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1. General Information

"H NMR spectra were recorded on Varian Inova-400 or 600 MHz spectrometers.
"H NMR chemical shifts were determined relative to internal standard TMS at § 0.0
ppm or CDCls (8§ = 7.26 ppm 'H), Chemical shifts are reported in ppm, and coupling
constants (J) are reported in Hertz (Hz). The following abbreviations are used to explain
the multiplicities: s = singlet, d = doublet, t = triplet, ¢ = quartet, m = multiplet.
Analytical thin layer chromatography (TLC) was performed on 0.25 mm silica gel 60
F254 plates and viewed by UV LED (254 nm). Column chromatographic purification
was performed using 200-300 mesh silica gel.

Cerium trichloride (CeCls, 99.99%), Cerium dioxide (CeO2, 99.99%) were
purchased from Aldrich. All the other chemical reagents were purchased from

commercial sources and used as received unless otherwise indicated.

2. General procedure for the synthesis of substrates
synthesis of disulfide and substrate scope
H 0
S\GR CeCly(10 mol%) S\S/GR _—
Blue LED, r.t. RE

MeCN, 12 h
1a-1u 2a-2u

Under an argon atmosphere, cerium(III) chloride (4.9 mg, 0.02 mmol, 0.1 equiv) was
added to a dry 10 mL Schlenk tube equipped with a stir bar. Thiophenols(0.2mmol, 1
equiv) and deoxygenated acetonitrile (2.0 mL) were then injected via syringe. An
aluminum foil gas-collection bag was attached to the Schlenk tube via latex tubing. The
system was evacuated and refilled with argon using a double-manifold line until no gas
evolution was observed. The stopcock was tightened, the latex tubing section was filled
with argon, and the assembly was connected to the Schlenk tube. The reaction mixture
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was irradiated with a 50 W blue LED (A = 475 nm) for 12 hours. After completion of
the reaction, the stopcock of the Schlenk tube and the valve of the collection bag were
opened. DCM was injected via syringe until the Schlenk tube was filled with liquid,
followed by closing the collection bag valve. The combined organic layers were washed
with saturated sodium hydroxide (NaOH) solution (15 mL), dried over anhydrous
magnesium sulfate (MgSOQs), filtered, and concentrated under reduced pressure to
afford the crude product. Purification by column chromatography (silica gel, petroleum
ether/ethyl acetate = 10:1) yielded the disulfide product(2a-2u) The structure of the
disulfide products was confirmed by NMR spectroscopy, and the spectroscopic data
were consistent with those reported in the refenrences'®. The collected gas in the

aluminum bag was subsequently analyzed by GC.

synthesis of cysteine-derived substrates and substrate scope
SH

R? gy O
|
000" 000
z
R! /...\ CeF3(10 mol%), KHCO; (4 eq.) ?
N N COMe 6 am LED, A, rt, 241 S + R
R? o AREE; 1
R\NMN%CW
R2 H 5

3a-3m

4a-4m

Under an argon atmosphere, certum(III) fluoride (CeF3, 3.9 mg, 0.02 mmol, 0.1
equiv) was added to a dry 10 mL Schlenk tube equipped with a magnetic stir bar.
Cysteine-derived substrates (0.2 mmol, 1 equiv) and deoxygenated acetonitrile (2.0 mL)
were then added via syringe. An aluminum foil gas-collection bag was connected to the
Schlenk tube via latex tubing. The reaction system was evacuated and backfilled with
argon using a double-manifold line until no further gas evolution was observed. The
stopcock of the Schlenk tube was then tightened, the latex tubing section was filled with
argon, and the assembly was reconnected to the Schlenk tube.

The reaction mixture was irradiated with a 50 W blue LED (A = 475 nm)

for 24 h. After completion of the reaction, the stopcock of the Schlenk tube
and the valve of the gas-collection bag were opened. Dichloromethane (DCM)
was injected via syringe until the Schlenk tube was completely filled with liqui

d, after which the valve of the collection bag was closed. The combined organ



ic layers were washed with saturated aqueous sodium hydroxide solution (15 m
L), dried over anhydrous magnesium sulfate (MgSQOa), filtered, and concentrated
under reduced pressure to afford the crude product(4a-4m). Purification by col
umn chromatography (silica gel, dichloromethane/methanol = 30:1) yielded the
cysteine-derived disulfide product. The gas collected in the aluminum foil bag

was subsequently analyzed by GC.
3. Detailed description of the photoirradiation setup

To improve reproducibility, the photoirradiation setup used in this work is
described as follows. All photoirradiation experiments were performed in a circular
photoreactor equipped with blue LEDs (475 nm, 50 W). The reactions were conducted
in 10 mL Schlenk tubes placed in the designated slots of the photoreactor and irradiated
from the side by the surrounding LED light source. The photoreactor was positioned on
a magnetic stirrer, and all reactions were carried out under continuous magnetic stirring
at room temperature during irradiation. A representative photograph of the

photoirradiation setup is shown in Figure S1.

Fig S1 Representative photograph of the photoirradiation setup used in this

work.



4. Optimization of reaction conditions

4.1 Optimization for disulfide and substrate scope

Table S1 Screening of reaction time “

HS O
\©\ CeCls (10 mol%) S
O/ 475 nm LED, r.t. /©/ S
~o

MeCN, time
1a 23
Entry Time (h) Yield ® (%)
1 1 10
2 3 51
3 6 65
4 12 80
5 24 82

“ Reaction conditions: 1a (0.2 mmol), CeCl; (0.02 mmol), MeCN (2 mL) at room temperature
(25 °C), Blue LED (475 nm, 50 W). ? isolated yield.

Table S2 Screening of solvent ¢

HS O~
\@\ CeCls (10 mol%) s
O/ 475 nm LED, r.t. /©/ S
~o

Solvent, 12 h
1a 2a
Entry Solvent Yield ? (%)
1 Acetone n.r.
2 MeOH 60
3 Toluene 49
4 EA 65
5 DMF n.r.
6 DCE 68
7 DCM 74

8 MeCN 80




“ Reaction conditions: 1a (0.2 mmol), CeCl; (0.02 mmol), MeCN (2 mL) at room temperature
(25 °C), Blue LED (475 nm, 50 W) for 12 h. ? isolated yield.
Table S3 Screening of photocatalysts ¢

o\
HS\O\ PC (10 mol%), additives (0.1 eq.) S /©/
O/ 475 nm LED, r.t. /©/ S
~o

MeCN, 12 h
1a 2a
Entry Photocatalysts additives Yield ? (%)

1 CeO, - 28
2 Ce(S0O,), - 52
3 CeCl, - 80
4 CeCl, MeOH 59
5 CeCl, EtOH 54
6 CeCl3-7HzO - 47

“Reaction conditions: 1a (0.2 mmol), PC (0.02 mmol), additives (0.02 mmol), MeCN (2 mL) at
room temperature (25 °C), Blue LED (475 nm, 50 W) for 12 h. ? isolated yield.

