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General Information

All other reagents were purchased from TCI, Sigma-Aldrich, Alfa Aesar, Acros, and Meryer and
used without further purification. 'H NMR (500 MHz), 3C NMR (125 MHz) and '°F NMR (470
MHz) spectra were recorded in CDCl; and DMSO-D6 solutions using a Burker AVANCE 500
spectrometer. High-resolution mass spectra were recorded on an ESI-Q-TOF mass spectrometer.
Analysis of crude reaction mixture was done on the Varian 4000 GC/MS and 1200 LC. All
reactions were conducted using standard Schlenk techniques. Column chromatography was

performed using EM silica gel 60 (300—400 m).
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General Experimental Procedures

General Procedure of thioamination of cyclic ketones with primary amines and

sulfinates:
0 HI (3.0 equiv) ]
TBAI (3.0 equiv) NHR
1 2
R v RINHp o+ RSONa = 110°C, 24
SR?
1 2 3 4-7

A 25 mL Schlenk tube equipped with a stir bar was charged with substituted cyclic ketones (0.2
mmol), primary amines (0.4 mmol), sulfinates (0.4 mmol), HI (0.6 mmol, 55-57 wt.% solution in
H,0), TBAI (0.6 mmol) and H,O (2.0 mL). The tube was fitted with a rubber septum, and then it
was evacuated and refilled with O, three times. The reaction mixture was stirred at 110 °C for 24 h.
After cooling down, the reaction mixture was diluted with 10 mL of ethyl ether and H,O, after the
workup of extraction, dry with Na,SOy, and concentrated under reduced pressure. The residue was
then purified by flash chromatography on silica gel to provide the corresponding product.

Gram-scale reaction:

0 HI (3.0 equiv) H
. PHSON TBAI (3.0 equiv) X N‘@C'
.
Cl NH aNa "1 0.0, 110 °C, 24 h
SPh
4c, 20 mmol, 80%

A 250 mL Schlenk tube equipped with a stir bar was charged with substituted cyclohexanone

(20 mmol), 4-chloroaniline (40 mmol), sodium benzene sulfinate (40 mmol), HI (60 mmol, 55-57
wt.% solution in H,O), TBAI (60 mmol) and H,O (200 mL). The tube was fitted with a rubber
septum, and then it was evacuated and refilled with O, three times. The reaction mixture was
stirred at 110 °C for 24 h. After cooling down, the reaction mixture was diluted with 100 mL of
ethyl ether and H,0, after the workup of extraction, dry with Na,SO,, and concentrated under
reduced pressure. The residue was then purified by flash chromatography on silica gel to provide
the corresponding product (4¢, 80%).

Mechanistic Studies

o) HI (3.0 equiv)

_Ph
Nl,Ph HN
TBAI (3,0 equiv) _
+ PhNH :
i‘) ’ H,0, Oy, 110°C, 24 h © + © (eq. 1)

8a, 0% 8b, 0%

A 25 mL Schlenk tube equipped with a stir bar was charged with cyclohexanone (0.2 mmol),
aniline (0.4 mmol), HI (0.6 mmol, 55-57 wt.% solution in H,O), TBAI (0.6 mmol) and H,O (2.0
mL). The tube was fitted with a rubber septum, and then it was evacuated and refilled with O,
three times. The reaction mixture was stirred at 110 ‘C for 24 h. After the reaction mixture was
cooled to room temperature and the reaction was filtered through a pad of Celite and diluted with
ethyl acetate (10 mL), none of 8a and 8b were detected by GC-MS.
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o) HI (3.0 equiv) 0]
TBAI (3.0 equiv) _ SPh

.2)
H,0, Oy, 110°C, 24 h + PhSSPh (eq
2 2 8d, trace

+  PhSO,Na

8c, 69%

A 25 mL Schlenk tube equipped with a stir bar was charged with cyclohexanone (0.2 mmol),
benzene sulfinic acid sodium salt (0.4 mmol), HI (0.6 mmol, 55-57 wt.% solution in H,O), TBAI
(0.6 mmol) and H,O (2.0 mL). The tube was fitted with a rubber septum, and then it was
evacuated and refilled with O, three times. The reaction mixture was stirred at 110 ‘C for 24 h.
After the reaction mixture was cooled to room temperature and the reaction was filtered through a

pad of Celite and diluted with ethyl acetate (10 mL), « -thiolated product 8¢ was isolated in 69%
yield, and only a trace of disulfide 8d was detected.

