ = Fo8'0
- == =001

== Foo'L

— ot

0.5

0.0

£1 (ppm)

'"H NMR of 9¢

6282
mo,FmM
11GEN
v9'GE 77
-

157TS~
eLes”

8C°08 —

S6°9LL —
0L'9ZL
gL szl T
@ENF\
vsveL

26'vSL ~
18951 7

SL0LV—

dz-3-25-3.2.fid

T T T T
200 190 180 170 160 150

210

£1 (ppm)

13C NMR of 9¢

72



8¢’ —

§8'C
No.m/
€0'e
90'¢
ho.mN
cl'e
0L¢€—

6V’
om.vw
34
Nm.v*
€Sy
9€'S
wm.mV
¥S'S 7
wm.m\

919~
8197

dz-3-32-1.11.fid

s

/S0°€
“ove

£1 (ppm)

"H NMR of 9d

118~
se'se

eLe
Sy

15725\
09e5

2c08 —

oV LLL —

¥8'Gel —

98'vSlL —

dz-3-32-1.12.fid

T T T
160 5¢ 140 130 120 110

70

T T
190 180

T
200

10

£1 (ppm)

3C NMR of 9d

73



ey
6621
00°¢ |
z0°€
Y0'€ |
zre
€1°E
9L°€ |
1€
69'€ ;
LEY

ob'¥ |
£V |
vy
15
Nm.fk

€51
e a
SGb
€0's
90's
80'S
oL's
LS
IS
9€'s 7
ges
B.m\
65'S

oL's

(7%

zz.L

zTL

AR
YT L
sz,
ozL ;ﬁ

A

////

¥ 00k
va.o

Fooe

s0'c
880

4

612

W R

S6°0

Foz

Fsel

9.0

(ppm)

'"H NMR of 9e

f1

LG°12—

9L°9¢ —

89'¢S
€.°2S
€EYS

90°L9 —

svezl
Tzl
ov' szl
L0121
61821
61821
oz'8zl
9z'8el
se'szl
ss'8zl
89'62) ~
9G'GEL
v6'SEL
0z'9€el
08'erl —

09'651 —

v1L0LL —

dz-7-11.2.fid

Cbz—NH

1o

140

150

160

70

10

(ppm)

13C NMR of 9e

f1

74



dz-3-59.1.fid

Chz—-NH

£1 (ppm)

"H NMR of 9f

8yl —

09'GE ~
eLLe”

99°CG ~
€L'ys

0129 —

9eLLL —
61921
0e'Lzh %
L8zt
€28zt

1g'8¢l N
69'6CL
8y veElL \

L0°9¢L
g8'evl

6¥'GGL —

Se0LL —

dz-3-59.2 fid

90 80 70 60 5 40 30 20 10

100

13C NMR of 9f

110

130

140

180 170 160

190

75



980
880 -
680 Fs
060
060 °
260 Fs LipL—
A ) A
szl Le oLz
ozl suze
e T s LS 6.7
1oL . P S0'9E\
€9l i 8r'oc
vo'L % C s ol on—
S zzL
9oL 7 o £5vy —
L9} L 2087
e bs'1s
6821 - _ LL€S
oze | ~€6C | = .
v6'e | oz 1£°19—
. _— o
mm.m; - Koot = §e 29—
€Ly — Rpg
R 60 1
5a Le
SLp Y .
v —_— Torl [T e
A -
Mw.w\m _— W.MEF (=)
oo ff = RE6L 2 o
S — Xery o
ozv R 2
o 60 [T
[ Les 86°6LL
mNV; 1w - i
g szeTL
g€y - N cLgzlL
vy ] [ 05921
. 60
mm.w_ = mMo.F [ m_u Lzl
99 | Roor [# 58°22)
8% vilzL _ _
18' 4 L2 zeszh
585 60 eg6zt /.
o e L9€el
285 | 60 LT
66°S — 80 )
009" T — 6¢ | w 8LEvL >y T
2& — & ers (o 0 il &
SLL — 0z
€z CJ.._% ﬁa,r e SL'95)L — O
STL 102 J
9z, =2 O
Lol I © SZT691 T
6e’L 8e'69L
€11 L Le 7 T
wm.l = s 1ZTLL =
S
geL T .
2 L
ov'L 8] B I
w..i _ P s . ...m _ (@]
09L ko N
Y o = : =
L T = T8 iy = T
8. L £ 3 ] S
mw.n - I - < 7] m
XL - N [ L
© L ©