4.2 Optimization for cysteine-derived substrates and substrate scope

Table S4 Screening of base®
@]

SH )J\
0 l3(10 mol? 4 4 i
)J\ o CeCl3 (10 mol%), base (4 eq.) /OWHVS\S o
N 475nm LED, r.t.
o)

o) MeCN, 24 h HNW
o)

3a 4a
Entry base Yield ® (%)
1 - n.r.
2 Na,COs 35
3 NaHCO3 27
4 K3PO4 trace’



5 K>HPO4 n.r.
6 NaOH n.r.
7 Na,COs 35
8 KHCO:; 38

“Reaction conditions: 3a (0.2 mmol), CeCls (0.02 mmol), base (0.8 mmol), MeCN (2 mL) at room
temperature (25 °C), Blue LED (475 nm, 50 W) for 24 h. ® isolated yield. ¢ n.r.=no reaction. ¢
Trace<1%.

Table S5 Screening of solvent”

@)
Q > CeCl;3 (10 mol%) , KHCO3 (4 eq.) " i
Ao e
olvent,
3a 4a \cﬂ)/
Entry Solvent Yield ? (%)
1 THF n.r.c
2 DMF 29
3 DMA n.r.
4 MTBE trace?
5 NMP n.r.

“Reaction conditions: 3a (0.2 mmol), CeClz (0.02 mmol), KHCO3 (0.8 mmol), Solvent (2 mL) at
room temperature (25 °C), Blue LED (475 nm, 50 W) for 24 h. ? isolated yield. ¢ n.r.=no reaction.
4 Trace<1%.

Table S6 Screening of photocatalysts*

(0]
o SH PC (10 mol%), additives (10 mol%) NH o
P o KHCO; (4 eq.) _ /O\H)VS\S o
N 475nm LED, r.t. 3 HN
(0] MeCN, 24 h \[(
(0]
3a 4a
Entry Photocatalysts additives Yield ? (%)
1 CeCls MeOH 24
2 CeCl3 EtOH 7

+ Hy

+ H2



3 CeCls -BuOH 34

4 CeCls TCE n.r.
5 CeCls TFE 13
6 CeCls i-PrOH 33
7 CeCl3 HFIP 26
2 CeCly CyOH trace
9 CeF3 } 62
10 Ce(CF3S03)3 - fLr
. Ir(dFCF3ppy)2(dtbbp _ trace
y)PFs

“Reaction conditions: 3a (0.2 mmol), PC (0.02 mmol), additives (0.1 mmol), MeCN (2 mL) at room
temperature (25 °C), Blue LED (475 nm, 50 W) for 24 h. ® isolated yield. ¢ n.r.=no reaction. ¢
Trace<1%.
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5. Characterization data of the products

Bis(4-methoxyphenyl) disulfide (2a)’
O\
o
o

Yellow oil; 22.3 mg, 80% yield; "TH NMR (400 MHz, Chloroform-d) & 7.44 — 7.36 (m,

4H), 6.89 — 6.79 (m, 4H), 3.80 (s, 6H).
Bis(2—-methoxyphenyl) disulfide (2b)!

Pale yellow oil; 13.9 mg, 50% yield; '"H NMR (400 MHz, Chloroform-d) & 7.53 (dd, J
=17.8,1.6 Hz, 2H), 7.19 (td, J= 7.8, 1.6 Hz, 2H), 6.99 — 6.77 (m, 4H), 3.90 (s, 6H).

1-methoxy-3—[(3—methoxyphenyl)disulfanyl|benzene (2¢)>

/O\O/S\S

Pale yellow oil; 12.5 mg, 45% yield; "TH NMR (400 MHz, Chloroform-d) & 7.21 (t, J =
y g y

8.1 Hz, 2H), 7.11 — 7.04 (m, 4H), 6.76 (ddd, J = 8.2, 2.4, 1.1 Hz, 2H), 3.77 (s, 6H).
1-methyl-2—[(2-methylphenyl)disulfanyl]benzene (2d)*

S<
S

Pale yellow oil; 11.3 mg, 46% yield; '"H NMR (400 MHz, Chloroform-d) & 7.54
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—7.48 (m, 2H), 7.18 — 7.14 (m, 4H), 7.14 — 7.10 (m, 2H), 2.43 (s, 6H).
1-methyl-3—[(3—methylphenyl)disulfanyl]benzene (2¢)?

Pale yellow oil; 10.3 mg, 42% yield; 'H NMR (400 MHz, Chloroform-d) 8 7.55 — 7.47
(m, 2H), 7.18 — 7.14 (m, 4H), 7.14 — 7.10 (m, 2H), 2.43 (s, 6H).
1-methyl-4—[(4-methylphenyl)disulfanyl]|benzene (2f)!

_S
L

Pale yellow oil; 17.7 mg, 72% yield; "TH NMR (400 MHz, Chloroform-d) & 7.39 (d,

4H), 7.11 (d, J = 8.1 Hz, 4H), 2.33 (s, 6H).
Bis(4—fluorophenyl) disulfide (2g)!

Wy

White oil; 18.0 mg, 71% yield; 'TH NMR (400 MHz, Chloroform-d) 8 7.56 — 7.46 (m,

4H), 7.20 — 7.14 (m, 4H).
Bis(2—chlorophenyl) disulfide (2h)*

L)

Cl

Pale yellow oil; 17.8 mg, 62% yield; '"H NMR (400 MHz, Chloroform-d) § 7.56 (dd, J
=17.9, 1.6 Hz, 2H), 7.36 (dd, J = 7.7, 1.5 Hz, 2H), 7.22 (td, J = 7.6, 1.5 Hz, 2H), 7.16
(td, J=7.6, 1.7 Hz, 2H).

Bis(3—chlorophenyl) disulfide (2i)*

11



g

Pale yellow oil; 14.6 mg, 51% yield; 'H NMR (400 MHz, Chloroform-d) 8 7.49 — 7.47

(m, 2H), 7.35 (dt, J= 7.4, 1.7 Hz, 2H), 7.25 — 7.19 (m, 4H).
Bis(4—chlorophenyl) disulfide (2j)’

Doy

White oil; 19.5 mg, 68% yield; 'TH NMR (400 MHz, Chloroform-d) & 7.44 — 7.36 (m,

4H), 7.30 — 7.26 (m, 4H).
Bis(4-bromophenyl) disulfide (2k)’

Br
(j\ _S
L
Br

White oil; 24.8 mg, 66% yield; 'TH NMR (400 MHz, Chloroform-d) 8 7.46 — 7.40 (m,

4H), 7.36 — 7.31 (m, 4H),
4—-Aminophenyl disulfide (21)°

_S
L
NH

Pale yellow oil; 9.2 mg, 40% yield; '"H NMR (400 MHz, Chloroform-d) & 7.30 — 7.25

2

(m, 4H), 6.59 (d, J = 8.6 Hz, 4H), 3.76 — 3.57 (m, 4H).
Bis[4—(1,1-dimethylethyl)phenyl] disulfide (2m)!

12



White oil; 15.6 mg, 47% yield; 'H NMR (400 MHz, Chloroform-d) & 7.48 — 7.40 (m,
4H), 7.36 — 7.29 (m, 4H), 1.30 (s, 18H).
Disulfide, bis[4—(trifluoromethoxy)phenyl] (2n)?

F>(O
Fe \QS/SQO j< E

White oil; 27.4 mg, 75% yield;'H NMR (400 MHz, Chloroform-d) § 7.54 — 7.46 (m,

4H), 7.20 — 7.14 (m, 4H).

