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General Information

'H and '*C NMR were recorded on a Bruker Avance 600 MHz spectrophotometer.
Chemical shifts (8) are expressed in ppm., and J-values are given in Hz. The residual
solvent protons ('H) or the solvent carbons (*C) were used as internal standards. HR-
ESI-MS were taken on Agilent 6540 Q-TOF spectrometer. All reagents were used as
received without further purification unless indicated otherwise. 405 nm LED lamps
(7 W) were used to irradiate the reaction mixtures. Thin layer chromatographies were
carried out on GF254 plates. Flash chromatography was performed with 200-300
mesh silica gels. Visualization of the developed chromatogram was performed by
fluorescence quenching or by ceric ammonium molybdate, or KMnOs stain. UV-Vis
measurements were carried out on a Hitachi UV-1900 UV-Visible spectrophotometer.
Cyclic voltammetry studies were carried out on a CHI 760E electrochemical
workstation (Shanghai CH Instruments Co., China). Optical rotations were recorded

on a JASCO P-2000 polarimeter.

General Procedure for Photochemical Thiolation

General Procedure A

To an oven dried 10 mL glass tube with a magnetic stirring bar was added
thiophenol 1 (0.10 mmol), KOH (0.20 mmol), 5-(tert-butyl)-2-iodo-1,3-
dimethylbenzene 2 (0.20 mmol) and tetrahydrofuran (1.0 mL) under an argon
atmosphere in a glove box. The reaction mixture was stirred under two 7 W 405 nm
light emitting diode (LED) lamps (the distance was about 10 cm) irradiation at room
temperature. After 24 hours, the reaction was quenched by water (15 mL), extracted
with ethyl acetate (15 mL x 3). The combined organic layers were washed with brine,
dried over anhydrous Na>SOs and concentrated. The crude product was subjected to

column  chromatography  (dichloromethane/petroleum  ether) or  (ethyl
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acetate/petroleum ether) on silica gel to afford the product.

General Procedure B

To an oven dried 10 mL glass tube with a magnetic stirring bar was added
thiophenol 1 (0.10 mmol), tetrahydropyran (1.00 mmol), KOH (0.20 mmol), 5-(zert-
butyl)-2-iodo-1,3-dimethylbenzene 2 (0.20 mmol) and DMSO (1.0 mL) under an
argon atmosphere in a glove box. The reaction mixture was stirred under two 7 W 405
nm light emitting diode (LED) lamps (the distance was about 10 c¢m) irradiation at
room temperature. After 24 hours, the reaction was quenched by water (15 mL),
extracted with ethyl acetate (15 mL x 3). The combined organic layers were washed
with brine, dried over anhydrous Na>SOs and concentrated. The crude product was
subjected to column chromatography (dichloromethane/petroleum ether) or (ethyl

acetate/petroleum ether) on silica gel to afford the product.

Supplementary Figure 1. Experimental setup
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Supplementary Figure 2. Emission spectra of the 7 W 405 nm LED lamp.
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Supplementary Note 1. '"H NMR Spectroscopic Studies

The '"H NMR analysis was made on a solution containing 1 (5.5 mg, 0.05 mmol),
mixtures of 1 (5.5 mg, 0.05 mmol) and Cs2CO3 (32.6 mg, 0.1 mmol), and mixtures of
1 (5.5 mg, 0.05 mmol) and KOH (5.6 mg, 0.1 mmol) in 0.5 mL of THF-ds. Under
these conditions, 1 was completely deprotonated by KOH and significant upfield peak
shifting of hydrogens were observed. Meanwhile, we also discovered that the Cs2CO3
was not basic enough to deprotonate the thiophenol. Therefore, we conjectured that
the formation of EDA complex was necessary to facilitate the electron transfer and a

proton-coupled electron transfer (PCET) process was involved in Miyake’s protocol.
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Supplementary Figure 3. Comparison of 'H NMR spectra of 1 and the thiolate anion of 1 in

THF-ds.
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Supplementary Note 2. UV-Vis Spectroscopic Measurements

1. The UV-Vis spectroscopic studies excluding the formation of EDA complex

The UV-Vis absorption spectra of THF solutions (0.1 M) of 1, 2, mixtures of 1 and
KOH, and mixtures of 1, 2 and KOH were recorded on Hitachi UV-1900 UV-Visible
spectrophotometer (1 mm short light path cuvettes have been employed in order to
avoid fast signal saturation). The colorless solution of thiophenol 1 (orange line) has
no color change upon addition of KOH (blue line) and no new color change after the
5-(tert-butyl)-2-iodo-1,3-dimethylbenzene 2 was added to the solution of the thiolate

anion of 1 (red line).
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Supplementary Figure 4. UV-Vis absorption spectra of mixtures of 1, 2, and KOH in THF (top)

and DMSO (bottom) at concentrations of 0.1 M.
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2. The UV-Vis absorption spectra of thiophenol under the treatment of

different bases

The UV-Vis absorption spectra of THF solutions (0.1 M) of thiophenol 1 mixed
with different bases were recorded on Hitachi UV-1900 UV-Visible
spectrophotometer (1 mm short light path cuvettes have been employed in order to

avoid fast signal saturation).
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Supplementary Figure 5. UV-Vis absorption spectra of mixtures of 1 and different bases in

THEF at concentrations of 0.1 M.

S8



Supplementary Note 3. Determination of Binding Stoichiometry

The binding stoichiometry between thiolate anion of 1 and 2 were evaluated using
Job’s plot analysis. '"H NMRspectra of seven samples of mixtures of thiolate anion of
1 and 2 in DMSO-d6 were recorded at 298 K. DMSO (6 = 2.50 ppm.) was used as
internal standard. The total volume of the mixture was 0.5 mL, and the total amount
of thiolate anion of 1 and 2 was kept constant at 0.1 mmol (0.2 M), while the amount
of thiolate anion of 1 was varied from 0 to 0.1 mmol (0 - 0.2 M). The molar ratios of
thiolate anion of 1/ (thiolate anion of 1 + 2) were 0.0, 0.2, 0.4, 0.5, 0.6, 0.8, 0 1.0. 'H
NMR for each sample was recorded and the chemical shifts differences (Ad) for p-H
of thiolate anion of 1 were used to draw the plot. The stoichiometry was determined
by plotting ratios of [thiolate anion of 1] X Ad against ratios of [thiolate anion of 1]/
[thiolate anion of 1 + 2] to afford a maximum at ratio [thiolate anion of 1]/ [thiolate
anion of 1 + 2] = 0.5, which meant a 1:1 complex ratio between thiolate anion of 1

and 2.

| l [thiolate anion of 1] : [2] =0.20: 0.00 3!
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Supplementary Figure 6. 'H NMR shift of thiolate anion of 1 with 2.
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[thiolate anion | Ad (ppm) [thiolate anion | [thiolate anion
of 11 (M) of 1]/ [thiolate | of 1] x Ad
anion of 1 + 2]
1 0 0 0 0
2 0.04 0.00917 0.2 0.0003668
3 0.08 0.00554 0.4 0.0004432
4 0.10 0.00406 0.5 0.000406
5 0.12 0.00296 0.6 0.0003552
6 0.16 0.00133 0.8 0.0002128
7 0.20 0 1.0 0
0.0005
°
0.0004 et :
o ® .. y=-0.0017x%+0.0016x +5E-05
< . . R?=0.9416
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Supplementary Figure 7. Job’s plot analysis. y = -0.0017x% + 0.0016X + 5E-05, Xmax = 0.0016/(-

2x(-0.0017)) = 0.5.
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Supplementary Note 4. Determination of the Association Constant (K.).

