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1. General information

All NMR spectra were recorded at room temperature using a Bruker Avance 300 (300 MHz for H,
75 MHz for 13C, 282 MHz for '°F), or a Bruker Avance 400 (400 MHz for *H, 101 MHz for 3C,
376 MHz for °F) NMR spectrometer.! All chemical shifts are reported in & - scale as parts per
million [ppm] (multiplicity, coupling constant J, number of protons) relative to the solvent residual
peaks as the internal standard.? Coupling constants J are given in Hertz [Hz]. Abbreviations used
for signal multiplicity: *H - NMR: br = broad, s = singlet, d = doublet, t = triplet, q = quartet, dd =
doublet of doublets, dt = doublet of triplets, and m = multiplet. High resolution mass spectra (HRMS)
were obtained from the central analytic mass spectrometry facilities of the Faculty of Chemistry and
Pharmacy, Regensburg University, and are reported according to the IUPAC recommendations 2013.
All mass spectra were recorded on a Finnigan MAT 95, Thermo Quest Finnigan TSQ 7000, Finnigan
MATSSQ 710 Aor an Agilent Q - TOF 6540 UHD instrument. GC measurements were performed
on a GC 7890 from Agilent Technologies. Data acquisition and evaluation was done with Agilent
ChemStation Rev.C.01.04. [35]. Analytical TLC was performed on silica gel coated alumina plates
(MN TLC sheets ALUGRAM® Xtra SIL G/UV254). Visualization was done by UV light (254 or
366 nm). If necessary, potassium permanganate was used for chemical staining. Purification by
column chromatography was performed with silica gel 60 M (40 - 63 um, 230 - 440 mesh, Merck)
on a Biotage® Isolera TM Spektra One device. All photocatalytic reactions were performed with
455 nm LEDs (OSRAM Oslon SSL 80 royal - blue LEDs (A =455 nm (+ 15 nm), 3.5 V, 700 mA).
The sample was irradiated with a LED through the vial’s plane bottom side and cooled from the side
using custom-made aluminum cooling blocks connected to a thermostat (Figure S1). Gram-scale
reactions were in a classic glass tube photochemical reactor setup irradiated from the outside (Figure
S2). The glass tube with reaction mixture and LED cooling block were thermostated at 25 <C. CO;
was bubbled continuously through the reaction mixture in the large-scale carboxylation reactions.
UV-Vis and fluorescence measurements were performed with a Varian Cary 100 UV/Vis spectro-
photometer and FluoroMax - 4 spectrofluorometer, respectively. Electrochemical studies were
carried out under argon atmosphere. The measurements were performed in anhydrous solvent
containing 0.1 M tetra-n-butylammonium tetrafluoroborate using ferrocene/ferrocenium (Fc/Fc™) as
an internal reference. A glassy carbon electrode (working electrode), platinum wire counter
electrode, and Ag quasi-reference electrode were employed. Commercially available starting
materials and solvents were used without further purification.
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Figure S2. Photochemical set-up for large-scale reactions
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2. Starting materials

o MeOH NNHTs
M + TsNHNH, ————>
R "R, 60 °C Ri” R

N-tosylhydrazone was prepared according a reported procedure.® To a stirred solution of
tosylhydrazide (10 mmol) in MeOH (10 mL) at 60 °C, aldehyde or ketone (1 equiv.) was added
dropwise (or portionwise if solid). The reaction was completed within 0.5 h. After that, the solvent
was removed directly under reduced pressure, and the crude mixture was either directly used or
further purified by recrystallization.

3. Experimental procedures
General procedure A

To a 9 mL snap vial with magnetic stirring bar, tosylhydrazone (0.2 mmol), Cs2COs (0.6 mmol),
[Ir(dFCFsppy).dtbbpy]PFs (0.002 mmol) were added. The vial was evacuated and back filled with
CO; for three times. A solution of thiol (0.3 mmol) in dry DMSO (2 mL) was added by syringe.
Then the solution was bubbled with CO; for 3 minutes. After CO, (14 mL) was injected by syringe
the vial was sealed with wax. The mixture was irradiated with a 455 nm LED at 25 °C. After 24 or
48 h, the mixture was quenched with 2N HCI and extracted with EtOAc (10 mL *3). The combined
organic phase was then washed with H,O (10 mL) and brine, dried over sodium sulfate, concentrated
under vacuum. The residue was purified by silica gel flash chromatography (gradient eluent:
petroleum ether/EtOAc/HOAC=50/1/0.1% to 10/1/0.1%) to give the desired product.

General procedure B

To a 9 mL snap vial with magnetic stirring bar, tosylhydrazone (0.2 mmol), Cs,COs3 (0.3 mmol),
[Ir(dFCF3ppy).dtbbpy]PFs (0.002 mmol) were added. The vial was evacuated and back filled with
N for three times. A solution of thiophenol (0.3 mmol) and carbonyl compound (0.8 mmol) in dry
DMSO (2 mL) was added by syringe. The mixture was irradiated with a 455 nm LED at 25 °C.
After 24 h, the mixture was quenched with H,O and extracted with EtOAc (10 mL *3). The
combined organic phase was then washed with H.O (10 mL) and brine, dried over sodium sulfate,
concentrated under vacuum. The residue was purified by silica gel flash chromatography (gradient
eluent: pentane/EtOAc =50/1 to 10/1) to give the desired product.

General procedure C

To a 9 mL snap vial with magnetic stirring bar, tosylhydrazone (0.2 mmol), Cs,CO3 (0.3 mmol),
[Ir(dFCF3ppy).dtbbpy]PFs (0.004 mmol) and CFsSO2Na (0.3 mmol) were added. The vial was
evacuated and back filled with N for three times, DMSO/acetone = 1/1 (1 mL) was added by syringe.
The mixture was irradiated with a 455 nm LED at 25 °C. After the indicated time, the mixture was
quenched with H.O and extracted with EtOAc (10 mL *3). The combined organic phase was then
washed with H20 (10 mL) and brine, dried over sodium sulfate, concentrated under vacuum. The
residue was purified by silica gel flash chromatography (eluent: pentane/EA) to give the desired
product.
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General procedure D-for “one-pot” thiocarboxylation of N-tosylhydrazone

To a 9 mL snap vial with magnetic stirring bar, carbonyl compound (0.2 mmol), tosylhydrazide (0.2
mmol) and MeOH (1 mL), the mixture was stirred at 60 °C for 30 minutes. After the solvent was
removed under vacuum, [Ir(dFCFsppy)2dtbbpy]PFs (0.002 mmol) and Cs,COs (0.6 mmol) were
added. The vial was evacuated and back filled with CO, for three times. A solution of thiophenol
(0.3 mmol) in dry DMSO (2 mL) was added by syringe. Then the solution was bubbled with CO>
for 3 minutes. After CO2 (14 mL) was injected by syringe the vial was sealed with wax. The mixture
was irradiated with a 455 nm LED at 25 °C. After 24 or 48 h, the mixture was quenched with 2N
HCI and extracted with EtOAc (10 mL *3). The combined organic phase was then washed with H,O
(10 mL) and brine, dried over sodium sulfate, concentrated under vacuum. The residue was purified
by silica gel flash chromatography (gradient eluent: petroleum ether/EtOAc/HOAc=50/1/0.1% to
10/1/0.1%) to give the desired product.