2-(phenylthio)cyclohexan-1-one

@)
SPh

8c

The NMR of 8c is accorded with the known reference (A. F. Vaquer, A. Frongia, F. Secci and E.
Tuveria, RSC Adv., 2015, 5, 96695.)
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3C NMR (100 MHz, CDCl3)
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HN/Ph HI (3.0 equiv) H
+  PhSO,Na TBAI (30 equiv) @NQ (ea. 3)
H,0, 0,5, 110 °C, 24 h
SPh
4a, 0%
A 25 mL Schlenk tube equipped with a stir bar was charged with diphenylamine (0.2 mmol),
benzene sulfinic acid sodium salt (0.4 mmol), HI (0.6 mmol, 55-57 wt.% solution in H,O), TBAI
(0.6 mmol) and H,O (2.0 mL). The tube was fitted with a rubber septum, and then it was
evacuated and refilled with O, three times. The reaction mixture was stirred at 110 ‘C for 24 h.
After the reaction mixture was cooled to room temperature and the reaction was filtered through a
pad of Celite and diluted with ethyl acetate (10 mL), none of 4a were detected by GC-MS.

N/Ph HI (3.0 equiv) H
I +  PhSO,Na TBAI (3,0 equiv) . @N@ (eq. 4)

H,0, 0,5, 110 °C, 24 h
SPh

4a, 0%

A 25 mL Schlenk tube equipped with a stir bar was charged with N-phenylcyclohexanimine (0.2
mmol), benzene sulfinic acid sodium salt (0.4 mmol), HI (0.6 mmol, 55-57 wt.% solution in H,O),
TBAI (0.6 mmol) and H,O (2.0 mL). The tube was fitted with a rubber septum, and then it was

evacuated and refilled with O, three times. The reaction mixture was stirred at 110 ‘C for 24 h.
After the reaction mixture was cooled to room temperature and the reaction was filtered through a
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pad of Celite and diluted with ethyl acetate (10 mL), none of 4a were detected by GC-MS.

H,0, O,, 110 °C, 24 h

0] HI (3.0 equiv) H
SPh . PhNH, TBAI (3.0 equiv) @NQ (eq. 5)
SPh
4a, 58%
A 25 mL Schlenk tube equipped with a stir bar was charged with 8¢ (0.2 mmol), aniline (0.4
mmol), HI (0.6 mmol, 55-57 wt.% solution in H,0), TBAI (0.6 mmol) and H,O (2.0 mL). The
tube was fitted with a rubber septum, and then it was evacuated and refilled with O, three times.

The reaction mixture was stirred at 110 ‘C for 24 h. After the reaction mixture was cooled to room
temperature and the reaction was filtered through a pad of Celite and diluted with ethyl acetate (10
mL), 4a was isolated in 58%.

HI (3.0 equiv)

Q TBAI (3.0 equiv) ‘
ij + PhNH, + PhSO,Na TEMPO (1.0 equiv) @E < > (eq. 6)

H,0, 0,5, 110 °C, 24 h

SPh
4a, 0%

A 25 mL Schlenk tube equipped with a stir bar was charged with cyclohexanone (0.2 mmol),
aniline (0.4 mmol), benzene sulfinic acid sodium salt (0.4 mmol), HI (0.6 mmol, 55-57 wt.%
solution in H,O), TBAI (0.6 mmol), TEMPO (0.2 mmol) and H,O (2.0 mL). The tube was fitted
with a rubber septum, and then it was evacuated and refilled with O, three times. The reaction
mixture was stirred at 110 °C for 24 h. After the reaction mixture was cooled to room temperature
and the reaction was filtered through a pad of Celite and diluted with ethyl acetate (10 mL), none
of 4a were detected by GC-MS.