100
£1 (ppm)

3C NMR of 9g

76

180 170 160 150 140 130 120 110

190

10



vo v

1670 1
€6°0 1
8¢l 1
6€} 1
v
ST
112
6121

:\.N;
262
96°C 1|

=

2672 | B

00°€ 1
10°€
Le W
2L'e
rLE
LL€N
9 1
8EV
ov'v 1
SY'v
Ly'v
nRas
6%
m:%
LL'YA

€06\
B.m/
(A5

s167

€8'G

mw.mV
06'S
16'G
€6'S
S6'S
yxAVA
62°L
62°L
LeL
ceL
ve'L
vl
V'L
99'L
89°L

—_—

dz-4-65-1.1.fid

//[ J/

|

“ .

/A

COsMe

=6l
= €6'¢C

W 80'¢
860
A 260

W 60

zLL
A 160
v 60C

W 0o0'L

16°L

€00l
€80
=902

0.5

0.0

£1 (ppm)

'H NMR of 9h

26°LL
cL8l V
€6'81
v§'le \
L6°0€

Log
w_..mmv

8905\
SLTS
czes”
08257

¥6'99 —

A AT
oLoct
VAXAY

00’8t
cl'ect
05’821 -~
6,621 W
88'¢ccl \
LT'9€L
S6'evl —

¥0'9G1 —

dz-4-65-1.2.fid

sMe

co
/-

110

140

150

160

T
170

10

£1 (ppm)

13C NMR of 9h

77



dz-8-22-2.1.fid

H

=

H
N

S
s _S—COZMe N
Boc—NH

O

MeO

0.5

0.0

£1 (ppm)

'H NMR of 9i

g9l —
[ARTAS
I T4
62'8¢

8y'9¢ —

68°LS
§6°CS V
L6'€S
G99 /

€108 —

ccoct —

L9'lel -
8¢'6C) /
Logl
09'9¢L /
29°erl ~

00651 —

dz-8-22-2.2 fid

H

=

H
N

S
s _S—COZMe
Boc—NH

O

MeO

200 190 180 170 160 5¢ 140 130 120 110

10

£1 (ppm)

13C NMR of 9i

78



e

Fooz
el

Feo'L
60
6°C

F.6'C

#/0'L
060

Fue

/60
880
F670

Bog'L
Syey

r00'C

£1 (ppm)

'H NMR of 9j

51z
1oLz
8,««\
09z

€99¢ —
6.6 —

99'15\
€125
zrvs
68857

10,9 —

S5°021
5121 Y
90'8z1 W
518zl
es'gzL
sz62l
ersel
0g'9¢l
or'9el
€9epL /

8L'9G) —

12021~
NVInd

dz-8-47-1.2 fid

MeO

Cbz=NH

O

200 190 180 170 160 5¢ 140 130 120 110

10

£1 (ppm)

3C NMR of 9j

79



g€’
PAY
ov’
Sv

- -

o

e
vie
sie
€Le
oLy
Lz
627
vey
8Ly
6.7
08t
08'¥
18y
87
62G
62°G
1e's

E.mN
mw.mx
99°'G

129~
6297

[42A
vr.m/
6C°L
rm.hw
gL

0L'LT
_\NN\

cL L

dz-8-27.1.fid

0°¢
10’6
0’6

reee

€28l ~
zgiz—
1622
0e'8z —

96°9¢ —
SG'6¥
600G ~
€9'¢s
89°CS N.

