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1.General experiment details and materials

Unless otherwise noted, all reagents were purchased from commercial suppliers and used
without further purification. The purity of ferric chloride is 98%, purchased from J&K
Scientific and used directly without purification. All light-promoted reactions were performed
in two-necked schlenk tube made of borosilicate glass. The light source was a 40 W 390 nm
LEDs, 220V, 50 Hz, placed approximately 5 cm from the reaction tube without any filters. All
air- and moisture-sensitive reactions were performed using oven-dried glassware, including
standard Schlenk techniques under an argon atmosphere, magnetically stirred, and monitored
by thin layer chromatography (TLC) with Haiyang GF 254 silica gel plates (Qingdao Haiyang
chemical industry Co Ltd, Qingdao, China) using UV light, phosphomolybdic acid as
visualizing agents. '"H NMR spectra, *C NMR spectra and '°F spectra were respectively
recorded on 600 MHz NMR Bruker spectrometers. Chemical shifts (8) were expressed in ppm
with TMS as the internal standard and multiplicity identified as s = singlet, br = broad, d =
doublet, t = triplet, q = quartet, m = multiplet; coupling constants (J) were reported in Hz. High-
resolution mass spectra (HRMS) were recorded on Bruker Impact II TOF mass spectrometer
using ESI ionization sourse.

2. Experimental procedures

2.1 General procedure for the synthesis of products 3

) H. O 40 W 390 nm LEDs

R,#,C, . T > FeClz (10 mol%) R/STO\,
o} Ar
1 2 3

A 10 mL two-necked schlenk tube containing a stirring bar was charged with FeCl; (4.9 mg,
0.03 mmol, 10 mol%) and 1 (0.3 mmol, 1.0 equiv) (if solid). After the tube was purged with
several vacuum/argon cycles, it was backfilled with argon and incorporated with an argon
balloon. 2 (2 mL) and 1 (0.3 mmol, 1.0 equiv) (if liquid) were then added via syringe. The
resulting mixture was irradiated with 40 W 390 nm LEDs (5 cm away) under continuous stirring.
The temperature around the reaction flask was approximately 35 °C (induced by the LED lamp).
The reaction was moitored by TLC. After completion, the solvent (excess of 2) was removed
under reduced pressure. The residue was purified by flash column chromatography on silica gel
with ethyl acetate/hexane (1/100~4/1) as eluent to give the desired product 3.

2.2 General procedure for the synthesis of products 5

0] H 40 W 390 nm LEDs
R-§-ci \(\ FeCly (10 mol%), HCI (2 equiv) s
0 MeCN, Ar, r.t. |

1 4 5
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A 10 mL two-necked schlenk tube containing a stirring bar was charged with FeCls (4.9 mg,
0.03 mmol, 10 mol%), 1 (0.3 mmol, 1.0 equiv) (if solid) and 4 (4.5 mmol, 15.0 equiv) (if solid).
After the tube was purged with several vacuum/argon cycles, it was backfilled with argon and
incorporated with an argon balloon. MeCN (2 mL), 1 (0.3 mmol, 1.0 equiv) (if liquid), 4 (4.5
mmol, 15.0 equiv) (if liquid), and HCI (conc.) (0.6 mmol, 2.0 equiv) were then added via
syringe. The resulting mixture was irradiated with 40 W 390 nm LEDs (5 cm away) under
continuous stirring. The temperature around the reaction flask was approximately 35 °C
(induced by the LED lamp). The reaction was moitored by TLC. After completion, the solvent
was removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel with ethyl acetate/petroleum ether (PE~2/1) as eluent to give the
desired product 5.

2.3 1 mmol scale synthesis of product 3a

e} /o) 40 W 390 nm LEDs o
Ph—%—CI . [ j FeCl; (10 mol%) S‘O
0 0 Ar, 15 h Ph/ e}
1a 2a 3a
1 mmol, 1 equiv 6 mL Yield: 137 mg, 70%

A 15 mL two-necked schlenk tube containing a stirring bar was charged with FeCls (16.2 mg,
0.1 mmol, 10 mol%). After the tube was purged with several vacuum/argon cycles, it was
backfilled with argon and incorporated with an argon balloon. 2a (6 mL) and 1a (127 pL, 1.0
mmol, 1.0 equiv) were then added via syringe. The resulting mixture was irradiated with 40 W
390 nm LEDs (5 cm away) under continuous stirring. The temperature around the reaction flask
was approximately 35 °C (induced by the LED lamp). The reaction was moitored by TLC. After
completion, the solvent (excess of 2a) was removed under reduced pressure. The residue was
purified by flash column chromatography on silica gel with ethyl acetate/hexane (1/30) as
eluent to give the desired product 3a (137 mg, 70% yield).

2.4 1 mmol scale synthesis of product Sa
40 W 390 nm LEDs

o)
Ph—S-Cl + O FeClz (10 mol%), HCI (2 equiv) SO
o MeCN (6 mL), Ar, 5 h /

Ph

1a 4a 5a
1 mmol, 1 equiv 15 equiv Yield: 151 mg, 78%

A 15 mL two-necked schlenk tube containing a stirring bar was charged with FeCls (16.2 mg,
0.1 mmol, 10 mol%). After the tube was purged with several vacuum/argon cycles, it was
backfilled with argon and incorporated with an argon balloon. MeCN (6 mL), 1a (127 uL, 1.0
mmol, 1.0 equiv), 4a(1.61 mL, 15.0 mmol, 15.0 equiv) and HCI (conc.) (166 puL, 2 mmol, 2.0
equiv) were then added via syringe. The resulting mixture was irradiated with 40 W 390 nm
LEDs (5 cm away) under continuous stirring. The temperature around the reaction flask was
approximately 35 °C (induced by the LED lamp). The reaction was moitored by TLC. After
completion, the solvent was removed under reduced pressure. The residue was purified by flash
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column chromatography on silica gel with petroleum ether as eluent to give the desired product
5a (151 mg, 78% yield).

2.5 Gram scale synthesis of product Sa

O 40 W 390 nm LEDs
Ph—%—CI + O FeCls (10 mol%), HCI (2 equiv) SO
O MeCN (40 mL), Ar, 11 h PH
1a 4a 5a
7 mmol, 1 equiv 15 equiv 1.08 g, 81% yield

A 100 mL two-necked schlenk tube containing a stirring bar was charged with FeCls (114.3 mg,
10 mol%). After the tube was purged with several vacuum/argon cycles, it was backfilled with
argon and incorporated with an argon balloon. MeCN (40 mL), 1a (889.0 uL, 7.0 mmol, 1.0
equiv), 4a (11.4 mL, 15.0 equiv) and HCI (conc.) (1.2 mL, 2.0 equiv) were then added via
syringe. The resulting mixture was irradiated with 40 W 390 nm LEDs (5 cm away) under
continuous stirring. The temperature around the reaction flask was approximately 35 °C
(induced by the LED lamp). The reaction was moitored by TLC. After 11 h, the solvent was
removed under reduced pressure. The residue was purified by flash column chromatography on
silica gel with petroleum ether as eluent to give the desired product 5a (1.08 g, 81% yield).

3. Optimization of reaction conditions

3.1 Optimization of conditions for ether C(sp®)-H thiolation

Table S1. Screening of light source”

O o) 40 W LEDs o)
Ph—a_cl 4+ E j FeCls (10 mol%) /540
o o Ar, 8 h Ph o
1a 2a 3a
Entry Light source (nm) Yield (%)°
1 390 82
2 427 77
3 440 72
4 456 58
5 467 35

“Reaction conditions: a mixture of 1a (0.3 mmol, 1.0 equiv), 2a (1 mL) and FeCls (0.03 mmol, 10
mol%) was irradiated with 40 W LEDs for 8 h. The temperature around the reaction flask was
approximately 35 <C (induced by the LED lamp). “Isolated yields.

Table S2. Screening of the amount of 2a“
s4



40 W 390 nm LEDs

o O FeCls (10 mol%) o
Ph—S—-Cl + [ j /si
6 o Ar, 8 h Ph 0

1a 2a 3a
Entry 2a (mL) Yield (%)°
1 0.5 70
2 1 82
3 2 90
4 4 80

@Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (x mL) and FeCl; (0.03 mmol, 10 mol%) was
irradiated with 40 W 390 nm LEDs for 8 h. The temperature around the reaction flask was
approximately 35 <C (induced by the LED lamp). “Isolated yields.

Table S3. Screening of the amount of FeCl,“
40 W 390 nm LEDs

Q 0 FeCls (x mol%) 0o
Ph—&SI)—CI + [oj ~Bh Phﬁ‘&}
1a 2a 3a
Entry FeCls (mol%) Yield (%)°
1 5 62
2 10 90
3 20 88

“Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 2a (2 mL) and FeCls (x mol%) was irradiated with
40 W 390 nm LEDs for 8 h. The temperature around the reaction flask was approximately 35 <C
(induced by the LED lamp). “Isolated yields.

3.2 Optimization of conditions for unactivated alkane C(sp*)-H thiolation

Table S4. Screening of chlorine sources®

o 40 W 390 nm LEDs
Ph—#—CI + O FeClz (10 mol%), chlorine source /SO
o CH3CN (2 mL), Ar, 3h Ph
1a 4a 5a
Entry Chlorine source (10 mol%) Yield (%)°
1 NH,4CI 4
2 EtuNCI trace
3 "BusNCI 3
4 MesSiCl 4
5 BusPCl trace
6 LiCl 5
7 HCl 10
8 -- n.d.

“Reaction conditions: a mixture of 1a (0.3 mmol, 1.0 equiv), 4a (3 mmol, 10.0 equiv ), chlorine
source (0.03 mmol, 10 mol%) and FeCls (0.03 mmol, 10 mol%) in MeCN (2 mL) was irradiated
with 40 W 390 nm LEDs for 3 h. The temperature around the reaction flask was approximately
35 < (induced by the LED lamp). “Isolated yields.
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Table SS. Screening of solvents®

40 W 390 nm LEDs

0
0, 0,
ol o . O FeCls (10 mol%), HCI (10 mol%) /SO
5 Solvent (2 mL), Ar, 3 h Ph

1a 4a 5a
Entry Solvent (2 mL) Yield (%)°
1 DMSO n.d.
2 DMF n.d.
3 DCM trace
4 EA 5
5 MeOH 3
6 acetone 8
7 MeCN 10

“Reaction conditions: a mixture of 1a (0.3 mmol, 1.0 equiv), 4a (3 mmol, 10.0 equiv ), HCI (conc.)
(0.03 mmol, 10 mol%) and FeCl; (0.03 mmol, 10 mol%) in solvent (2 mL) was irradiated with 40
W 390 nm LEDs for 3 h. The temperature around the reaction flask was approximately 35 <C
(induced by the LED lamp). “Isolated yields.

Table S6. Screening of the amount of HCI”

0 40 W 390 nm LEDs

Il 9
b o () pmtemen e

o] 3 o Ph

1a 4a 5a

Entry HCI (x equiv) Yield (%)°
1 0.1 10
2 0.2 14
3 04 21
4 0.8 38
5 1.25 61
6 15 72
7 2 83
8 2.5 82

“Reaction conditions: a mixture of 1a (0.3 mmol, 1.0 equiv), 4a (3 mmol, 10.0 equiv ), HCI (conc.)
and FeCl; (0.03 mmol, 10 mol%) in MeCN (2 mL) was irradiated with 40 W 390 nm LEDs for 3 h.
The temperature around the reaction flask was approximately 35 <C (induced by the LED lamp).
bIsolated yields.

Table S7. Screening of the amount of CH3CN*

40 W 390 nm LEDs

o] :
X FeClz (10 mol%), HCI (2 equiv
o CH3CN (x mL), Ar, 3 h PH

1a 4a 5a
Entry CH;CN (x mL) Yield (%)°
1 0.5 64
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2 1 71
3 2 83
4 3 78
5 5 77

“Reaction conditions: a mixture of 1a (0.3 mmol, 1.0 equiv), 4a (3 mmol, 10.0 equiv ), HCI (conc.)
(0.6 mmol, 2 equiv) and FeCls (0.03 mmol, 10 mol%) in CHsCN (x mL) was irradiated with 40
W 390 nm LEDs for 3 h. The temperature around the reaction flask was approximately 35 <C
(induced by the LED lamp). “Isolated yields.

Table S8. Screening of the amount of FeCl;*

40 W 390 nm LEDs

0
I 0, f

oh-b-cl O FeCls (x mol%), HCI (2 equiv) SO
o CH5CN (2 mL), Ar, 3 h PH

1a 4a 5a
Entry FeCls (mol%) Yield (%)°
1 5 73
2 10 83
3 20 79
4 -- 26
5 -- n.d.

“Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 4a (3 mmol, 10.0 equiv ), HCI (conc.) (0.6 mmol,
2 equiv) and FeCls (x mol%) in CH3CN (2 mL) was irradiated with 40 W 390 nm LEDs for 3 h.

The temperature around the reaction flask was approximately 35 T (induced by the LED lamp).
’Isolated yields. “In dark.

Table S9. Screening of the amount of 4a“

40 W 390 nm LEDs

9 FeCl; (10 mol%), HCI (2 equiv)
Ph—ﬁ—CI + > /S
o CH3CN (2 mL), Ar, 3 h PH

1a 4a 5a
Entry 4a (x equiv) Yield (%)°
1 5 49
2 10 83
3 15 88
4 20 80

“Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 4a (x equiv ), HCI (conc.) (0.6 mmol, 2 equiv)
and FeCls (10 mol%) in CH3:CN (2 mL) was irradiated with 40 W 390 nm LEDs for 3 h. The

temperature around the reaction flask was approximately 35 < (induced by the LED lamp).
bIsolated yields.

Table S10. Light source screening”

o 40 W LEDs
I FeCls (10 mol%), HCI (2 equiv)
Ph—S-Cl 4 s
d CHsCN (2mL), Ar, 3h  pH

1a 4a 5a
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Entry Light source (nm) Yield (%)°

‘1 XenonLight (200-400, 50 W) 43
2 365 (40 W) 21
3 390 (40 W) 88
4 427 (40 W) 52
5 440 (40 W) 9
6 456 (40 W) trace
7 467 (40 W) n.d.

“Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 4a (4.5 mmol, 15.0 equiv ), HCI (conc.) (0.6 mmol,
2 equiv) and FeCls (10 mol%) in CH3CN (2 mL) was irradiated with light source for 3 h. The
temperature around the reaction flask was approximately 35 <C (induced by the lamp). “Isolated
yields. “1a was consumed, and some unidentified by-products were formed.