HI (3.0 equiv)
Ph . Ph SPh
/E +  PhSO,Na TBAI (3.0 equiv) _ + (eq. 7)
PH H,0, Oy, 110°C, 24 h o .
Ph qualitative experiment

8e, 95% yield by acetone iodization

After the reaction acetone iodization experiment

A 25 mL Schlenk tube equipped with a stir bar was charged with 1,1-diphenylethylene (0.2 mmol),
benzene sulfinic acid sodium salt (0.4 mmol), HI (0.6 mmol, 55-57 wt.% solution in H,O), TBAI
(0.6 mmol) and H,O (2.0 mL). The tube was fitted with a rubber septum, and then it was

evacuated and refilled with O, three times. The reaction mixture was stirred at 110 ‘C for 24 h.
After the reaction mixture was cooled to room temperature and the reaction was filtered through a
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pad of Celite and diluted with ethyl acetate (10 mL), 8e was isolated in 95%. These results
indicate that a thiyl radical was involved during the reaction process. The resulting I, was

confirmed by the acetone iodization experiment, which indicates sodium sulfinate could oxidize
the HI to I,.

(2,2-diphenylvinyl)(phenyl)sulfane

Ph SPh
Ph
8e

The NMR of 8e is accorded with the known reference (B.-W. Wang, K. Jiang, J.-X. Li, S.-H. Luo,
Z.-Y. Wang and H.-F. Jiang, Angew. Chem. Int. Ed., 2020, 59, 2338.)

W61464/H
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H NMR (400 MHz, CDCl3)
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Characterization of Products in Details :

N-phenyl-2-(phenylthio)aniline'-?
Y

@SPh

4a
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (50.4 mg, 91% yield), Mp = 83-84°C. 'TH NMR (400 MHz, CDCl3): & 7.59 (dd, J =
7.7, 1.4 Hz, 1H), 7.34-7.26(m, 7H), 7.20-7.17 (m, 3H), 7.14-7.12 (m, 2H), 6.90 (ddd, J = 8.3, 6.4,
2.3 Hz, 1H), 6.73 (brs, 1H). 3C NMR (100 MHz, CDCl;): & 145.93, 141.77, 137.51, 136.59,
130.80, 129.40, 129.21, 127.06, 125.87, 122.78, 120.81, 120.03, 117.42, 114.55. HRMS (ESI):

caled for CgH¢NS [M + H]* 278.1003, found 278.1016.

N-(4-fluorophenyl)-2-(phenylthio)aniline
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Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (48.4 mg, 82% yield). '"H NMR (400 MHz, CDCls):  7.60 (dd, /= 7.7, 1.7 Hz, 1H),
7.34-7.27 (m, 3H), 7.20-7.14 (m, 4H), 7.11-7.01 (m, 4H), 6.89 (td, J= 7.5, 1.4 Hz, 1H), 6.63 (brs,
1H). 3C NMR (100 MHz, CDCl;): § 159.14 (d, J = 242.0 Hz), 146.73, 137.63, 136.58, 130.96,
130.93, 129.20, 126.89, 125.85, 123.76 (d, J = 7.9 Hz), 119.74, 116.65, 116.08 (d, J = 22.5 Hz),
113.76. F NMR (375 MHz, CDCl3) & -119.50 (1F); HRMS (ESI): calcd for C;gH;sNSF [M + H]*

296.0909, found 296.0919.

N-(4-chlorophenyl)-2-(phenylthio)aniline

H
S

SPh

4c

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (52.2 mg, 84% yield). '"H NMR (400 MHz, CDCls): 6 7.58 (dd, /= 7.7, 1.6 Hz, 1H),
7.35-7.24 (m, 6H), 7.19-7.16 (m, 3H), 7.04 (d, J = 8.8 Hz, 2H), 6.92 (td, /= 7.4, 1.6 Hz, 1H), 6.65
(s, 1H). 13C NMR (100 MHz, CDCl3): 4 145.37, 140.51, 137.43, 136.35, 130.78, 129.39, 129.24,

127.44,127.15, 126.00, 121.68, 120.58, 118.13, 114.89. HRMS (ESI): calcd for C;sH;3sNSCI1 [M -

H]*310.0457, found 310.0456.