4—[(4—cyanophenyl)disulfanyl]benzonitrile (20)*

NS

\@\S/S
1ol

Yellow oil; 10.5 mg, 62% yield; 'TH NMR (400 MHz, Chloroform-d) & 7.62 —7.59 (m,

4H), 7.57 — 7.53 (m, 4H).
Bis(3,4-dimethoxyphenyl) disulfide (2p)’

Pale yellow oil; 15.5 mg, 46% yield; '"H NMR (400 MHz, Chloroform-d) 6 7.04 (dd, J
=8.3,2.1 Hz, 2H), 7.00 (d, J=2.1 Hz, 2H), 6.77 (d, J = 8.3 Hz, 2H), 3.85 (s, 6H), 3.81
(s, 6H).
2,2'-Dithienyl Disulfide (2q)%
L
e
s/

Yellow oil; 14.7 mg, 64% yield; '"H NMR (400 MHz, Chloroform-d) § 7.50 (dd, J =

5.3, 1.3 Hz, 2H), 7.16 (dd, J = 3.6, 1.3 Hz, 2H), 7.01 (dd, J = 5.3, 3.6 Hz, 2H).
2,2’ Dipyridyl Disulfide (2r)"
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White oil; 7.9 mg, 40% yield; 'H NMR (400 MHz, Chloroform-d) & 8.50 — 8.44 (m,
2H), 7.68 — 7.56 (m, 4H), 7.11 (ddd, /= 6.8, 4.8, 2.1 Hz, 2H).

Dibenzyl disulfide (2s)?
©/\S/S \Q

White oil; 12.3 mg, 50% yield; '"H NMR (400 MHz, Chloroform-d) & 7.40 (d, J = 8.3

Hz, 4H), 6.92 (d, J= 8.0 Hz, 2H), 6.83 (d, J = 8.3 Hz, 4H), 3.81 (d, J = 12.1 Hz, 4H).

Bis(4—chlorobenzyl) disulfide (2t)?

e

White oil; 15.4 mg, 49% yield; '"H NMR (400 MHz, Chloroform-d) & 7.32 — 7.27 (m,

4H), 7.19 — 7.07 (m, 4H), 3.58 (s, 4H).
Bis[(4-methoxyphenyl)methyl] disulfide (2u)®

ok
s

Ly

>0

White oil; 12.9 mg, 42% yield; '"H NMR (400 MHz, Chloroform-d) & 7.33 — 7.15 (m,

4H), 6.92 — 6.77 (m, 4H), 3.80 (s, 6H), 3.71 (d, J = 7.3 Hz, 4H).
N-Ac-Cys-OMe disulfide (4a)

0]

)J\NH O

O S.
(0]

HN\r(
@)

White solid; 21.8 mg, 62% yield; *H NMR (400 MHz, Chloroform-d) & 6.58 (d, J
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=7.5Hz, 2H), 4.87 (dt, J = 7.5, 5.0 Hz, 2H), 3.77 (s, 6H), 3.28-3.13 (m, 4H), 2.06 (s,
6H). 3C NMR (101 MHz, Chloroform-d) § 170.94, 170.14, 52.84, 51.74, 40.73, 29.33,
23.14. HRMS (ESI) m/z calculated for Ci2H20N206S2 ([M+H]"): 353.0836, found
353.0850.

N-Boc-Ala-Cys-OMe disulfide (4b)

|
(@) (o]
ioo ]
N S< N _Boc
oc H S/j/i N
(0] H
i

White solid; 32.3 mg, 56% yield; 'H NMR (400 MHz, Chloroform-d) § 6.99 (d, J
= 7.4 Hz, 2H), 4.98 (s, 2H), 4.85 (dt, J = 8.0, 4.1 Hz, 2H), 4.23-4.15 (m, 2H), 3.79 (s,
6H), 3.01 (ddd, J = 10.0, 6.0, 4.2 Hz, 4H), 1.45 (s, 18H), 1.38 (d, J = 7.1 Hz, 6H).13C

NMR (101 MHz, Chloroform-d) & 173.16, 170.55, 155.76, 80.10, 52.80, 52.09, 49.84,
40.81, 29.70, 28.35, 18.09. HRMS (ESI) m/z calculated for C2sH42N4010Ss ([M+H]Y):

611.2415, found 611.2454.
N-Boc-Met-Cys-OMe disulfide (4c)

\/\HLNHI/ tENHTH\A

White solid; 58.4 mg, 80% yield; *H NMR (400 MHz, Chloroform-d) & 7.04 (d, J
=7.7 Hz, 2H), 5.19 (d, J = 8.0 Hz, 2H), 4.87 (dt, J = 8.0, 4.2 Hz, 2H), 4.32 (9, J = 7.6
Hz, 2H), 3.79 (s, 6H), 3.01 (dd, J = 9.1, 4.2 Hz, 4H), 2.67-2.55 (m, 4H), 2.12 (s, 6H),
2.13-2.00 (m, 2H), 1.45 (s, 18H). 3C NMR (101 MHz, Chloroform-d) & 172.17,
170.43, 155.98, 80.17, 53.39, 52.79, 52.23, 40.00, 31.82, 30.05, 28.35, 15.32. HRMS

(ESI) m/z calculated for C2sHsoN4O10S4 ([M+H]"): 731.2483, found 731.2462.
N-Boc-Glu-OMe-Cys-OMe disulfide (4d)

15



Yellow solid; 37.7 mg, 50% yield; *'H NMR (400 MHz, Chloroform-d) § 7.48 (d,
J=7.7Hz, 2H), 5.66 (d, J = 8.5 Hz, 2H), 4.86 (dt, J = 7.7, 5.5 Hz, 2H), 4.32 (9, J = 7.7
Hz, 2H), 3.75 (s, 6H), 3.67 (s, 6H), 3.12-3.05 (M, 4H), 2.55-2.39 (m, 4H), 2.14 (dt, J =
13.9, 6.8 Hz, 4H), 1.42 (s, 18H).13C NMR (101 MHz, Chloroform-d) & 173.65, 172.03,

170.46, 155.97, 53.56, 52.82, 52.20, 51.83, 40.21, 30.22, 28.33, 27.65. HRMS (ESI)
m/z calculated for C30HsoN4O14S> ((M+H]"): 755.2838, found 755.2837.
N-Boc-Thr-Cys-OMe disulfide (4e)

|
H
W oo 010 OH,
. B
OC/YLNH S S/\/|//\NH N oc
H
OH 0 cl)o

Yellow solid; 20.2 mg, 30% yield; *H NMR (400 MHz, Chloroform-d) & 7.63 (d,
J =7.8Hz, 2H), 5.70 (d, J = 8.5 Hz, 2H), 4.85 (dt, J = 7.8, 5.8 Hz, 2H), 4.43-4.06 (m,
4H), 3.76 (s, 6H), 3.20-3.06 (m, 4H), 1.45 (s, 18H), 1.28-1.17 (m, 6H).3C NMR (101

MHz, Chloroform-d) 6 171.60, 170.42, 156.59, 80.61, 66.76, 58.74, 52.89, 52.03, 41.10,
29.71, 28.31, 22.70, 18.51. HRMS (ESI) m/z calculated for C26Ha6N4O12S2 ((M+H]Y):
671.2626, found 671.2623.