€6'6L~
9¢'e8

£1 (ppm)

'H NMR of 9k

85611~
0z'52h ~
vrizL—
so6zL 7
€6'581 ~

ve'evl —
9€'6G5L —

1G9~
ccoLL —
0LeLL

dz-8-27.2 fid

200 190 180 170 160 5¢ 140 130 120 110

10

£1 (ppm)

13C NMR of 9k

80



g0 v
960 1
860 1
vl
RaR
vSL ]
95} 1
151
851 1
65} ;
09'}
1oL
z9'L JW
291
€917
v9'L
2L
E.;
m:\
vz

ey
gle~

vLE~
00% .
e
vy
mv.vV
0S¥
1Sy
202
€5
vS'y
95y
R
€L's
106
6L'S
80'9
019
cLL—
SLL
ze'L
ve'L
89'L
0L

e

dz-8-30.1.fid

909

70081
e
ol

Feoe

£ 610
¥60
Fzou

0.5

0.0

£1 (ppm)

'H NMR of 91

0s'1T
om,&/
1822~
sLve”
06°LT

€282 \
€9 —
S5y —
LS

mm.NmW
2Lz
LL'€S

2008 ~
6187

[2 074NN
[ WEARN
y8'L2h M
£8'621

coveL/

0S'vvl —
8065l —

€0°L9L
19021~
voLLL

dz-8-30.2.fid

190

170 160 5¢ 140 130 120 110

180

200

10

£1 (ppm)

13C NMR of 91

81



¥6°07
S6°0 |
1601
vyl |
o'l |
1G'L
€8}
551 |
951
16717
1671
86}
651
19'1
191
€91
vl ]
59’1 ]
99'L
0.1
L2
€L
SLL
£v'Z
e
zLe]
8L¢
61°¢ 1
zze ]
cze
zr¢e ]
0%
607 |
127
62 |
sy ]
0S¥
0S¥
202
€5
59
19
89y
69'%
or's
8r's
61°G
18'S
019
zL'9
1z ]
€zL
1e'L

L

..h
£5°L
8L
WL

s D ——

ML

&>
&
&

&

HN-Boc

0O

MeO,C

N|
HN—( Ts
0
O'Bu

e

=gGl9
#0181

= €0
Al

=60¢

R R
[N NN Nel
S-S 8o
e ]

R 860
Feol
7 60

v oL
=~ €02
960
Ayl

£1 (ppm)

'"H NMR of 9m

8c'8l
mmém/
ww,rm/
6L¢C~
18ve
16°Lc
Lz'8¢ \
¥0'9¢€ —
vy —
S8'6¥
0c'Ls V
ov'Lg
19'2s \

¢8'6L~
8818

velzh ~
8y'Szl
iz —
zg62L 7
z9veL —

9€ vyl —

Ly'GSL —

85291\
PLOLLN
6LzLL
arest”

dz-8-31.2.fid

-Boc

&>
&
&

O HN

S
_>--"NH

MeO,C

=
Ts

H

N
ey
0
O'Bu

e

60

110

140

160

10

£1 (ppm)

13C NMR of 9m

82



se'L
2021
zre
vre
oz
18T
962 |

96'C ;
662
00°¢ |
20°€ ]
v0°€ |
o |
60°€ |

Le

NZ!W
pLe
L9

No.v/
.mof%

€0'v

o'y
0¥
0¥

80%
[l
vy
vy
Sv'y
Sty
vy
wm.m\
06's

¥0'9

909

G699~
1697
i
L
Y9LT
99°2 7
1e8
ceg”

dz-9-81.1.fid

S~
T~
~
T &
. e F
35
/
O 2]
---\
Iz
Q

=96'0
660

=68’}
G

=== *680

1 (ppm)