N-(4-bromophenyl)-2-(phenylthio)aniline

H
SO
SPh
4d
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (57.5 mg, 81% yield). '"H NMR (400 MHz, CDCly): 6 7.61 (dd, /= 7.7, 1.5 Hz, 1H),

7.41 (d, J = 8.7 Hz, 2H), 7.36-7.28 (m, 4H), 7.22-7.19 (m, 3H), 7.00 (d, J = 8.7 Hz, 2H), 6.95 (td,
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J=1.3,1.7Hz, 1H), 6.67 (s, 1H). 3C NMR (100 MHz, CDCl3): 8 145.15, 141.08, 137.42, 136.34,
132.34, 130.78, 129.29, 127.24, 126.07, 121.83, 120.78, 118.43, 115.13, 114.73. HRMS (ESI):

caled for CgH3NSBr [M - H]* 353.9952, found 353.9963.

N-(4-methoxyphenyl)-2-(phenylthio)aniline

H@OCH:s
@SPh
4e
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (59.6 mg, 97% yield). "H NMR (400 MHz, CDCl5): 8 7.60 (dt, J= 7.7, 1.5 Hz, 1H),
7.32-7.28 (m, 3H), 7.23-7.17 (m, 3H), 7.11-7.06 (m, 3H), 6.94-6.90 (m, 2H), 6.84 (td, J=7.4, 1.2
Hz, 1H), 6.61 (s, 1H), 3.85 (s, 3H). 13C NMR (100 MHz, CDCl;): 3 156.46, 147.89, 137.73,

136.87, 134.42, 131.08, 129.19, 126.74, 125.71, 125.00, 118.88, 115.43, 114.75, 113.14, 55.61.

HRMS (ESI): caled for CoH ;gNOS [M + H]" 308.1109, found 308.1122.

2-(phenylthio)-N-(4-(trifluoromethoxy)phenyl)aniline

H‘@*OCB,
@SPh
4f
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (61.4 mg, 85% yield). '"H NMR (400 MHz, CDCls): 8 7.60 (dd, /= 7.7, 1.6 Hz, 1H),
7.37-7.26 (m, 4H), 7.20-7.15 (m, 5SH), 7.12-7.09 (m, 2H), 6.94 (td, J = 7.3, 1.7 Hz, 1H), 6.69 (s,
1H). 3C NMR (100 MHz, CDCl;): & 145.28, 144.10, 140.72, 137.45, 136.32, 130.81, 129.27,
127.17, 126.04, 122.31, 121.22, 120.76, 120.63 (q, J = 255.0 Hz), 118.27, 114.99. YF NMR (375
MHz, CDCls) § -58.18 (3F); HRMS (ESI): caled for C;oH;sNOF;S [M + H]" 362.0826, found

362.0833.

2-(phenylthio)-N-(4-((trifluoromethyl)thio)phenyl)aniline
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HOSCF3
@SPh
4g

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (65.6 mg, 87% yield). 'TH NMR (400 MHz, CDCls): 8 7.62 (dd, /= 7.8, 1.6 Hz, 1H),
7.55 (d, J= 8.6 Hz, 2H), 7.49 (dd, J = 8.2, 1.4 Hz, 1H), 7.40 (td, J = 8.2, 7.8, 1.6 Hz, 1H), 7.31-
7.27 (m, 2H), 7.23-7.20 (m, 3H), 7.11-7.06 (m, 3H), 7.04 (td, J = 7.5, 1.4 Hz, 1H), 6.76 (s, 1H).
13C NMR (100 MHz, CDCl;): & 145.19, 143.35, 138.08, 136.92, 135.93, 130.45, 129.74 (q, J =
307.0 Hz), 129.35, 127.80, 126.37, 122.26, 121.07, 118.37, 117.41, 114.91. F NMR (375 MHz,
CDCl3) & -43.76 (3F); HRMS (ESI): caled for CioHisNF;S, [M + H]" 378.0598, found

378.0611.