N-Boc-Leu-Cys-OMe disulfide (4f)

|
0.__0
v 1T
/N S\ NH ,BOC
oc NH S/)//\ ’\Il
(0] H
° 9

White solid; 90% yield; *H NMR (400 MHz, Chloroform-d) § 7.01 (d, J = 7.6 Hz,
2H), 4.97 (d, J = 8.0 Hz, 2H), 4.83 (dt, J =8.0, 4.2 Hz, 2H), 4.12-4.02 (m, 2H), 3.77 (s,
6H), 2.99 (ddd, J = 14.3, 9.1, 4.4 Hz, 4H), 1.65-1.50 (m, 6H), 1.43 (s, 18H), 1.29-1.21

(m, 2H), 0.93 (d, J = 6.2 Hz, 12H). 3C NMR (101 MHz, Chloroform-d) & 172.48,
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170.34, 155.73, 80.28, 53.69, 53.19, 52.83, 40.81, 28.31, 26.66, 24.72, 22.89, 22.02.
HRMS (ESI) m/z calculated for C30HsaN4O10S2 ([M+H]"): 695.3354, found 695.3355.
N-Boc-lle-Cys-OMe disulfide (4g)

Yellow solid; 22% yield; *H NMR (400 MHz, Chloroform-d) & 7.56 (d, J = 7.5

Hz, 2H), 5.33 (d, J = 9.1 Hz, 2H), 4.90 (td, J = 7.3, 4.1 Hz, 2H), 4.14 (t, J = 8.4 Hz,
2H), 3.73 (s, 6H), 3.12 (dd, J = 14.1, 4.2 Hz, 2H), 3.00 (dd, J = 14.2, 7.2 Hz, 2H), 1.63—
1.53 (M, 2H), 1.41 (s, 18H), 1.35-1.26 (M, 2H), 1.26-1.23 (m, 2H), 1.23-1.11 (m, 2H),
0.98 (d, J = 6.7 Hz, 6H), 0.89 (t, J = 7.3 Hz, 6H). *C NMR (101 MHz, Chloroform-d)
0172.54,170.64, 156.19, 79.86, 58.89, 52.64, 39.37, 37.13, 28.34, 24.85, 15.30, 11.02.
HRMS (ESI) m/z calculated for C30HsaN4O10S2 ([M+H]"): 695.3354, found 695.3354.
N-Boc-GIn-Cys-OMe disulfide (4h)

White soild; 63% yield; *H NMR (400 MHz, Chloroform-d) § 7.90-7.75 (br d, J
= 8.0 Hz, 2H), 6.80-6.30 (br s, 4H), 5.85 (d, J = 8.4 Hz, 2H), 4.90-4.75 (m, 2H), 4.35—
4.20 (m, 2H), 3.76 (s, 6H), 3.20-3.05 (m, 4H), 2.45-2.30 (m, 4H), 1.90-1.60 (m, 4H),
1.43 (s, 18H). *°C NMR (101 MHz, Chloroform-d) 6 175.75, 172.18, 170.82, 156.01,
80.14, 53.51, 52.87, 52.32, 40.70, 31.85, 29.03, 28.36. HRMS (ESI) m/z calculated for
CasHagN6O12S2 ([M+H]Y): 725.2844, found 725.2866.
N-Boc-Pro-Cys-OMe disulfide (4i)
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Boc.
0 Oﬁ N
N 0]
Boc o (|3

White solid; 51%; 'H NMR (400 MHz, Chloroform-d) § 7.56 (br d, J = 7.5 Hz,
2H), 4.95-4.80 (M, 4H), 4.35-4.20 (m, 2H), 3.76 (s, 6H), 3.55-3.10 (M, 8H), 2.20-1.95
(m, 4H), 1.70-1.55 (m, 4H), 1.45 (s, 18H). 3C NMR (101 MHz, Chloroform-d) &
172.63, 170.66, 154.80, 80.76, 61.13, 59.87, 52.72, 51.29, 47.08, 40.30, 31.03, 28.34,
24.51, 23.71. HRMS (ESI) m/z calculated for Ca3HasN4O10S2 ((M+H]"): 663.2728,
found 663.2736.

N-Boc-Gly-Pro-Cys-OMe disulfide (4f)

Boc
L
White solid; 50%; *H NMR (400 MHz, Chloroform-d) § 7.40 (d, J = 7.8 Hz, 2H),
5.44 (t,J = 4.6 Hz, 2H), 4.77 (dt, J = 8.2, 4.4 Hz, 2H), 4.55 (dd, J = 8.1, 2.9 Hz, 2H),
3.97-3.89 (m, 4H), 3.76 (s, 6H), 3.64-3.41 (m, 4H), 3.01 (ddd, J = 14.2, 8.6, 4.4 Hz,

2H), 2.91 (ddd, J = 14.0, 9.5, 4.4 Hz, 2H), 2.31-2.14 (m, 4H), 1.99 (m, 4H), 1.63 (t, J
= 9.0 Hz, 2H), 1.40 (s, 18H), 1.24 (d, J = 12.3 Hz, 2H).3C NMR (101 MHz,

Chloroform-d) 6 170.88, 170.44, 168.53, 155.82, 79.79, 60.13, 53.96, 52.80, 46.37,
43.09, 29.69, 28.34, 27.85, 26.53, 24.95, 22.38. HRMS (ESI) m/z calculated for
C32HsoN6O12S2 ((M+H]): 777.3157, found 777.3117.

N-Boc-Gly-Gly-Cys-OMe disulfide (4k)
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PO PO

BOC/N\)J\NWN:\I\/\S/S N)K/NWK\N/BOC
H oo o H o H

o}
I

White liquid; 80% yield; *"H NMR (400 MHz, Chloroform-d) & 7.68 (d, J = 8.2
Hz, 2H), 7.53 (br s, 2H), 5.79 (br s, 2H), 4.82 (td, J = 8.2, 4.5 Hz, 2H), 4.15-3.95 (m,
4H), 3.95-3.78 (m, 4H), 3.72 (s, 6H), 3.17 (dd, J = 14.3, 4.5 Hz, 4H), 3.04-2.92 (m,
4H), 1.41 (s, 18H). 3C NMR (101 MHz, Chloroform-d) & 170.91, 170.75, 169.53,
156.44, 80.25, 52.82, 52.26, 44.08, 42.98, 40.57, 28.35. HRMS (ESI) m/z calculated
for C26H4aN6012S2 ([M+H]"): 697.2531, found 697.2514.
N-Boc-Val-Met-Cys-Ome disulfide (41)

H O Ojoo
Boc/N/\iLNH NHfs/S NH NHTP\/I}I’BOC
o? 5 0 H
S\

White solid; 90% yield; *H NMR (400 MHz, Chloroform-d) & 7.8-7.10 (br s, 2H),
5.40 (d, J = 8.7 Hz, 2H), 4.87 (d, J = 6.0 Hz, 2H), 4.82 (dt, J = 14.5, 6.8 Hz, 4H), 3.99
(t, J = 7.7 Hz, 2H), 3.75 (s, 6H), 3.17-3.02 (m, 6H), 2.58 (t, J = 7.3 Hz, 6H), 2.09 (s,
6H), 2.04-1.94 (m, 4H), 1.91-1.20 (m, 14H), 1.43 (s, 18H), 0.95-0.85 (m, 12H). 13C
NMR (101 MHz, Chloroform-d) 6 172.33, 171.36, 170.31,151.11, 60.04, 52.81, 52.34,
52.10, 40.11, 31.34, 30.88, 29.92, 29.71, 28.39, 22.71, 19.41, 17.99, 15.29, 14.15.
HRMS (ESI) m/z calculated for C3sHesN6O12S4 ([M+H]"): 929.3851, found 929.3823.
N-Boc-Val-Ala-Cys-OMe disulfide (4m)

|
H O Ojoo
Boc” N)iLNHJ\WNHJ/\/\S/S NHHNH N,Boc
(0] O H
i

White solid; 70% yield; *H NMR (400 MHz, Chloroform-d) § 7.62 (d, J = 7.8 Hz, 2H),
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7.15(d, J = 7.9 Hz, 2H), 5.40 - 5.30 (m, 2H), 4.88 (q, J = 6.3 Hz, 2H), 4.68 (t, J=7.3