General procedure E-for “one-pot” 1,1-difluoroolefination of N-tosylhydrazone

To a 9 mL snap vial with magnetic stirring bar, carbonyl compound (0.2 mmol), tosylhydrazide (0.2
mmol) and MeOH (1 mL), the mixture was stirred at 60 °C for 30 minutes. After the solvent was
removed under vacuum, [Ir(dFCFsppy).dtbbpy]PFs (0.004 mmol), Cs,CO3z (0.3 mmol) and
CF3SO2Na (0.3 mmol) were added. The vial was evacuated and back filled with N for three times,
DMSO/acetone = 1/1 (1 mL) was added by syringe. The mixture was irradiated with a 455 nm LED
at 25 °C. After the indicated time, the mixture was quenched with H,O and extracted with EtOAc
(10 mL *3). The combined organic phase was then washed with H>O (10 mL) and brine, dried over
sodium sulfate, concentrated under vacuum. The residue was purified by silica gel flash
chromatography (eluent: pentane/EA) to give the desired product.
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4. Optimization details for the reaction conditions

4.1 Optimization details for thiocarboxylation of tosylhydrazone 1a
Table S1. Screening of photocatalysts?

NNHTs SPh
/@)‘\H . ©/SH . co, PC, Cs,C03(2.0 eq-)= 2N HCI _ /©/kCOOH
DMF (2 mL), 25 °C
Me 18 h, blue LED Me
1a 2a 3a
Entry PC (mol%) CO; Yield (%)°
1 [Ir(dFCF3ppy)2dtbbpy]PFs 4 atm 55
(2 mol%)
2 [Ir(dFCF3sppy)2bpy]PFs 4 atm 40
(1 mol%)
3 4CzIPN (2 mol%) 4 atm 0
4 Eosin'Y (2 mol%) 4 atm 0
5 [Ir(ppy)2dtbbpy]PFs (1 mol%) 4 atm 13
6 Ru(bpy)sCl2.6H20 (1 mol%) 4 atm 34
7 - 4 atm 0

& Reaction conditions: Unless otherwise noted, all reactions were carried out with 1a (0.2 mmol),
2a (0.4 mmol), Cs2COs3 (0.4 mmol), photocatalyst and 4 atm of CO2 in 2 mL DMF, irradiation with
a blue LED at 25 °C for 24 hours. ° Yields were determined by *H NMR analysis of crude reaction
mixture using 1,3,5-trimethoxybenzene as internal standard.

Table S2. Screening of solvents?

s
ANHT SH [Ir(dFCF 3ppy),dtbbpy]PFg (1 mol%) Ph
/©)\H O/ o Cs,C04 (2.0 eq.) 2N HC COOH
+ + > - -
Me solvent (2 mL), 25 °C Me
18 h, blue LED
1a 2a 3a
Entry Solvent CO; Yield (%)°

1 DMF 4 atm 55

2 DMSO 4 atm 68

3 MeCN 4 atm 0

4 toluene 4 atm 0

5 THF 4 atm 0
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6 PhCF; 4 atm 0

2 Reaction conditions: Unless otherwise noted, all reactions were carried out with 1a (0.2 mmol),
2a (0.4 mmol), Cs2CO3 (0.4 mmol), [Ir(dFCFsppy).dtbbpy]PFs (1 mol%) and 4 atm of CO2in 2 mL
solvent, irradiation with blue LED at 25 °C for 24 hours. ° Yields were determined by 'H NMR
analysis of crude reaction mixture using 1,3,5-trimethoxybenzene as internal standard.

Table S3. Screening of bases®

fNHTs H [IF(dFCF 3ppy),dtbbpylPF ¢ (1 mol%) "
/@)kH . O/ . co, base (2.0 eq.) LN /©)\COOH
Me DMSO (2 mL), 25 °C Me

1a 2 18 h, blue LED 2a
Entry Base CO; Yield (%)°
1 Cs2CO3 4 atm. 68

2 K2COs3 4 atm. 39

3 Na.COs 4 atm. 50

4 Li»CO3 4 atm. 10

5 NaHCO3 4 atm. 16

6 K3PO4 4 atm. 53

7 CsOAc 4 atm. 55

8 KOAc 4 atm. 58

9 NaOAc 4 atm. 38

10 NaOH 4 atm. 47

11 DBU 4 atm. 44

12 Cs,CO3 (1.0 eq.) 4 atm, 57

13 Cs,CO3 (1.5¢€q.) 4 atm, 66

14 Cs,CO3 (2.5¢€q.) 4 atm. 71

15 Cs2C03 (3.0 eq.) 4 atm. 76

16 - 4 atm. 0

 Reaction conditions: Unless otherwise noted, all reactions were carried out with 1a (0.2 mmol),
2a (0.4 mmol), base, [Ir(dFCFsppy).dtbbpy]PFs (1 mol%) and 4 atm of CO; in 2 mL DMSO,
irradiation with blue LED at 25 °C for 24 hours. ° Yields were determined by *H NMR analysis of
crude reaction mixture using 1,3,5-trimethoxybenzene as internal standard.

Table S4. Screening of substrate ratios and control experiments?
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NNHTs SPh

SH [Ir(dFCF3ppy),dtbbpy]PFg (1 mol%)
W ©/ . co, Cs,C0; (3.0 eq.) _ 2NHCl COOH
DMSO (2 mL), 25 °C Me’

Me 1a 2a 18 h, blue LED 3a
Entry la: 2a CO» Yield (%)°
1° 1:2.0 4 atm. 21
2 1:2.0 4 atm. 76
3 1:15 4 atm. 81
4 1:10 4 atm. 62
5 1:25 4 atm. 72
6 1:3.0 4 atm. 48
7 1:15 2 atm. 65
8 1:15 balloon 70
9 1:15 3 atm. 81
10 1:15 3 atm. 0
11° 1:15 3atm. 0

& Reaction conditions: Unless otherwise noted, all reactions were carried out with 7a (0.2 mmol), 8
(0.4 mmol), base (0.6 mmol), [Ir(dFCF3ppy).dtbbpy]PFs (1 mol%) and 4 atm of CO in 2 mL DMSO,
irradiation with a blue LED at 25 °C for 24 hours. ® Yields were determined by *H NMR analysis of
crude reaction mixture using 1,3,5-trimethoxybenzene as internal standard. ¢ 2a was replaced by 2.0
eq. of PhSSPh (diphenyl disulfide). ¢ without light. © without photocatalyst.
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4.2 Optimization details for gem-difluoroolefination of tosylhydrazone 7a

Table S5. Optimization of the reaction conditions?

F_F
NNHTs
PC, blue LED
+ CF3SO,Na >
N Solvent, base N
) |
Ts Ts
7a 8 9a
Entry Base (1.5¢eq) Photocatalyst Solvent Yield
[%]°
1 Cs2,CO3 [Ir(dFCF3ppy)-dtbbpy]PFe DMSO 59
(1 mol%)
2 K2CO3 [Ir(dFCF3ppy)2dtbbpy]PFe DMSO 25
(1 mol%)
3 Na,CO3 [Ir(dFCF3ppy)2dtbbpy]PFe DMSO n.d
(1 mol%)
4 NaOH [Ir(dFCF3ppy).dtbbpy]PFs DMSO n.d
(1 mol%)
5 CH3COOCs [Ir(dFCF3ppy)2dtbbpy]PFs DMSO nd
(1 mol%)
6 K3PO4 [Ir(dFCF3ppy)2dtbbpy]PFs DMSO nd
(1 mol%)
7 KO'Bu [Ir(dFCF3ppy).dtbbpy]PFs DMSO n.d
(1 mol%)
8 2,4,6-collidine [Ir(dFCF3ppy).dtbbpy]PFs DMSO n.d
(1 mol%)
9 CsF [Ir(dFCF3ppy).dtbbpy]PFs DMSO n.d
(1 mol%)
10 - [Ir(dFCF3ppy)2dtbbpy]PFs DMSO nd
(1 mol%)

aUnless otherwise noted, all the reactions were carried out with 7a (0.2 mmol), 8 (0.3 mmol), base
(0.3 mmol), [IrdFCF3(ppy)2dtbbpy]PFs (1 mol%, 0.002 mmol) in DMSO (1 mL), irradiation with a
blue LED at 25 °C for 24 h. ® *F NMR yield using 4,4’- difluorobenzophenone as an internal
standard. n.d = not detected
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Table S6. Photocatalyst screening