N-(4-phenoxyphenyl)-2-(phenylthio)aniline

HOOPh
@SPh
4h
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (69.4 mg, 94% yield), Mp = 88-89°C. 'H NMR (400 MHz, CDCl3): § 7.58 (dd, J =
7.7, 1.7 Hz, 1H), 7.38-7.34 (m, 2H), 7.32-7.26 (m, 3H), 7.22-7.16 (m, 4H), 7.14-7.09 (m, 3H),
7.04-6.99 (m, 4H), 6.87 (td, J = 7.5, 1.4 Hz, 1H), 6.66 (s, 1H). 3C NMR (100 MHz, CDCl;): §
157.87, 152.84, 146.76, 137.63, 137.18, 136.65, 130.95, 129.77, 129.19, 126.87, 125.79, 123.51,
122.99, 120.25, 119.58, 118.34, 116.50, 113.80. HRMS (ESI): calcd for C,4H,(NOS [M + H]*

370.1266, found 370.1270.

1-(4-((2-(phenylthio)phenyl)amino)phenyl)ethan-1-one

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
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yellow liquid (55.5 mg, 87% yield). 'H NMR (400 MHz, CDCly): & 7.89 (d, J = 8.7 Hz, 2H), 7.58
(dd, J=17.7, 1.6 Hz, 1H), 7.51 (dd, J = 8.2, 1.4 Hz, 1H), 7.39 (td, J = 8.3, 7.8, 1.6 Hz, 1H), 7.28-7.25
(m, 2H), 7.21-7.16 (m, 3H), 7.07-7.02 (m, 3H), 6.82 (s, 1H), 2.56 (s, 1H). *C NMR (100 MHz,
CDCLy): 6 196.47, 147.05, 142.76, 136.66, 135.75, 130.46, 130.28, 130.24, 129.34, 127.98, 126.43,
122.68, 121.88, 118.17, 116.29, 26.25. HRMS (ESI): caled for CaoH;sNOS [M + HJ* 320.1109,

found 320.1122.

2-(phenylthio)-N-(4-(trifluoromethyl)phenyl)aniline

4
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (54.5 mg, 79% yield). '"H NMR (400 MHz, CDCl;): § 7.59 (dd, J = 7.8, 1.6 Hz, 1H),
7.51 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 7.9 Hz, 1H), 7.38 (t, J = 8.2 Hz, 1H), 7.30-7.25 (m, 2H),
7.20-7.18 (m, 3H), 7.12 (d, J = 8.4 Hz, 2H), 7.01 (t, J = 7.1 Hz, 1H), 6.76 (s, 1H). 13C NMR (100
MHz, CDCl;): 6 145.51, 143.50, 136.94, 135.93, 130.45, 129.33, 127.75, 126.69 (q, J = 3.8 Hz),
126.34, 124.60 (q, J = 252.0 Hz), 123.09 (d, J = 15.3 Hz), 122.15, 120.87, 117.60, 117.13. F
NMR (375 MHz, CDCl3) § -61.66 (3F); HRMS (ESI): caled for CoH3NSF; [M - H]* 344.0721,

found 344.0730.

2-methyl-N-(2-(phenylthio)phenyl)aniline

H
CL.

SPh

4k
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (52.4 mg, 90% yield). '"H NMR (400 MHz, CDCls): 8 7.63 (dd, J= 7.6, 1.6 Hz, 1H),
7.33-7.28 (m, 5H), 7.25-7.16 (m, 4H), 7.07 (td, /= 7.4, 1.4 Hz, 1H), 6.99 (dd, J= 8.3, 1.3 Hz, 1H),

6.87 (td, J= 7.5, 1.3 Hz, 1H), 6.50 (s, 1H), 2.08 (s, 3H). 13C NMR (100 MHz, CDCL): & 146.63,
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139.62, 137.67, 136.61, 131.83, 131.09, 131.01, 129.20, 126.86, 126.80, 125.82, 124.04, 122.60,
119.10, 116.09, 113.71, 17.69. HRMS (ESI): caled for CjoH;gNS [M + H]" 292.1160, found

292.1169.