Hz, 2H), 4.05 - 3.96 (m, 2H), 3.75 (s, 6H), 3.20 — 2.99 (m, 4H), 2.11 (hept, J = 6.5 Hz,

2H), 1.42 (s, 18H), 1.29 — 1.23 (m, 12H), 0.93 (d, J = 6.8 Hz, 12H). °C NMR (101

MHz, Chloroform-d) 6 172.49, 172.08, 170.36, 155.94, 59.85, 52.82, 52.37, 48.59,

31.94,31.52,31.06, 30.13, 29.71, 28.37, 22.71, 19.44, 18.05, 17.78, 14.15. HRMS (ESI)
m/z calculated for C34HeoN6O12S2 ([M+H]"): 809.3783, found 809.3763.

6. Scale-up reaction in continuous-flow reactor “

O'D'=1.6 mm, I'D'= 0.6 mm
Coil=1.5m,V=10 mL

SH : flow reactor ' 0
~ , .
O 1 1
45(}—'— —>< - /©/

CeCl3 0.1 mmol Pump E 79 %
CHSCN =10 mL 5 . !
Entry Rate (mL/min) Residue time Yield ? (%)
1 2 5 46
2 1 10 60
3 0.5 20 79
4 0.25 40 73

“Reaction conditions: 1a (1 mmol), CeClz (0.1 mmol) at room temperature (25 °C),

Blue LED (475 nm, 50 W) for 12 h. ? isolated yield.

7. Mechanistic studies

Control Experiments

/©/O\
HS
Q, o
-~ No LED, r.t.
(0] \O

MeCN,12h
1a 2a, 0%

A light-proof experiment was performed in contrast to standard reaction conditions,

where the reaction tube was wrapped in tin foil to prevent external light sources from
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affecting the reaction. After the reaction was completed under the condition of no light

source, the disulfide product formation was not detected by TLC detection.

SN
HS
\©\ No photocatalysts S\S
o~ Blue LED, r.t. ~ /©/
@)

MeCN,12h
1a 2a, 0%

After that, experiments without photocatalysts were carried out, and compared
with the standard reaction conditions, no photocatalysts were involved. After the
reaction was completed, the disulfide product formation was not detected by TLC

detection.

Radical Trapping Experiment Using TEMPO

O\
HS CeCly(10 mol%) /©/
\©\ TEMPO(2 eq.) S<g
o~ Blue LED, r.t. ~o

MeCN,12h
1a 2a, Undetected

: NG
/O\
N S

TEMPO-1a, 73% yield

In an argon atmosphere, add 1a (0.20 mmol, 1.0 equivalent), CeCls (0.02 mmol,
0.1 equivalent), and CH3CN (2 mL) to a 10 mL Schlenk tube fitted with a rubber stopper
and magnetic stir bar. The free radical scavenger 2,2,6,6-tetramethyl-1-piperidine oxy
(TEMPO) (0.40 mmol, 2.0 equivalent) was added to the reaction mixture. The reaction
mixture is thawed and degassed by double row tubes and liquid nitrogen three times.
The reaction mixture is then stirred and irradiated with blue LEDs at temperature. After
12 h, TLC analysis showed that no disulfide product was formed; instead, a new spot
was observed. The reaction mixture was purified by silica gel column chromatography
(PE/EA = 30:1) to afford the TEMPO-p-methoxyphenylthiyl radical adduct in 73%
yield. The formation of this adduct suggests that the reaction involves a free radical
process. 'H NMR (400 MHz, Chloroform-d) & 7.83 — 7.75 (m, 2H), 6.95 — 6.87 (m,
2H), 3.84 (s, 3H), 1.64 (d, 6H), 1.57 (s, 12H). 13C NMR (101 MHz, Chloroform-d) &
161.66, 139.35, 128.09, 113.60, 60.66, 55.53, 43.90, 31.08, 16.75. HRMS (ESI) m/z
calculated for Ci1sH26NO2S ([M+H]"): 296.1640, found 296.1642.
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Fluorescence quenching experiment

In order to elucidate the energy transfer path of the photocatalytic system, the
Stern-Volmer fluorescence quenching kinetics method was used in this study. The
results obtained are shown in Figure S2, and the experimental results show that the
fluorescence intensity of the excited cerium chloride decreases linearly as the
concentration of 4-methoxyphenylthiophenol increases from 0 mM to 0.5 mM,

confirming the existence of a dynamic quenching mechanism in the system.

. ) —0mM
1600 - Emission quenching by 1a 01 mM
—0.2mM
1800 ——0.3mM 4
=i 1400 8; mm
——d.oml

1200

=]
=1
=3

S u
7 y=1.01+066x
= . R?=0.99

Fluorescence Intensity (a
®
g

T T T T T T T

380 390 400 410 420 430 440

T T

Wavelength {(nm) 0.0 0.2 0.4 0.6
Cancentration of 12

Fig S2 Fluorescence quenching effect of reactant 1a
Hydrogen detection
In order to verify that the reaction is a coupled hydrogen evolution reaction, the
gas produced by the reaction is collected and tested by the gas phase. The collection

device used is shown in Figure S3.

Fig S3 Hydrogen collection unit for disulfide synthesis
Before the reaction, the argon gas in the foil gas sampling bag is replaced three

times and then connected to the front end of the Schlenk tube. The gas produced by the
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reaction is collected with an aluminum foil gas sampling bag. After the reaction is
completed, the collected gas is fed into the gas phase to detect the gas composition, and
the results are shown in Figure S3. The peak at 0.899 min was Ho, the peak at 3-4 min
was mainly argon, and the peak at 13.467 min was CO> brought into the air during
injection. Since the detected amount of hydrogen collected in the air pocket far exceeds
the amount of hydrogen carried in the air at the time of injection, it is assumed that

hydrogen is formed in this reaction.

25 W

T T T T T T T T T T
6 7 8 9 10 11 12 13 14 15
i 8] [min]

15%8: TCD2B
E4 PRETRF ) W R TR HE B ISTD &% il
[min] HF [%] [
H2 0.899 35.548  409.777 11. 527 11.527
€02 13.467  4529.8 49, 202 0.011 0.011
45
it (A% ISTD): 11. 538

Fig S3 Disulfide reaction to collect gas gas phase results
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"H NMR spectra of the products

8.
T ONCDOMNMNSOLWS <t ™
NN e e M~
Ll el el o (e (e I (e I (o I (o J{e N (o} (")(")
e L e e O
= ~
S \I

Vo .
oy T T
o M~ 00
S «© -
0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)
TH NMR (400 MHz, CDCl5) of compound 2a
l‘*—‘.Dl-DU')ﬂ'("JE")NNw—OD(O(OLOﬂ"f(’)NNFOO‘JO}COI‘-(")N
<ttt v v v v v v v v 00 00 00 00 00 00 00 00 00 0O M~ M~
I'*-F-f‘-l"-l*—l‘-f‘-l"-h—l‘*—l‘-f‘-(o@(oLD(D(D(OLOCOLD(DLQLO(D(’)(’)
e - 5
I
SRRV
\O P
LA s ;
~NO N o
0O ®m l.n_
05 -1.C

5 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

'"H NMR (400 MHz, CDCl5) of compound 2b

24



ezl

A

W\.N.m‘

.28l
/85°¢
~00'7

10

2.0

3.0

5.0

6.0

8.0

100 9.0

11.0

4.0

7.0

f1 (ppm)
'TH NMR (400 MHz, CDCl3) of compound 2¢

000~
L0007

eV e

v
AW
2L L]
Vs
eLs
pLL
pLL
S1'L)
GlL'L

—=-60'1

al’L
o',
9¢'L
6v'L
0s'.