In an NMR tube, a DMSO-d6 solution of thiolate anion of 1 (50 mM, 0.6 mL, 0.03

mmol) was added at 298 K. To the tube, 2 was added from 0.1 to 0.34 mmol. 'H NMR

for each sample was recorded to measure the change in chemical shift for the p-H of

thiolate anion of 1. DMSO was used as internal standard and 6 = 2.50 ppm.

2] (molL) | 1/2] AS (ppm) 1/AS
1 0.34 2.9 0.01500 66.67
2 0.25 4.0 0.00976 102.46
3 0.2 5.0 0.00806 124.67
4 0.15 6.7 0.00639 156.49
5 0.1 10 0.00481 207.90
250
y=19.2x+21.693
200 RZ=0.979 9
150
~ 100 y
s
50
0
2 4 6 8 10 12

1/[2]

Supplementary Figure 8. Association constant determination.

_ Intercept  21.693

Ka =

slope

T 19.200

=113 M™!

The association constant between thiolate anion of 1 and 2 was calculated to be 1.13

M in DMSO-d6.
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Supplementary Note S. Radical Trapping Experiments

2 (2.0 equiv)
SH KOH (2.0 equiv)
©/ TEMPO (2.0 equiv)
7 W purple LED ©/

1 THF, rt, 24 h

43, 25% 44, 56%
detected by HRMS

To an oven dried 10 mL glass tube with a magnetic stirring bar was added
thiophenol 1 (11.0 mg, 0.10 mmol), KOH (11.2 mg, 0.20 mmol), 5-(fert-butyl)-2-
iodo-1,3-dimethylbenzene 2 (57.6 mg, 0.20 mmol), TEMPO (31.2 mg, 0.20 mmol)
and tetrahydrofuran (1.0 mL) under an argon atmosphere in a glove box. The reaction
mixture was stirred under two 7 W 405 nm light emitting diode (LED) lamps (the
distance was about 10 cm) irradiation at room temperature. After 24 hours, the
reaction was quenched by water (15 mL), extracted with ethyl acetate (15 mL x 3).
The combined organic layers were washed with brine, dried over anhydrous Na2SO4
and concentrated. The crude product was subjected to column chromatography (ethyl
acetate/petroleum ether = 1:10) on silica gel to afford 43 (6.6 mg, 25% yield) and 44
(12.6 mg, 56% yield).
1-(4-(tert-Butyl)-2,6-dimethylphenoxy)-2,2,6,6-tetramethylpiperidine (42)
HR-ESI-MS (m/z): calcd. for C21H36NO [M + H]": 318.2791, found 318.2788.
2,2,6,6-Tetramethyl-1-((phenylthio)oxy)piperidine (43)"

'H NMR (600 MHz, CDCl3) § 7.72 — 7.64 (m, 2H), 7.48 — 7.42 (m, 2H), 7.41 — 7.36
(m, 1H), 1.90 — 1.81 (m, 1H), 1.66 (s, SH), 1.63 — 1.58 (m, 2H), 1.55 —1.35(m, 7H),
0.90 (s, 3H).

BBC NMR (150 MHz, CDCl3) § 150.5, 129.4, 128.7, 126.2, 61.5, 59.0, 43.6, 41.6, 35.5,
32.8,28.9,28.1,27.8, 17.4.

HR-ESI-MS (m/z): caled. for C1sH24NOS [M + H]": 266.1573, found 266.1573.
2,2,6,6-Tetramethyl-1-((tetrahydrofuran-2-yl)oxy)piperidine (44)>

'H NMR (600 MHz, CDCI3) § 5.35 (d, J = 4.8 Hz, 1H), 3.89 — 3.80 (m, 2H), 2.01 —
1.89 (m, 3H), 1.81 — 1.75 (m, 1H), 1.56 — 1.44 (m, 5H), 1.31 (d, J = 12.8 Hz, 1H),
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1.21 (s, 3H), 1.10 (s, 3H), 1.06 (s, 3H), 1.03 (s, 3H).
13C NMR (150 MHz, CDCL3) § 109.8, 66.8, 60.3, 58.8, 40.3, 39.9, 34.1, 33.5, 31.4,

24.1,20.6,20.2, 17.4.
HR-ESI-MS (m/z): calcd. for Ci16H26NO2 [M + H]": 228.1958, found 228.1955.
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Supplementary Note 6. Deuterium Labelling Experiments

D
2 (2.0 equiv)
SH KOH (2.0 equiv)
* THF—dg j +
7TW purple LED
73% 46, 49%

To an oven dried 10 mL glass tube with a magnetic stirring bar was added
thiophenol 1 (11.0 mg, 0.10 mmol), KOH (11.2 mg, 0.20 mmol), 5-(tert-butyl)-2-
iodo-1,3-dimethylbenzene 2 (57.6 mg, 0.20 mmol) and tetrahydrofuran-ds (1.0 mL)
under an argon atmosphere in a glove box. The reaction mixture was stirred under two
7 W 405 nm light emitting diode (LED) lamps (the distance was about 10 cm)
irradiation at room temperature. After 24 hours, the reaction was quenched by water
(15 mL), extracted with ethyl acetate (15 mL x 3). The combined organic layers were
washed with brine, dried over anhydrous Na2SO4 and concentrated. The crude product
was subjected to column chromatography (dichloromethane/petroleum ether = 1:2) on
silica gel to afford 45 (13.6 mg, 73% yield) and 46 (14.3 mg, 49% yield).
2-(Phenylthio)tetrahydrofuran-2,3,3,4,4,5,5-d7 (45)

"H NMR (600 MHz, CDCl3) & 7.53 — 7.48 (m, 2H), 7.30 (t, J = 7.7 Hz, 2H), 7.24 —
7.21 (m, 1H).

3C NMR (150 MHz, CDCls) 6 135.8, 131.3, 129.0, 126.9.

HR-EI-MS (m/z): caled. for CioHsD70S [M]: 187.1048, found 187.1049.
1-(tert-Butyl)-3,5-dimethylbenzene-4-d (46)°

"H NMR (600 MHz, CDCl3) § 7.01 (s, 2H), 2.32 (s, 6H), 1.30 (s, 9H).

3C NMR (150 MHz, CDCls) 6 151.3, 137.4, 123.3, 34.6, 31.6, 21.6.

HR-EI-MS (m/z): calcd. for Ci2H17D [M]: 163.1471, found 163.1473.
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Supplementary Note 7. Quantum Yield Measurements

The quantum yield for the model reaction was measured by using Melchiorre’s
procedure.*

A standard ferrioxalate actinometer solution was prepared by following the
Hammond variation of the Hatchard and Parker procedure outlined in Handbook of
Photochemistry.’ The ferrioxalate actinometer solution measures the decomposition
of ferric ions to ferrous ions, which are complexed by 1,10-phenanthroline and
monitored by UV/Vis absorbance at 510 nm. The moles of iron-phenanthroline
complex Fe(phen)s?" formed are related to moles of photons absorbed.

The solutions were prepared and stored in dark:

1. Potassium ferrioxalate solution: 589.5 mg of potassium ferrioxalate
(commercially available from Alfa Aesar) and 278 pL of sulfuric acid (96%) were
added to a 100 mL volumetric flask, and filled to the mark with water (HPLC grade).

2. Phenantroline solution: 0.2% by weight of 1,10-phenanthroline in water (200
mg in 100 mL volumetric flask).

3. Buffer solution: to a 100 mL volumetric flask, 4.94 g of NaOAc and 1 mL of
sulfuric acid (96%) were added and filled to the mark with water (HPLC grade).