2,4-dimethyl-N-(2-(phenylthio)phenyl)aniline

N

@SPh

4]
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (53.7 mg, 88% yield). "H NMR (400 MHz, CDCl;): 8 7.67 (d, J = 7.6 Hz, 1H),
7.35-7.31 (m, 3H), 7.28-7.26 (m, 2H), 7.24-7.18 (m, 2H), 7.11-7.06 (m, 2H), 6.91-6.85 (m, 2H),
6.49 (s, 1H), 2.40 (s, 3H), 2.09 (s, 3H). 3C NMR (100 MHz, CDCl;): & 147.49, 137.77, 136.89,
136.83, 134.26, 132.87, 131.86, 131.15, 129.22, 127.48, 126.88, 125.79, 124.15, 118.59, 115.36,

113.17,21.01, 17.71. HRMS (ESI): calcd for CyHyoNS [M + H]* 306.1316, found 306.1318.

2-(phenylthio)-N-(4-(trifluoromethyl)benzyl)aniline

FsC

NH
G[SPh
4m
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (46.7 mg, 65% yield). 'TH NMR (400 MHz, CDCl;): 6 7.59-7.54 (m, 3H), 7.31-7.27
(m, 5H), 7.22-7.18 (m, 1H), 7.15-7.13 (m, 2H), 6.77 (td, J = 7.5, 1.2 Hz, 1H), 6.59 (dd, J = 8.2,
1.2 Hz, 1H), 5.49 (t, J = 6.0 Hz, 1H), 4.46 (d, J = 5.9 Hz, 2H). 3C NMR (100 MHz, CDCl;): 8
148.73, 143.35, 137.83, 136.77, 131.51, 129.09, 127.11, 126.63, 125.66, 125.57 (q, J = 3.8 Hz),
121.49(q, J=280.0 Hz), 117.65, 114.42, 110.88, 47.13. YF NMR (375 MHz, CDCl3) 4 -62.41 (3F);

HRMS (ESI): caled for C,0H7NF;S [M + H]* 360.1034, found 360.1040.
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N-(2-(phenylthio)phenyl)pyridin-3-amine

@SPh

4n
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (37.8 mg, 68% yield). '"H NMR (400 MHz, CDCl;): § 8.40 (d, J= 2.7 Hz, 1H), 8.26
(dd, J=4.8, 1.4 Hz, 1H), 7.60 (dd, J= 7.7, 1.5 Hz, 1H), 7.45 (ddd, J= 8.3, 2.8, 1.4 Hz, 1H), 7.35
(td, J=7.7,7.1, 1.5 Hz, 1H), 7.30-7.16 (m, 7H), 6.97 (td, J = 7.4, 1.5 Hz, 1H), 6.65 (s, 1H). 13C
NMR (100 MHz, CDCl;): & 144.62, 143.49, 142.41, 138.58, 137.39, 136.08, 130.78, 129.29,
127.31, 126.37 (d, J = 41.9 Hz), 123.78, 121.29, 119.06, 115.08. HRMS (ESI): calcd for

C]7H15st [M + H]Jr 2790956, found 2790959

N-(2-(phenylthio)phenyl)naphthalen-1-amine

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (58.9 mg, 90% yield), Mp = 92-93°C. 'TH NMR (400 MHz, CDCl5): & 7.88 (dd, J =
8.2, 1.3 Hz, 1H), 7.69-7.64 (m, 3H), 7.52-7.43 (m, 3H), 7.40-7.20 (m, 7H), 7.00-6.98 (m, 2H),
6.87 (td, J = 7.5, 1.3 Hz, 1H). 3C NMR (100 MHz, CDCl;): 4 147.44, 137.67, 137.26, 136.73,
134.78, 131.07, 129.39, 129.32, 128.46, 127.10, 126.26, 126.06, 125.95, 125.91, 124.76, 122.29,
119.74, 119.28, 116.20, 114.11. HRMS (ESI): calcd for C»,H;gNS [M + H]" 328.1160, found

328.1158.

2,6-diisopropyl-N-(2-(phenylthio)phenyl)aniline
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i-Pr i-Pr
CL

SPh

4p
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (34.7 mg, 48% yield). 'TH NMR (400 MHz, CDCly): 8 7.61 (dd, J= 7.6, 1.6 Hz, 1H),
7.32-7.15 (m, 9H), 6.75 (td, J= 7.4, 1.3 Hz, 1H), 6.27-6.21 (m, 2H), 2.93 (p, J= 6.9 Hz, 2H), 1.09
(d, J = 6.9 Hz, 6H), 0.99 (d, J = 6.9 Hz, 6H). 13C NMR (100 MHz, CDCls): 5 149.40, 147.79,

137.85, 137.02, 134.59, 131.35, 129.01, 127.63, 126.71, 125.62, 123.85, 117.34, 113.23, 111.71,

28.28, 24.39, 23.07. HRMS (ESI): caled for Co4HagNS [M + H]* 362.1942, found 362.1950.