—

3
4
4

1.0 0.0

2.0

=0v'g

3.0

4.0

5.0
f1 (ppm)
'H NMR (400 MHz, CDCl3) of compound 2d

6.0

7.0

- =00°¢

8.0

9.0

10.0

25



245
243
\2.41

) O

BT

[
o
o
r\l

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
'TH NMR (400 MHz, CDCl3) of compound 2e
op

<'>.
N

B171

05

7.26
L7.12
7.12

—
B
~

7.41
7,40
7.40
7.39
17.38
738
7.37
7.10

i

o
© o
~ &
mm
5 7.

6.00

065 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -10 1.5 20 2.
f1 (ppm)

'TH NMR (400 MHz, CDCls) of compound 2f

7.

26



TONT—T OO ONRWWWONRMNMNMNMNOOOWULW I"-—g
DUV TN T o =
F@
~FF
| |
T
0w O
® S
80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -1.0
1 (ppm)
'TH NMR (400 MHz, CDCl3) of compound 2g
wn
(3]
I~
0
|
F\@
s,S
L
0 0 20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -2
1 (ppm)

YF NMR (400 MHz, CDCls) of compound 2g

27



Cl

o

e’

M leq
———— 02°g

=02

1002

10 05 0.0

15

65 60 55 50 45 40 35 30 25 20

80 75 7.0

f1 (ppm)
'H NMR (400 MHz, CDCl;3) of compound 2h

0c'L
0cL
T2
Lc'L
(442
[4AVA

XAVA
S¢'L
ve'L
ve'L
Ge'L
9L
9¢’L
FASWA
YA
YA
8L
8 LY

8y’ L

U

7651
A

*00'g

0.0

0.5

30 25 20 15 10

3.5

40

45

5.0

55

6.0

6.5

7.0

7.5

f1 (ppm)

TH NMR (400 MHz, CDCls) of compound 2i

28



TV A

6EL
8¢ L]
L
Ly L

————

(A

L UL

J00°
Z0'H

05 -0

15

25

35

45

55
f1 (ppm)
TH NMR (400 MHz, CDCl;3) of compound 2j

6.5

8.5

95

105

15

7.5

[ASWA
[A5WA
€e’L
ve'L
Se'L
Ge'Ly
9€"
A
L.
(A0
Ak
€V’ L
€V L
vrL
Yy L]

Sy’ L

1.0 00

2.0

100 90 80 70 60 50 40 30

11.0

f1 (ppm)
TH NMR (400 MHz, CDCls) of compound 2k

29



7.27
7.27

_JL_J Jk il
f f i
~— o
o o o
16 15 14 13 12 11 10 9 8 7 6 5 4 0 4 2 3 -
1 (ppm)

'H NMR (400 MHz, CDCl;3) of compound 21
OUOWULOOANULTTONN—O o
SETTTLOOO OO0 OO @

LL A Il
i, ¥
— O 2
S o

00
95 90 85 80 75770 65 6.0 55 50 45 40 35 3.0 25 20 15 1.0 05 00 -05
1 (ppm)

'TH NMR (400 MHz, CDCls) of compound 2m

30



€T
9L
LTt
LTt
Lt
8T,
6T
6T°L
614

61°L
0z'L”
6t/
05/
157
A
WA
£5°4

] F
T

s
s

JL_;J‘\__,._ —

=p1°01

= 66

1.0

1.5

6.5

F~

1 (ppm)

H NMR (400 MHz, CDCl;3) of compound 2n

va'L
95°L
65°L
194

S

A

Loy
0¥

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0 05 -10

8.5

f1{ppm)

TH NMR (400 MHz, CDCl5) of compound 20

31



DTONOOO W 0w —m
COOQOQQOMMN € €0 00 ™~
el el Al el Al e (e I (e (o} [sp o Moo Nep]
——— (SRl
&,O\
el S‘SMO/
99
1
|
|
JL_.»\ A al
o =
I~ Mo
o — O
0

§

95 90 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.
1 (ppm)
TH NMR (400 MHz, CDCl;3) of compound 2p

N OO0 OOMMNMNMNMNMNOOVUISTITITITONTT—O OO
s
S s” AN
)

N UL )
Ko
o o~
cono
Ql— O T T T T T T T T T T . T T T
75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00

f1 (ppm)
'TH NMR (400 MHz, CDCls) of compound 2q

32



[0
80'L
60'2
60'L
oT'L
oT'L
T2
'L
T
e
€0
vI'L
85/
854
65
09'2
09'L
197
197
9L
9L
£9°
£9°
v9'L]
9L
SNJ
58]
578y
9’85
9’8+
9’8

hﬂﬁ*
Lv'8

=v6T|

LTy |

o0eh

-0.5

55 5.0

6.0

1.0 05 0.0

1.5

40 35 30 25 20

4.5

80 75 70 65

8.5

1 (ppm)

'TH NMR (400 MHz, CDCl;3) of compound 2r

z8'9
89

169
69/
88"/
ov.’

Py

091

00'ad

AE

10 05 00

15

80 75 70 65 60 55 50 45 40 35 30 25 20

f1 (ppm)

'"H NMR (400 MHz, CDCl3) of compound 2s

33



7.31
7.30
7.16
17.15
L7.14
7.14
7.13
3.58
3.55
3.54

|
Jf
:

]
J
L
o
<
<t

. L
» T
[{e] -~
% o
9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 05 00 -0.5-1.0
1 (ppm)

'H NMR (400 MHz, CDCl;3) of compound 2t

OOV OMNS~MROULOOOMNSMNSWOW Omnam
OMOANNANNCNCNCN O 00 00 00 00 00 [+ o Ll o
MNMNNMNMNNMNNNN O OO OO oo Oooom
— e = - 5\
O
/’m/\S’SMQ
we
e
LE ELY
< o 2 R e]
» S o
35 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

'"H NMR (400 MHz, CDCl3) of compound 2u

34



90°¢

ST'E
9T'E
8T'E
0z'e
0z'e
1143 o

€T'E [oHM! vﬂo

sce

Le— ——————— 9

8t oUA o
98t o)
98'Y

VA 27

88'Y

68t

959
8597/

0t

HO'T

06°0

6.5

7.0

7.5

f1 (ppm)
H NMR (400 MHz, CDCls) of compound 4a

viec—
€€'6C—

€Lov—
VLTS
ww.NmV

YTOLT A
veoLt”