Procedure: 1 mL of the actinometer solution and 1 mL of the degassed model
reaction were added to two identical quartz cuvettes (1 = 10 mm). The cuvettes were
placed 10 cm away from the light source and irradiated at A = 390 nm (emission slit
width at 10.0 nm) without stirring. This procedure was repeated 3 times, quenching
the reactions after different time intervals: 20, 40, 60, and 80 seconds.

The actinometer measurements were done as follows:

1. After irradiation, the actinometer solution was removed and placed in a 10 mL
volumetric flask containing 0.5 mL of 1,10-phenanthroline solution and 2 mL of
buffer solution. This flask was filled to the mark with water (HPLC grade).

2. The UV-Vis spectra of the complexed actinometer samples were recorded for

each time interval. The absorbance of the complexed actinometer solution was

S15



monitored at 510 nm.
The moles of Fe*" formed for each sample are determined according to the

Beer’s Law:

23 _ V1 Ve 8A (510 nm)
"~ 10% -V, - 1- £ (510 nm)

mol Fe

where V1 is the irradiated volume (1 mL), V2 is the aliquot of the irradiated solution
taken for the determination of the ferrous ions (I mL), V3 is the final volume after
complexation with phenanthroline (10 mL), 1 is the optical path-length of the
irradiation cell (1 cm), AA (510 nm) the optical difference in absorbance between the
irradiated solution and the one stored in the dark, € (510 nm) is that of the complex
Fe(phen)3** (11100 L mol ™! cm?).

The moles of Fe** formed (x) are plotted as a function of time (t). The slope of
this line was correlated to the moles of incident photons by unit of time (q%,) by the

use of the following Equation:®

dx/dt

B =
W - 10A7]

Where dx/dt is the rate of change of a measurable quantity (spectral or any other
property), the quantum yield (®) for Fe** at 390 nm is 1.13,"*! and the absorbance A())
of the actinometer at A = 390 nm was measured by UV/Vis spectroscopy to be 0.437.

q°np, which is the photon flux, was determined to be 4.41 x 10~ einstein s™.

2.5E-07
0.0000002
g y = 3E-09x
1.5E-07 2= 0.085
2 R2=0.9856
S
=]
— 0.0000001
p=
SE-08
0
0 20 40 60 80 100

Time (seconds)
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Model reaction solution: To an oven dried quartz cuvettes (I = 10 mm) with a
magnetic stirring bar was added thiophenol 1 (11.0 mg, 0.10 mmol), KOH (11.2 mg,
0.20 mmol), 5-(tert-butyl)-2-iodo-1,3-dimethylbenzene 2 (57.6 mg, 0.20 mmol) and
tetrahydrofuran (1.0 mL) under an argon atmosphere in a glove box. The cuvettes
were placed 10 cm away from the light source and irradiated at A = 390 nm (emission
slit width at 10.0 nm). Quench the reaction after different time intervals: 10, 15, 20,
and 25 hours.

The measurements for the reaction under study were done as follows: the moles
of product 3 formed were determined by 'H NMR spectroscopy. The moles of product
per unit of time are related to the number of photons absorbed. The photons absorbed
are correlated to the number of incident photons by the use of the equation displayed
in the previous point. According to equation the slope (dx/dt) is equal to: ®-(1-104CG%
mm).q%.p, where @ is the quantum yield to be determined and the absorption A(390
nm) of the reaction was determined by UV/Vis spectroscopy to be 0.041, thus (1-10
AB%mm) — (0 09. The calculation yields the quantum yield (®) of the photoreaction =
0.23.

0.000009
y =0.0205x

0.000008 R?=0.994 o

0.000007 ’

0.000006 e

0.000005

0.000004

0.000003

Mols of product

0.000002
0.000001

0
0 0.000050.00010.000150.00020.000250.00030.00035 0.00040.00045

Mols of incident photons
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Supplementary Note 8. Density Functional Theory Calculations

DFT calculations were performed with the Gaussian 16 software package, C.01
version.” (Unrestricted) B3PW91 was used along with split-valence basis sets® 6-
31+G(d,p), with diffuse functions’ and polarization functions'® added. The effective
core potential double- § basis set LANL2DZ!" was used to describe I atom. While
optimizations for all other species were carried out in solution-phase with THF as the
solvent using the SMD!? solvation model. Vibrational frequency were also calculated
at the same level to confirm that each stationary points found were either minima or
transition states and to evaluate thermal corrections at standard states, including zero-
point energy corrections. Based on the optimized structure, the single point energies
(Espe) were calculated at M06-2X'%/def2-TZVP!* level in gas phase while applying
Boys and Bernard’s counterpoise (CP) technique'” to analyze the effect of the basis-
set superposition error (BSSE) for the complex at the same level with single point
energies used. Binding energies (EBg) is defined as Ese = Espe(AB) - Espe(A) - Espe(B)
+ Essse.'® The electrostatic potential surfaces (ESPs) was mapped by GaussView
6.0.16."” The most positive value Vsmax and topological analysis were calculated by
Multiwfn 3.8 package'® using the wave function derived from Gaussian. The
calculations of distance and angle between c-hole and Ar-I were the combination of

Multiwfn 3.8 package and VMD 1.9.4a53."

Table S1. Single-point energies (SPEs) of Monomers, Counterpoise corrected energy

(Ecorrected), BSSE energy (Esse) and Binding energy(£se) for the complex.

Espes’(a.u.) Ecorrected® (a.u.)  Ensse® (a.u.)  Ege’ (kcal/mol)
thiophenolate anion(A) -629.862807 - - -
PhI(B) -765.111805 - - -
Adduct(AB) -1394.989447 -1394.988329  0.001118 -8.61

S18



2Computed at the M06-2X/def2-TZVP//SMD(THF)/B3PW91/6-31+g(d,p)/LANL2DZ
Level. °Ege is defined as Ese = Espes(AB) - Espe(A) - Espe(B) + Essst or Ecorrected(AB)
- Espe(A) - Espe(B).

Supplementary Figure 9. The optimized structure of thiophenolate anion and aryl iodide adduct

Table S2. M06-2X/def2-TZVP calculated QTAIM topological parameters at the

BCPs of thiophenolate anion and aryl iodide complex.

Interactions p VZp A Ao A |14 H G

PhS---IAr  0.0134 0.0326 -0.0071 -0.0063 0.0460 -0.0067 0.0007 0.0074

@ BCPs = bond critical points. p = electron density. V> p = Laplacian of electron
density. A = eigenvalues of hessian. /= Potential energy density. H = Energy density.
G = Lagrangian kinetic energy. ©, V> 0, H, V, and G are in atomic units. A is

dimensionless.
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BCP

21 kcal/mol

1]

-21 kcal/mol

side view top view

Supplementary Figure 10. Electrostatic potentials mapped on the molecular surface (electron

density p =0.001 electrons/bohr’, kcal/mol) calculated on M06-2X/def2-TZVP level.
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Cartesian Coordinates for the Stationary Points
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-2.84111800 -0.00725500 0.00000000

Thiophenolate anion

1
—
—_—

v I DD DK O 0 o o a0

-1.55661200
-0.16223800
0.58833200
-0.16222300
-1.55658200
-2.27364100
-2.08880000
0.37369600
0.37376200
-2.08877800
-3.36076000
2.34554200

-1.20148600
-1.20196100
-0.00002000
1.20194700
1.20150700
0.00000900
-2.15141400
-2.14851100
2.14846900
2.15142900
0.00003500
0.00000100