Entry Base Photocatalyst Solvent Yield[%]°
1 Cs,CO3 [Ir(dFCF3ppy)zdtbbpy]PFe DMSO 59
(2 mol%)

2 Cs,CO3 [Ir(dFCF3ppy)2dtbbpy]PFe DMSO 61
(2 mol%)
3 Cs.CO3 [Ir(dFCF3ppy)2dtbbpy]PFs DMSO 44
(0.5 mol%)
4 Cs,CO3 [Ir(dFCFsppy)2dtbbpy]PFs DMSO 41
(2 mol%)
5 Cs2CO3 [IrdF(Me)(ppy)2dtbbpy]PFs DMSO trace
(2 mol%)
6 Cs2COs3 [Ir(ppy)2dtbbpy]PFe DMSO n.d
(1 mol%)
7 Cs,CO3 4CzIPN (5 mol%) DMSO 18
8 Cs,CO3 EoSinY DMSO n.d
(2 mol%)
9 Cs2COs3 Rh-6G DMSO n.d
(10 mol%)
10 Cs2COs Fukuzumi CIO4 DMSO nd
(5 mol%)
11 Cs2COs Carbon Nitride DMSO nd
20 mg

& Unless otherwise noted, all the reactions were carried out with 7a (0.2 mmol), 8 (0.3 mmol), base
(0.3 mmol), photocatalyst (1 mol%, 0.002 mmol) in DMSO (1 mL), irradiation with a blue LED at
25 °C for 24 h. " *°F NMR yield using 4,4’-difluorobenzophenone as an internal standard. n.d = not

detected.

Table S7. Optimization of the reaction conditions?

Entry Base Photocatalyst Solvent Yield
[%6]°
1 Cs2C0s [Ir(dFCFsppy)2dtbbpy]PFs DMF 38
(2 mol%)
2 Cs2C0s [Ir(dFCFsppy)2dtbbpy]PFs DMA 30
(2 mol%)
3 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFe MeCN trace
(1 mol%)
4 Cs2C0s [Ir(dFCFsppy)2dtbbpy]PFe DCE n.d
(1 mol%)
5 Cs2C0s [Ir(dFCFsppy)2dtbbpy]PFe THF n.d
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(1 mol%)

6 Cs2C03 [Ir(dFCFsppy)dtbbpy]PFs toluene n.d
(1 mol%)

7 Cs2CO0s3 [Ir(dFCFsppy)2dtbbpy]PFs dioxane n.d
(1 mol%)

8 Cs2COs3 [Ir(dFCFsppy)2dtbbpy]PFs MeOH n.d
(1 mol%)

9 Cs2COs3 [Ir(dFCFsppy)2dtbbpy]PFs NMP n.d
(1 mol%)

10 Cs2C03 [Ir(dFCF3ppy)dtbbpy]PFs DMSO/THF=4:1 52
(1 mol%)

11 Cs2C03 [IrdFCFs(ppy)2dtbpy]PFe DMSO/1,4-dioxane=4:1 53
(1 mol%)

12 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFe DMSO/MeCN=4:1 62
(1 mol%)

13 Cs2C03 [Ir(dFCF3ppy)dtbbpy]PFs DMSO/EA=4:1 62
(1 mol%)

14 Cs2COs3 [Ir(dFCFsppy).dtbbpy]PFs DMSO/toluene=4:1 38
(1 mol%)

15 Cs2C03 [Ir(dFCF3ppy)dtbbpy]PFs DMSO/DME=4:1 46
(1 mol%)

16 Cs2C03 [Ir(dFCF3ppy)dtbbpy]PFs DMSO/H.0=4:1 n.d
(1 mol%)

17 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFe DMSO/acetone=4:1 65
(1 mol%)

18 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFe DMSO/acetone=2:1 67
(1 mol%)

19 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFe DMSO/acetone=1:1 70
(1 mol%)

20 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFe DMSO/acetone=1:2 70
(1 mol%)

21 Cs2C0s [Ir(dFCF3ppy)2dtbbpy]PFs DMSO/acetone=1:1 65
(1 mol%) (0.6 mL in total)

22 Cs2C0s [Ir(dFCFsppy)2dtbbpy]PFs DMSO/acetone=1:1 70
(2 mol%) (1.5 mL in total)

23 Cs2C0s [Ir(dFCFsppy)2dtbbpy]PFs DMSO/acetone=1:1 77 (73)°
(2 mol%)

24 Cs2C0s3 - DMSO/acetone=1:1 n.d

25¢ Cs2C03 [Ir(dFCFsppy)dtbbpy]PFs DMSO/acetone=1:1 n.d

(2 mol%)

& Unless otherwise noted, all the reactions were carried out with 7a (0.2 mmol), 8 (0.3 mmol),
Cs,CO3 (0.3 mmol), [IrdFCF3(ppy)2dtbbpy]PFs (1 mol%, 0.002 mmol) in solvent (1 mL),
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irradiation with a blue LED at 25 °C for 24 h. ® 1°F NMR vyield using 4,4 -difluorobenzophenone as
an internal standard. n.d = not detected. ¢ isolated yield. ¢in the dark.

5. Mechanistic studies
CV measurements

CV measurements were taken on a three-electrode potentiostat galvanostat PGSTAT302N from
Metrohm Autolab by using a glassy carbon working electrode, a platinum wire counter electrode, a
silver wire as a reference electrode. The voltammograms were taken at room temperature in a
degassed DMF or MeCN solution ([n-BusNBF4] = 0.1 M, [substrate] = 1 mM, ferrocene as the
internal standard) under Argon atmosphere. The scan rate was 0.1 V/s. Potentials vs. SCE were
reported according to Esce = Ercre+ + 0.38 V.

Index Peak position
1 0.67978
2 1.425
3 0.59418

of
ses
e
3
EE-X13
285 L L L L

0.5 0.5
Potential applied (v}

Eox(1a) = 1.17 V vs. SCE
Figure S3. Cyclic voltammogram of N-tosylhydrazone 1a in DMSO (with Ferrocene)
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Eox(1la) = 1.83 V vs. SCE
Figure S4. Cyclic voltammogram of N-tosylhydrazone 7a in MeCN (with Ferrocene)
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“On-off” Experiments

Tosylhydrazone 1a (0.2 mmol, 57.6 mg), Cs,CO3 (0.6 mmol, 195.5 mg), [Ir(dFCFsppy).dtbbpy]PFs
(0.002 mmol, 2.2 mg) were added into a 9 mL snap vial equipped with a stirring bar. The vial was
evacuated and back filled with CO; for three times. A solution of thiophenol 2a (0.3 mmol) in dry
DMSO (2 mL) was added by syringe. Then the solution was bubbled with CO; for 3 minutes. After
CO; (14 mL) was injected by syringe the vial was sealed with wax. The reaction mixture was
irradiated by a blue LED at 25 <C. Parallel reactions were carried out for various reaction times.
The yield of carboxylic acid was determined by *H NMR analysis using 1,3,5-trimethoxybenzene
as internal standard after acidified with 2N HCI.