Lery
"\ ggQ
Y8y

€81
% 6EM

6'€d
6'€d
T'v¢

6277
"\ y9°g

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

20 10 0 -10

50 40 30

60

f1 (ppm)
13C NMR (101 MHz, CDClI3) of compound 4a

35



<
r ©
L2 VT
61 60'8T y |
6€T o eveey [J ——— 8o
F 17°L2 - .
ST 60
. ) SE8T~—— == €10
S6'C N . porg e :
96¢C 910G oL'62 010
MMM 180v/ 70
] L2 2 v-er— f— .3 9T0
6671 N < — - .
00°€ 8 e mo.Nm\ 8 €0
2] @ " 5 o8 =
10°€ | Z-T L2 3 ——
10°€ y = 01
z0°€ Y o ° 8 S o 0’1
€0°€ = O— Fettrm S 0T'08 — — = o— ] Wo.ﬁ
v0'€E VlA ~ 10
[s2)
so'e o lwE O ( ©
90°€ v i 5 &) »
6L€— 2 = 009 — Pv.. (%]
LTV IOM /v g : o v\ /v
./. [ <
A\ N = .
mﬁ.q\ d or Fv8T W d o
ey o L S o
€8y ND
v8'v — . o -
~ u.d ¥ 8C°Q I-=
- \ o \
s8'v 9 ~ NA I w» = I
98y @ Z @
L8 .
n -
861 [ 9/'GST — — — =ST0
o
LG SS0LT~ _ __§ .5T0
9T ELT — 1o
0
[ ©
86'9\ o
~ = F S5 <
00’/ ~
wn
S

60 50 40 30 20 10 O -10
36

f1 (ppm)
13C NMR (101 MHz, CDClIs) of compound 4b

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70




av L
6T
15T
€6'T
S6'T
L6T
66'T
0072
707
454
L5ty
65T ;

65°C
19'¢C
9'C
€9°C
66'C
00°¢
co’e
€0'¢e

6L°€—
oe'v
Nm.wk

€€V
SEV
SEV

S8’V
98'v
L8V
881
68’7
8T'S
0c's

€0°L~
sor”/

0.0

0.5

1.0

Y
1.5

2.0

A

3.0

3.5

L

f1 (ppm)
H NMR (400 MHz, CDCls) of compound 4c

4.0

7.0 6.5 6.0 5.5 5.0 4.5

A

7.5

ce'ST—

SE'8T
s0°0€
z8'1¢€ /
ooor/
£2'7s\
mhmmw
6€°€ES

LT°08 —

86°9ST —

A TARN
ANJAES

-10

0

10

20

60 50 40 30

37

210 ZIOO 1I90 1I80 1I70 1I60 1I50 1I40 1I30 1I20 1I10 1I00 90 80 70
f1 (ppm)
13C NMR (101 MHz, CDClIs) of compound 4c




VO L
96'T
86'T
66'T
e
vT°C
9T
LTT]
812
St'e
LT
Ly'T
67T
157 A
€5t~

60°¢
HH.mv
L9°€E
cre

6C’v
Hm.wk
EEV S

mm.v.\.

v8'v
8'v
98'v
98t
L8V
ww.v\

S59'S
L9°S

RN
6/

==

66°8T]

18'¢
L7°¢
9€'1]

=

% v0'Y
~ 9T°9
* 009

FzeT

Fs0g

0.7

=9

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0
f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 4d

4.5

5.0

5.5

6.0

6.5

7.0

7.5

S9°LT~
ee'8z
zT o€
177017
€8'TS
0z'es
78'CS
95°€S

LT°08 —

L6°SST —

9v'0LT \
€0°C¢LT —
S9'€LT /

=<0'T

m\wN.H
6917

V/ON.H

60 50 40 30 20 10 O -10
38

f1 (ppm)
13C NMR (101 MHz, CDClI3) of compound 4d

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70




=
L2 L
10
=
2 1S'8T o sy
0LTT~ , -} ~o09¢
- TeEgeN I YA
e _ . ) - -
vt — Fso's 7 tee’/ " oe
o 1 ved
o orTY 20't]
[ » €0CS % o
g < ) mv — 1 jege
80'€ @ 0 = o8 s _— 8 i JBE
o' Lo L2 S wvss 3 oo
—— 8 999~ — z-T — Hm.i
ET'E 5 o L3 m Hv|wﬂo 0'ST
o — : © — 0'sT
ST m\ ~ Iz O =% | vo'y e 1908- — O.) o_ — o
LT'E ,V|A n —
sT'E z - 3
» T £ O e
9L €~ —_— ) - =009 & A nw T
8Ty 2 22 O 4 I
o R 2
6T'v / L % - £ Q L
. vTy r
6ty —0 zI - L@ =
0Ty o 5 ~ P —0  zT _ L
1X44 = o o
. ~ =E7207 o D
Ev'y -z F o i
. \ I-=Z
€8y o S y
. o 4 [8) L
v8'v o n prd o]
S8y [ T @
98t o =F LV = L
o't 2 65'9ST — — — =~10¢
88’y
69°S \n roLT L — — J ocq
12°6 F 0911/ 167
Q
L2 I
wn -
[ANARN I~
v/ - e
o.
I 00

-10

60 50 40 30 20 10 O

39

f1 (ppm)
13C NMR (101 MHz, CDClIs) of compound 4e

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70



260,
€601
60
€TT)
et
ST'T Y
LT
VT Y
LY T
67T
6v'T
151/
291 ]
€91
v9'T |
59T
9971

891
891
0L'T
mm.N;
wm.mg
86°C
66°C
00'¢
10’€t
co’e
LL°E
oT'v
[4%4
vi'v
87
[4:74
€8’
78’1
S8t
96’V

19T ;

e YT e R—

861
00°L
[4oya

/

.

wS'TT
/ €L

6'L7]
T €9'g
K gey

Fozy

=009

F /87

T 807
5987

ETLT

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

6.5

7.0

7.5

f1 (ppm)
'H NMR (400 MHz, CDCls) of compound 4f

20'ze
mw.mmk
AR LA
999z f
187

18°0% —
E82s )
61€s
69°€S

8708 —

€L°SST —

YEOLT N\
8v'eLT

-—3

Boc

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

20 10 0 -10

50 40 30

60

f1 (ppm)
13C NMR (101 MHz, CDClIs) of compound 4f

40



L8°0)
680
16701
£607
66°0 Y
mH.H,,
ST'T A
9T'T 1
ARE
6T°T
12T
YT
szt
87’1
0€'T
1€T
ZeT
T
L
95'T
LS'T
85T
65T
10°€
€0'€
0T'€
TT°€
€T'E
ST'E
€L°€
IT'v
Y'Yy
9T’V
68V
68t
161
16'v
1€°§

ve'S

mm.n\
IS,

s

B

k 81/
g
% 95'¢
M 671

Hmz
w €81

99°¢
004

S€¢

=009

F 117

F 821

F§0'¢

EL67T

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 0.0

8.0

f1 (ppm)
H NMR (400 MHz, CDCls) of compound 4g

Z0TT—
0E'ST~
S8VT
vE'8T ~
ETLEN
LE'6E—

v9°¢S —

6885 —

98°'6L —

61°99T —

¥9'0LT ~\
szt

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

20 10 0 -10

50 40 30

60

f1 (ppm)
13C NMR (101 MHz, CDClI3) of compound 4g

41



ev'T
10°C
€0°C
v0'¢C
80°C
0T’z
NH.NQ
ey
ST'ZH
LT°T Y
ow.my
[A A

vrey|
ST'E
9T’
8T'€E
17~

viL'E
mh.mv
9/.°€

€€V
14504
[4: %4
v8'v
v8'v
S8’V
98’y
L8V
S8'S
L8°S
ST'9
SS9

—_———e

S6'LN
627

=8L'T4¢

Fezd
F 90°9
F sz
~ 009
= 88T

Ev'd

967
~ gyl
ST

=697

0.0 -0.5 -1.0 -1.