"H NMR of 11a

106~
iz

so8e"
€0°0¢

t.NmM
0e'5e\
1668~

8G°¢S
mw.NmW
2¢8'es

19'8L—

6€6LL —
88'GCh\
LG°/2L ~
LyoelL —
80'vEL —

o€ vyl —

LL'SSL —

dz-9-81-c.1.fid

30

40

90

T
15¢ 140 130 120 110

T
160

T
190 180

T
200

10

1 (ppm)

I3C NMR of 11a

83



611
AR
€z'L |
82’1 |
vz
99 |
192
0.2
Ea%
1621
L0°€E 1
€0°€ |
50°€ |
10°€
z1eq
€LeN
GL'E
Qn\
6L'E
mo.v/
[R%

ﬁeﬂ
S«ﬁ
Wy
Dad
Srv ]
Sty

ﬁ
mv.v_‘w

8v'y |
6vv ]
10°G
¥0'G |
90's
ors
¥6'G |
96'5 |
809 |
oo
%s;
9L 1
8¢/ |
ovs]
L
evL
L
VL
65L
192
692
VL
vt'e
o8

lyg-4-29.1.fic
o
|

m\ov”m

JyoL
0

60
m/ho.v

Fsie
Fsoe

Fere
10'L
0L

0'G
= z00'C

-— = ﬁqv
0z

=
\ oot
=T
&
N
-]
o

13.5 13.0 12.5 12.0 11.5 11.0 10.

9.0

9.5

10.0

5

£1 (ppm)

"H NMR of 11b

ge'rl—
sylc—

£L'5e
mm.mmV

99'15~
2285

erl9—
G6'G9—

mw,m:
F.mw_,/
SERAA
glegl
LZ'8ZL
6.8zl
eroel
no.wm_,\
LeLEl
nm.vv_..\.

ZZ'9sl—

L7 OLL
mw.I_._‘M

ZT

Chz.

léu lél) 1‘1[} 1[;0
£1 (ppm)
13C NMR of 11b

T
140

T
150

84



e

pANS
mo.m
44

m/mo.r

6Ll
£80°L

=880
0'S
e
0'L
160

Le

Foo'L

1 (ppm)

"H NMR of 11¢

yle—

98'58 ~
oeoe”

6L07
225\
60'€S ~.
ov'ss”

2099 —

19°0LL ~
oLeLL

dz-6-1.2.fid

=\
~ ,NH
OMe

110

160 150 140

70

10

1 (ppm)

13C NMR of 11¢

85



ov
e
cle
€Le
14 x4
v
91T
11T
€72
68C 1
1621
66C 1

z0°€ 1
¥0°€

oL W
e

eref
vLeq
¥9'€1
A
56°€ 1
96°¢ 1
16
86°€

e r—

Sty
a4
a4
(a4
(a4
1Sy
06'S
E.mV
80'9 7
o—.o\
119
189\
68'9~
9T L\
TN
8y’ L

L9°L
89°L
69°L

0e'8 7T
Nm.w\

dz-6-44.1 fid

S.m; -

NH,

0. HN-Boc

g1z
=0¢
/80°€
o
My
=00
£80'}

860
=00'L

€60

80
=960
kA
-102

0.5

0.0

"H NMR of 11d

8r1ZT~
818z
2982
68'1E
LrGeE~
16687

6525\
28¢5 -
0€'vs /

8G'8L —

€e6lL —
18'Gel N\
9G°LC) ~
ey oel —
9lL'velL —

LEYYL —

99651 —

PO LLLN

dz-6-44.2 fid

0. HN-Boc

NH,

110

140

160

10

£1 (ppm)

13C NMR of 11d

86



ig-3-T8-2.fd

S

e ——g =50¢€

S,

Loe
%_‘o,_‘
ool

]

=

[ ‘
T
w

€0¢

|
S

oz

N

I
UL_AJ
Ty T
=] —
oo )
— (7]

—

———— [szs
J— S0z
- Feso

4.5

5.0
£1 (ppm)

"H NMR of 11e

T T
5.5

6.0

BEPL—
sylc—

5756,
EE5E
gr e’

98'15~
lz'es"
L L9—
PE'Go—

avell
9.'6Zl
85°LC1
al'ezl
gz'ezl
8.'ezl
Zrogl
v_..vm_‘\.
eeLel
wm.vvr\.