0.00001800
-0.00000600
-0.00009700
-0.00000800

0.00002100
-0.00000800

0.00004500

0.00001900

0.00001600

0.00004700

0.00000800
0.00002100

Thiophenolate anion and aryl iodide adduct

O O o o o 0

1.37760500
1.76240100
3.12970000
4.10837900
3.67336100
2.32500500

-0.28625800
1.04812800
1.36157900
0.39909600

-0.92081500

-1.29113700

-0.08693200
-0.27564300
-0.19399900
0.06586000
0.24503300
0.17480100
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-0.71342400
5.60388200
5.88521300
6.12251300
6.38133800
1.94733400
0.77642700

-4.05458500
-4.85310700
-5.05282300
-5.69351400
-6.16555600
-5.97921100
-5.33742700
3.41150400
4.39911700
6.96277500
5.56653900
5.38836100
7.19100400
5.99760600
5.59079500
6.03769400
7.45227300
6.26499600
2.83569600
1.26085400
1.43784600
0.04023400
1.28997000
0.21235100
-4.69501200

-0.81263200

0.73411400
2.22485800
0.36046300
-0.07341200
-2.73297700
2.14881300
-1.71325500
-0.17913100
0.78563800
1.99861700
2.30609800
1.36924000
0.15656200
2.39962300
-1.70476600
2.40921500
2.55185100
2.85767700
0.59416300
-0.70710700
0.92026700
0.17026800
0.15684500
-1.15276500
-3.34121800
-2.85148700
-3.14401400
2.24655700
3.10837800
1.95589300
0.56655500

-0.19615700
0.16232600
-0.07085100
1.56545200
-0.89617000
0.38052200
-0.55899600
-0.32036800
-0.00153300
-1.01842600
-0.76577100
0.51487500
1.53728300
1.28577200
-0.34145400
0.44891600
0.00728600
-1.06722200
0.67332600
1.64976800
1.77510700
2.34366800
-1.90823500
-0.83741200
-0.75264500
0.57451200
1.22688700
-0.49883900
0.24725800
-0.66955700
-1.47897700
-2.02197600
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-5.82541800
-6.66550100
-6.33627800
-5.20168300

2.71056400
3.25144900
1.58444000
-0.55765100

-1.57904100
0.71114100
2.54318300
2.09491700
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Identification of Compounds

OC
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3
2-(Phenylthio)tetrahydrofuran (3)*
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether =1:2) to afford the
product 3 as a colorless oil (15.2 mg, 84% yield).
"H NMR (600 MHz, CDCl3) & 7.55 — 7.48 (m, 2H), 7.30 (t, J = 7.7 Hz, 2H), 7.25 —
7.21 (m, 1H), 5.66 (dd, J=7.3, 4.0 Hz, 1H), 4.05 — 4.02 (m, 1H), 3.98 — 3.95 (m, 1H),
2.40 —2.35 (m, 1H), 2.06 — 1.96 (m, 2H), 1.92 — 1.85 (m, 1H).
3C NMR (150 MHz, CDCls) 6 135.8, 131.2, 129.0, 126.9, 87.3, 67.4, 32.8, 25.0.
HR-ESI-MS (m/z): calced. for C1o0H120SNa [M + Na]": 203.0501, found 203.0502.

Scale up reaction for compound (3)

To an oven dried 100 mL glass tube with a magnetic stirring bar was added thiophenol
1 (2.0 mmol), KOH (4.0 mmol), 5-(tert-butyl)-2-iodo-1,3-dimethylbenzene 2 (4.0
mmol) and tetrahydrofuran (20.0 mL) under an argon atmosphere in a glove box. The
reaction mixture was stirred under two 7 W 405 nm light emitting diode (LED) lamps
(the distance was about 10 cm) irradiation at room temperature. After 36 hours, the
reaction was quenched by water (50 mL), extracted with ethyl acetate (50 mL x 3).
The combined organic layers were washed with brine, dried over anhydrous Na>SO4
and concentrated. The crude product was subjected to column chromatography
(dichloromethane/petroleum ether = 1:2) on silica gel to afford 259.0 mg of product 3
in 72% yield.
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2-(p-Tolylthio)tetrahydrofuran (4)*°
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether =1:2) to afford the
product 4 as a colorless oil (15.7 mg, 81% yield).
"H NMR (600 MHz, CDCls) & 7.41 (d, J = 8.1 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 5.58
(dd, J=7.2,4.0 Hz, 1H), 4.02 (q, /= 7.9 Hz, 1H), 3.95 (td, J = 8.0, 4.0 Hz, 1H), 2.38
—2.32 (m, 4H), 2.04 — 1.93 (m, 2H), 1.91 — 1.84 (m, 1H).
BC NMR (150 MHz, CDCl3) § 137.2, 132.0, 131.9, 129.7, 87.7, 67.4, 32.7, 25.0, 21.2.
HR-ESI-MS (m/z): calcd. for C11H14OSNa [M + Na]*: 217.0658, found 203.0655.

oA
t-Bu 5

2-((4-(tert-Butyl)phenyl)thio)tetrahydrofuran (5)*°

Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 5 as a colorless oil (17.9 mg, 76% yield).

"H NMR (600 MHz, CDCl3) & 7.46 (d, J = 8.0 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 5.62
(dd, J=17.4,4.0 Hz, 1H), 4.05 (q,J= 7.8 Hz, 1H), 3.96 (td, J = 8.1, 4.0 Hz, 1H), 2.40
—2.32 (m, 1H), 2.06 — 1.95 (m, 2H), 1.88 (m, 1H), 1.32 (s, 9H).

BC NMR (150 MHz, CDCl3) § 150.2, 132.1, 131.5, 126.0, 87.5, 77.4, 77.2, 76.9, 67.3,
34.6,32.7,31.4, 25.0.

IR,
MeO

6
2-((4-Methoxyphenyl)thio)tetrahydrofuran (6)*°
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Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 6 as a colorless oil (16.6 mg, 79% yield).

"H NMR (600 MHz, CDCls) § 7.46 (d, J = 8.7 Hz, 2H), 6.85 (d, J = 8.7 Hz, 2H), 5.47
(dd, J=17.2,3.9 Hz, 1H), 4.01 (q, J = 7.8 Hz, 1H), 3.93 (td, J = 8.0, 4.1 Hz, 1H), 3.79
(s, 3H), 2.34 —2.28 (m, 1H), 2.02 - 1.91 (m, 2H), 1.89 — 1.82 (m, 1H).

BC NMR (150 MHz, CDCl3) § 159.5, 134.7, 125.7, 114.5, 88.3, 67.3, 55.4, 32.6, 24.9.
HR-ESI-MS (m/z): calcd. for C1iH1402SNa [M + Na]™: 233.0607, found 233.0611.

S._O
©

T

7
2-((4-Fluorophenyl)thio)tetrahydrofuran (7)*
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 7 as a colorless oil (15.4 mg, 78% yield).
"H NMR (600 MHz, CDCl3) § 7.52 — 7.47 (m, 2H), 7.02 — 6.97 (m, 2H), 5.54 (dd, J =
7.2,4.0 Hz, 1H), 4.04 —3.99 (m, 1H), 3.97 — 3.93 (m, 1H), 2.38 — 2.32 (m, 1H), 2.04
—1.98 (m, 1H), 1.98 — 1.92 (m, 1H), 1.91 — 1.83 (m, 1H).
BC NMR (150 MHz, CDCl3) § 162.5 (d, J = 246 Hz), 134.1 (d, J = 7.5 Hz), 136.58 (d,

J=4.5Hz), 116.0 (d, J=22.5 Hz), 88.0, 67.3, 32.7, 25.0.
HR-ESI-MS (m/z): calcd. for C1oH11FOSNa [M + Na]™: 221.0407, found 221.0404.

oo
Cl
8
2-((4-Chlorophenyl)thio)tetrahydrofuran (8)*°
Prepared according to the general procedure A. The crude mixture was purified by

silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the

product 8 as a colorless oil (10.9 mg, 51% yield).
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'"H NMR (600 MHz, CDCl3) § 7.45 — 7.41 (m, 2H), 7.28 — 7.24 (m, 2H), 5.60 (dd, J =
7.3,4.1 Hz, 1H), 4.01 (q, /= 7.9 Hz, 1H), 3.96 (td, /= 8.1, 4.2 Hz, 1H), 2.40 — 2.34
(m, 1H), 2.06 — 2.00 (m, 1H), 1.98 — 1.93 (m, 1H), 1.92 — 1.85 (m, 1H).