100
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0

e Light on

e |ight off

Yield of 3a (%)

0 1 2 4 6 8 10
Reaction time (h)

Determination of the reaction quantum yield

NNHTs SPh

SNa [IrdFCF 3ppy),dtbbpy]PF (1 mol%)
H o, + CO - COOH
2
Me DMSO (2 mL), 25 °C Ve
blue LED
1a then 2N HCI 3a

To a 9 mL snap vial, 1la (0.2 mmol, 1.0 eq), sodium thiophenolate (0.3 mmol, 1.5 eq),
[Ir(dFCF3ppy).dtbbpy]PFs (0.002 mmol, 1 mol%) were added. The vial was evacuated and back
filled with CO; for three times, and then dry DMSO (6 mL) was added by syringe. After that, 2 mL
solution was transferred from the vial into the cuvette by syringe, the solution in cuvette was bubbled
with CO; for 5 minutes and equipped with a CO; balloon. The sample was placed in the quantum
yield spectrometer and irradiated with a 455 nm LED for 300.76 s. After irrdadiation, the yield of
the formed product was determined by *H NMR analysis of acidified crude reaction mixture using
1,3,5-trimethoxybenzene as internal standard. The yield of 3a was determined to be 28.5%.

Number of product molecules _ Nprod _ cprod-V:-NA-h-c _ 2 1%
= = = - £.170
Number of absorbed photons Nph,abs Pabs: At- A
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Cprod: CoONcentration of product 3a; V: 2 mL; Na: 6.02-10%/mol; h: planck constant; c: speed of light;
Pabs: absorbed optical power = 131.7 mW; At: illumination time = 300.76 s; A: 455 nm.

The quantum yield (@) was calculated to be 2.1%

Control experiments

(A) Radical inhibiting and trapping experiments

NNHTs COOH
I SH standard conditions
+ + CO, SPh
TEMPO (x eq.)
Me then 2N HCI Me
3a
0.2 mmol 0.3 mmol 3 atm x=1.5.,17%
x=2.5,0%
NNHTs
| SH standard conditions
+ + CO, > N.__SPh
TEMPO (2.5 eq.) (®)
Me
1 2a
a HRMS calcd. for [M+H]+: 266.1573
0.2 mmol 0.3 mmol 3 atm found: 266.1568.
NNHTs
standard conditions
+ CF3SO,Na ,CF3
l}] TEMPO (2.5 eq.)
Ts HRMS calcd. for [M+H]+: 226.1413
7a 8 found: 226.1410.
0.2 mmol 0.3 mmol 9a, 0%
NNHTs
standard Ph P Pho A~
+ CF3SO,Na + =——Ph >
N swv2 conditions ES CF
'Il's detected by GC-MS detected by
GC-MS
7a 8
0.2 mmol 0.3 mmol 0.3 mmol 9a
II\INHTs
standard
e e fions /O/\SPh v INFuep
conditions
Me Me
detected by GC-MS
1a 2a
0.2 mmol 0.3mmol 0.3 mmol

To further prove the existence of radicals (thiyl radicals, trifluoromethyl radical and tosyl radical) in the
proposed catalytic cycle, we attempted to use trapping reagents including TEMPO and phenylacetylene
under the standard conditions. First, products 3a and 9a were not formed when the radical scavenger
TEMPO (2.5 eq.) was added to the thiocarboxylation and gem-difluoroolefination reaction respectively,
TEMPO-SPh and TEMPO-CF; adducts were detected by HRMS. Moreover, hydrotrifluoromethylation
and hydrothiolation products were detected by GC-MS when phenylacetylene was added. It is to be noted
that the proposed tosyl radical could be trapped in the reaction of 7a with 8 by the phenylacetylene to
give hydrosulfonylation product.
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NNHTs |
standard
+ CF3SO,Na + =—Ph —— + PhFuce | +
conditions
N N
Ts .I_s detected by GC-MS detected by
GC-MS
7a 8
0.2 mmol 0.3 mmol 0.3 mmol %
File :M:\Benutzer\Shun Wang\hydrazone revision\gc-ms\18.83.2820\G4
016_67.D
Operator 1
Instrument : Intuvo MSD
Acquired  : 18 Mar 2028 @5:56 using AcgMethod G4@16_INT_@@.M
Sample Name: MS-R1-1
Misc Info : Wang
Abundance TIC: G4016_07.D\data.ms
3.5e+07
3e+07
2.5e+07 |
|
2e+07
1.5e+07 / 3
1e+07 ‘1‘
|J
5000000 )
| ' it i H
AN WY L Y | I L PUAINE T, O Y O W
T T T T T T T
— 4,00 6.00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600  28.00
Abundance Scan 448 (7.036 min). G4016_07 Didatams
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Figure S5. GC-MS report of hydrotrifluoromethylation product
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NNHTs
+ CF3SO,Na + =—Ph
\
Ts
7a 8
0.2 mmol 0.3 mmol 0.3 mmol
File :M: \GCMS_TEMP\Wang\G4016_07.D
Operator :
Acquired : 18 Mar 2020 05:56
Instrument : Intuvo MSD

Sample Name: MS-R1-1
Misc Info : Wang

Vial Number: 33

Abundance
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5000000
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standard
~conditions " " V/‘M CF ’ -
conditions

N

'I's detected by GC-MS detected by
GC-Ms

9a
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Figure S6. GC-MS report of hydrosulfonylation product
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+ Ph—SH + =—Ph —— SPh, PhFngp
conditions M
€

Me detected by GC-MS
1a 2a
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Misc Info : Wang
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Figure S7. GC-MS report of hydrosulfonylation product
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(B) Using sodium thiophenolate in place of thiophenol

COOH

NNHTs

| SNa standard conditions SPh

+ + cO >
©/ 2 w or w/o Cs,CO3 Me
Me then 2N HCI
1a w Cs,CO3, 73% yield
w/o Cs,CO3, 50% vyield
0.2 mmol 0.3 mmol 3 atm

(C) Control experiments in the absence of CO;

NNHTs
I SH standard conditons
+ O/ -~ /O/\SPh
Me Me
1a 2a
0.2 mmol 0.3 mmol 69% yield
(D) Deuterium incorporation experiments
NNHTs oH [Ir[dFCF3ppy),dtbbpy]PFg H__H(D)
I ©/ (1 mol%) /©)<3Ph
+
Cs,CO3 (0.6 mmol), DMSO (2 mL)
D,0 (X eq.)
0.2 mmol 0.3 mmol blue LED, 25 °C, 18 h X =5, 62% yield, 69% D content
: X =10, 77% yield, 82% D content

X =20, 89% yield, 88% D content
Tosylhydrazone 1a (0.2 mmol, 57.6 mg), Cs,CO3z (0.6 mmol, 195.5 mg), [Ir(dFCFzppy).dtbbpy]PFes
(0.002 mmol, 2.2 mg) were added into a 9 mL snap vial equipped with a stirring bar. The vial was
evacuated and back filled with N2 for three times. Then PhSH (0.3 mmol), dry DMSO (2.0 mL) and
D20 (x eq.) were added sequentially by syringes. The reaction mixtures were irradiated with a blue
LED at 25 <C for 24 h. The reaction mixture was quenched with H>O and extracted with EtOAc (10
mL *3). The combined organic phase was then washed with H,O (10 mL) and brine, dried over
sodium sulfate, concentrated under vacuum. The residue was purified by silica gel flash
chromatography (eluent: petroleum ether) to give the desired product. The recorded ‘H-NMR
spectra are depicted below.
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(E) Elcb elimination

2 TsNHNH NNHTs
Ph)‘\(OMe — Ph)‘\(OMe

R R

without
purification

SPh

o

phenyl(1-phenylvinyl)sulfane

] +  Ph—SH

SPh

©)\,R

R = H, 69% yield
R = Ph, 51% yield, Z/E = 2.7/11

standard conditions
—_—

The product was obtained as a colorless oil, 29.3 mg, yield = 69%. *H NMR (300 MHz, CDCls) §
7.56 —7.50 (m, 2H), 7.32 —7.28 (m, 2H), 7.22 — 7.11 (m, 4H), 7.16 — 7.11 (m, 2H), 5.57 (s, 1H), 5.21 (s,
1H). C NMR (75 MHz, CDCl3) § 144.43, 138.69, 133.75, 131.90, 129.01, 128.44, 128.26, 127.28,
127.12, 115.81. HRMS (EI) calcd for Ci4H12S [M]*:212.0654, found: 212.0653.