§H95h—
EF 0Ly

09'LLL—
D_..mh_‘.\.

1yq-3-T6-2. 2. £id

f1 1?}2111)
3C NMR of 11e

110

T

120

VI Y
T
140 130

160

150

130 180 170

200

87



9C b
9z’
8Z'1 1
e
s6'C
9z'e
8zt
62°€
oLe
eLe
eLe

SLe _

00'%
0¥
€0y
o'V
wr.v:
8l'Y
0z
[ZA4
LEV
€EV
SEV
1LY ﬁ
mh.v#
6.7
08
18'¥
[4:24 %
(1]
4%}

dz-5-81-1.1.fid

Fo0'¢

¥56C

g AkA
2zo'L
o

20°)
w\mo.u
F66°0
500’}
0'C
F00'L

/160
=160

02
- MWmo.o
o= *00¢

£1 (ppm)

'H NMR of 11f

SOvL —

€g'le—

Z6'SE~
ceoe”

€826 —
1266~
1229\
18297
zTL9—

rr.m:
hm.wmr/
f4 x4’
€0'8ch
8l1'8cl
€681 -
6621 /
:.vmrx
60°9¢)
86'erl —

ev'9gL —

dz-5-81-1.2.fid

Chz

Wi

i

200 190 180 170 160 150 140 130 120 110

10

£1 (ppm)

B3C NMR of 11f

88



LV
8Ll
or'l
W
95T
80’
ole
ol'e
e
9e's
ere
Lz
Aa |
s
sTh
9Ty

lg-3-72.Lfid

= —i0¢

=006

)

Fose
3
= hogy
HJ Foo
~ ﬂ,moe
204
N hggo
oz
.u_.mmo
peol
Mm 160
|
|
s e ey
D Jmmoe
o ..IJ Rggl
n
.:._\ l‘y
= —=
o
e 7=
8
(&

4.0

4.5

fLEEI;m)
'H NMR of 11g

5.5

6.0

588l
z51z”
5602~

98'5E~
gg9e”

8887
9€'e5—
SOB5~

8L'L9—

Ze'e8—

qm,m:
B.wm_‘/
izl
96'.2h

sl'8zh

z58zL
or6eL
wm.vm&m
LV9EL

BeErL—

04951 —

PL'891L~
FS0LL-"

lg-3-72.2d

L

LI

—
u 3
fWB k-
(o} %) —3
...:\ /v
z -z } ]
(N“O —nla ]
.M.J
[e] _.NH
T N
8
o

100
£1 (ppm)

BC NMR of 11g

150

160

40 30 20 10

50

120

130 180 170

200

&9



-
N
<

T ——

dz-6-4.1.fid

CO,Et

OH

£00°L

0.5

0.0

£1 (ppm)

'HNMR of 11h

Lyl —

98'GE .
veoe

8C°¢S ~
8Y'vS T
mm,mm“
¥2'09
€099 —

1G°GLL
€90 /
v6'vel
oe’Let
09°L¢c)
oL'ech
I 142
L,.°8¢) \
ov'oct
hv,owF\
€€9G1

159517

26011 ~
LVeLL

dz-6-4.2 fid

CO,Et

OH

110

140

160

10

£1 (ppm)

BC NMR of 11h

90



(273
LLY
€L1
SLL
LUV
101
6.1 1
08l |
18°L
86°}
9e°T |
gez
ore
Nv.TW
vz
€61
mm.ﬁﬁ
9621
86'Z
v0'e ;W
S0+
B.m\
60°€