3C NMR (150 MHz, CDCls) 6 134.4, 133.1, 132.6, 129.1, 87.4, 67.4, 32.7, 24.9.
HR-ESI-MS (m/z): calced. for C1oH11CIOSNa [M + Na]*: 237.0111, found 237.0109.

S_0O

Br/©/ D

9
2-((4-Bromophenyl)thio)tetrahydrofuran (9)*°
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 9 as a colorless oil (16.6 mg, 64% yield).
"H NMR (600 MHz, CDCl3) & 7.42 — 7.39 (m, 2H), 7.39 — 7.36 (m, 2H), 5.61 (dd, J =
7.2, 4.1 Hz, 1H), 4.01 (td, J = 8.3, 6.9 Hz, 1H), 3.97 (td, J = 8.1, 4.2 Hz, 1H), 2.30 —
2.34 (m, 1H), 2.06 — 1.99 (m, 1H), 1.98 — 1.93 (m, 1H), 1.92 — 1.85 (m, 1H).
3C NMR (150 MHz, CDCls) 6 135.1, 132.7, 132.0, 121.1, 87.3, 67.5, 32.8, 24.9.
HR-ESI-MS (m/z): calcd. for C1oH11BrOSNa [M + Na]": 280.9606, found 280.9606.

SO

Ph/©/ D

10
2-([1,1'-Biphenyl]-4-ylthio)tetrahydrofuran (10)*°
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 10 as a white solid (17.3 mg, 68% yield).
"H NMR (600 MHz, CDCI3) § 7.62 — 7.56 (m, 4H), 7.53 (d, J = 8.4 Hz, 2H), 7.44 (t, J
=7.8 Hz, 2H), 7.37 — 7.33 (m, 1H), 5.70 (dd, /= 7.3, 4.0 Hz, 1H), 4.06 (q, /= 7.9 Hz,
1H), 3.99 (td, J = 8.0, 4.0 Hz, 1H), 2.43 — 2.37 (m, 1H), 2.09 — 1.98 (m, 2H), 1.94 —
1.87 (m, 1H).
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3C NMR (150 MHz, CDCl3) § 140.7, 139.9, 134.9, 131.6, 128.9, 127.7, 127.5, 127.1,
87.3,67.5,32.8, 25.0.
HR-ESI-MS (m/z): calcd. for C1sH16OSNa [M + Na] *: 279.0814, found 279.0811.

S._O

S0

11
4-((Tetrahydrofuran-2-yl)thio)benzonitrile (11)*°
Prepared according to the general procedure A. Using 4-iodoanisole instead of 5-(zert-
butyl)-2-iodo-1,3-dimethylbenzene 2. The crude mixture was purified by silica gel
chromatography (ethyl acetate /petroleum ether = 1:100) to afford the product 11 as
pale yellow solid (7.8 mg, 38% yield).
"H NMR (600 MHz, CDCl3) & 7.56 — 7.49 (m, 4H), 5.78 (dd, J = 7.3, 4.0 Hz, 1H),
4.00 (dd, J=17.9, 5.6 Hz, 2H), 2.46 — 2.40 (m, 1H), 2.09 — 2.03 (m, 1H), 2.02 — 1.96
(m, 1H), 1.95 — 1.88 (m, 1H).
3BC NMR (150 MHz, CDCls) § 144.2, 132.3, 129.0, 119.0, 109.2, 85.9, 67.7, 32.7,

24.9.
HR-ESI-MS (m/z): calced. for CiiHiINOSNa [M + Na] *: 228.0454, found 228.0459.

12

2-Methyl-3-((tetrahydrofuran-2-yl)thio)furan (12)

Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:5) to afford the
product 12 as pale yellow oil (7.5 mg, 41% yield).

"H NMR (600 MHz, CDCl3) & 7.27 (d, J = 1.9 Hz, 1H), 6.41 (d, J = 1.9 Hz, 1H), 5.32
(dd, J=17.1, 3.8 Hz, 1H), 3.99 (q, J = 7.8 Hz, 1H), 3.90 (td, J = 8.0, 4.4 Hz, 1H), 2.35
(s, 3H), 2.29 — 2.23 (m, 1H), 2.03 — 1.96 (m, 1H), 1.96 — 1.90 (m, 1H), 1.89 — 1.81 (m,
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1H).
BC NMR (150 MHz, CDCl3) § 155.5, 140.5, 115.7, 109.5, 87.9, 67.4, 32.5, 24.9, 12.0.
HR-ESI-MS (m/z): calced. for CoH1202SNa [M + Na]": 207.0450, found 207.0455.

S S._O

o
13

2-(Thiophen-2-ylthio)tetrahydrofuran (13)*'
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 13 as a colorless oil (8.7 mg, 47% yield).
"H NMR (600 MHz, CDCls) 6 7.37 (d, J = 5.7 Hz, 1H), 7.17 (d, J = 3.6 Hz, 1H), 7.00
(dd, J=5.4,3.5 Hz, 1H), 5.43 (dd, J= 7.1, 3.1 Hz, 1H), 4.03 (q, J = 8.0 Hz, 1H), 3.95
(td, J = 8.2, 4.2 Hz, 1H), 2.33 — 2.25 (m, 1H), 2.02 — 1.95 (m, 2H), 1.91 — 1.84 (m,
1H).

BC NMR (150 MHz, CDCl3) § 134.4, 132.6, 130.0, 127.6, 89.6, 67.6, 32.3, 24.8.
HR-ESI-MS (m/z): caled. for CsH100S2 [M + Na]™: 209.0065, found 209.0062.

Nx S.__0O

o
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2-((Tetrahydrofuran-2-yl)thio)pyridine (14)*'
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 14 as a colorless oil (13.0 mg, 72% yield).
"H NMR (600 MHz, CDCl3) & 8.46 (dd, J = 5.0, 2.1 Hz, 1H), 7.51 — 7.48 (m, 1H),
7.30 (d, J = 8.0 Hz, 1H), 7.01 — 6.99 (m, 1H), 6.26 — 6.24 (m, 1H), 4.00 — 3.97 (m,
2H), 2.51 = 2.36 (m, 1H), 2.08 — 2.01 (m, 2H), 1.95 — 1.88 (m, 1H).
3BC NMR (150 MHz, CDCls) § 159.1, 149.8, 136.4, 123.1, 120.1, 84.2, 67.8, 32.3,
25.1.
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HR-ESI-MS (m/z): calced. for CoH12NOS [M + H]": 182.0634, found 182.0630.