Table S11. Reevaluation of chlorine sources under optimized conditions”

40 W 390 nm LEDs

@)
1l 9 i

Ph—S—Cl + FeCl; (10 mol%), chlorine source S@
(l)l CH3CN (2 mL), Ar, 3 h PH

1a 4a 5a
Entry Chlorine source (2 equiv) Yield (%)°
1 NH,4CI 9
2 "BusNCl 5
3 Me;sSiCl 11
4 BusPCl 10
5 LiCl 21
6 NaCl trace
7 KCl 3
8 HCI (conc.) 88

“Reaction conditions: a mixture of 1a (0.3 mmol, 1.0 equiv), 4a (4.5 mmol, 15.0 equiv), chlorine
source (0.6 mmol, 2 equiv) and FeCls (0.03 mmol, 10 mol%) in MeCN (2 mL) was irradiated
with 40 W 390 nm LEDs for 3 h. The temperature around the reaction flask was approximately
35 <T (induced by the LED lamp). “Isolated yields.

Table S12. Control experiments”
40 W 390 nm LEDs

9 FeCl; (10 mol%), HCI (2 equiv)
Ph—S—CI + S
X CH3CN (2mL), Ar, 3 h PH

(0]
1a 4a 5a
Entry Deviation Yield (%)°
1 none 88
2 no HCI n.d.
3 no FeCls 30
4¢ no FeCls n.d.
5 no light n.d.
6 air instead of Ar 64

“Reaction conditions: 1a (0.3 mmol, 1.0 equiv), 4a (4.5 mmol, 15.0 equiv ), HCI (conc.) (0.6 mmol,
2 equiv) and FeCls (10 mol%) in CHsCN (2 mL) was irradiated with 40 W 390 nm LEDs for 3 h.
The temperature around the reaction flask was approximately 35 <C (induced by the LED lamp).
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’Isolated yields. “In dark.
4. Mechanistic investigation

4.1 UV-vis absorption experiments

4.1.1 UV-vis absorption of various substances
UV-vis absorption experiments were performed on a spectrophotometer. The samples were
measured in a 1.5 mL quartz (Figure S1). The measured solution concentration is as follows:

1a: Preparing 1a (15 mM) solution in CH3CN.

HCI: Preparing HCI (conc.) (15 mM) solution in CH3CN.

1a + HCI: Preparing 1a (15 mM) and HCI (conc.) (15 mM) solution in CH3CN.
FeCls: Preparing FeCls (0.25 mM) solution in CH3CN.

FeCls; + HCI: Preparing FeCl; (0.25 mM) and HCI (conc.) (15 mM) solution in CH3;CN

FeCl,
—— HCI + FeCl,

2.0

1.5
c
o
'g 1.0
2]
Ke]
<

0.5

0.0

' I T I ' I ! I
300 400 500 600 700

Wavelenth (nm)

Figure S1. UV-Vis absorption spectra of HCI and FeCls.
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1a
—HCI
1a + HCI

Absorpition

T I T I T T T I
300 400 500 600 700
Wavelenth (nm)

Figure S2. UV-Vis absorption spectra of HCI and 1a.
4.1.2 Determination of binding stoichiometry of EDA complex between HCI and 1a
Using UV-vis spectroscopy, the absorbance values at 360 nm were monitored and plotted as a
function of molar fraction of the benzenesulfonyl chloride (1a). The total concentration of HCI
and 1a was kept constant at 10 mM, while the amount of 1a was varied from 0 to 10 mM. A

parabolic curve with a maximum absorbance value at 50% (Xmax = b/(-2a) = 0.1936/(2x0.2037
~(.5)) mol fraction of 1a was obtained, indicating a 1:1 EDA complex between HCl and 1a.
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Figure S3. Job Plot of the EDA complex system between HCI and 1a
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4.2 Radicals trapping experiments and HRMS analysis of by-products

Scheme S1. Radical trapping experiments and HRMS analysis of by-products for

reaction of 1a and 2a

(a) TEMPO 338 4! \[ j TEMPOq
2 equiv n.d. ! 0
! HRMS m/s M+H" HRMS m/s M+H " !
' Cal. 244.1907 Cal. 192.1150 H
i\ Found: 244.1903 Found: 192.1148 |
P _~_oOoL Phe . ‘;
' =z j W/\CI :
| Ph 1
. O Ph N !
' HRMS m/s M+H+ HRMS m/s M+H |
1 Cal. 267.1380 Cal. 215.0622 E
! Found: 267.1377 Found:215.0630 |
? © b) DE 38, | 5
Ph—S-Cl + Standard] (b) DE 3+ Ph 1
I conditions| 2equiv. " geo /@ /@ '
o] - =\ :
1 Ph 1
| PN .S = '
1a 2a | % s '
: R Ph .
H HRMS m/s M+H HRMS m/s M+H E
E Cal. 321.0944 Cal. 289.1045 !
! Found: 321.0942 Found: 289.1037 |
o sSolenel
L No o—)_<—0 0 o
' + +
'HRMS m/s M+H  HRMS m/s M+H ~ HRMS m/s M+H !
ECaI. 105.0546 Cal. 175.0965 Cal. 191.0914 E
'Found: 105.0548  Found: 175.0964  Found: 191.0915 |
c i :
( ) 3a + ! o o O\\ E
%0% | 2 sol Oy N
©/ “OH ©/S‘b o
5 . . .
1 HRMS m/s M+H HRMS m/s M+H HRMS m/s M+K |
. Cal. 143.0161 Cal. 144.9873 Cal. 320.9652 E
E Found: 143.0162 Found: 144.9881 Found: 320.9654
Inteirésj +MS, 1.3-2.6min #75-152
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o TEMPO.__O
06
0.4
0.2 o)
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= /
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1.0 (@)
05 268.1419
o 265.1221 26,1290 | | 269.1499
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Compound Spectra - LSP-551-1.d
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Scheme S2. Radical trapping experiments for unactivated alkane C(sp*)-H thiolation
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Phﬁ/\ /@ ©\ //O
=~ "8 SPZ
I /
Ph O o Ph
HRMS m/s M+H" HRMS m/s M+H "
Cal. 305.0995 Cal. 321.0944
Found: 305.0993 Found: 321.0950
lnmkr.!z]. 1 +MS, 0.12-0.14min #7-8
2402324
. —_ TEMPO
40
20
N ivd |
210 220 230 240 — 250 260 270 280 290 300 m/z
Intens. {1, VS, 0.12-0. 14min #7-8
[%] 192.{;155
0.02 H TEMPOL
) | Cl
0.01 MJH
I\
0.00 — A

191.8

192.2 192.4

S14

192.6 192.8 mfz




Intens. [1;
[%]

0.001

0.000

0.000

+MS, 0.12-0. 14min #7-8
266.1578

TEMPO.
S

Intens. 1,
[%]

0.002

0.001

0.000

266.14

266.15 266.17 266.18 mjz

+MS, 0.2min #10

BHT:

3252496

TS

I

325.18

325.20

325.22 325.24 325.26 325.28 325.30 325.32 mjz

Intens. I,
[%]

0.010

+MS, 0.21-0.22min #12-13|

35144748

BHT<

351.10

351.12

351.14 35116 351.18 351.20 351.22 351.24 mfz

Intens.

2000
1500
1000

500

BHT<

/7 1\

+MS, 0.26-0.29min #15-17
383.1646

383.145

383.150

383.155 383.160 383.165 383.170 383.175 m/z

Intens. J1;
0.020
0.015
0.010
0.005

0.000

FMS, 0.12-0. 14min #7-8
2634801

Ph

263.14

263.24 263.26 mfz

Intens. {1,
[%]
0.010
0.008
0.006

0.004

+MS, 0.19-0.21min #11-12

—_— 2630176

PhY\Cl

Ph

262.99

263.00 263.01 263.02 263.03 263.04 mjz

Intens. {1,

VS, 0.19-0.21min #11-12
28941040

290.1073

PhY\S
Ph

288.4

288.6 288.8

289.2 289.4 289.6 290.0 mfz

Intens.
x104

=

155

1.0

0.5
305.0221

+MS, 0.09-0.10min #5-6|
305.0993

—

Ph
S

Ph O

305.0742

" 305.02

305.04

305.06 305.08 305.10 305.12 305.14 305.16 m/z
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lntenss.
x10:
1.5 Ph /@ \il.\“{\lgso
>—\ Il
1.0 |
> |
P oS 1

0.0 L
320.2 320.4 320.6 320.8 321.0 321.2 3214 3216 mfz

=

+MS, 0.09-0.10min #5-6

4.3 Isolation of by-products

4.3.1 Isolation of by-products for dioxane system

O O o.__0_0 o._Cl
O Q) e 70O O
o) (o) 390 nm, Ar, r.t. o o o
1a 2a 3a, 90% 14,20 mg 15,7 mg 16, n.d.
A 10 mL two-necked schlenk tube containing a stirring bar was charged with FeCls (4.9 mg,
0.03 mmol, 10 mol%). After the tube was purged with several vacuum/argon cycles, it was
backfilled with argon and incorporated with an argon balloon. 2a (2 mL) and 1a (0.3 mmol, 1.0
equiv) were then added via syringe. The resulting mixture was irradiated with 40 W 390 nm
LEDs (5 cm away) under continuous stirring. The temperature around the reaction flask was
approximately 35 °C (induced by the LED lamp). The reaction was moitored by TLC. After
completion, the solvent (excess of 2a) was removed under reduced pressure. The residue was
purified by flash column chromatography on silica gel with ethyl acetate/hexane as eluent to
give the desired product 3a (53 mg, 90% yield), 14 and 15.

oy

1,4-Dioxan-2-ol (14): The title compound was prepared according to the general procedure and
purified by flash column chromatography on silica gel to give the light yellow oil, 20.0 mg.
Eluent: (petroleum ether/ethyl acetate =3/1). *H NMR (600 MHz, CDCls) § 4.91 (dd, J = 5.0,
2.2 Hz, 1H), 4.10-4.04 (m, 1H), 3.79 (dd, J = 11.6, 2.2 Hz, 1H), 3.72-3.65 (m, 3H), 3.46 (dd, J
=11.5, 5.0 Hz, 1H). **C NMR (151 MHz, CDCls) § 90.8, 70.0, 66.1, 62.3. HRMS (ESI-TOF)
m/z: [M+H]" calcd. for C4HoO3 105.0546; found: 105.0543.
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CTC

2,2'-Oxybis(1,4-dioxane) (15): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 7.0 mg. Eluent: (petroleum ether/ethyl acetate =4/1). 'H NMR (600 MHz, CDCls) § 4.97-
4.95 (m, 2H), 4.03-3.98 (m, 2H), 3.80 (dd, J = 11.7, 2.3 Hz, 2H), 3.74-3.68 (m, 4H), 3.64-3.58
(m, 4H). ¥C NMR (151 MHz, CDCl3) § 91.4, 68.8, 66.1, 61.9. HRMS (ESI-TOF) m/z: [M+H]*
calcd. for CsHi505191.0914; found: 191.0913.

LSP-471-5HNMR
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LSP-471-5CNMR
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4.3.2 Isolation of by-products for cyclohexane system

In model reactions between la and 4a, the cyclohexane 17 was observed by 'HNMR.("
(containing an excess of alkanes).

Cl OH
1a + 4a _Standard conditions _ 5 =, O/ N O/

0.3 mmol 0.26 mmol 17 18
detected by "H NMR n.d.
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1spP-1H.23fid
LSP-579-1

415
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~3.02
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r—100
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In addition, when norbornane or cyclododecane reacted with 1a, the structures of alkyl

chlorides were confirmed by 'H NMR.

Ph/S
9 Cl
Ph—S-ClI 4 Standard conditions .
11
(o]

1a

1sP-1H.30 fid
LSP-580-3

Hb

[—

5ac, 54%

1.00=

ol
P
[SPE

-2

6ac

-3

W

-4

1000

900

800

F700

600

500

400

300

200

100

9.0 85 80 7.5 7.0 6.5 6.0 55 50 45 40 35 3.0 25 20 15 1.0 0.5 0.0 -0.5 -1.0

f1 (ppm),

(0]

Ph*"*CI ¥ Ab Standard conditions L]b/s\@ + LI&\\/C/CI
1
(0]

1a
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1sp-tH28fid g gg=usx

mmmmm

LSP-580-2 R

9.0 80 70 6.0 0.0 -10

Standard conditions (j©\ s
+ ) s o)
O SO,CI
4a

13, 7 mg, 0.023 mmol

During the investigation of substrate scope, when 2,3-dihydrobenzofuran-6-sulfonyl chloride
was used as the substrate, the compound 13 was isolated. The specific procedure is as follows:
A 10 mL two-necked schlenk tube containing a stirring bar was charged with FeCl; (4.9 mg,
0.03 mmol, 10 mol%) and 2,3-dihydrobenzofuran-6-sulfonyl chloride ( 0.3 mmol, 1.0 equiv).
After the tube was purged with several vacuum/argon cycles, it was backfilled with argon and
incorporated with an argon balloon. MeCN (2 mL), 4a (4.5 mmol, 1.5 equiv) and HCI (conc.)
(0.6 mmol, 2 equiv) were then added via syringe. The resulting mixture was irradiated with 40
W 390 nm LEDs (5 cm away) under continuous stirring. The temperature around the reaction
flask was approximately 35 °C (induced by the LED lamp). The reaction was moitored by TLC.
After completion, the solvent was removed under reduced pressure. The residue was purified
by flash column chromatography on silica gel to give compound 13 (7 mg). The structure of 13
was confirmed by '"H NMR, *C NMR and HRMS.

%
S.

1T
o) 13

1,2-Bis(2,3-dihydrobenzofuran-5-yl)disulfane (13): The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give a white solid, 7.0 mg. Eluent: (petroleum).*H NMR (600 MHz, CDClz) & 7.33 (s, 2H),
7.20 (d, J= 8.2 Hz, 2H), 6.70 (d, J = 8.3 Hz, 2H), 4.59 (t, /= 8.7 Hz, 4H), 3.19 (t, /= 8.7 Hz,
4H). BC NMR (151 MHz, CDCls) 5 160.8, 132.1, 128.6, 128.3,128.2, 109.7, 71.6, 29.5. HRMS
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(ESI-TOF) m/z: [M+Na]"* calcd. for C1¢H140,S:Na 325.0327; found: 325.0333.

wmw o

LSP-559-2HNMR aRs Fe
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[¥]
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4.4 The validation of the by-products and intermediates

(1) © 40 °C, no light © OH
[ j + NaCIO : j/
@) O
14

0.3 mL
(6-10%
available chlorine) 0.10 mmol

A 10 mL two-necked schlenk tube, equipped with a stirring bar, was purged with several
vacuum/argon cycles. It was then backfilled with argon and incorporated with an argon balloon.
Dioxane (2 mL) and NaClO (0.3 mL) were then added via syringe. The resulting mixture was
heated in 40 °C under continuous stirring. After 8 h, the dioxane was removed under reduced
pressure. The residue was purified by flash column chromatography on silica gel with ethyl
acetate/hexaneas eluent to give compound 14.