0.5

1.0

1.5

2.0

3.0 25

3.5
f1 (ppm)

5.0 4I‘0
'H NMR (400 MHz, CDCls) of compound 4h

5.5

6.0

7.0

8.0

1.5

9€'87
mo.mmm
S8'1€E

ocov”
TETS
B.wa
15°€S

v1°08 —

T09ST —

280LT
STTLT
sesen/

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

20 10 0 -10

50 40 30

60

f1 (ppm)
13C NMR (101 MHz, CDClI3) of compound 4h

42



980

88°0
68°0

06°0

071 660
o . . k s6'H
6T 6€°Q
€e'T — — =
o1/ — — 6681
917 . £ org
01 99°q
a1z . L4
D,Ny , M 89T
mH.N; mm.o
oze]

T >

QN”A -~ ¢ o v 59
Ltee - = 99'¢

12°€
zze] .
see]
e
mw.mi ~—0 3
|
|

z
ARE
61¢ ] — o
[2]
/

———
’

9s€
9Ty
SEv
€8 |
v8'y
R
98t

L8'9— \

194~ \
wLs

A 877
009

s 90
oL

F06'T

-q= IS0

|+ vzg
|\ ™ sza

f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 4i

TV
80'TZ
692
TL€T ]
1SHT
v€°8C ¢
ze'62 ;
0L°62 3
€0'TE
0€'0Y
wo?/
6715\
LTS
8v'€s /
[8°65
T%°09
€T°T9
9,708 —

08'vST —

99°0LT
6T'TLT W
€9'CLT

0 -10

10

50 40 30 20

60

f1 (ppm)
13C NMR (101 MHz, CDCl3) of compound 4i
43

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70




[44n"
STl
or'T
191
€9'T
mm.ﬁg
hm..:
L6'T 1
66T
mm.ﬁg
002
TO'T A

16'¢C
6T
€6°C
v6°C

ﬁ

86°C
mm.NV

00°¢
10°€ ]
T0°€ )
ove ]
zve]
vS€ ]
sse
e
SL€
9L€
06'€
T6°€
v6'E
s6'€
R
ssy
95t
YR
LY
8.1

'S
6€°L
A4

~ =
/J
~
/
N
~
£
N xMw
8
a o
~ z =
,J/ S\Sgo/ 7
oo
X q JIA
mym o—
o
N/A
T
~ =
<%
o
-
~ =<

. wn
RTA N

=097

69T

\n
e

N
M <

f1 (ppm)
'H NMR (400 MHz, CDCls) of compound 4j

8£°2e
S6'0T
€5'92
s8'/T
ve'se
69'67 /
60°EV
LE9b ~
0875 ~
96'es/
€109/

6L°6L—

¢8'SST —
€9°891 /
v'0LT W
ww.on._”

10

-10

50 40 30 20 0

60

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

f1 (ppm)
13C NMR (101 MHz, CDCl3) of compound 4j

44



a N m DT O N H O D AN OV MANON VW AN I NOOWWOWWLANOONTT -
© © un No®XWW®NAON OOOOCOQOOGNNNWNNWON-HAAOSN O A S
NN S n < < < < T FTTTOHO OO O OHOOHOHOOHOOHOOHO®OOHOONONNN -
~7 ~ e e —

|

1 iy e

1
Fal T‘ T e EAlaw b
m ™~ < — O O aQ un o
N - o 0 S o< %
— : ; —= —h— =gl ; ; —_— ; ;
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 0.0

f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 4k

“nm <
o N0 < n NV N W
Scoco o © N ® N Q Qi m
N KO un o NN Ao ©
D B o | 0 nm<s < N

| | ~ N |

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
13C NMR (101 MHz, CDClI3) of compound 4k

45



0.5

1.0

: | © STHT )
580, S 62'sT |
£809 66°LT |
6809 ro 1767 |
ey

/j - == ) .
£6'0 // W 16'q MM.MM uf

ey _
veo - 2662
960

iy 88°0€
mw.l vETE
iﬂ . trov/

14 J o ~ 58'q 0178
LTT @
1] S | = vE'TS
1! I BaR B B
o ¥0°09
I

2.0

2.5

00z
20z}
v0'z

L0°C z
. j -t 00
60°C — & 00'9
»
A\

3.0

o)
[¢]
N
HJ\(\
s

[}

LA
o

wn

~

o®

o1z ~
952 »

85°C ro |
092

o

60°€ ﬁ
60°€ /

o .

. ~ = = Q%' wn
e ﬁ leA LA
€L'E -z

/C
o
m

f1 (ppm)
'H NMR (400 MHz, CDCls) of compound 4l

4.5

80'TL

5.0

e
S
(0]
L

SL€
66'¢
08'v
[4-04 r TE0LT \
€8’V 9E'TLT
S8'Y €€°TLT /
L8'Y
mm.m\ - = 86'T]

6.0

T ISsT —

6.5

7.0

v's
8T'L ~ == F €91
mw.h\

| YAYA

-10

20 10 O

50 40 30

60

f1 (ppm)
13C NMR (101 MHz, CDCl3) of compound 4l
46

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70




vo v
._”m.og
€6°01
¥6°0 1
96°0
16°0 7
mm.a,ﬁ
STT
Cra |
T~
Ho.my
No.mg
€0°€ |
S0°€
90°€ |
NH.m,,
Y€
9T €N

VL€
SL€
YALS
LL€E
om.v/
wm.qw
69t
mm.iﬁ
181
mw.q;
0671
ves ]
SE°G
9¢'s ]
ge's )

vTL
ST'L 7
19°2
€9/

_Boc

66°€T]
S 0T
85°8T]

k117

F ss'g

=009
F 8T

FETQ
=081

FesT

=871

L4

25 20 15 1.0

3.0

3.5

4.0
1 (ppm)

4.5
H NMR (400 MHz, CDCls) of compound 4m

80 75 70 65 60 55 50

3.5

aL ve
8L LT
S0'8T
vr6T
127221
L8 |
17832 |
eT0e
90'TE ,W
75 1E 7

6587\
LETS

78'7S 7
58657

v6°SST —

9€'0LT
mO.NhHW
6v'CLT

.Boc

Z-T

==

70 60 50 40

210 200 190 180 170 160 150 140 130 120 110 100 90 80

-10

0

10

30 20

f1 (ppm)

13C NMR (101 MHz, CDClIs) of compound 4m

47



—3.84
1.65
1.64
1.57

O\
N/O\S
1
1
" ] l
L [ A \
T T T Y
< o o < <
°°. S S -
T T T ——— = T T T T T O T T s T T T
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 0.5 0.0
f1 (ppm)

'H NMR (400 MHz, CDCls) of compound Tempo-1a

o

© n )

© ) o © o m o o0 n

— ) 0 ) Qo un o < N

© o0 ~ — [= 3T 0 - ©

— — — — o un < m —

| | | | (B | | |

~N
N/O\S
1

| | ‘ { ’ l

N oy " ‘, | " o " P ol st W o

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

f1 (ppm)

13C NMR (101 MHz, CDCls) of compound Tempo-1a

48

-10