15
6-((Tetrahydrofuran-2-yl)thio)-1H-indole (15)
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 15 as a red oil (10.1 mg, 46% yield).
'"H NMR (600 MHz, CDCls) § 8.21 (s, 1H), 7.63 (s, 1H), 7.57 (d, J = 8.2 Hz, 1H),
7.27 (dd, J=8.2, 1.6 Hz, 1H), 7.17 (t, J = 2.8 Hz, 1H), 6.51 (s, 1H), 5.60 (dd, J=17.1,
3.8 Hz, 1H), 4.06 (td, J = 8.1, 6.5 Hz, 1H), 3.96 (td, J = 8.1, 3.8 Hz, 1H), 2.40 — 2.33
(m, 1H), 2.05 - 1.97 (m, 2H), 1.91 — 1.84 (m, 1H).
3C NMR (150 MHz, CDCl3) § 136.3, 127.7, 127.6, 124.9, 124.8, 121.0, 115.5, 102.8,
88.5,67.4,32.7,25.1.
HR-ESI-MS (m/z): calcd. for C12Hi3NOSNa [M + Na]*: 242.0610, found 242.0607.

T

O

16

2-(Naphthalen-2-ylthio)tetrahydrofuran (16)*
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 16 as a pale yellow oil (13.3 mg, 58% yield).
"H NMR (600 MHz, CDCI3) § 8.01 (s, 1H), 7.82 — 7.75 (m, 3H), 7.58 (dd, J = 8.5, 1.8
Hz, 1H), 7.49 — 7.41 (m, 2H), 5.77 (dd, J = 7.1, 3.8 Hz, 1H), 4.08 (td, /= 8.1, 6.6 Hz,
1H), 4.01 (td, J = 8.2, 3.8 Hz, 1H), 2.46 — 2.39 (m, 1H), 2.10 — 2.01 (m, 2H), 1.96 —
1.87 (m, 1H).
BC NMR (150 MHz, CDCl3) § 133.9, 133.4, 132.3, 129.5, 128.9, 128.4, 127.8, 127.6,
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126.5, 126.0, 87.3, 67.5, 32.9, 25.0.
HR-ESI-MS (m/z): calcd. for C14H14OSNa [M + Na]': 253.0658, found 253.0655.

O (-~

17
2-((9H-Fluoren-2-yl)thio)tetrahydrofuran (17)
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 17 as a yellow solid (11.0 mg, 41% yield).
"H NMR (600 MHz, CDCI3) § 7.76 (d, J = 7.6 Hz, 1H), 7.72 (s, 1H), 7.71 (d, J= 7.9
Hz, 1H), 7.56 — 7.50 (m, 2H), 7.37 (t, J = 7.5 Hz, 1H), 7.30 (t, J = 7.4 Hz, 1H), 5.69
(dd, J=7.2,3.9 Hz, 1H), 4.07 (td, J = 8.2, 6.8 Hz, 1H), 3.99 (td, J = 8.1, 3.8 Hz, 1H),
3.89 (s, 2H), 2.45 - 2.35 (m, 1H), 2.08 — 1.98 (m, 2H), 1.95 — 1.86 (m, 1H).
BC NMR (150 MHz, CDCl3) & 144.1, 143.3, 141.4, 141.0, 133.8, 130.3, 128.2, 126.9,
125.2,120.2, 120.0, 87.8, 67.5, 36.9, 32.8, 25.0.
HR-ESI-MS (m/z): calcd. for C17H160SNa [M + Na]": 291.0814, found 291.0812.

sqs
©

18
2-((2,6-Dimethylphenyl)thio)tetrahydrofuran (18)
Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 18 as a colorless oil (15.2 mg, 73% yield).
"H NMR (600 MHz, CDCl3) & 7.16 — 7.08 (m, 3H), 5.38 (dd, J = 7.1, 3.6 Hz, 1H),
4.03 (q, J=17.7 Hz, 1H), 3.90 (td, J = 8.0, 4.4 Hz, 1H), 2.56 (s, 6H), 2.34 — 2.28 (m,

1H), 2.12 — 1.99 (m, 2H), 1.91 — 1.81 (m, 1H).

BC NMR (150 MHz, CDCl3) § 143.6, 132.7, 128.6, 128.2, 88.2, 77.4, 33.1, 25.0, 22.5.
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HR-ESI-MS (m/z): calced. for C12H160SNa [M + Na]": 231.0814, found 231.0816.

Jous,

2-(Mesitylthio)tetrahydrofuran (19)

Prepared according to the general procedure A. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 19 as a pale yellow oil (17.1 mg, 77% yield).

"H NMR (600 MHz, CDCls) § 6.94 (s, 2H), 5.34 (dd, J = 7.1, 3.7 Hz, 1H), 4.01 (q, J
=7.7Hz, 1H), 3.88 (td, /= 8.1, 4.4 Hz, 1H), 2.51 (s, 6H), 2.32 —2.27 (m, 1H), 2.26 (s,
3H), 2.10 - 2.03 (m, 1H), 2.02 - 1.97 (m, 1H), 1.88 — 1.81 (m, 1H).

3C NMR (150 MHz, CDCl3) § 143.4, 138.5, 129.3,129.1, 88.2, 77.4, 77.2, 76.9, 67.4,
33.0,25.1,22.4,21.1.

HR-ESI-MS (m/z): calcd. for C1sH1sOSNa [M + Na]': 245.0971, found 245.0975.

©/S @)
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20
2-(Phenylthio)tetrahydro-2H-pyran (20)*
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 20 as a pale yellow oil (9.9 mg, 51% yield).
"H NMR (600 MHz, CDCl3) § 7.48 (d, J = 7.4 Hz, 2H), 7.29 (t, J = 7.6 Hz, 2H), 7.25
—7.18 (m, 1H), 5.21 (dd, J = 5.9, 3.8 Hz, 1H), 4.20 — 4.16 (m, 1H), 3.64 — 3.55 (m,
1H), 2.07 = 2.00 (m, 1H), 1.90 — 1.81 (m, 2H), 1.68 — 1.59 (m, 3H).
3C NMR (150 MHz, CDCI3) § 135.6, 131.0, 128.9, 126.9, 85.4, 77.4, 77.2, 76.9, 64.7,
31.7,25.7,21.8.
HR-ESI-MS (m/z): calcd. for C11H14OSNa [M + Na]*: 217.0658, found 217.0653.
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2-(Phenylthio)oxepane (21)
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 21 as a colorless oil (6.9 mg, 33% yield).
"H NMR (600 MHz, CDCI3) § 7.49 (d, J = 7.8 Hz, 2H), 7.28 (t, J= 7.5 Hz, 2H), 7.24
—7.20 (m, 1H), 5.34 (dd, J = 11.1, 5.5 Hz, 1H), 3.96 — 3.92 (m, 1H), 3.66 — 3.62 (m,
1H), 2.37 — 2.31 (m, 1H), 1.90 — 1.85 (m, 1H), 1.81 — 1.73 (m, 3H), 1.69 — 1.61 (m,
1H), 1.58 = 1.52 (m, 1H), 1.37 — 1.29 (m, 1H).
BC NMR (150 MHz, CDCl3) § 135.9, 131.3, 128.9, 126.9, 87.9, 63.4, 36.1, 30.5, 29.3,
25.3.
HR-ESI-MS (m/z): calcd. for C12H160SNa [M + Na]": 231.0814, found 231.0817.