) 40 °C, no light OH
°C, nolight _
+ NaClO
O #CHeN 2 mL) O
15 equiv 0.3 mL 18

(6-10% nd
available chlorine) e

A 10 mL two-necked schlenk tube, equipped with a stirring bar, was purged with several
vacuum/argon cycles. It was then backfilled with argon and incorporated with an argon balloon.
MeCN (2 mL), cyclohexane (4.5 mmol, 15.0 equiv) and NaClO (0.3 mL) were then added via
syringe. The resulting mixture was heated at 40 °C with continuous stirring. After 3 h, the
reaction mixture was filtered, the filtrate was concentrated, and then subjected to 'H NMR
analysis.

1. standard conditions (@]

2. then benzyl alcohol (2.0 equiv),
nohv, 12 h

(3) 1a + 2a

Observed by
TH NMR

In the completed model reaction mixture, benzyl alcohol was added and stirred without
light for 12 h. The generation of benzaldehyde was observed by 'H NMR.
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LspiH22fid 3 I ’ £160

LSP-578-2 °“ 150
r140
r130
r120
r110
r100
90

H 80

. F70

O 60
50
r40
| 30
/ ‘ ‘ H ‘ | 20
‘ | Myl N | N
\ M_W_._rj-)" b lJLJK WS H W\\* I
-10
12 11 10 9 8 7 é 5 4 3 2 1 0 -1 -2
L £1 (ppm),
00 0O FeCls, light SO
4) Ph—S—S—Ph + [ j - ©/ \E j
o1l 8h
(OJN©) O (0]
G 2a 3a
standard conditions 3%,
in absence of FeClj n.d.
in absence of light n.d.

Standard conditions: A 10 mL two-necked schlenk tube containing a stirring bar was charged
with FeCl; (4.9 mg, 0.03 mmol, 20 mol%) and G (0.15 mmol, 1.0 equiv). After the tube was
purged with several vacuum/argon cycles, it was backfilled with argon and incorporated with
an argon balloon. 2a (2 mL) was then added via syringe. The resulting mixture was irradiated
with 40 W 390 nm LEDs (5 cm away) under continuous stirring. The temperature around the
reaction flask was approximately 35 °C (induced by the LED lamp). After 8 h, the solvent
(excess of 2a) was removed under reduced pressure. The residue was purified by flash column
chromatography on silica gel with ethyl acetate/hexane (1/30) as eluent to give the desired

product 3a.
O O , S
o FeCls, HCI, light
(6)  Ph—S-S—Ph + & 9
8 51
G 4a 5a

standard conditions 14%
in absence of HCI 10%
in absence of FeCls trace
in absence of light n.d.

Standard conditions: A 10 mL two-necked schlenk tube containing a stirring bar was charged
with FeCl; (4.9 mg, 0.03 mmol, 20 mol%) and G (0.15 mmol, 1.0 equiv). After the tube was
purged with several vacuum/argon cycles, it was backfilled with argon and incorporated with
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an argon balloon. MeCN (2 mL), 4a (4.5 mmol, 30.0 equiv) and HCI (conc.) (0.6 mmol, 4.0
equiv) were then added via syringe. The resulting mixture was irradiated with 40 W 390 nm
LEDs (5 cm away) under continuous stirring. The temperature around the reaction flask was
approximately 35 °C (induced by the LED lamp). After 5 h, the solvent was removed under
reduced pressure. The residue was purified by flash column chromatography on silica gel with
petroleum ether as eluent to give the desired product 5a.

4.5 Kinetic isotope effect (KIE) experiments

(l)l standard conditions + 1
Ph—S-Cl + * +Diz - bh Ph D11
O KH/KD =1 \S \S

1a 4a [D12]'4a 5a [D11]-5a
7.5 equiv 7.5 equiv

Kw/Kp=0.50/(1-0.50)=1
This result suggested that the cleavage of C—H bonds might not be the rate-determining
step.

___________________________________

___________________________________

0,502 e

12. 5 11.5 10.5 9.5 8.5 7.5 6.5 55 4.5 3.5 2.5
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4.6 Reaction mechanism

4.6.1 Possible pathways for the formation of products 3am, 3an, 3ao, and 3aq

S-
/
~ O~ _HAT ~_ O~ 4>7<

R. O.
Cr o >y O
.0 _R _HAT .

_—

RS
— =
s- SH
R = Methyl, Ethyl _ve, ©
+H
R~oH

R. S
oY
o
3am and 3ao

_________________________________________________________________________________________________________
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4.6.2 Plausible mechanism for thiolation of ethers

i of —22 > Hel 3a <34 ph-s,
i If 0 I :
LnPe Cls LnFe'Cl, : O._OH :
= NGRS N
1 a 1
AN J 014 .
E 2a .
+ LnFe''Cl T !
| A 3 HCIO !
| " Il HC|! Il E
! Ph” 30— Ph—S—S—Ph Ph—S—S—Ph |
. I hv '
| 00 :
! F G H ;

________________________________________________________________________

Figure S4. Plausible mechanism for thiolation of ethers.

4.7 Exploration of di-thiolated products

To investigate whether the mono-thiolated products could be further converted into di-thiolated
products, we conducted the following experiment. However, no formation of di-thiolated
products was detected, and some unidentified by-products were generated.

o 40 W 390 nm LEDs 5
oL s—<:> FeCl; (10 mol%), HCI (2 equiv) ~Ph
—S—- +
3 pH MeCN (2 mL), Ar, 10 h < Ph

1a 5a 6a
0.3 mmol, 1 equiv 2 equiv N.D.

A 10 mL two-necked schlenk tube containing a stirring bar was charged with FeCls (4.9 mg,
0.03 mmol, 10 mol%) and 5a (115.0 mg, 0.60 mmol, 2.0 equiv). After the tube was purged with
several vacuum/argon cycles, it was backfilled with argon and incorporated with an argon
balloon. MeCN (2 mL), 1a (38.0 uL, 0.30 mmol, 1.0 equiv) and HCI (conc.) (0.6 mmol, 2.0
equiv) were then added via syringe. The resulting mixture was irradiated with 40 W 390 nm
LEDs (5 cm away) under continuous stirring. The temperature around the reaction flask was
approximately 35 °C (induced by the LED lamp). The reaction was moitored by TLC.
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5. Unsuccessful substrates

_______________________________________________________________________________________________

_______________________________________________________________________________________________

6. Characterization data of the products

@zho
__/

3a

2-(Phenylthio)-1,4-dioxane (3a)®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 53.0 mg, 90% vyield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR (600 MHz,
CDCl3) 6 7.50 (d, J = 7.6 Hz, 2H), 7.32-7.28 (m, 2H), 7.27-7.24 (m, 1H), 5.11 (dd, J =5.7, 3.0
Hz, 1H), 4.25-4.19 (m, 1H), 4.01-3.96 (m, 1H), 3.74-3.65 (m, 4H). *C NMR (151 MHz, CDCls)
5 134.0, 131.6, 129.0, 127.4, 83.3, 70.0, 66.5, 63.8.

s

O O
3b )

2-(o-Tolylthio)-1,4-dioxane (3b)®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 42.0 mg, 67% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). 'H NMR (600 MHz,
CDCls) 6 7.56-7.52 (m, 1H), 7.20-7.14 (m, 3H), 5.10 (dd, J = 5.7, 3.0 Hz, 1H), 4.24-4.19 (m,
1H), 3.99 (dd, J = 11.7, 3.0 Hz, 1H), 3.78-3.71 (m, 3H), 3.70-3.64 (m, 1H), 2.41 (s, 3H). 1*C
NMR (151 MHz, CDClz) 6 139.1, 133.5,131.5, 130.2, 127.3, 126.6, 82.8, 70.2, 66.6, 63.9, 20.9.
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o O
3c \ h

2-(m-Tolylthio)-1,4-dioxane (3c): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 47.0 mg, 75% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR (600 MHz,
CDCls) 6 7.32-7.28 (m, 2H), 7.19 (t, J = 7.6 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H), 5.11 (dd, J =
5.8, 3.0 Hz, 1H), 4.24-4.19 (m, 1H), 3.97 (dd, J = 11.8, 3.0 Hz, 1H), 3.74-3.64 (m, 4H), 2.33
(s, 3H). 3C NMR (151 MHz, CDCls) § 138.8, 133.7, 132.2, 128.8, 128.6, 128.2, 83.3, 70.0,
66.5, 63.8, 21.3. HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci1H40.SNa 233.0607; found
233.0607.

)

O] O
3d - /

2-(p-Tolylthio)-1,4-dioxane (3d)@: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give a white solid, 50.5
mg, 80% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). 'H NMR (600 MHz, CDCls) §
7.40 (d, J=8.0 Hz, 2H), 7.11 (d, J = 7.9 Hz, 2H), 5.02 (dd, J = 6.0, 2.9 Hz, 1H), 4.22-4.17 (m,
1H), 3.96 (dd, J = 11.8, 3.0 Hz, 1H), 3.72-3.63 (m, 4H), 2.33 (s, 3H). *C NMR (151 MHz,
CDCls) 6 137.7, 132.4, 130.0, 129.8, 83.5, 69.9, 66.5, 64.0, 21.1.

o)
(0] O
3e “ ,

2-((4-Methoxyphenyl)thio)-1,4-dioxane (3e)®: The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 46.0 mg, 68% vyield. Eluent: (petroleum ether/ethyl acetate = 15/1). 'H NMR
(600 MHz, CDCls) 6 7.45 (d, J = 8.7 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 4.92 (dd, J = 6.3, 2.9
Hz, 1H), 4.21-4.16 (m, 1H), 3.95 (dd, J = 11.7, 2.9 Hz, 1H), 3.80 (s, 3H), 3.70-3.62 (m, 4H).
13C NMR (151 MHz, CDCl3) 6 159.8, 135.0, 123.6, 114.6, 83.8, 69.9, 66.4, 64.3, 55.3.

fBu@—s
3 O 0

2-((4-(tert-Butyl)phenyl)thio)-1,4-dioxane (3f)®: The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 50.0 mg, 66% vyield. Eluent: (petroleum ether/ethyl acetate = 30/1). 'H NMR
(600 MHz, CDCls) 6 7.47 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 5.10 (dd, J = 6.1, 3.0
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Hz, 1H), 4.28-4.23 (m, 1H), 4.01 (dd, J = 11.8, 2.9 Hz, 1H), 3.76-3.68 (m, 4H), 1.34 (s, 9H).
13C NMR (151 MHz, CDCls) § 150.8, 131.8, 130.2, 126.1, 83.5, 70.0, 66.5, 64.0, 34.6, 31.3.

Ph4©—8>_\

3g 0 0O

2-([1,1'-Biphenyl]-4-ylthio)-1,4-dioxane (3g): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 60.0 mg, 74% vyield. Eluent: (petroleum ether/ethyl acetate = 20/1). *H NMR (600 MHz,
CDCls) 6 7.58-7.55 (m, 4H), 7.54-7.51 (m, 2H), 7.45-7.41 (m, 2H), 7.36-7.32 (m, 1H), 5.16
(dd, J=5.6, 2.9 Hz, 1H), 4.28-4.23 (m, 1H), 4.00 (dd, J = 11.8, 2.9 Hz, 1H), 3.78-3.73 (m, 3H),
3.72-3.67 (m, 1H). °C NMR (151 MHz, CDCls) & 140.4, 133.0, 132.0, 128.9, 127.7, 127.5,
127.0, 83.3, 70.0, 66.6, 63.8. HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisHis0,SNa
295.0763; found 295.0763.

—< EE—S
o O
3h —/

2-(Mesitylthio)-1,4-dioxane (3h): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give a white solid, 45.0
mg, 63% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR (600 MHz, CDCls) &
6.98 (s, 2H), 4.74 (dd, J = 6.8, 2.9 Hz, 1H), 4.18-4.12 (m, 1H), 3.97 (dd, J = 11.6, 2.9 Hz, 1H),
3.74-3.70 (m, 3H), 3.67-3.62 (m, 1H), 2.54 (s, 6H), 2.30 (s, 3H). *C NMR (151 MHz, CDCly)
5143.4,138.7,129.1,128.3, 84.9, 70.6, 66.4, 64.9,22.4,21.0. HRMS (ESI-TOF) m/z: [M+Na]"
calced for Ci3H;302SNa 261.0920; found 261.0923.

SRS
i/

2-((4-Cyclohexylphenyl)thio)-1,4-dioxane (3i): The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to a white
solid, 53.0 mg, 64% yield. Eluent: (petroleum ether/ethyl acetate =20/1). 'H NMR (600 MHz,
CDCl3) 4 7.45 (d, J=8.0 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 5.09 (dd, J = 6.0, 2.9 Hz, 1H), 4.27-
4.22 (m, 1H), 4.00 (dd, J = 11.7, 3.0 Hz, 1H), 3.76-3.67 (m, 4H), 2.55-2.47 (m, 1H), 1.92-1.83
(m, 4H), 1.81-1.76 (m, 1H), 1.47-1.37 (m, 4H), 1.33-1.26 (m, 1H). 3C NMR (151 MHz, CDCl3)
5 147.7,132.2, 130.4, 127.5, 83.5, 70.0, 66.5, 64.0, 44.2, 34.4, 26.9, 26.1. HRMS (ESI-TOF)
m/z: [M+Na]" caled for CisH20,SNa 301.1233; found 301.1232.
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2-((4-Fluorophenyl)thio)-1,4-dioxane (3j)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 50.0 mg, 78% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR
(600 MHz, CDCls) 6 7.51-7.47 (m, 2H), 7.01 (t, J = 8.6 Hz, 2H), 5.01 (dd, J = 5.7, 3.0 Hz, 1H),
4.25-4.20 (m, 1H), 3.97 (dd, J = 11.8, 3.0 Hz, 1H), 3.73-3.70 (m, 2H), 3.70-3.64 (m, 2H). 3C
NMR (151 MHz, CDCls) 6 162.6 (d, J = 247.7 Hz), 134.5 (d, J = 8.2 Hz), 128.7 (d, J = 3.4 Hz),
116.0 (d, J = 21.7 Hz), 83.6, 69.8, 66.5, 63.8. °F NMR (565 MHz, CDCls) 6 -113.9.

2-((2-Chlorophenyl)thio)-1,4-dioxane (3k)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 46.0 mg, 67% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR (600 MHz,
CDCls) 5 7.61 (dd, J = 7.8, 1.7 Hz, 1H), 7.39 (dd, J = 7.9, 1.5 Hz, 1H), 7.25-7.20 (m, 1H), 7.20-
7.15 (m, 1H), 5.26 (dd, J = 4.6, 3.0 Hz, 1H), 4.31-4.26 (m, 1H), 4.03 (dd, J = 11.9, 3.1 Hz, 1H),
3.84 (dd, J = 11.9, 4.6 Hz, 1H), 3.78-3.72 (m, 2H), 3.68-3.63 (m, 1H). *C NMR (151 MHz,
CDCls) 6 134.9, 133.9, 131.6, 129.8, 127.9, 127.3, 82.1, 69.9, 66.7, 63.0.