SPh

O)\th

(2) and (E)-(1,2-diphenylvinyl)(phenyl)sulfane
The product was obtained as a colorless oil, 29.4 mg, yield = 51% (Z/E = 2.7/1). *H NMR (400 MHz,
CDCls3) (Z and E isomer) 6 7.75 (dd, J = 7.5, 1.7 Hz, 3H), 7.67 — 7.61 (m, 3H), 7.43 - 7.33 (m, 7H), 7.32
—7.18 (m, 16H), 7.14 — 7.07 (m, 6H), 7.06 — 7.00 (m, 1H), 6.98 — 6.94 (m, 2H), 6.80 (s, 1H). *C NMR
(101 MHz, CDCls) (Z and E isomer) 8 145.19, 144.59, 139.96, 138.15, 136.94, 134.73, 126.94, 125.75,
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124.94,124.72,124.51, 123.82, 122.37, 121.91, 121.38, 120.96, 120.40, 119.63, 116.34, 111.60, 109.92,
109.45, 109.40. HRMS (El) calcd for CxoH16S [M]*: 288.0967, found: 288.0962.

S21



Luminescence quenching experiments

Luminescence spectra of [Ir(dFCFsppy)2dtbbpy]PFs (1.0 x10°M) was collected as a function of
different quenchers in degassed DMSO with excitation at 420 nm and data of emission intensity at
480 nm was recorded.

——oO0M
5x10° M
—— 10 x10° M
——15x10° M
——20x10° M
| ——25x10°M
600000 - f ——30x10°M
“ ——35x10°M

1000000 —

800000 —

Intensity

400000 +

200000 -

T T T T T
400 450 500 550 600 650

Wavelength (nm)

Figure S8. A solution of PhSNa in DMSO was added and its concentration was changed from 0 to
35 x10°M

—o0M
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1000000 4 ——20x10°M
——30x10°M
——40x10°M

800000 1 ——50x10°M

600000

intensity

400000 -

200000

T T T T T
400 450 500 550 600 650
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Figure S9. A solution of PhSH in DMSO was added and its concentration was changed from 0 to
50 x10°M
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Figure S10. A solution of 1a in DMSO was added and its concentration was changed from 0 to 50
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Figure S11. Stern-Volmer plot of [Ir(dFCFsppy).dtbbpy]PFs by different components
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Figure S12. A solution of 8 (CF3SO2Na) in DMSO was added and its concentration was changed
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Figure S13. A solution of 7a in DMSO was added and its concentration was changed from 0 to 30
*x10°M
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Scheme S1. Testing other radical precusors in the photoredox catalytic Wolff-Kishner processes

NNHTs o) [Ir(dFCF3ppy).dtbbpylPFg

| 1]
(1 mol%)
+ PhO’E\OPh >
Cs,CO3 (0.3 mmol), DMSO (2 mL)

blue LED, 25 °C, 24 h

L
Popn
PhO

$1

1af, 0.2 mmol 0.3 mmol
22% NMR yield
II\IN HTs o) [Ir(dFCF3ppy),dtbbpy]PFg 0
B (1 mol%) 4
+  Ph71%Ph > pr{ Ph
Cs,C0O3 (0.3 mmol), DMSO (2 mL)
1af, 0.2 mmol 0.3 mmol blue LED, 25 °C, 24 h S2
5% NMR yield
Os_Ph
E\IN HTs [Ir(dFCF3ppy).dtbbpy]PFg
MeOOC COOMe (1 mol%) Ph
+ | | - o
N Cs,CO; (0.3 mmol), DMSO (2 mL)
H blue LED, 25 °C, 24 h $3, trace
1af, 0.2 mmol 0.3 mmol
e O\ [Ir(dFCF3ppy),dtbbpy]PFs '\:‘BOC
0,
+ N ~COOH (1 mol%) > m)
Boc Cs,CO5 (0.3 mmol), DMSO (2 mL)
blue LED, 25 °C, 24 h S4, n.d.
1af, 0.2 mmol 0.3 mmol

In addition to CF3SO-Na and thiols, other radical precusors including phosphite, phosphine oxide, 1,4-
dihydropyridine and carboxylic acid are tested in this photocatalytic radical-anion relay sequence. As
summarized in Scheme S1, under the unoptimized reaction conditions phosphite, phosphine oxide and
dihydropyridine could react with N-tosylhydrazone 1af to give corresponding carbanions which are then
trapped by the protons in the reaction mixture. These results demonstrated that this novel strategy could
be further extended in the production and transformation of other functionalized carbanions. Further

studies along this lines are currently underway in our laboratory.

526



File
Operator
Acquired
Instrument

Sample Name:
: Wang
Vial Number:

Misc Info

Abundance

I\INHTS 9 [Ir(dFCF 3ppy),dtbbpy]PFg 0o
P (1 mol%) 4
+ PhO |!| OPh PhOI SOPh
Cs,C0; (0.3 mmol), DMSO (2 mL)
0.2 mmol 0.3 mmol blue LED, 25 °C, 24 h S1

22% NMR yield

:M:\GCMS_TEMP\Wang\G4@16_83.D

: 18 Mar 2020 903:37 using AcqMethod G4816_INT_e@.M

Intuvo MSD
SC-MR-3

29
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Figure S15. GC-MS report of product S1
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Figure S16. Crude *H NMR spectrum of the reaction between 1af and diphenylphosphite*

3 28
p o
Internal standard:CH,Br, ¥

T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 1.5 1.0 3.5 3.0 2.5
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Figure S17. Crude *H NMR spectrum of the reaction between 1af and diphenylphosphite*
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File
Operator
Acquired

Instrument :
Sample Name:
: Wang

Misc Info

Vial Number:

Abundance

3.5e+07: |
3e+07! 1)

2.5e+075 |‘
2e+07:

1 .5e+07:

1e+07]

PNHTS o] [Ir(dFCF 3ppy),dtbbpy]PFg

i (1 mol%) F{’o
+  Ph 1 Ph > / ~Ph
H Ph
Cs,CO;3 (0.3 mmol), DMSO (2 mL)

blue LED, 25 °C, 24 h s2
5% NMR yield

\

0.2 mmol 0.3 mmol

:Mi\GCMS_TEMP\Wang\G4@16_e4.D

: 18 Mar 2020 04:12 using AcqMethod G4@16_INT_80.M

Intuve MSD
SC-MR-4

30
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Figure S18. GC-MS report of product S2
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Figure S19. Crude *H NMR spectrum of the reaction between 1af and diphenylphosphine oxide®
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File
Operator
Acquired
Instrument

Sample Name:
: Wang
Vial Number:

Misc Info

Abundance

4.5e+07

4e+07

3.5e+07
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o R e
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COOMe

[Ir(dFCF3ppy).dtbbpy]PFg

(1 mol%)

Ph

h

Cs,CO; (0.3 mmol), DMSO (2 mL)
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i by

y

(0]

25°C, 24 h S3, trace
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Figure S20. GC-MS report of product S3
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Table S8. Diastereoselectivity of a-sulfenyl carbanion addition to benzaldehyde?