S._0O
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22
2-(Phenylthio)-1,4-dioxane (22)*°
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 22 as a colorless oil (10.2 mg, 52% yield).
"H NMR (600 MHz, CDCls) § 7.51 (d, J = 7.0 Hz, 2H), 7.34 — 7.30 (m, 2H), 7.29 —
7.27 (m, 1H), 5.13 (dd, J=5.7, 2.9 Hz, 1H), 4.24 (dt, J = 11.6, 4.4 Hz, 1H), 4.00 (dd,
J=11.8,3.0 Hz, 1H), 3.75 - 3.67 (m, 4H).
BC NMR (150 MHz, CDCl3) § 134.1, 131.7, 129.1, 127.5, 83.4, 70.1, 66.6, 64.0.
HR-ESI-MS (m/z): calcd. for CioH1202SNa [M + Na]": 219.0450, found 219.0447.
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23
(1-Ethoxyethyl)(phenyl)sulfane (23)*°
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:100) to afford the
product 23 as a colorless oil (11.3 mg, 62% yield).
"H NMR (600 MHz, CDCl3) § 7.50 — 7.46 (m, 2H), 7.33 — 7.27 (m, 3H), 4.90 (q, J =
6.3 Hz, 1H), 3.98 —3.93 (m, 1H), 3.53 - 3.48 (m, 1H), 1.51 (d, J= 6.3 Hz, 3H), 1.23
(t,J=7.0 Hz, 3H).
BC NMR (150 MHz, CDCls) § 133.9, 133.2, 128.8, 127.7, 127.6, 84.7, 63.5, 22.8,
15.1.

>pe
24

(Methoxy(phenyl)methyl)(phenyl)sulfane (24)*

Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 24 as a colorless oil (17.3 mg, 75% yield).

'"H NMR (600 MHz, CDCI3) § 7.31 — 7.29 (m, 2H), 7.26 — 7.23 (m, 3H), 7.22 — 7.18
(m, 5H), 5.69 (s, 1H), 3.50 (s, 3H).

3C NMR (150 MHz, CDCl3) § 139.4, 133.9, 133.1, 128.7, 128.2, 128.0, 127.9, 126 .4,
91.3, 56.6.

HR-ESI-MS (m/z): calcd. for C14H14OSNa [M + Na]": 253.0658, found 253.0654.

sye
(ONQ |
25

(1,2-Dimethoxyethyl)(phenyl)sulfane (25)*°
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Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 25 as a colorless oil (6.1 mg, 31% yield).

"H NMR (600 MHz, CDCl3) § 7.52 — 7.47 (m, 2H), 7.34 — 7.28 (m, 3H), 4.75 (dd, J =
7.9, 4.0 Hz, 1H), 3.62 — 3.59 (m, 1H), 3.57 (s, 3H), 3.53 — 3.50 (m, 1H), 3.36 (s, 3H).
3C NMR (150 MHz, CDCls) 6 134.1, 132.5, 129.0, 128.0, 89.1, 74.9, 59.2, 56.5.

S._O
o)

26
((2-Methoxyethoxy)methyl)(phenyl)sulfane (26)*°
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 26 as a colorless oil (5.2 mg, 26% yield).
"H NMR (600 MHz, CDCl3) § 7.50 — 7.47 (m, 2H), 7.30 — 7.27 (m, 2H), 7.24 — 7.20
(m, 1H), 5.07 (s, 2H), 3.80 — 3.77 (m, 2H), 3.59 — 3.57 (m, 2H), 3.39 (s, 3H).
BC NMR (150 MHz, CDCls) § 136.1, 130.3, 129.1, 126.8, 76.6, 71.7, 67.6, 59.2.

S Eoc
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27
tert-Butyl 2-(phenylthio)pyrrolidine-1-carboxylate (27)*
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (ethyl acetate/petroleum ether = 1:50) to afford the product
27 as a colorless oil (14.5 mg, 52% yield).
"H NMR (600 MHz, CDCl3) § 7.60 — 7.40 (m, 2H), 7.35 — 7.25 (m, 3H), 5.49 — 5.15
(m, 1H), 3.49 — 3.25 (m, 2H), 2.20 — 1.86 (m, 4H), 1.46 — 1.30 (m, 9H).
3C NMR (150 MHz, CDCls) § 153.7, 134.7, 134.4, 134.2, 129.0, 128.1, 127.8, 80.2,

79.8,77.4,77.2,76.9,67.2,66.9,46.4,45.7,34.1,33.4,28.5, 28.3,23.1, 22.3.
HR-ESI-MS (m/z): caled. for C1sH21NO2SNa [M + Na]": 302.1185, found 302.1181.
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28
2-(Phenylthio)tetrahydrothiophene (28)**
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:2) to afford the
product 28 as a white solid (14.9 mg, 76% yield).
"H NMR (600 MHz, CDCl3) § 7.45 — 7.39 (m, 2H), 7.34 — 7.28 (m, 2H), 7.26 — 7.23
(m, 1H), 4.86 (t, J/ = 4.6 Hz, 1H), 3.10 — 3.01 (m, 1H), 2.92 — 2.82 (m, 1H), 2.27 -
2.19 (m, 1H), 2.19 — 2.14 (m, 2H), 2.13 — 2.06 (m, 1H).
BC NMR (150 MHz, CDCl3) § 136.4, 131.5, 129.1, 127.3, 55.8, 38.5, 33.3, 28.9.
HR-ESI-MS (m/z): calcd. for CioH12S2Na [M + Na]™: 219.0273, found 219.0276.

0

29
Cyclopent-2-en-1-yl(phenyl)sulfane (29)*°
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 29 as a pale yellow oil (11.6 mg, 66% yield).
"H NMR (600 MHz, CDCl3) § 7.42 — 7.38 (m, 2H), 7.31 — 7.27 (m, 2H), 7.24 — 7.18
(m, 1H), 5.96 — 5.86 (dq, J = 5.8, 2.0 Hz, 1H), 5.86 — 5.77 (m, 1H), 4.38 — 4.25 (ddd,
J=28.7,3.2,1.6 Hz, 1H), 2.48 — 2.28 (m, 3H), 2.06 — 1.97 (m, 1H).
BC NMR (150 MHz, CDCl3) & 136.4, 134.0, 131.2, 131.1, 128.9, 126.5, 52.8, 31.7,
31.5.

O
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Cyclohex-2-en-1-yl(phenyl)sulfane (30)*°

Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 30 as a colorless oil (13.8 mg, 73% yield).

"H NMR (600 MHz, CDCls) § 7.45 — 7.40 (m, 2H), 7.31 — 7.28 (m, 2H), 7.25 — 7.17
(m, 1H), 5.88 — 5.81 (m, 1H), 5.81 — 5.74 (m, 1H), 3.90 — 3.83 (m, 1H), 2.08 — 2.00
(m, 2H), 1.99 — 1.87 (m, 2H), 1.83 — 1.74 (m, 1H), 1.66 — 1.58 (m, 1H).

3C NMR (150 MHz, CDCl3) § 136.0, 131.4, 130.5, 129.0, 127.1, 126.7, 44.0, 29.0,
25.1, 19.6.

SRt

31
(2,3-Dimethylbut-2-en-1-yl)(phenyl)sulfane (31)*
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 31 as a colorless oil (13.2 mg, 69% yield).
"H NMR (600 MHz, CDCl3) § 7.35 — 7.30 (m, 2H), 7.26 — 7.22 (m, 2H), 7.20 — 7.13
(m, 1H), 3.57 (s, 2H), 1.78 (s, 3H), 1.65 (s, 3H), 1.55 (s, 3H).
BC NMR (150 MHz, CDCI3) & 137.4, 130.5, 129.9, 128.7, 126.3, 122.9, 39.4, 21.0,
20.3, 18.3.

T
32
(((1R,55)-6,6-Dimethylbicyclo[3.1.1]hept-2-en-2-yl)methyl)(phenyl)sulfane (32)

Prepared according to the general procedure B. The crude mixture was purified by

silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the

product 32 as a colorless oil (11.7 mg, 48% yield). [a]2% = — 10.4 (¢ = 0.36, CHCI).
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'H NMR (600 MHz, CDCl3) & 7.33 — 7.29 (m, 2H), 7.26 — 7.24 (m, 2H), 7.17 — 7.13
(m, 1H), 5.44 — 5.41 (m, 1H), 3.57 — 3.49 (m, 2H), 2.39 — 2.36 (m, 1H), 2.27 — 2.15
(m, 3H), 2.07 — 2.04 (m, 1H), 1.28 (s, 3H), 1.08 (d, J= 8.6 Hz, 1H), 0.77 (s, 3H).