2-((3-Chlorophenyl)thio)-1,4-dioxane (3l): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 57.0 mg, 83% yield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR (600
MHz, CDCl3) 6 7.51-7.47 (m, 1H), 7.38-7.34 (m, 1H), 7.24-7.20 (m, 2H), 5.16 (dd, J = 5.1, 3.0
Hz, 1H), 4.28-4.22 (m, 1H), 3.98 (dd, J = 11.8, 3.0 Hz, 1H), 3.77-3.72 (m, 3H), 3.70-3.65 (m,
1H). 3C NMR (151 MHz, CDCls) 6 136.4, 134.6, 130.7, 129.9, 129.1 , 127.3, 83.1, 69.9, 66.6,
63.3. HRMS (ESI-TOF) m/z: [M+Na]" calcd for CioHi1C10,SNa 253.0060; found 253.0057.

s
(0] O
3m __/

2-((4-Chlorophenyl)thio)-1,4-dioxane (3m)®@: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 60.0 mg, 87% vyield. Eluent: (petroleum ether/ethyl acetate = 30/1). *H NMR (600 MHz,
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CDCls) 5 7.43 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.6 Hz, 2H), 5.08 (dd, J = 5.4, 3.0 Hz, 1H), 4.26-
4.21 (m, 1H), 3.97 (dd, J = 11.8, 3.0 Hz, 1H), 3.74-3.70 (m, 3H), 3.69-3.64 (m, 1H). *C NMR
(151 MHz, CDCls)  133.6, 132.9, 132.5, 129.1, 83.3, 69.8, 66.5, 63.6.

Br4©78>_
(@] O
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2-((4-Bromophenyl)thio)-1,4-dioxane (3n)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 58.0 mg, 71% vyield. Eluent: (petroleum ether/ethyl acetate = 20/1). *H NMR (600 MHz,
CDCl3) 6 7.44 (d, J =8.2 Hz, 2H), 7.38 (d, J = 8.3 Hz, 2H), 5.12 (dd, J = 5.4, 3.0 Hz, 1H), 4.28-
4.23 (m, 1H), 3.99 (dd, J = 11.8, 3.0 Hz, 1H), 3.77-3.72 (m, 3H), 3.71-3.66 (m, 1H). *C NMR
(151 MHz, CDCls) 6 133.3, 133.1, 132.0, 121.5, 83.2, 69.8, 66.5, 63.5.

A S

30\ /

4-((1,4-Dioxan-2-yl)thio)benzonitrile (30): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give a white
solid, 47.0 mg, 71% yield. Eluent: (petroleum ether/ethyl acetate =8/1). *H NMR (600 MHz,
CDCls) 8 7.57-7.51 (m, 4H), 5.34 (t, J = 3.6 Hz, 1H), 4.31-4.25 (m, 1H), 4.02 (dd, J = 12.0, 3.0
Hz, 1H), 3.82 (dd, J = 11.9, 4.1 Hz, 1H), 3.80-3.76 (m, 2H), 3.71-3.66 (m, 1H). 3C NMR (151
MHz, CDCl3) 6 142.5, 132.3, 129.3, 118.7, 109.8, 82.2, 69.8, 66.7, 62.7. HRMS (ESI-TOF)
m/z: [M+Na]" calcd for C11H;;1NO2SNa 244.0403; found 244.0405.

S

3p QP

2-((4-Nitrophenylthio)-1,4-dioxane (3p): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 15.0 mg, 21% yield. Eluent: (petroleum ether/ethyl acetate =10/1). *H NMR (600
MHz, CDCls) § 8.14 (d, J = 8.9 Hz, 2H), 7.57 (d, J = 8.9 Hz, 2H), 5.40 (t, J = 3.4 Hz, 1H),
4.33-4.27 (m, 1H), 4.05 (dd, J = 12.0, 3.0 Hz, 1H), 3.86 (dd, J = 12.0, 3.9 Hz, 1H), 3.83-3.78
(m, 2H), 3.72-3.67 (m, 1H). 3C NMR (151 MHz, CDCls) & 146.1, 145.2, 128.7, 123.9, 82.2,
69.8, 66.7, 62.5. HRMS (ESI-TOF) m/z: [M+Na]" calcd for C;oH;;1NOsSNa 264.0301; found
264.0302.

R S
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2-((4-(Trifluoromethyl)phenyl)thio)-1,4-dioxane (3g)®: The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give a white solid, 65.0 mg, 82% yield. Eluent: (petroleum ether/ethyl acetate =15/1). *H
NMR (600 MHz, CDCls) 6 7.60 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.2 Hz, 2H), 5.29 (t, J = 3.8
Hz, 1H), 4.33-4.27 (m, 1H), 4.04 (dd, J = 11.9, 3.1 Hz, 1H), 3.84-3.78 (m, 3H), 3.74-3.68 (m,
1H). 3C NMR (151 MHz, CDCls) § 139.9, 130.0, 128.8 (q, J = 32.8 Hz), 125.7 (g, J = 3.8 Hz),
124.0 (g, J = 271.9 Hz), 82.6, 69.8, 66.6, 63.0. 1°F NMR (565 MHz, CDCl3) 5 -62.6.

4-((1,4-Dioxan-2-yl)thio)phenyl pivalate (3r): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 68.0 mg, 77% yield. Eluent: (petroleum ether/ethyl acetate =8/1). *H NMR (600 MHz,
CDCl3) 6 7.51 (d, J=8.6 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 5.05 (dd, J = 5.8, 2.9 Hz, 1H), 4.23-
4.18 (m, 1H), 3.96 (dd, J = 11.8, 2.9 Hz, 1H), 3.72-3.63 (m, 4H), 1.35 (s, 9H). 3C NMR (151
MHz, CDCls) 6 176.8, 150.8, 133.2, 130.7, 122.1, 83.5, 69.9, 66.5, 63.8, 39.1, 27.1. HRMS
(ESI-TOF) m/z: [M+Na]" calcd for Ci5sH2004SNa 319.0975; found 319.0976.

SORS

2-(Naphthalen-2-ylthio)-1,4-dioxane (3s)®): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 40.0 mg, 50% yield. Eluent: (petroleum ether/ethyl acetate =20/1). 'H NMR (600 MHz,
CDCl3) 8 7.97 (s, 1H), 7.79 (d, J = 7.7 Hz, 1H), 7.76 (d, J = 8.3 Hz, 2H), 7.56 (dd, J = 8.6, 1.8
Hz, 1H), 7.49-7.42 (m, 2H), 5.21 (dd, J = 5.7, 2.9 Hz, 1H), 4.29-4.23 (m, 1H), 4.01 (dd, J =
11.8, 2.9 Hz, 1H), 3.76 (dd, J = 11.8, 5.6 Hz, 1H), 3.74-3.66 (m, 3H). *C NMR (151 MHz,
CDCls) 6 133.7, 132.4,131.4,130.3, 129.1, 128.5, 127.7, 127.5, 126.6, 126.2, 83.3, 70.0, 66.6,
63.8.

O, 535

2-((5,6,7,8-Tetrahydronaphthalen-2-yl)thio)-1,4-dioxane (3t): The title compound was
prepared according to the general procedure and purified by flash column chromatography on
silica gel to give the light yellow oil, 49.0 mg, 65% yield. Eluent: (petroleum ether/ethyl acetate
=20/1).*H NMR (600 MHz, CDCls3) & 7.24-7.20 (m, 2H), 7.00 (d, J = 7.8 Hz, 1H), 5.04 (dd, J
=6.1, 2.9 Hz, 1H), 4.23-4.17 (m, 1H), 3.97 (dd, J = 11.7, 2.9 Hz, 1H), 3.73-3.64 (m, 4H), 2.77-
2.71 (m, 4H), 1.80-1.75 (m, 4H). **C NMR (151 MHz, CDCls) & 138.0, 137.0, 133.0, 129.8,
129.7, 129.5, 83.6, 70.0, 66.5, 64.1, 29.3, 29.1, 23.1, 23.0. HRMS (ESI-TOF) m/z: [M+Na]*
calcd for C14H;30,SNa 273.0920; found 273.0919.
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2-(Thiophen-2-ylthio)-1,4-dioxane (3u)®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 32.0 mg, 53% yield. Eluent: (petroleum ether/ethyl acetate =20/1). *H NMR (600
MHz, CDCls) 6 7.39 (dd, J =5.4, 1.2 Hz, 1H), 7.20-7.17 (m, 1H), 7.01-6.98 (m, 1H), 4.91 (dd,
J=5.3,3.0 Hz, 1H), 4.28-4.23 (m, 1H), 3.94 (dd, J = 11.9, 3.0 Hz, 1H), 3.72-3.64 (m, 4H). °C
NMR (151 MHz, CDCls) 6 135.0, 130.5, 130.3, 127.6, 84.5, 69.4, 66.5, 63.7.

5-((1,4-Dioxan-2-yl)thio)-2,3-dihydrobenzofuran (3v): The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give a white solid, 14.0 mg, 20% yield. Eluent: (petroleum ether/ethyl acetate =10/1). 'H
NMR (600 MHz, CDCls) 6 7.36 (s, 1H), 7.30-7.25 (m, 1H), 6.73 (dd, J = 8.3, 2.6 Hz, 1H), 4.92-
4.87 (m, 1H), 4.61-4.56 (m, 2H), 4.21-4.16 (m, 1H), 3.98-3.93 (m, 1H), 3.70-3.62 (m, 4H),
3.23-3.18 (m, 2H). °C NMR (151 MHz, CDCls) § 160.6, 134.1, 130.7, 128.1, 122.9, 109.8,
84.1, 71.6, 69.9, 66.4, 64.3, 29.6. HRMS (ESI-TOF) m/z: [M+Na]" caled for Ci,Hi403;SNa
261.0556; found 261.0552.

\ s
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5-((1,4-Dioxan-2-yl)thio)-3-methylbenzo[d]oxazol-2(3H)-one (3w): The title compound was
prepared according to the general procedure and purified by flash column chromatography on
silica gel to give a white solid, 57.0 mg, 71% yield. Eluent: (petroleum ether/ethyl acetate =4/1).
'H NMR (600 MHz, CDCls) & 7.41 (d, J = 1.6 Hz, 1H), 7.37 (dd, J = 8.1, 1.6 Hz, 1H), 6.91 (d,
J=8.0 Hz, 1H), 5.01 (dd, J = 5.6, 2.9 Hz, 1H), 4.26-4.21 (m, 1H), 3.97 (dd, J = 11.8, 3.0 Hz,
1H), 3.74-3.65 (m, 4H), 3.40 (s, 3H). 3C NMR (151 MHz, CDCls) § 154.5, 142.7, 131.8, 128.9,
127.2, 114.6, 108.2, 83.9, 69.7, 66.5, 63.7, 28.2. HRMS (ESI-TOF) m/z: [M+Na]" caled for
C12H13NO4SNa 290.0457; found 290.0460.

5

3x

2-(Ethylthio)-1,4-dioxane (3x): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 10.0 mg, 23% vyield. Eluent: (petroleum ether/ethyl acetate =30/1). *H NMR (600 MHz,
CDCls) 6 4.82 (dd, J = 7.0, 2.9 Hz, 1H), 4.11-4.06 (m, 1H), 3.90 (dd, J = 11.7, 2.9 Hz, 1H),
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3.73-3.63 (m, 3H), 3.58 (dd, J = 11.7, 7.0 Hz, 1H), 2.77-2.63 (m, 2H), 1.30 (t, J = 7.4 Hz, 3H).
13C NMR (151 MHz, CDCls) & 80.2, 69.9, 66.4 , 64.5, 24.5, 15.3. HRMS (ESI-TOF) m/z:
[M+H]* calcd. for CsH130.S 149.0631; found: 149.0626.

~S o

2-(Butylthio)-1,4-dioxane (3y): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 30.0 mg, 57% vyield. Eluent: (petroleum ether/ethyl acetate =30/1). *H NMR (600 MHz,
CDCl3) 6 4.79 (dd, J = 6.9, 2.9 Hz, 1H), 4.10-4.06 (m, 1H), 3.89 (dd, J = 11.7, 2.9 Hz, 1H),
3.73-3.62 (m, 3H), 3.57 (dd, J = 11.7, 6.9 Hz, 1H), 2.73-2.61 (m, 2H), 1.64-1.57 (m, 2H), 1.46-
1.38 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 3C NMR (151 MHz, CDCls) § 80.5, 69.9, 66.4, 64.5,
32.2, 30.1, 21.9, 13.6. HRMS (ESI-TOF) m/z: [M+H]" calcd. for CsH;70.S 177.0944; found:
177.0946.

3z

2-(Octylthio)-1,4-dioxane (3z): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 35.0 mg, 50% yield. Eluent: (petroleum ether/ethyl acetate =30/1). *H NMR (600 MHz,
CDCl3) 6 4.79 (dd, J = 7.0, 2.9 Hz, 1H), 4.11-4.06 (m, 1H), 3.89 (dd, J = 11.7, 2.9 Hz, 1H),
3.73-3.62 (m, 3H), 3.57 (dd, J = 11.7, 6.9 Hz, 1H), 2.72-2.60 (m, 2H), 1.66-1.58 (m, 2H), 1.42-
1.38 (m, 2H), 1.28 (g, J = 7.5 Hz, 9H), 0.88 (t, J = 6.9 Hz, 3H). 3C NMR (151 MHz, CDCls) &
80.5, 69.9, 66.4, 64.5, 31.8, 30.5, 30.1, 29.2, 29.1, 28.8, 22.6, 14.1. HRMS (ESI-TOF) m/z:
[M+Na]" calcd for C12H240,SNa 255.1389; found 255.1390.

v I
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2-(Cyclopropylthio)-1,4-dioxane (3aa): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 15.0 mg, 31% yield. Eluent: (petroleum ether/ethyl acetate =30/1). 'H NMR (600
MHz, CDCls) 6 4.87 (dd, J = 7.0, 2.9 Hz, 1H), 4.12-4.05 (m, 1H), 3.90 (dd, J = 11.7, 2.9 Hz,
1H), 3.74-3.67 (m, 3H), 3.63 (dd, J = 11.7, 7.0 Hz, 1H), 2.08-2.00 (m, 1H), 0.95-0.86 (m, 2H),
0.71-0.65 (m, 1H), 0.62-0.55 (m, 1H). °C NMR (151 MHz, CDCls) & 82.0, 69.9, 66.4, 64.8,
11.1,8.4,7.9. HRMS (ESI-TOF) m/z: [M+H]* calcd. for C;H;30:S 161.0631; found: 161.0634.
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2-(Isobutylthio)-1,4-dioxane (3ab): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 22.0 mg, 42% yield. Eluent: (petroleum ether/ethyl acetate =30/1). 'H NMR (600 MHz,
CDCls) 6 4.78-4.75 (m, 1H), 4.11-4.06 (m, 1H), 3.89 (dd, J = 11.7, 3.0 Hz, 1H), 3.71-3.67 (m,
2H), 3.67-3.62 (m, 1H), 3.60-3.55 (m, 1H), 2.62-2.51 (m, 2H), 1.88-1.81 (m, 1H), 1.01-0.98
(m, 6H). *C NMR (151 MHz, CDCls) § 80.9, 69.9, 66.4, 64.4, 39.5, 29.0, 22.0, 21.9. HRMS
(ESI-TOF) m/z: [M+H]" calcd. for CsH170,S 177.0944; found: 177.0939.