16'€

66'¢
00'¥
104
[A'h4
15N 4
6EV
or'v
344
'y
e’y
mw.mﬂ

S8'S
ro.w\
€09
689
16'9~\

mm.m/

Wi

09'L
19°L
9L
29,
vw.w&w
9C'8

dz-6-66.1.fid

f/f //{ /[ [/

=/6°0
=660

O, HN-Boc

£1 (ppm)

'H NMR of 11i

6051~
81z

No.wmﬂ
S0°0€

mvmm%
zeseE
16'5e

8G'¢CS
vw,NmW
¥8'¢S

198, —

Le6LL —
06'G2l
PA XA
ey oel —
oL'vel —

9€ vyl —

LL'GSL —

€0 LLL
8eCLL

dz-6-66.2.fid

O. HN-Boc

200 190 180 170 160 5¢ 140 130 120 110

10

£1 (ppm)

3C NMR of 11i

91



viL

N4
mm.v/
Wy —
96’
86’V V
oo.m\
L0'g
68°G
06'G V
2097
€09 \

62'L
mmx/
VL~
'L
N@.Nx
vo'L

SYg~
org”

single pulse

Z7J-15-8

700'%
Tso9
ThLL
AZ0't

=.0'¢

700°€
bz

Fose

Fzo'L

MMo.m
ez
Mz

k60

0.

o

0.

0.

0

5

2.0

o

3.

7.5

o

8.

8.

9.

£1 (ppm)

'H NMR of 11j

16€L—
9012\
viTe~
08'Le
16'1€
orve

¥6°0¥

8625 -
ov'vs
609 —
6€°G9 ~

mN.mFF
oe'gel /
8lL'LcL

| YAVAAY

3:X4% V
@m.wmr\
_.o.om_.\
mm,mm_.\
v0'LEL

S6'evl \

26'G5L —

SE0LL~
veTLL

single pulse decoupled gat

Z7J-15-8

60

110

T T
190 180

T
200

£1 (ppm)

B3C NMR of 11j

92



611
12
zT L
6£T

z8'C

962

86T

66T

(%>

oL'e

8Le
61°¢
L0w ]
80V 1
607 |
oLy
v
Ly
[ANE
RS
85y |
097
891 1
69
E.Eﬁ
R

TLY
90°§
60°S
oL's
pLg—
LG~
[
85°S
85°S
09'S
89°G
0Lg
v297
wu.m\
£0°L

/] J

//// 1/ /

+ “NH

e

=20'¢
F66'L
oL

wMo.F
0L
veee

20'L
Mmm.o
Loo'k

5g6°0
1T
zTL
Nos
AN

=60

5

0.0

i

2.

3.0

°

5 8.

8.

9.

'H NMR of 11k

f1

80'vL —

Sg'le—

€09~
9c9e

08257
16°6S
2029~
Y029~

92°601 1
GSLLL
89'81L |
€961 |
ov'Lel
Y1221
€6°€Tl ;
9552} |
ov'LZL
£0'8Z1 7
G1'8Z1
£5'82)
18621 ~
G6EEl ~
1T9€L
Zroel
YObIL —

€0°951 —

05691 ~
6€LLL T

dz-5-82.2 fid

Wil

110

140

150

160

T
170

10

BC NMR of 11k

f1

93



. References:

. S.J. Mansfield, C. D. Campbell, M. W. Jones and E. A. Anderson, A robust and modular synthesis of
ynamides, Chem. Commun., 2015, 51, 3316.

. B. Witulski and M. G6Bmann, Stereospecific synthesis of chiral N-(ethynyl)allylglycines and their
use in highly stereoselective intramolecular Pauson—Khand reactions, Chem. Commun., 1999, DOI:
10.1039/A905898B, 1879.

. T. Hamada, X. Ye and S. S. Stahl, Copper-Catalyzed Aerobic Oxidative Amidation of Terminal
Alkynes: Efficient Synthesis of Ynamides, J. Am. Chem. Soc., 2008, 130, 833.

94