NNHTs
[Ir(dFCF3ppy),dtbbpy]PFg SPh O

CHO o
+ Ph—SH + ©/ (1 mol%)
base (1.5 eq.), additive (1.5 eq.) OH

1af 2a 5 DMSO (2 mL)
0.2 mmol 0.3 mmol 0.8 mmol blue LED, 25 °C 6
Entry Base Additive Yield of 6a Syn:Anti®
1 Cs,CO3 - 78% 44:56
2 Li.COs - 15% 44:56
3 MgCOs - n.d. -
4 Cs2.CO3 MgClO4 25% 43:57
5 Cs2CO3 LiCl 80% 51:49

@Reaction conditions: Unless otherwise noted, all reactions were carried out with 1af (0.2 mmol), 2a (0.3 mmol), 5 (0.8 mmol),
base (0.3 mmol), [Ir(dFCFsppy).dtbbpy]PFs (1 mol%) in 2 mL DMSO, irradiation with blue LED (455 nm) at 25 °C for 24 hours,
NMR yields were shown. PDetermined by 'H NMR analysis.

Regarding the diastereoselectivity of a-sulfenyl carbanion addition to benzaldehyde, we attempted
to improve the syn/anti ratio by adding chelating bases or additives. We tested commonly used
cheating metal cation including Li* and Mg?* in this reaction. As demonstrated above, when Cs,COg3
was replaced by Li>COs; or MgCOs, the reaction efficiencies dropped dramatically whereas the
diastereoselectivity remained unchanged. Adding MgCIOs (1.5 eq) did not improve
diastereoselectivity but decreased the yield significantly. Moreover, using LiCl as additive
afforded the product in retained efficiency and poor diastereoselectivity.
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6. Characterization of products

COOH
SPh

Me

2-(phenylthio)-2-(p-tolyl)acetic acid (3a)

Following the general procedure A, the product was obtained as a white solid, 41.2 mg, 81% yield;
mp 108.3-110.6 °C. *H NMR (300 MHz, CDCl3) & 7.41 — 7.36 (m, 2H), 7.36 — 7.30 (m, 2H), 7.28 -
7.24 (m, 3H), 7.14 (d, J = 7.8 Hz, 2H), 4.87 (s, 1H), 2.34 (s, 3H). *C NMR (75 MHz, CDCls) § 175.69
138.47,133.56, 132.38, 131.90, 129.47, 129.05, 128.36, 128.03, 55.83, 21.16 . HRMS (ESI) Calcd.
for [M+H]*: 259.0787. Found: 259.0791.

COOH
SPh

Br

2-(4-bromophenyl)-2-(phenylthio)acetic acid (3b)

Following the general procedure A, the product was obtained as a white solid, 42.4 mg, 66% yield.
mp 110.5-114.8 °C.*H NMR (300 MHz, CDCl3) & 9.12 (s, 1H), 7.41 — 7.33 (m, 2H), 7.32 — 7.25 (m,
2H), 7.25 —7.13 (m, 5H), 4.74 (s, 1H). *C NMR (75 MHz, CDCls) § 175.86 , 134.08 , 132.97 , 132.66,
131.85, 130.21, 129.15, 128.50, 122.70, 55.63 . HRMS (ESI) Calcd. for [M+H]*: 322.9736. Found:
322.9737.

COOH
SPh

Ph

2-([1,1’-biphenyl]-4-yl)-2-(phenylthio)acetic acid (3c)

Following the general procedure A, the product was obtained as a white solid, 38.7 mg, 60% vyield.
mp 150.4-154.6 °C. *H NMR (300 MHz, CDCls) § 9.07 (s, 1H), 7.61 — 7.50 (m, 6H), 7.48 — 7.33 (m,
5H), 7.31 — 7.27 (m, 3H), 4.95 (s, 1H). **C NMR (75 MHz, CDCls) § 176.31 , 141.45 , 140.31, 133.89 ,
133.29, 132.64,129.10, 128.94, 128.78 , 128.22, 127.53, 127.46 , 127.07 , 55.94. HRMS (ESI) Calcd.
for [M+NH4]*: 338.1209. Found: 338.1214.

COOH
SPh

AcHN

2-(4-acetamidophenyl)-2-(phenylthio)acetic acid (3d)

Following the general procedure A, the product was obtained as a white solid, 45.6 mg, 76% vyield.
mp 212.3-215.1 °C.*H NMR (400 MHz, DMSO-dg) 8 9.98 (s, 1H), 7.56 — 7.51 (m, 2H), 7.41 - 7.33 (m,
4H), 7.32 — 7.25 (m, 2H), 7.24 —7.19 (m, 1H), 5.17 (s, 1H), 2.03 (s, 3H). *C NMR (101 MHz, DMSO-
de) 6 171.28 , 168.39 , 139.11, 134.36, 130.55, 130.40, 129.02 , 128.80 , 127.04 , 118.99 , 54.20 ,
24.02 . HRMS (ESI) Calcd. for [M+H]*: 302.0845. Found: 302.0852.

COOH
SPh
F;CO
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2-(phenylthio)-2-(4-(trifluoromethoxy)phenyl)acetic acid (3e)

Following the general procedure A, the product was obtained as a white solid, 43.2 mg, 66% vyield.
mp 78.9-83.2 °C.*H NMR (300 MHz, CDCls) & 8.18 (s, 1H), 7.42 — 7.34 (m, 2H), 7.32 — 7.25 (m, 2H),
7.22 —7.14 (m, 3H), 7.13 — 7.05 (m, 2H), 4.79 (s, 1H). *C NMR (75 MHz, CDCl3) & 175.88 , 149.20
(0, J=2.1Hz), 133.68,133.08, 132.59, 130.11, 129.16, 128.57, 121.06, 55.43 . *°F NMR (282 MHz,
CDCl3) 6 -58.32. HRMS (ESI) Calcd. for [M+H]*: 329.0454. Found: 329.0456.

COOH

SPh

2-(4-(tert-butyl)phenyl)-2-(phenylthio)acetic acid (3f)

Following the general procedure, the product was obtained as a white solid, 43.3 mg, 72% yield. mp
105.7-110.8 °C.*H NMR (400 MHz, CDCls) & 8.42 (s, 1H), 7.35 — 7.25 (m, 6H), 7.20 — 7.14 (m, 3H),
4.79 (s, 1H), 1.22 (s, 9H). 3C NMR (101 MHz, CDCls) § 176.42 , 151.63, 133.74 , 132.27 , 131.71,
129.05, 128.14,127.99, 125.75, 55.76 , 34.59 , 31.24 . HRMS (ESI) Calcd. for [M+NH4]*: 318.1522.
Found: 318.1529.

Me SPh

COOH

2-(phenylthio)-2-(o-tolyl)acetic acid (3g)

Following the general procedure A, the product was obtained as a yellow gel-like solid, 42.2 mg,
82% yield."H NMR (400 MHz, CDCl) & 8.57 (s, 1H), 7.50 — 7.44 (m, 1H), 7.31 (dd, J = 6.5, 2.9
Hz, 2H), 7.21 — 7.15 (m, 3H), 7.14 — 7.05 (m, 3H), 5.05 (s, 1H), 2.28 (s, 3H). *C NMR (101 MHz,
CDCls) 6 176.41 , 136.24 , 133.63 , 133.34 , 132.58 , 130.61 , 129.06 , 128.39 , 128.25 , 128.13,
126.60, 52.67 , 19.50. HRMS (ESI) Calcd. for [M+H]*: 259.0787. Found: 259.0787.