Ph Sjﬁo
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2-(Phenethylthio)-1,4-dioxane (3ac): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 32.0 mg, 48% yield. Eluent: (petroleum ether/ethyl acetate =30/1). *H NMR (600
MHz, CDCls) § 7.32-7.27 (m, 2H), 7.24-7.19 (m, 3H), 4.78 (dd, J = 6.6, 2.9 Hz, 1H), 4.10-4.05
(m, 1H), 3.87 (dd, J = 11.7, 2.9 Hz, 1H), 3.70-3.66 (m, 2H), 3.65-3.59 (m, 1H), 3.57 (dd, J =
11.7, 6.6 Hz, 1H), 2.97-2.88 (m, 4H). *C NMR (151 MHz, CDCls) § 140.3, 128.5, 128.4, 126.4,
80.5, 69.8, 66.4, 64.3, 36.8, 31.8. HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci2H;s0,SNa
247.0763; found 247.0763.

5-(5-((1,4-Dioxan-2-yl)thio)-2-ethoxyphenyl)-1-methyl-3-propyl-1,6-dihydro-7H-
pyrazolo[4,3-d]pyrimidin-7-one (3ad): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give a yellow
solid, 84.0 mg, 65% yield. Eluent: (petroleum ether/ethyl acetate =4/1). 'H NMR (600 MHz,
CDCls) & 11.02 (br, 1H), 8.59 (d, J = 2.4 Hz, 1H), 7.59 (dd, J = 8.6, 2.4 Hz, 1H), 6.99 (d, J =
8.6 Hz, 1H), 5.07 (dd, J = 5.7, 2.9 Hz, 1H), 4.30-4.26 (m, 3H), 4.26 (s, 3H), 4.00 (dd, J = 11.8,
2.9 Hz, 1H), 3.76-3.72 (m, 3H), 3.72-3.67 (m, 1H), 2.93 (t, J = 7.6 Hz, 2H), 1.87 (q, J = 7.5 Hz,
2H), 1.59 (t, J = 7.0 Hz, 3H), 1.04 (t, J = 7.4 Hz, 3H). *C NMR (151 MHz, CDCls) § 156.2,
153.8,147.6, 146.7, 138.5, 136.6, 135.3, 126.2, 124.5, 120.9, 113.6, 83.6, 69.8, 66.5, 65.6, 63.8,
38.2, 27.8, 22.3, 14.7, 14.1. HRMS (ESI-TOF) m/z: [M+Na]* calcd. for C,H,6N4OsSNa
453.1567; found: 453.1571.
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2-(Phenylthio)tetrahydrofuran (3ae)®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 18.0 mg, 34% yield. Eluent: (petroleum ether/ethyl acetate =40/1). 'H NMR (600
MHz, CDCls) 6 7.43 (d, J = 8.2 Hz, 2H), 7.24-7.19 (m, 2H), 7.17-7.12 (m, 1H), 5.59-5.55 (m,
1H), 3.98-3.92 (m, 1H), 3.91-3.86 (m, 1H), 2.33-2.25 (m, 1H), 1.98-1.86 (m, 2H), 1.85-1.77
(m, 1H). C NMR (151 MHz, CDCls) § 134.7, 130.1, 127.8, 125.8, 86.1, 66.3, 31.6, 23.8.

SR

3af

2-(Phenylthio)tetrahydro-2H-pyran (3af)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 35.5 mg, 61% yield. Eluent: (petroleum ether/ethyl acetate =40/1). *H NMR
(600 MHz, CDCl3) 6 7.40 (d, J=7.7 Hz, 2H), 7.21 (t, J = 7.6 Hz, 2H), 7.14 (t, ) = 7.4 Hz, 1H),
5.14 (t, J = 4.6 Hz, 1H), 4.13-4.07 (m, 1H), 3.55-3.49 (m, 1H), 1.99-1.91 (m, 1H), 1.83-1.72
(m, 2H), 1.62-1.52 (m, 3H). 3C NMR (151 MHz, CDCls) § 134.4, 129.9, 127.8, 125.7, 84.3,
63.5, 30.6, 24.5, 20.6.

3ag

2-((4-Chlorophenyl)thio)tetrahydrofuran (3ag)®: The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 32.0 mg, 50% yield. Eluent: (petroleum ether/ethyl acetate =50/1).
IH NMR (600 MHz, CDCls) & 7.43 (d, J = 8.3 Hz, 2H), 7.26 (d, J = 8.4 Hz, 2H), 5.60 (dd, J =
7.2,4.1 Hz, 1H), 4.01 (q, J = 7.9 Hz, 1H), 3.98-3.93 (m, 1H), 2.40-2.33 (m, 1H), 2.06-1.83 (m,
3H). 3C NMR (151 MHz, CDCls) § 134.3, 133.0, 132.5, 128.9, 87.3, 67.3, 32.6, 24.8.

2-((4-Chlorophenyl)thio)tetrahydro-2H-pyran (3ah)®: The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 53.5 mg, 78% yield. Eluent: (petroleum ether/ethyl acetate =50/1).
'H NMR (600 MHz, CDCl3) & 7.40 (d, J = 8.3 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 5.17 (t, J =
4.8 Hz, 1H), 4.17-4.12 (m, 1H), 3.61-3.55 (m, 1H), 2.05-1.99 (m, 1H), 1.89-1.78 (m, 2H), 1.69-
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1.59 (m, 3H). **C NMR (151 MHz, CDCls) § 133.9, 132.9, 132.3, 128.9, 85.4, 64.5, 31.5, 25.5,
21.5.

JORS,
2-(p-Tolylthio)tetrahydrofuran (3ai)®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 15.0 mg, 26% yield. Eluent: (petroleum ether/ethyl acetate =40/1). 'H NMR (600
MHz, CDCls) 6 7.40 (d, J = 7.9 Hz, 2H), 7.10 (d, J = 7.8 Hz, 2H), 5.57 (dd, J = 7.2, 3.9 Hz,
1H), 4.02 (q, J = 7.9 Hz, 1H), 3.96-3.91(m, 1H), 2.37-2.32 (m, 1H), 2.32 (s, 3H), 2.03-1.92 (m,

2H), 1.90-1.82 (m, 1H). *C NMR (151 MHz, CDCls) § 137.0, 131.9, 131.8, 129.6, 87.6, 67.2,
32.6,24.9, 21.1.

JoRe

3aj

2-(p-Tolylthio)tetrahydro-2H-pyran (3aj)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 22.0 mg, 35% yield. Eluent: (petroleum ether/ethyl acetate =40/1). *H NMR
(600 MHz, CDCls) 8 7.38 (d, J = 7.8 Hz, 2H), 7.10 (d, J = 7.8 Hz, 2H), 5.12 (dd, J = 6.1, 3.8
Hz, 1H), 4.20-4.14 (m, 1H), 3.59-3.53 (m, 1H), 2.32 (s, 3H), 2.04-1.97 (m, 1H), 1.89-1.77 (m,
2H), 1.66-1.57 (m, 3H). 3C NMR (151 MHz, CDCls) § 136.9, 131.7, 131.5, 129.6, 85.7, 64.6,
31.6, 25.6,21.7, 21.1.

OO

3ak

2-Methyl-5-(phenylthio)tetrahydrofuran (3ak)@®: The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 36.0 mg, 62% yield (dr = 2.6:1. The polarity of the two is very close
and cannot be separated.). Eluent: (petroleum ether/ethylacetate =40/1). *H NMR (600 MHz,
CDCls) 6 7.46-7.41 (m, 2.85H), 7.23-7.18 (m, 3H), 7.16-7.12 (m, 1.35H), 5.62 (dd, J=7.3, 4.8
Hz, 1H), 5.41 (dd, J= 7.1, 4.0 Hz, 0.37H), 4.27-4.21 (m, 1H), 4.14-4.09 (m, 0.39H), 2.42-2.36
(m, 1H), 2.30-2.24 (m, 0.37H), 2.05-1.98 (m, 2H), 1.91-1.88 (m, 0.77H), 1.62-1.56 (m, 0.44H),
1.39-1.34 (m, 1H), 1.27 (d, J = 6.2 Hz, 1H), 1.22 (d, J = 6.1 Hz, 3H). 3C NMR (151 MHz,
CDCls) 8 136.2, 135.5, 135.4, 131.5, 130.8, 129.5, 129.1, 128.8, 126.9, 126.6, 87.1, 86.8, 77.7,
74.5, 33.6, 33.2, 32.5, 22.1, 20.1.
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((2-Methoxyethoxy)methyl)(phenyl)sulfane (3al): The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 21.0 mg, 35% yield. Eluent: (petroleum ether/ethyl acetate =30/1).
'H NMR (600 MHz, CDCls) 6 7.48 (dd, J = 7.1, 1.4 Hz, 2H), 7.28 (t, J = 7.7 Hz, 2H), 7.23-
7.19 (m, 1H), 5.07 (s, 2H), 3.79-3.76 (m, 2H), 3.59-3.56 (m, 2H), 3.38 (s, 3H). *C NMR (151
MHz, CDCls) & 135.9, 130.2, 128.9, 126.7, 76.5, 71.6, 67.4, 59.0. HRMS (ESI-TOF) m/z:
[M+H]* calcd. for CoHi50,S 199.0787; found: 199.0788.

©/Sl/\o/

(2-Methoxyethane-1,1-diyl)bis(phenylsulfane) (3am): The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 10.0 mg, 12% yield. Eluent: (petroleum ether/ethyl acetate =40/1).
'H NMR (600 MHz, CDCls) § 7.50-7.46 (m, 4H), 7.33-7.28 (m, 6H), 4.53 (t, J = 6.3 Hz, 1H),
3.63(d, J = 6.3 Hz, 2H), 3.38 (5, 3H). *C NMR (151 MHz, CDCl3) § 133.6, 133.0, 129.0, 127.9,
74.3, 59.0, 57.2. HRMS (ESI-TOF) m/z: [M+H]" calcd. for C;sH;70S, 277.0715; found:
277.0718.

L,

\/O\)\O/\/OM

3an

(1-Ethoxy-2-(2-ethoxyethoxy)ethyl)(phenyl)sulfane (3an): The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 20.0 mg, 25% yield. Eluent: (petroleum ether/ethyl acetate =10/1).
IH NMR (600 MHz, CDCls) & 7.54-7.51 (m, 2H), 7.30-7.25 (m, 3H), 4.91 (t, J = 5.8 Hz, 1H),
4.14-4.09 (m, 1H), 3.74-3.69 (m, 1H), 3.66-3.59 (m, 4H), 3.56-3.48 (m, 4H), 1.21 (t, J = 7.0
Hz, 3H), 1.18 (t, J = 6.9 Hz, 3H). °C NMR (151 MHz, CDCl3) §133.9, 132.5, 128.7, 127.7,
88.0, 72.5, 69.5, 67.8, 66.8, 66.6, 15.2, 15.2. HRMS (ESI-TOF) m/z: [M+Na]* calcd. for
C14H2,03SNa 293.1182; found: 293.1178.

L,
\/OJ\S@
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(2-Ethoxyethane-1,1-diyl)bis(phenylsulfane) (3ao): The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 20.0 mg, 23% yield. Eluent: (petroleum ether/ethyl acetate =40/1).
'H NMR (600 MHz, CDCls) 8 7.51 (d, J = 7.1 Hz, 4H), 7.36-7.30 (m, 6H), 4.57 (t, J = 6.4 Hz,
1H), 3.71 (d, J = 6.4 Hz, 2H), 3.55 (q, J = 7.0 Hz, 2H), 1.22 (t, J = 7.0 Hz, 3H). *C NMR (151
MHz, CDCls) & 133.8, 132.9, 128.9, 127.8, 72.4, 66.8, 57.3, 15.1. HRMS (ESI-TOF) m/z:
[M+Na]* calcd. for CisHisOS:Na 313.0691; found: 313.0691.

o

3aq

Ethane-1,1-diylbis(phenylsulfane) (3aq)®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 32.0 mg, 43% yield. Eluent: (petroleum ether/ethyl acetate =100/1). *H NMR (600
MHz, CDCl3) § 7.50-7.46 (m, 4H), 7.34-7.26 (m, 6H), 4.54 (g, J = 6.9 Hz, 1H), 1.61 (d, J = 6.9
Hz, 3H). *C NMR (151 MHz, CDCls) 6 134.1, 132.9, 128.9, 127.8, 52.2, 22.8.

s

Cyclohexyl(phenyl)sulfane (5a)(": The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 50.5 mg, 88% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) & 7.40-7.38 (m,
1H), 7.27 (t, J = 7.6 Hz, 2H), 7.22-7.18 (m, 1H), 3.13-3.07 (m, 1H), 2.01-1.96 (m, 2H), 1.80-
1.75 (m, 2H), 1.63-1.59 (m, 1H), 1.41-1.22 (m, 5H). *C NMR (151 MHz, CDCl3) & 135.2,
131.9, 128.8, 126.6, 46.6, 33.4, 26.1, 25.8.

e
5b
Cyclohexyl(o-tolyl)sulfane (5b)®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 42.0 mg, 68% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 7.38-7.34 (m,
1H), 7.19-7.16 (m, 1H), 7.15-7.08 (m, 2H), 3.11-3.06 (m, 1H), 2.40 (s, 3H), 1.99-1.95 (m, 2H),

1.79-1.75 (m, 2H), 1.63-1.60 (m, 1H), 1.44-1.36 (m, 2H), 1.33-1.22 (m, 3H). 3C NMR (151
MHz, CDCls) § 139.4, 134.7, 131.4, 130.2, 126.4, 126.2, 46.0, 33.4, 26.1, 25.9, 20.9.