13C NMR (150 MHz, CDCls) § 143.1, 137.1, 129.4, 128.8, 125.8, 120.7, 45.4, 40.7,
40.6,38.3,31.8,31.4,26.3,21.3.

#{R-EI-MS (m/z): caled. for Ci6H20S [M]: 244.1286, found 244.1283.

Qs@@

33
Benzyl(phenyl)sulfane (33)*¢

Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 33 as a yellow solid (14.0 mg, 70% yield).

"H NMR (600 MHz, CDCl3) § 7.35 — 7.24 (m, 9H), 7.23 — 7.18 (m, 1H), 4.15 (s, 2H).
BC NMR (150 MHz, CDCl3) § 137.6, 136.5, 130.0, 129.0, 128.6, 127.3, 126.5, 39.2.

@%

34
Phenyl(1-phenylethyl)sulfane (34)*
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 34 as a colorless oil (12.6 mg, 59% yield).
"H NMR (600 MHz, CDCI3) & 7.35 — 7.26 (m, 6H), 7.25 — 7.18 (m, 4H), 4.36 (q, J =
7.0 Hz, 1H), 1.64 (d, /= 7.0 Hz, 3H).

BC NMR (150 MHz, CDCl3) § 143.4, 135.3, 132.6, 128.8, 128.5, 127.4, 127.3, 127.2,
48.1,22.5.
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35
(2-Methylbenzyl)(phenyl)sulfane (35)*’
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 35 as a colorless oil (15.2 mg, 71% yield).
"H NMR (600 MHz, CDCl3) § 7.36 — 7.32 (m, 2H), 7.31 — 7.27 (m, 2H), 7.24 — 7.20
(m, 1H), 7.20 — 7.14 (m, 3H), 7.14 — 7.08 (m, 1H), 4.13 (s, 2H), 2.42 (s, 3H).
BC NMR (150 MHz, CDCI3) § 136.9, 136.8, 135.2, 130.6, 130.4, 129.9, 129.0, 127.6,
126.6, 126.1, 37.6, 19.3.

T

36

s

(4-Methylbenzyl)(phenyl)sulfane (36)*

Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 36 as a colorless oil (14.4 mg, 67% yield).

"H NMR (600 MHz, CDCl3) § 7.31 (d, J= 7.6 Hz, 2H), 7.25 (m, 2H), 7.21 — 7.15 (m,

3H), 7.09 (d, J=7.7 Hz, 2H), 4.10 (s, 2H), 2.32 (s, 3H).

BC NMR (150 MHz, CDCl3) § 137.0, 136.8, 134.5, 129.8, 129.3, 129.0, 128.9, 126.4,
77.4,77.2,76.9, 38.9, 21.2.

op
(3,5-Dimethylbenzyl)(phenyl)sulfane (37)
5S40
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Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 37 as a yellow solid (17.6 mg, 77% yield).

"H NMR (600 MHz, CDCl3) § 7.36 — 7.32 (m, 2H), 7.30 — 7.27 (m, 2H), 7.22 — 7.18
(m, 1H), 6.95 (s, 2H), 6.90 (s, 1H), 4.08 (s, 2H), 2.30 (s, 6H).

BC NMR (150 MHz, CDCl3) § 138.2, 137.2, 137.0, 129.6, 129.0, 128.9, 126.8, 126.3,
39.1,21.3.

HR-ESI-MS (m/z): calcd. for CisHi6SNa [M + Na]™: 251.0865, found 251.0862.

o8

38
Phenyl(1,2,3,4-tetrahydronaphthalen-1-yl)sulfane (38)*
Prepared according to the general procedure B. The crude mixture was purified by
silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 38 as a colorless oil (12.7 mg, 53% yield).
"H NMR (600 MHz, CDCl3) § 7.51 — 7.47 (m, 2H), 7.45 — 7.42 (m, 1H), 7.36 — 7.33
(m, 2H), 7.30 — 7.26 (m, 1H), 7.20 —7.15(m, 2H), 7.14 — 7.10 (m, 1H), 4.60 (t, J = 4.1
Hz, 1H), 2.89 — 2.85 (m, 1H), 2.80 — 2.75 (m, 1H), 2.29 — 2.22 (m, 1H), 2.09 — 2.05
(m, 1H), 2.03 - 1.97 (m, 1H), 1.81 — 1.76 (m, 1H).
BC NMR (150 MHz, CDCl3) § 137.7, 136.3, 135.6, 132.0, 132.0, 130.7, 130.6, 129.4,
129.1, 127.2,127.1, 125.8, 47.8, 29.2, 28.7, 18.8.
HR-ESI-MS (m/z): calcd. for CisHi6SNa [M + Na]™: 263.0865, found 251.0869.

o
39
)29

Cyclohexyl(phenyl)sulfane (39

Prepared according to the general procedure B. The crude mixture was purified by
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silica gel chromatography (dichloromethane/petroleum ether = 1:200) to afford the
product 39 as a colorless oil (4.8 mg, 25% yield).

"H NMR (600 MHz, CDCI3) § 7.40 (d, J = 6.9 Hz, 2H), 7.32 — 7.24 (m, 2H), 7.24 —
7.16 (m, 1H), 3.13 — 3.08(m, 1H), 2.03 — 1.94 (m, 2H), 1.79 — 1.75 (m, 2H), 1.63 —
1.59 (m, 1H), 1.43 — 1.20 (m, 6H).

BC NMR (150 MHz, CDCls) § 135.4, 132.0, 128.9, 126.7, 46.7, 33.5, 26.2, 25.9.

2-(Benzylthio)-1-methyl-1H-benzo[d]imidazole (41)*°

Me v 2 (2.0 equiv.) Me
N>_SH € KOH (2.0 equiv.) N /—Q
N
N 7 W purple LED ©: )—S
DMSO, rt, 24 h
40 61% 4

To an oven dried 10 mL glass tube with a magnetic stirring bar was added 1-methyl-
1 H-benzo[d]imidazole-2-thiol 40 (16.4 mg, 0.10 mmol), toluene (372 puL, 3.00 mmol),
KOH (11.2 mg, 0.20 mmol), 5-(tert-butyl)-2-iodo-1,3-dimethylbenzene 2 (57.6 mg,
0.20 mmol) and DMSO (1.0 mL) under an argon atmosphere in a glove box. The
reaction mixture was stirred under two 7 W 405 nm light emitting diode (LED) lamps
(the distance was about 10 cm) irradiation at room temperature. After 24 hours, the
reaction was quenched by water (15 mL), extracted with ethyl acetate (15 mL x 3).
The combined organic layers were washed with brine, dried over anhydrous Na2SO4
and concentrated. The crude product was subjected to column chromatography (ethyl
acetate/petroleum ether = 1:10) on silica gel to afford 15.6 mg of product 41 in 61%
yield as a colorless oil. 'H NMR (600 MHz, CDCl3) § 7.73 — 7.68 (m, 1H), 7.41 —
7.36 (m, 2H), 7.29 (t, J= 7.7 Hz, 2H), 7.25 — 7.20 (m, 4H), 4.59 (s, 2H), 3.57 (s, 3H).
BC NMR (150 MHz, CDCl3) § 151.7, 143.5, 136.9, 136.8, 129.2, 128.8, 127.8, 122.1,
122.0, 118.5, 108.7, 37.4, 30.1.
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