OMe SPh

COOH

2-(phenylthio)-2-(o-tolyl)acetic acid (3h)

Following the general procedure A, the product was obtained as yellow gel-like solid, 36.9 mg, 67%
yield. *"H NMR (400 MHz, CDCls) & 7.97 (s, 1H), 7.40 (dd, J = 7.7, 1.7 Hz, 1H), 7.37 — 7.29 (m,
2H), 7.21-7.14 (m, 4H), 6.86 (td, J = 7.5, 1.1 Hz, 1H), 6.79 (dd, J = 8.3, 1.1 Hz, 1H), 5.30 (s, 1H),
3.72 (s, 3H). *C NMR (101 MHz, CDCly) § 176.22, 156.44, 134.04, 132.37, 129.59, 129.41, 128.89,
127.80, 123.85, 120.86, 110.86, 55.69, 49.53. HRMS (ESI) Calcd. for [M+H]": 275.0739. Found:
275.0736.

F SPh

©)\COOH

2-(2-fluorophenyl)-2-(phenylthio)acetic acid (3i)
Following the general procedure A, the product was obtained as yellow gel-like solid, 30.2 mg, 58%
yield. *H NMR (400 MHz, CDCls) § 10.69 (s, 1H), 7.48 (td, J = 7.6, 1.8 Hz, 1H), 7.35 — 7.30 (m, 2H),
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7.23 - 7.14 (m, 4H), 7.04 (td, J = 7.6, 1.3 Hz, 1H), 6.95 (ddd, J = 9.7, 8.2, 1.2 Hz, 1H), 5.17 (s, 1H). °C
NMR (101 MHz, CDCls) § 175.87, 161.15, 158.68 ,133.10, 132.78, 130.09 (d, J = 8.4 Hz), 130.01 (d, J
= 2.6 Hz), 129.08, 128.46, 124.42 (d, J = 3.6 Hz), 122.66 (d, J = 13.9 Hz), 115.43 (d, J = 21.8 Hz), 48.39
(d, J = 3.2 Hz).HRMS (ESI) Calcd. for [M+H]*: 263.0538. Found: 263.0537.

Br SPh

COOH

2-(2-bromophenyl)-2-(phenylthio)acetic acid (3j)

Following the general procedure A, the product was obtained as yellow gel-like solid, 40.4 mg, 63%
yield. *H NMR (400 MHz, CDCls) § 7.57 (dd, J = 7.9, 1.7 Hz, 1H), 7.48 (dd, J = 8.0, 1.3 Hz, 1H),
7.39 — 7.32 (m, 2H), 7.24 — 7.18 (m, 4H), 7.09 (td, J = 7.7, 1.7 Hz, 1H), 5.40 (s, 1H). *C NMR
(101 MHz, CDCls) 6 174.98, 134.84, 133.03, 132.95, 132.84, 130.26, 129.80, 129.09, 128.42,
127.85, 124.49, 54.92. HRMS (ESI) Calcd. for [M+H]*: 322.9737. Found: 322.9736.

SPh

|
c \©)\COOH

2-(3-chlorophenyl)-2-(phenylthio)acetic acid (3k)

Following the general procedure A, the product was obtained as a yellow gel-like solid, 35.6 mg,
64% yield. '"H NMR (300 MHz, CDCl) 5 8.95 (s, 1H), 7.45 (t, J = 1.8 Hz, 1H), 7.40 — 7.35 (m,
2H), 7.33 — 7.23 (m, 6H), 4.82 (s, 1H). 3C NMR (75 MHz, CDCl3) & 175.78, 136.93, 134.53,
133.01, 132.62, 129.90, 129.16, 128.72, 128.69, 128.54, 126.77, 55.74. HRMS (ESI) Calcd. for
[M-H]: 277.0092. Found: 277.0096.

SPh

Br
\©)\COOH

2-(3-bromophenyl)-2-(phenylthio)acetic acid (3I)

Following the general procedure A, the product was obtained as a white solid, 40.3 mg, 63% yield,
mp 92.8 - 93.5°C. *H NMR (400 MHz, CDCl3) § 7.59 (d, J = 1.8 Hz, 1H), 7.46 (d, J = 7.9 Hz, 1H),
7.37 (t, J=7.7 Hz, 3H), 7.32 - 7.26 (m, 3H), 7.20 (t, J = 7.9 Hz, 1H), 6.27 (s, 1H), 4.82 (s, 1H). *°C
NMR (101 MHz, CDCl3) 6 175.09, 137.26, 133.05, 132.66, 131.64, 131.59, 130.18, 129.17, 128.57,
127.24, 122.65, 55.67. HRMS (ESI) Calcd. for [M+H]": 322.9735. Found: 322.9736.

COOH
SPh
OMe

2-(5-chloro-2-methoxyphenyl)-2-(phenylthio)acetic acid (3m)

Following the general procedure A, the product was obtained as a white solid, 35.2 mg, 57% vyield.
mp 136.3-140.0 °C. *H NMR (300 MHz, CDCl3) & 8.06 (s, 1H), 7.46 (d, J = 2.6 Hz, 1H), 7.45 — 7.37
(m, 2H), 7.31 - 7.26 (m, 3H), 7.23 (dd, J = 8.8, 2.6 Hz, 1H), 6.79 (d, J = 8.8 Hz, 1H), 5.30 (s, 1H), 3.77
(s, 3H). *C NMR (75 MHz, CDCls) & 175.96 , 155.06 , 133.29 , 132.79 , 129.39 , 129.24 , 128.99 ,
128.21,125.75, 125.54 , 111.96 , 55.99 , 49.05 . HRMS (ESI) Calcd. for [M+H]*: 309.0347. Found:
309.0353.
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COOH
F
SPh

Br

2-(4-bromo-3-fluorophenyl)-2-(phenylthio)acetic acid (3n)

Following the general procedure A, the product was obtained as a white solid, 29.4 mg, 43% vyield.
'H NMR (300 MHz, CDCls) § 9.51 (s, 1H), 7.53 — 7.46 (m, 1H), 7.37 — 7.32 (m, 2H), 7.31 — 7.23 (m,
4H), 7.09 — 7.04 (m, 1H), 4.80 (s, 1H). **C NMR (75 MHz, CDCl3) § 175.40 , 158.94 (d, J = 248.4 Hz),
136.72 (d, J = 6.8 Hz), 133.59, 133.16, 132.24 , 129.23 , 128.74, 125.44 (d, J = 3.5 Hz), 116.76 (d, J =
23.7 Hz), 109.30 (d, J = 21.0 Hz), 55.43. **F NMR (282 MHz, CDCls) & -106.44. HRMS (ESI) Calcd.
for [M+H]*: 340.9642. Found: 340.9644.

COOH

M
€0 SPh

OMe

2-(3,5-dimethoxyphenyl)-2-(phenylthio)acetic acid (30)

Following the general procedure A, the product was obtained as a white solid, 35.1 mg, 58% vyield. mp
115.3-119.9 °C. *H NMR (400 MHz, CDCls) § 9.55 (s, 1H), 7.33 — 7.27 (m, 2H), 7.19 — 7.16 (m, 3H),
6.51 (d, J = 2.3 Hz, 2H), 6.32 (t, J = 2.3 Hz, 1H), 4.71 (s, 1H), 3.67 (s, 6H). **C NMR (101 MHz, CDCl5)
3 175.89, 160.86, 136.97, 133.37, 132.52, 129.08, 128.16, 106.54, 100.76, 56.35, 55.40. HRMS (ESI)
Calcd. for [M+H]*: 305.0842. Found: 305.0846.