5a
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5c

Cyclohexyl(m-tolyl)sulfane (5¢)®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 47.0 mg, 76% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 7.22-7.14 (m,
3H), 7.01 (d, J=7.1 Hz, 1H), 3.11-3.06 (m, 1H), 2.32 (s, 3H), 2.00-1.96 (m, 2H), 1.78-1.75 (m,
2H), 1.63-1.59 (m, 1H), 1.40-1.22 (m, 5H). 3C NMR (151 MHz, CDCls) 5 138.5, 134.9, 132.6,
128.9, 128.6, 127.5, 46.6, 33.4, 26.1, 25.8, 21.4.

o

Cyclohexyl(p-tolyl)sulfane (5d)®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 44.0 mg, 71% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 7.31 (d, J =
7.7 Hz, 2H), 7.09 (d, J = 7.5 Hz, 2H), 3.04-2.98 (m, 1H), 2.32 (s, 3H), 1.98-1.94 (m, 2H), 1.77-
1.74 (m, 2H), 1.62-1.58 (m, 1H), 1.36-1.22 (m, 5H). *C NMR (151 MHz, CDCl3) & 136.9,
132.8,131.3,129.5,47.1, 33.4, 26.1, 25.8, 21.1.

MeO@—s
L O

Cyclohexyl(4-methoxyphenyl)sulfane (5¢)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 45.0 mg, 68% vyield. Eluent: (petroleum ether/ethyl acetate=80/1). *H NMR
(600 MHz, CDCls) 8 7.38 (d, J = 8.7 Hz, 2H), 6.83 (d, J = 8.7 Hz, 2H), 3.79 (s, 3H), 2.92-2.86
(m, 1H), 1.95-1.91 (m, 2H), 1.77-1.73 (m, 2H), 1.61-1.57 (m, 1H), 1.35-1.18(m, 5H). 3C NMR
(151 MHz, CDCl3) 6 159.3, 135.6, 132.7, 114.3, 55.3, 47.9, 33.4, 26.1, 25.8.

Re

(4-(tert-Butyl)phenyl)(cyclohexyl)sulfane (5f)®9: The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 59.0 mg, 79% yield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
7.33(d, J=8.5Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 3.08-3.01 (m, 1H), 2.00-1.96 (m, 2H), 1.78-
1.74 (m, 2H), 1.62-1.59 (m, 1H), 1.42-1.32 (m, 3H), 1.30 (s, 9H), 1.28-1.20(m, 2H). *C NMR
(151 MHz, CDCls) 6 149.9, 132.1, 131.5, 125.8, 46.9, 34.5, 33.5, 31.3, 26.1, 25.8.

5d
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[1,1'-Biphenyl]-4-yl(cyclohexyl)sulfane (5g)®: The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 54.0 mg, 67% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) &
7.56 (d, J=7.8 Hz, 2H), 7.50 (d, J = 8.1 Hz, 2H), 7.46-7.39 (m, 4H), 7.32 (t, J = 7.4 Hz, 1H),
3.17-3.11 (m, 1H), 2.03-1.99 (m, 2H), 1.80-1.76 (m, 2H), 1.64-1.60 (m, 1H), 1.44-1.23 (m, 5H).
13C NMR (151 MHz, CDCls) & 140.5, 139.5, 134.4, 132.1, 128.9, 127.5, 127.4, 127.0, 46.7,
33.4,26.1,25.8.

OO
. O

Cyclohexyl(4-cyclohexylphenyl)sulfane (5h): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give a white
solid, 54.0 mg, 66% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) 6 7.32 (d, J
=7.9 Hz, 2H), 7.12 (d, J = 7.9 Hz, 2H), 3.06-3.01 (m, 1H), 2.49-2.43 (m, 1H), 1.99-1.95 (m,
2H), 1.88-1.82 (m, 4H), 1.78-1.72 (m, 3H), 1.62-1.58 (m, 1H), 1.41-1.21 (m, 10H). *C NMR
(151 MHz, CDCls) 6 147.0, 132.5, 131.7, 127.3, 47.0, 44.2, 34.4, 33.5, 26.9, 26.2, 26.1, 25.8.
HRMS (ESI-TOF) m/z: [M+H]" calcd. for CisH»;S 275.1828; found: 275.1825.

F—_)s
. O

Cyclohexyl(4-fluorophenyl)sulfane (5i)": The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 48.0 mg, 76% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 7.42-
7.37 (m, 2H), 6.98 (t, J = 8.5 Hz, 2H), 3.00-2.95 (m, 1H), 1.96-1.91 (m, 2H), 1.78-1.74 (m, 2H),
1.62-1.58 (m, 1H), 1.37-1.22 (m, 5H). 3C NMR (151 MHz, CDCls) 5 162.2 (d, J = 247.1 Hz),
134.9 (d, J = 7.9 Hz), 129.8 (d, J = 3.3 Hz), 115.8 (d, J = 21.8 Hz), 47.6, 33.3, 26.1, 25.7. 1F
NMR (565 MHz, CDCls) § -114.9.

S
- O
5j

(2-Chlorophenyl)(cyclohexyl)sulfane (5j): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 40.0 mg, 65% yield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
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7.37 (d, J = 8.0 Hz, 2H), 7.19 (t, J = 7.5 Hz, 1H), 7.14-7.10 (m, 1H), 3.26-3.21 (m, 1H), 2.01-
1.97 (m, 2H), 1.81-1.77 (m, 2H), 1.65-1.61 (m, 1H), 1.47-1.40 (m, 2H), 1.38-1.26 (m, 3H). *C
NMR (151 MHz, CDCl3) § 135.3, 134.8, 131.4, 129.9, 127.1, 126.9, 45.3, 33.1, 26.0, 25.8.

5

(3-Chlorophenyl)(cyclohexyl)sulfane (5k)@2: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 60.0 mg, 88% yield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
7.36 (t, J = 2.1 Hz, 1H), 7.26-7.22 (m, 1H), 7.21-7.15 (m, 2H), 3.16-3.10 (m, 1H), 2.00-1.96
(m, 2H), 1.79-1.75 (m, 2H), 1.64-1.59 (m, 1H), 1.40-1.24 (m, 5H). **C NMR (151 MHz, CDCls)
5 137.6, 134.4, 130.8, 129.8, 129.3, 126.5, 46.5, 33.3, 26.0, 25.7.

. O

(4-Chlorophenyl)(cyclohexyl)sulfane (51)®): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 53.0 mg, 78% vyield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
7.31 (d, J=8.6 Hz, 2H), 7.24 (d, J = 8.5 Hz, 2H), 3.08-3.03 (m, 1H), 1.97-1.93 (m, 2H), 1.78-
1.74 (m, 2H), 1.63-1.59 (m, 1H), 1.37-1.22 (m, 5H). C NMR (151 MHz, CDCls) § 133.7,
133.3,132.7, 128.9, 46.9, 33.3, 26.0, 25.7.

. O

(4-Bromophenyl)(cyclohexyl)sulfane (5m)®4: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 60.0 mg, 74% yield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
7.39 (d, J= 8.4 Hz, 2H), 7.24 (d, J = 8.2 Hz, 2H), 3.09-3.04 (m, 1H), 1.98-1.94 (m, 2H), 1.78-
1.74 (m, 2H), 1.63-1.59 (m, 1H), 1.39-1.22 (m, 5H) *C NMR (151 MHz, CDCls) § 134.5, 133.4,
131.8, 120.6, 46.8, 33.3, 26.0, 25.7.

. O

4-(Cyclohexylthio)benzonitrile (5n)®®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 48.0 mg, 74% yield. Eluent: (petroleum ether/ethyl acetate=20/1). *H NMR (600
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MHz, CDCls) 5 7.52 (d, J= 8.1 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 3.32-3.27 (m, 1H), 2.04-2.00
(m, 2H), 1.82-1.78 (m, 2H), 1.67-1.63 (m, 1H), 1.48-1.26 (m, 5H). *C NMR (151 MHz, CDCl5)
5 144.0, 132.2, 128.6, 118.9, 108.5, 44.9, 33.0, 25.9, 25.6.

Cyclohexyl(4-nitrophenyl)sulfane (50)“®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 14.0 mg, 20% yield. Eluent: (petroleum ether/ethyl acetate=10/1). *H NMR (600
MHz, CDCl3) 6 7.26 (d, J = 8.3 Hz, 2H), 6.65 (d, J = 8.3 Hz, 2H), 2.87-2.81 (m, 1H), 1.94-1.90
(m, 2H), 1.76-1.72 (m, 2H), 1.60-1.57 (m, 1H), 1.32-1.21 (m, 5H). **C NMR (151 MHz, CDCls)
0 145.4,135.9, 122.8, 115.7, 48.1, 33.4, 26.2, 25.8.

e

Cyclohexyl(4-(trifluoromethyl)phenyl)sulfane (5p)®: The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 61.0 mg, 78% yield. Eluent: (petroleum ether).*H NMR (600 MHz,
CDCls) 6 7.50 (d, J = 8.1 Hz, 2H), 7.41 (d, J = 8.1 Hz, 2H), 3.27-3.21 (m, 1H), 2.03-1.99 (m,
2H), 1.81-1.77 (m, 2H), 1.66-1.62 (m, 1H), 1.46-1.28 (m, 5H). *C NMR (151 MHz, CDCl3) &
141.2,129.7,127.9 (g, J = 32.7 Hz), 125.5 (q, = 3.8 Hz), 124.2 (q, J = 271.8 Hz), 45.6, 33.1,
25.9, 25.7. F NMR (565 MHz, CDCls) § -62.5.

5 0

N-(4-(cyclohexylthio)phenyl)acetamide (5g)“": The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to give a
yellow solid, 31.0 mg, 41% vyield. Eluent: (petroleum ether/ethyl acetate=4/1). 'H NMR (600
MHz, CDCls) & 7.75 (br, 1H), 7.44 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 3.02-2.97 (m,
1H), 2.15 (s, 3H), 1.96-1.92 (m, 2H), 1.77-1.73 (m, 2H), 1.62-1.58 (m, 1H), 1.37-1.22 (m, 5H).
13C NMR (151 MHz, CDCls) 6 168.6, 137.1, 133.6, 129.9, 120.3, 47.3, 33.3, 26.1, 25.8, 24.5.

4-(Cyclohexylthio)phenyl pivalate (5r): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
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yellow oil, 73.0 mg, 83% yield. Eluent: (petroleum ether/ethyl acetate=40/1). *H NMR (600
MHz, CDCls) 6 7.41 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 3.06-2.99 (m, 1H), 1.98-1.93
(m, 2H), 1.78-1.74 (m, 2H), 1.62-1.57 (m, 1H), 1.39-1.35 (m, 1H), 1.34 (s, 9H), 1.32-1.22 (m,
4H). C NMR (151 MHz, CDCls) § 176.9, 150.3, 133.7, 131.8, 121.9, 47.3, 39.1, 33.3, 27.1,
26.1, 25.8. HRMS (ESI-TOF) m/z: [M+Na]* calcd. for C;7H»40,SNa 315.1389; found:
315.1391.

SYR®

5s

Cyclohexyl(naphthalen-2-yl)sulfane (5s)©: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give white
solid, 51.0 mg, 70% vyield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) & 7.85 (s,
1H), 7.79-7.72 (m, 3H), 7.49-7.42 (m, 3H), 3.25-3.19 (m, 1H), 2.04-2.00 (m, 2H), 1.80-1.75
(m, 2H), 1.64-1.59 (m, 1H), 1.46-1.38 (m, 2H), 1.36-1.23 (M, 3H). *C NMR (151 MHz, CDCls)
5 133.8,132.8, 132.2, 130.3, 129.7, 128.2, 127.7, 127.3, 126.4, 125.8, 46.7, 33.4, 26.1, 25.8.

SORe

Cyclohexyl(5,6,7,8-tetrahydronaphthalen-2-yl)sulfane (5t): The title compound was
prepared according to the general procedure and purified by flash column chromatography on
silica gel to give the light yellow oil, 47.0 mg, 64% yield. Eluent: (petroleum ether).*H NMR
(600 MHz, CDCls) & 7.15-7.11 (m, 2H), 6.97 (d, J = 7.8 Hz, 1H), 3.05-2.98 (m, 1H), 2.76-2.71
(m, 4H), 1.99-1.95 (m, 2H), 1.80-1.74 (m, 6H), 1.62-1.57 (m, 1H), 1.37-1.21 (m, 5H). *C NMR
(151 MHz, CDCls) 6 137.7,136.2, 133.4, 131.2, 129.9, 129.5, 47.1, 33.5, 29.3, 29.1, 26.1, 25.8,
23.1, 23.1. HRMS (ESI-TOF) m/z: [M+Na]* calcd. for CicH2,SNa 269.1334; found: 269.1338.

T O

5u

2-(Cyclohexylthio)thiophene (5u): The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 25.0 mg, 42% yield. Eluent: (petroleum ether).'H NMR (600 MHz, CDCls) § 7.35
(d, J = 5.4 Hz, 1H), 7.12-7.09 (m, 1H), 6.99-6.96 (m, 1H), 2.89-2.82 (m, 1H), 1.99-1.94 (m,
2H), 1.79-1.74 (m, 2H), 1.62-1.56 (m, 1H), 1.38-1.19 (m,5H). 3C NMR (151 MHz, CDCls) 5
134.9, 132.9, 129.7, 127.5, 49.9, 33.2, 26.1, 25.6.
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5-(Cyclohexylthio)-3-methylbenzo[d]oxazol-2(3H)-one (5v): The title compound was
prepared according to the general procedure and purified by flash column chromatography on
silica gel to give a white solid, 37.0 mg, 47% yield. Eluent: (petroleum ether/ethyl acetate=10/1).
'H NMR (600 MHz, CDCls) 6 7.31-7.28 (m, 2H), 6.89 (d, J = 8.3 Hz, 1H), 3.40 (s, 3H), 3.02-
2.95 (m, 1H), 1.95-1.91 (m, 2H), 1.78-1.73 (m, 2H), 1.63-1.58 (m, 1H), 1.37-1.22 (m, 5H). *C
NMR (151 MHz, CDCls) 6 154.5, 142.7, 131.3, 129.5, 128.5, 115.0, 108.0, 48.1, 33.3, 28.2
26.0, 25.7. HRMS (ESI-TOF) m/z: [M+H]* calcd. for Ci4sHisNO,S 264.1053; found: 264.1058.

0

5w

Butyl(cyclohexyl)sulfane (5w)®®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 33.0 mg, 64% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 2.66-2.59 (m,
1H), 2.53 (t, J = 7.5 Hz, 2H), 1.99-1.94 (m, 2H), 1.79-1.74 (m, 2H), 1.64-1.60 (m, 1H), 1.59-
1.52 (m, 2H), 1.43-1.38 (m, 2H), 1.34-1.25 (m, 5H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (151
MHz, CDCls) 6 43.5, 33.8, 32.2, 29.8, 26.2, 25.9, 22.2, 13.7.

\/\/\/\/S\O
5x

Cyclohexyl(octyl)sulfane (5x)®9: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 42.0 mg, 61% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 2.64-2.60 (m,
1H), 2.52 (t, J = 7.5 Hz, 2H), 1.98-1.95 (m, 2H), 1.78-1.74 (m, 2H), 1.64-1.60 (m, 1H), 1.59-

1.53 (M, 2H), 1.39-1.35 (M, 2H), 1.33-1.25 (m, 13H), 0.88 (t, J = 6.9 Hz, 3H). *C NMR (151
MHz, CDCls) & 43.5, 33.8, 31.8, 30.2, 30.1, 29.2, 29.2, 29.1, 26.2, 25.9, 22.7, 14.1.

SNe

Cyclohexyl(phenethyl)sulfane (5y)@?: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 23.0 mg, 35% yield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCl3) § 7.29
(t, J = 7.5 Hz, 2H), 7.23-7.19 (m, 3H), 2.90-2.85 (m, 2H), 2.81-2.77 (m, 2H), 2.68-2.63 (m,
1H), 1.99-1.96 (m, 2H), 1.78-1.74 (m, 2H), 1.64-1.60 (m, 1H), 1.35-1.23 (m, 5H). °C NMR
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(151 MHz, CDCls) 6 140.9, 128.5, 126.3, 43.7, 36.8, 33.7, 31.7, 26.2, 25.9.

5-(5-(Cyclohexylthio)-2-ethoxyphenyl)-1-methyl-3-propyl-1,6-dihydro-7H-pyrazolo[4,3-
d]pyrimidin-7-one (5z): The title compound was prepared according to the general procedure
and purified by flash column chromatography on silica gel to give a yellow solid, 77.0 mg, 61%
yield. Eluent: (petroleum ether/ethyl acetate=2/1).*H NMR (600 MHz, CDCl3) § 11.05 (br, 1H),
8.51 (d, J =2.4 Hz, 1H), 7.48 (dd, J = 8.6, 2.4 Hz, 1H), 6.97 (d, J = 8.7 Hz, 1H), 4.29-4.27 (q,
J = 6.8 Hz, 2H), 4.27 (s, 3H), 3.10-3.02 (m, 1H), 2.94 (t, J = 7.7 Hz, 2H), 2.03-1.98 (m, 2H),
1.88 (q,J= 7.5 Hz, 2H), 1.83-1.76 (m, 2H), 1.65-1.61 (m, 1H), 1.59 (t, J = 6.9 Hz, 3H), 1.44-
1.22 (m, 5H), 1.04 (t, J = 7.3 Hz, 3H). *C NMR (151 MHz, CDCls) § 155.7, 153.9, 147.8,
146.7, 138.6, 136.9, 135.2, 127.6, 124.5, 120.6, 113.5, 65.5, 47.4, 38.2, 33.4, 27.8, 26.1, 25.7,
22.4, 14.7, 14.1. HRMS (ESI-TOF) m/z: [M+H]" calcd. for C»3H31N4O,S 427.2162; found:
427.2155.

o0

5aa

Cyclopentyl(phenyl)sulfane (5aa)®@V: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 41.0 mg, 77% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) & 7.35
(d, J=7.7 Hz, 2H), 7.27 (t, J = 7.7 Hz, 2H), 7.17 (t, J = 7.4 Hz, 1H), 3.63-3.56 (m, 1H), 2.09-
2.04 (m, 2H), 1.80-1.76 (m, 2H), 1.66-1.59 (m, 4H). *C NMR (151 MHz, CDCls) § 137.3,
130.1, 128.7, 125.9, 46.1, 33.6, 24.8.

O

5ab

Cyclooctyl(phenyl)sulfane (5ab)®®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 25.0 mg, 38% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 7.37
(d, J=7.7 Hz, 2H), 7.28 (t, J = 7.6 Hz, 2H), 7.19 (t, J = 7.4 Hz, 1H), 3.43-3.36 (m, 1H), 1.99-
1.93 (m, 2H), 1.80-1.73 (m, 2H), 1.72-1.65 (m, 2H), 1.61-1.48 (m, 8H).*C NMR (151 MHz,
CDCls) 6 136.2, 131.5, 128.8, 126.4, 47.8, 32.1, 27.2, 25.9, 25.2.
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5

5ac

Cyclododecyl(phenyl)sulfane (5ac)®: The title compound was prepared according to the
general procedure and purified by flash column chromatography on silica gel to give the light
yellow oil, 45.0 mg, 54% yield. Eluent: (petroleum ether).*H NMR (600 MHz, CDCls) § 7.37
(d, J=7.7Hz, 2H), 7.27 (t, J = 7.6 Hz, 2H), 7.18 (t, J = 7.4 Hz, 1H), 3.29-3.23 (m, 1H), 1.97-
1.89 (m, 1H), 1.73-1.68 (m, 3H), 1.60-1.57 (m, 1H), 1.56-1.53 (m, 2H), 1.43-1.33 (m, 15H).
13C NMR (151 MHz, CDCls) 8 136.1, 131.2, 128.8, 126.3, 44.8, 29.9, 24.2, 23.9, 23.4, 22.2.

5ad

(Decahydronaphthalen-2-yl)(phenyl)sulfane  (5ad) and (decahydronaphthalen-1-
yl)(phenyl)sulfane (5ad’): The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 30.0 mg, 41% yield (C1:C2 =56:44). Eluent: (petroleum ether). *H NMR (600 MHz, CDCls)
0 7.41-7.36 (m, 2.03H), 7.30-7.25 (m, 2.28H), 7.23-7.19 (m, 0.91H), 3.30-3.22 (m, 0.44H),
3.11-3.04 (m, 0.56H), 2.05-2.00 (m, 0.95H), 1.95-1.86 (m, 1.01H), 1.81-1.63 (m, 4.15H), 1.61-
1.57 (m, 1.12H), 1.53-1.30 (m, 5.31H), 1.27-1.20 (m, 1.97H), 1.12-1.00 (m, 1.02H), 0.98-0.93
(m, 1.07H). **C NMR (151 MHz, CDCls) & 135.1, 131.9, 131.8, 131.5, 128.8, 128.8, 126.6,
126.6, 126.5, 46.3, 43.4, 42.6, 40.8, 36.5, 35.5, 35.2, 34.0, 33.7, 33.6, 33.5, 26.5, 26.4. HRMS
(ESI-TOF) m/z: [M+H]" calcd. for CisH23S 247.1515; found: 247.1506.

ng@ + %@ g@o

5ae’ 5ae

[1,1'-Bi(cyclohexan)]-2-yl(phenyl)sulfane (5ae), [1,1'-Bi(cyclohexan)]-3-yl(phenyl)sulfane
(5ae’) and [1,1'-Bi(cyclohexan)]-4-yl(phenyl)sulfane (5ae’’): The title compound was
prepared according to the general procedure and purified by flash column chromatography on
silica gel to give the light yellow oil, 55.0 mg, 67% yield. Eluent: (petroleum ether). 'H NMR
(600 MHz, CDCls) 8 7.40-7.37 (m, 1.74H), 7.30-7.24 (m, 1.81H), 7.23-7.17 (m, 0.79H), 4.54-
4.42 (m, 0.13H), 3.65-3.53 (m, 0.48H), 3.06-2.94 (m, 0.39H), 2.08-1.98 (m, 1.04H), 1.81-1.61
(m, 9.49H), 1.54-1.49 (m, 1.06H), 1.33-1.04 (m, 7.00H), 0.97-0.89 (m, 2.14H). 3C NMR (151
MHz, CDCl;) 6 136.3, 135.2, 132.0, 131.7, 131.4, 131.2, 128.8, 128.8, 126.5, 126.4, 126.3,
46.9,45.8,43.9,43.3,42.0,37.7,37.2,34.6, 33.9, 33.8, 31.4, 30.7, 30.4, 30.2, 30.2, 30.1, 30.0,
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29.4,29.0, 26.9, 26.8, 26.8, 26.8, 26.6, 25.2, 21.6. HRMS (ESI-TOF) m/z: [M+H]" calcd. for
C1sH27S 275.1828; found: 275.1833.

5af 5af’ 5af”’

Pentyl(phenyl)sulfane  (5af), pentan-2-yl(phenyl)sulfane (5af) and pentan-3-
yl(phenyl)sulfane (5af”)®: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 22.0 mg, 41% vyield (C1:C2:C3=61:26:13). Eluent: (petroleum ether).'H NMR (600 MHz,
CDCls) 6 7.50 (d, J = 7.8 Hz, 0.11H), 7.39 (d, J = 8.1 Hz, 0.72H), 7.34-7.25 (m, 2.17H), 7.21
(t, J=7.6 Hz, 0.39H), 7.16 (t, J = 7.3 Hz, 0.31H), 3.25-3.19 (m, 0.26H), 3.02-2.96 (m, 0.13H),
2.91 (t,J=7.4 Hz, 0.61H), 1.69-1.56 (m, 1.48H), 1.51-1.37 (m, 1.53H), 1.36-1.29 (m, 0.72H),
1.27 (d, J = 6.7 Hz, 0.93H), 1.01 (t, J = 7.4 Hz, 0.72H), 0.95-0.83 (m, 1.86H). 3C NMR (151
MHz, CDCls) 6 137.1, 135.6, 131.9, 131.8, 129.1, 128.9, 128.8, 128.8, 127.6, 126.6, 126.4,
125.6, 52.3, 43.0, 38.9, 33.6, 31.0, 28.9, 26.7, 22.3, 21.1, 20.3, 14.0, 13.9, 11.2.

5ag 5ag’ 5ag’”’

Hexyl(phenyl)sulfane  (5ag), hexan-2-yl(phenyl)sulfane (5ag) and hexan-3-
yl(phenyl)sulfane (5ag-)@: The title compound was prepared according to the general
procedure and purified by flash column chromatography on silica gel to give the light yellow
oil, 57.0 mg, 98% vyield (C1:C2:C3=52:27:21). Eluent: (petroleum ether).*H NMR (600 MHz,
CDCls) 6 7.49 (d, J = 7.7 Hz, 0.33H), 7.38 (d, J = 7.6 Hz, 0.97H), 7.33-7.23 (m, 2.61H), 7.22-
7.17 (m, 0.70H), 7.15 (t, J = 7.3 Hz, 0.27H), 3.24-3.16 (m, 0.27H), 3.07-3.01 (m, 0.21H), 2.91
(t,J=7.4Hz, 0.52H), 1.66-1.56 (m, 1.44H), 1.55-1.47 (m, 2.44H), 1.45-1.40 (m, 1.40H), 1.28-
1.25 (m, 2.21H), 1.00 (t, J = 7.3 Hz, 1.10H), 0.91-0.83 (m, 4.51H). 3C NMR (151 MHz, CDCly)
5 137.2, 137.2, 136.1, 135.7, 131.9, 131.8, 129.0, 129.0, 128.8, 128.7, 127.7, 127.2, 126.6,
126.4, 125.6, 50.5, 43.4, 37.1, 36.4, 36.3, 33.7, 32.8, 31.9, 31.4, 30.1, 29.7, 29.7, 29.4, 29.3,
29.2,285,27.4,27.1,22.7,22.6,225,21.2,20.1,19.7,14.1, 14.0, 11.1.
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5ah 5ah’
©\ /\/W
/\/\j\/l ' > 2
5ah’’ 5ah’"’

Octyl(phenyl)sulfane (5ah), octan-2-yl(phenyl)sulfane (5ah’), octan-3-yl(phenyl)sulfane
(5ah™) and octan-4-yl(phenyl)sulfane (5ah™)®@: The title compound was prepared according
to the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 47.0 mg, 71% vyield (C1:C2:C3:C4=41:25:17:17). Eluent: (petroleum ether).
'H NMR (600 MHz, CDCls) 6 7.49 (d, J = 7.6 Hz, 0.32H), 7.40-7.37(m, 1.22H), 7.33-7.23 (m,
2.34H), 7.22-7.17 (m, 0.78H), 7.15 (t, J = 7.3 Hz, 0.22H), 3.22-3.16 (m, 0.25H), 3.08-3.04 (m,
0.17H), 3.03-3.00 (m, 0.17H), 2.91 (t, J = 7.4 Hz, 0.41H), 1.78-1.67 (m, 0.76H), 1.66-1.52 (m,
2.45H), 1.51-1.41 (m, 2.83H), 1.30-1.25 (m, 5.19H), 1.00 (t, J = 7.4 Hz, 0.68H), 0.90-0.85 (m,
3.14H). BC NMR (151 MHz, CDCls) § 137.1, 137.1, 136.0, 135.6, 131.9, 131.8, 129.1, 128.9,
128.8, 128.8, 128.7, 127.6, 127.2, 126.6, 126.4, 125.6, 50.7, 48.9, 43.3, 36.8, 36.7, 34.3, 33.9,
33.6, 31.8, 31.8, 31.8, 29.2, 29.2, 29.0, 28.9, 27.3, 27.0, 26.5, 22.7, 22.6, 22.6, 21.2, 20.0, 14.1,
14.1, 14.0,14.0, 11.1.

T

5ai

(2,3-Dimethylbutyl)(phenyl)sulfane (5ai)®: The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 23.0mg, 40% vyield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
7.33-7.30 (m, 2H), 7.26 (t, J = 7.6 Hz, 2H), 7.15 (t, J = 7.3 Hz, 1H), 3.01 (dd, J = 12.4, 5.2 Hz,
1H), 2.71 (dd, J = 12.4, 8.5 Hz, 1H), 1.80-1.74 (m, 1H), 1.66-1.59 (m, 1H), 0.97 (d, J = 6.9 Hz,
3H), 0.91 (d, J = 6.9 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H). *C NMR (151 MHz, CDCls) § 137.6,
128.8, 128.8, 125.6, 39.0, 38.5, 31.5, 20.3, 17.8, 15.2.

A7y

5aj

((1S,4R)-Bicyclo[2.2.1]heptan-2-yl)(phenyl)sulfane (5aj)@Y: The title compound was
prepared according to the general procedure and purified by flash column chromatography on
silica gel to give the light yellow oil, 36.5 mg, 60% yield. Eluent: (petroleum ether). *H NMR
(600 MHz, CDCls) 8 7.32-7.29 (m, 2H), 7.26 (t, J = 7.1 Hz, 2H), 7.15 (t, J = 7.4 Hz, 1H), 3.21-
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3.17 (m, 1H), 2.31-2.26 (m, 2H), 1.83-1.77 (m, 1H), 1.71-1.67 (m, 1H), 1.65-1.57 (m, 1H),
1.54-1.50 (m, 1H), 1.45-1.40 (m, 1H), 1.27-1.17 (m, 3H). 13C NMR (151 MHz, CDCl3) § 137.8,
129.0, 128.8, 125.5, 48.2, 42.3, 38.6, 36.5, 35.6, 28.9, 28.7.

LT

5ak

((1r,3r,5r,7r)-Adamantan-2-yl)(phenyl)sulfane (5ak)®: The title compound was prepared
according to the general procedure and purified by flash column chromatography on silica gel
to give the light yellow oil, 26.0 mg, 36% yield. Eluent: (petroleum ether).*H NMR (600 MHz,
CDCls) 6 7.37 (d, J = 7.6 Hz, 2H), 7.29-7.25 (m, 2H), 7.18 (t, J = 7.4 Hz, 1H), 3.58-3.55 (m,
1H), 2.26-2.21 (m, 2H), 2.05-2.02 (m, 2H), 1.93-1.88 (m, 4H), 1.81-1.74 (m, 4H), 1.60-1.55
(m, 2H). *C NMR (151 MHz, CDCls) § 136.7, 130.8, 128.8, 126.2, 55.6, 38.8, 37.7, 32.9, 32.0,
27.7,27.4.