COOH

MeO'

2-(6-methoxynaphthalen-2-yl)-2-(phenylthio)acetic acid (3p)

Following the general procedure A, the product was obtained as a white solid, 41.2 mg, 64% yield.
mp 162.8-168.4 °C.*H NMR (300 MHz, CDCls) & 8.45 (s, 1H), 7.78 — 7.64 (m, 3H), 7.57 (dd, J = 8.5,
1.9 Hz, 1H), 7.41 — 7.35 (m, 2H), 7.26 — 7.20 (m, 3H), 7.17 — 7.08 (m, 2H), 5.02 (s, 1H), 3.92 (s, 3H).
3C NMR (75 MHz, CDCls) & 176.17 , 158.12 , 134.38 , 133.37, 132.62 , 129.86 , 129.53 , 129.05 ,
128.53, 128.14 , 127.63, 127.48 , 126.46 , 119.25 , 105.57 , 56.36 , 55.31 . HRMS (ESI) Calcd. for
[M+H]*: 325.0893. Found: 325.0901.

HOOC

\
N

\
Boc

2-(1-(tert-butoxycarbonyl)-1H-indol-3-y1)-2-(phenylthio)acetic acid (3q)

Following the general procedure A, the product was obtained as a yellowish oil, 40.6 mg, 56% yield.
'H NMR (400 MHz, CDCl3) & 8.16 (d, J = 8.3 Hz, 1H), 7.70 (d, J = 7.8 Hz, 1H), 7.64 (s, 1H), 7.46 —
7.40 (m, 2H), 7.38 — 7.27 (m, 5H), 5.12 (s, 1H), 1.65 (s, 9H). *C NMR (101 MHz, CDCl3) & 174.96 ,
149.34, 135.46, 133.26, 133.14, 129.03, 128.48 , 128.43 ,125.42,124.90, 122.84 , 119.40, 115.39,
113.75, 84.06, 47.68 , 28.14 . HRMS (ESI) Calcd. for [M-H]": 382.1119. Found: 382.1119.

S36



HOOC Me @
©)<S

2-phenyl-2-(phenylthio)propanoic acid (3r)

Following the general procedure A, the product was obtained as a white solid, 31.2 mg, 62% vyield.
mp 96.4-98.9 °C. *H NMR (300 MHz, CDCl3) & 7.57 — 7.50 (m, 2H), 7.39 -7.27 (m, 7H), 7.25 — 7.20
(m, 1H), 1.82 (s, 3H). *C NMR (75 MHz, CDCl3)  177.40, 139.85, 136.69 , 130.86 , 129.47 , 128.69 ,
128.36,127.92,127.10,59.57, 25.20 . HRMS (ESI) Calcd. for [M+NH,4]*: 276.1053. Found: 276.1055.

HOOC Me@
/©)<S

2-([1,1'-biphenyl]-4-yl)-2-(phenylthio)propanoic acid (3s)

Following the general procedure A, the product was obtained as a white solid, 52.9 mg, 79% yield.
mp 138.4-142.3 °C. *H NMR (300 MHz, CDCls) 6 8.90 (s, 1H), 7.56 — 7.46 (m, 6H), 7.39 — 7.21 (m,
6H), 7.19—7.11 (m, 2H), 1.77 (s, 3H). **C NMR (75 MHz, CDCls) & 178.57 , 140.68 , 140.28 , 138.80 ,
136.75, 130.91, 129.48 , 128.78 , 128.69 , 127.62 , 127.48 , 127.04 , 126.95, 59.21 , 25.00 . HRMS
(ESI) Calcd. for [M+NH,]*: 352.1366. Found: 352.1373.

HOOC Me/@
/©)<S

2-(4-bromophenyl)-2-(phenylthio)propanoic acid (3t)

Following the general procedure A, the product was obtained as a white solid, 38.3 mg, 57% vyield.
mp 111.7-114.5 °C. *"H NMR (400 MHz, CDCl3) & 8.99 (s, 1H), 7.41 — 7.31 (m, 4H), 7.27 (ddt, J =
10.0, 7.3, 1.6 Hz, 3H), 7.20 — 7.14 (m, 2H), 1.71 (s, 3H). *C NMR (100 MHz, CDCl3) & 178.09,
139.00, 136.74 , 131.37, 130.55, 129.64 , 129.07 , 128.76 , 122.05 , 58.87 , 24.89 . HRMS (ESI)
Calcd. for [M+H]*: 336.9892. Found:336.9889.

-8

S COOH

Ph

Br

2-(phenylthio)-2-(thiophen-2-yl)propanoic acid (3u)

Following the general procedure A, the product was obtained as a white solid, 30.7 mg, 58% vyield,
mp 68.5 -69.6 °C. *H NMR (400 MHz, CDCl3) § 7.43 — 7.36 (m, 3H), 7.32 — 7.26 (m, 3H), 7.14
(dd, J=13.7, 1.2 Hz, 1H), 6.96 (dd, J = 5.1, 3.7 Hz, 1H), 1.92 (s, 3H). **C NMR (101 MHz, CDCls)
5 176.91, 143.40, 136.69, 130.90, 129.81, 128.74, 126.95, 126.55, 126.12, 56.04, 25.72. HRMS
(ESI) Calcd. for [M-H]": 263.0206. Found: 263.0213.

Phs_Me

COOH
A\
o

2-(benzofuran-3-yl)-2-(phenylthio)propanoic acid (3v)

Following the general procedure A, the product was obtained as a white solid, 30.6 mg, 51% vyield,

mp 131.5 - 133.0 °C. *H NMR (400 MHz, CDCl3) & 7.51 (t, J = 8.5 Hz, 2H), 7.38 — 7.29 (m, 4H),
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7.22 (dtd, J = 8.4, 4.1, 2.1 Hz, 3H), 6.64 (d, J = 0.9 Hz, 1H), 1.92 (s, 3H). *C NMR (101 MHz,
CDCls) § 174.74, 154.75, 154.11, 137.13, 130.00, 129.87, 128.69, 127.80, 124.71, 122.95, 121.17,
111.31, 106.15, 55.09, 23.03. HRMS (ESI) Calcd. for [M+H]*: 299.0736. Found: 299.0737.

PhS COOH
Ph

2,3-diphenyl-2-(phenylthio)propanoic acid (3w)

Following the general procedure A, the product was obtained as a oily solid, 42.1 mg, 63% yield.
'H NMR (400 MHz, CDCl3) § 7.32 — 7.28 (m, 2H), 7.26 — 7.15 (m, 6H), 7.14 — 7.00 (m, 5H), 6.83 (dl,
J =6.8, 1.5 Hz, 2H), 3.40 (dd, J = 93.5, 13.7 Hz, 2H). *C NMR (101 MHz, CDCls) & 176.41, 137.97,
136.21, 135.65, 130.92, 130.90, 129.37, 128.72, 128.51, 127.85, 127.66, 127.62, 126.76, 65.49, 44.50.
HRMS (EI) Calcd. for [M-H]: 333.0955. Found: 333.0962.

PhS COOH
@Ph
Cl

2-(4-chlorophenyl)-3-phenyl-2-(phenylthio)propanoic acid (3x)

Following the general procedure A, the product was obtained as a oily solid, 44.2 mg,
60% vyield. *"H NMR (300 MHz, CDCls) § 10.22 (s, 1H), 7.31 — 7.23 (m, 2H), 7.23 — 6.98 (m, 10H),

6.84 — 6.76 (M, 2H), 3.36 (dd, J = 92.5, 13.6 Hz, 2H). *C NMR (101 MHz, CDCls) § 176.28 , 136.48 ,
136.12, 135.27, 13351, 130.83, 130.63, 130.17, 129.58 , 128.82, 127.89, 127.80, 126.96 , 64.87,
44.67 . HRMS (ESI) C