—

S0

5al

Triethyl(2-(phenylthio)ethyl)silane (5al)@): The title compound was prepared according to
the general procedure and purified by flash column chromatography on silica gel to give the
light yellow oil, 32.0 mg, 42% yield. Eluent: (petroleum ether). *H NMR (600 MHz, CDCls) &
7.32-7.24 (m, 4H), 7.16 (t, J = 7.1 Hz, 1H), 2.99-2.94 (m, 2H), 0.99-0.91 (m, 11H), 0.55 (q, J
=7.9 Hz, 6H). °C NMR (151 MHz, CDCls) § 137.3, 129.0, 128.8, 125.7, 29.6, 12.0, 7.4, 3.2.
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8. Copies for NMR of products

LSP-391-1HNMR

"H-NMR Spectrum (600 MHz, CDCl;) of 3a
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LSP-391-1CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 3a
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LSP-469-5HNMR

"H-NMR Spectrum (600 MHz, CDCl;) of 3b
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BC-NMR Spectrum (151 MHz, CDCls) of 3b
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"H-NMR Spectrum (600 MHz, CDCl;) of 3¢
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BC-NMR Spectrum (151 MHz, CDCls) of 3¢
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"H-NMR Spectrum (600 MHz, CDCl3) of 3d
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BC-NMR Spectrum (151 MHz, CDCls) of 3d
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"H-NMR Spectrum (600 MHz, CDCl;) of 3e
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"H-NMR Spectrum (600 MHz, CDCl;) of 3f
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BC-NMR Spectrum (151 MHz, CDCls) of 3f
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"H-NMR Spectrum (600 MHz, CDCl;) of 3g
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BC-NMR Spectrum (151 MHz, CDCls) of 3g
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"H-NMR Spectrum (600 MHz, CDCl;) of 3h
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BC-NMR Spectrum (151 MHz, CDCls) of 3h
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"H-NMR Spectrum (600 MHz, CDCls) of 3i
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BC-NMR Spectrum (151 MHz, CDCls) of 3i
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"H-NMR Spectrum (600 MHz, CDCl;) of 3j
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BC-NMR Spectrum (151 MHz, CDCls) of 3j
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F-NMR Spectrum (576 MHz, CDCls) of 3j
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"H-NMR Spectrum (600 MHz, CDCl5) of 3k
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BC-NMR Spectrum (151 MHz, CDCls) of 3k
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"H-NMR Spectrum (600 MHz, CDCls) of 31
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BC-NMR Spectrum (151 MHz, CDCls) of 31
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"H-NMR Spectrum (600 MHz, CDCls) of 3m
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LSP-459-2CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 3m
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"H-NMR Spectrum (600 MHz, CDCl;) of 3n
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BC-NMR Spectrum (151 MHz, CDCls) of 3n
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"H-NMR Spectrum (600 MHz, CDCl;) of 30
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BC-NMR Spectrum (151 MHz, CDCls) of 30
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"H-NMR Spectrum (600 MHz, CDCl;) of 3p
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BC-NMR Spectrum (151 MHz, CDCls) of 3p
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"H-NMR Spectrum (600 MHz, CDCl;) of 3q
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BC-NMR Spectrum (151 MHz, CDCls) of 3q
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F-NMR Spectrum (576 MHz, CDCls) of 3q
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"H-NMR Spectrum (600 MHz, CDCls) of 3r
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BC-NMR Spectrum (151 MHz, CDCls) of 3r
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"H-NMR Spectrum (600 MHz, CDCl;) of 3s
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LSP-471-2CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 3s
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"H-NMR Spectrum (600 MHz, CDCl;) of 3t
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BC-NMR Spectrum (151 MHz, CDCls) of 3t
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"H-NMR Spectrum (600 MHz, CDCl;) of 3u
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BC-NMR Spectrum (151 MHz, CDCls) of 3u
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LSP-471-3HNMR

"H-NMR Spectrum (600 MHz, CDCl;) of 3v
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BC-NMR Spectrum (151 MHz, CDCls) of 3v
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"H-NMR Spectrum (600 MHz, CDCl;) of 3w
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BC-NMR Spectrum (151 MHz, CDCls) of 3w

LSP-476-1CNMR : 2 N8s S0 N
W ™ [ 2 K

—— 142,65
— 128,94

—114.5
— 108,15

~
Wom e m

il Vil

\
LI
3w

i H| |

T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S101



"H-NMR Spectrum (600 MHz, CDCl;) of 3x
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BC-NMR Spectrum (151 MHz, CDCls) of 3x
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"H-NMR Spectrum (600 MHz, CDCl;) of 3y
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BC-NMR Spectrum (151 MHz, CDCls) of 3y
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"H-NMR Spectrum (600 MHz, CDCl;) of 3z
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LSP-478-3CNMR
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"H-NMR Spectrum (600 MHz, CDCl;) of 3aa
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LSP-478-4CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 3aa
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"H-NMR Spectrum (600 MHz, CDCls) of 3ab
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BC-NMR Spectrum (151 MHz, CDCls) of 3ab
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"H-NMR Spectrum (600 MHz, CDCl;) of 3ac
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LSP-472-6CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 3ac
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LSP-476-4HNMR

"H-NMR Spectrum (600 MHz, CDCl;) of 3ad
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BC-NMR Spectrum (151 MHz, CDCls) of 3ad
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"H-NMR Spectrum (600 MHz, CDCl;) of 3ae
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LSP-484-1CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 3ae
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"H-NMR Spectrum (600 MHz, CDCls) of 3af
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BC-NMR Spectrum (151 MHz, CDCls) of 3af
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"H-NMR Spectrum (600 MHz, CDCl;) of 3ag
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BC-NMR Spectrum (151 MHz, CDCls) of 3ag
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"H-NMR Spectrum (600 MHz, CDCl;) of 3ah
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BC-NMR Spectrum (151 MHz, CDCI5) of 3ah
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"H-NMR Spectrum (600 MHz, CDCl;) of 3ai
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BC-NMR Spectrum (151 MHz, CDCI5) of 3ai
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"H-NMR Spectrum (600 MHz, CDCl;) of 3aj
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BC-NMR Spectrum (151 MHz, CDCls) of 3aj
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"H-NMR Spectrum (600 MHz, CDCl;) of 3ak
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BC-NMR Spectrum (151 MHz, CDCls) of 3ak
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"H-NMR Spectrum (600 MHz, CDCl;) of 3al
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BC-NMR Spectrum (151 MHz, CDCI5) of 3al
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"H-NMR Spectrum (600 MHz, CDCl;) of 3am
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BC-NMR Spectrum (151 MHz, CDCI5) of 3am
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"H-NMR Spectrum (600 MHz, CDCl;) of 3an
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BC-NMR Spectrum (151MHz, CDCl;) of 3an
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"H-NMR Spectrum (600 MHz, CDCI;) of 3a0
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BC-NMR Spectrum (151MHz, CDCI3) of 3a0
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LSP-514-1-THNMR

"H-NMR Spectrum (600 MHz, CDCl;) of 3aq
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BC-NMR Spectrum (151MHz, CDCI;) of 3aq
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"H-NMR Spectrum (600 MHz, CDCl;) of 5a
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BC-NMR Spectrum (151 MHz, CDCls) of 5a
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"H-NMR Spectrum (600 MHz, CDCI;) of 5b
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BC-NMR Spectrum (151 MHz, CDCI5) of 5b
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"H-NMR Spectrum (600 MHz, CDCl;) of 5¢
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BC-NMR Spectrum (151 MHz, CDCls) of 5¢
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"H-NMR Spectrum (600 MHz, CDCl3) of 5d
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BC-NMR Spectrum (151 MHz, CDCls) of 5d
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"H-NMR Spectrum (600 MHz, CDCl;) of Se
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BC-NMR Spectrum (151 MHz, CDCls) of 5e
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'H-NMR Spectrum (600 MHz, CDCls) of 5f
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BC-NMR Spectrum (151 MHz, CDCls) of 5f
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"H-NMR Spectrum (600 MHz, CDCl;) of 5g
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BC-NMR Spectrum (151 MHz, CDCls) of 5g

LSP-558-6CNMR TR ek © = "=
R Frg ¢ q €%
Ph
S
59
I I I I I | | I | | I | | I 1 1 1 T 1 T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10 0 ppm

S153



"H-NMR Spectrum (600 MHz, CDCl;) of 5h
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BC-NMR Spectrum (151 MHz, CDCIs) of 5h
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"H-NMR Spectrum (600 MHz, CDCls) of 5i
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BC-NMR Spectrum (151 MHz, CDCls) of 5i
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F-NMR Spectrum (576 MHz, CDCI5) of 5i
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"H-NMR Spectrum (600 MHz, CDCl;) of 5j
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BC-NMR Spectrum (151 MHz, CDCls) of 5j
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"H-NMR Spectrum (600 MHz, CDCls) of 5k
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LSP-557-4CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 5k
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"H-NMR Spectrum (600 MHz, CDCls) of 51
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BC-NMR Spectrum (151 MHz, CDCls) of 51

3

LSP-556-2CNMR

133.72
133.27

_/_._
T~—132.71
——128.89

77.27
77.06
T6.84
—46.92
—33.27
26.02
25.7

=

Cl
51

T T T M ARA MAMMAALAS U A A MMM ARAALAALY S T T A | LA RAAARAALAY LALLM T A A T T T

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

S164



"H-NMR Spectrum (600 MHz, CDCls) of Sm
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BC-NMR Spectrum (151 MHz, CDCls) of 5m
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'H-NMR Spectrum (600 MHz, CDCl5) of 5n
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LSP-558-2CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 5n
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"H-NMR Spectrum (600 MHz, CDCl;) of 50
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BC-NMR Spectrum (151 MHz, CDCIs) of 50
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"H-NMR Spectrum (600 MHz, CDCl;) of 5p
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BC-NMR Spectrum (151 MHz, CDCls) of 5p
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F-NMR Spectrum (576 MHz, CDCls) of 5p
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'H-NMR Spectrum (600 MHz, CDCls) of 5q
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BC-NMR Spectrum (151 MHz, CDCls) of 5q
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"H-NMR Spectrum (600 MHz, CDCls) of 5r
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BC-NMR Spectrum (151 MHz, CDCls) of 5r
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"H-NMR Spectrum (600 MHz, CDCl;) of 5s
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BC-NMR Spectrum (151 MHz, CDCls) of 5s
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"H-NMR Spectrum (600 MHz, CDCl;) of 5t

ZeT"
k"
852"
BLT"
BET "
0L’
obkE”
LSE”
£9¢°
res”
£6s "
FQ9 -
%"
SEL"
FSL”
BOLT
ZLL”
BLL'
£8L°
BEL"
£6L°
FSe
96"
bL6 "
286"

TEL”
2oL

BEL "7
FbL”
BRLT
FSL-
B85
FE6 " 2
FO0 "
210"
510"
£E0°
BEO'
SE0°

596
BLG "
FET’
SET”
BEL’

LSP-562-2ZHNMR

5t

1NN

A,

ppm

B

S180



BC-NMR Spectrum (151 MHz, CDCls) of 5t
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"H-NMR Spectrum (600 MHz, CDCl;) of 5u
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BC-NMR Spectrum (151 MHz, CDCls) of Su
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"H-NMR Spectrum (600 MHz, CDCl;) of 5v
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LSP-562-1CNMR

BC-NMR Spectrum (151 MHz, CDCls) of 5v

129.54

T— 128,54

—154.54
—142.65

_-131.28

@ W
- -0
- - N
- : .
=] e
I [

0~

@)

IYNe

Sv

L L

— 48,12

—33.29

28,17

26.00
25.71

-

200 190 180

170 160 150 140 130

120 110 100 90

S185

70

60

50

40

30

20

10

0 ppm



"H-NMR Spectrum (600 MHz, CDCI;) of 5w

[e]-T
OLL®

156"
856"
cLE "
Tag”
LTS
0gs”
chs”
£0%°
18"
TZ9"
LES”
LE2"
259"

AN NN AA A A A A A A A A A AN A A A A A A SO0

B =

LSP-560-2HNMR

ppm

2 8

bl

S

it
o

gl

-

5ls
b (2]

:

5w

5186




BC-NMR Spectrum (151 MHz, CDCls) of 5w
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"H-NMR Spectrum (600 MHz, CDCl;) of 5x
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BC-NMR Spectrum (151 MHz, CDCls) of 5x
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"H-NMR Spectrum (600 MHz, CDCl;) of Sy
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BC-NMR Spectrum (151 MHz, CDCls) of 5y
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"H-NMR Spectrum (600 MHz, CDCl;) of 5z
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BC-NMR Spectrum (151 MHz, CDCls) of 5z
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"H-NMR Spectrum (600 MHz, CDCl;) of 5aa
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BC-NMR Spectrum (151 MHz, CDCls) of 5aa
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"H-NMR Spectrum (600 MHz, CDCls) of Sab
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BC-NMR Spectrum (151 MHz, CDCls) of Sab
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"H-NMR Spectrum (600 MHz, CDCl;) of Sac
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BC-NMR Spectrum (151 MHz, CDCls) of 5ac
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"H-NMR Spectrum (600 MHz, CDCl;) of 5ad
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BC-NMR Spectrum (151 MHz, CDCls) of 5ad
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"H-NMR Spectrum (600 MHz, CDCl;) of Sae
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BC-NMR Spectrum (151 MHz, CDCls) of Sae
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"H-NMR Spectrum (600 MHz, CDCl;) of Saf
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BC-NMR Spectrum (151 MHz, CDCls) of Saf
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"H-NMR Spectrum (600 MHz, CDCl;) of 5ag
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BC-NMR Spectrum (151 MHz, CDCls) of 5ag
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"H-NMR Spectrum (600 MHz, CDCl;) of 5ah
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BC-NMR Spectrum (151 MHz, CDCls) of 5ah
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"H-NMR Spectrum (600 MHz, CDCl;) of 5ai
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BC-NMR Spectrum (151 MHz, CDCl5) of Sai
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"H-NMR Spectrum (600 MHz, CDCl;) of 5aj
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BC-NMR Spectrum (151 MHz, CDCls) of 5aj
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"H-NMR Spectrum (600 MHz, CDCls) of Sak
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BC-NMR Spectrum (151 MHz, CDCls) of Sak
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'H-NMR Spectrum (600 MHz, CDCls) of 5al
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BC-NMR Spectrum (151 MHz, CDCI5) of 5al
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