4-methyl-N-phenyl-2-(phenylthio)aniline

JoY

5a

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (53.5 mg, 92% yield). '"H NMR (400 MHz, CDCl;): § 7.47(m, 1H), 7.36-7.30 (m,
5H), 7.26-7.19 (m, 4H), 7.15-7.13 (m, 2H), 7.05 (t, J= 7.3 Hz, 1H), 6.63 (s, 1H), 2.37 (s, 3H). 13C
NMR (100 MHz, CDCls): 6 143.27, 142.49, 137.60, 136.82, 131.47, 129.89, 129.40, 129.24,
127.15, 125.86, 122.12, 119.85, 118.05, 115.52, 20.49. HRMS (ESI): calcd for C;gH;gNS [M +

H]"292.1160, found 292.1167.

4-ethyl-N-phenyl-2-(phenylthio)aniline
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5b

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (55.5 mg, 91% yield). "TH NMR (400 MHz, CDCl3): 8 7.45 (d, J = 2.1 Hz, OH),
7.34-7.26 (m, 5H), 7.22-7.15 (m, 4H), 7.12-7.09 (m, 2H), 7.01 (tt, J = 7.3, 1.2 Hz, 1H), 6.59 (s,
1H), 2.64 (q, J = 7.6 Hz, 2H), 1.28 (t, J = 7.6 Hz, 3H). 3C NMR (100 MHz, CDCls): 5 143.44,
142.37, 136.79, 136.49, 136.35, 130.27, 129.34, 129.18, 126.95, 125.75, 122.10, 119.88, 117.71,

115.35,27.92, 15.76. HRMS (ESI): calcd for CooHNS [M + H]" 306.1316, found 306.1321.

N-phenyl-2-(phenylthio)-4-propylaniline

=)
5c
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (58.7 mg, 92% yield). "TH NMR (400 MHz, CDCl3): 8 7.42 (d, J = 2.1 Hz, 1H),
7.32-7.25 (m, 5H), 7.19-7.14 (m, 4H), 7.11-7.09 (m, 2H), 7.03-6.99 (m, 1H), 6.59 (s, 1H), 2.56
(dd, J = 8.5, 6.7 Hz, 2H), 1.67 (h, J = 7.4 Hz, 2H), 0.99 (t, J = 7.3 Hz, 3H). 3C NMR (100 MHz,
CDCl,): 6 143.45, 142.35, 137.13, 136.84, 134.79, 130.85, 129.34, 129.17, 126.92, 125.73, 122.10,

11991, 117.55, 115.21, 37.04, 24.68, 13.82. HRMS (ESI): caled for C, H;NS [M + H]*

320.1473, found 320.1485.

4-(tert-butyl)-N-phenyl-2-(phenylthio)aniline
H
)
SPh

5d

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a

yellow liquid (49.9 mg, 75% yield). "H NMR (400 MHz, CDCLy): § 7.61 (d, J = 2.3 Hz, 1H),
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7.39-7.26 (m, 6H), 7.19-7.15 (m, 3H), 7.11-7.09 (m, 2H), 7.03-6.99 (m, 1H), 6.58 (s, 1H), 1.35 (s,
9H). 3C NMR (100 MHz, CDCly): & 143.29, 142.27, 136.86, 134.25, 129.31, 129.15, 127.82,
126.78, 125.67, 122.16, 120.04, 117.08, 114.81, 34.20, 31.45. HRMS (ESI): caled for C»,H,4NS

[M + H]* 334.1629, found 334.1638.

N-phenyl-5-(phenylthio)benzo[b]thiophen-4-amine
SPh

5e

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (40.6 mg, 61% yield). 'TH NMR (400 MHz, CDCl;): § 7.62 (d, J = 8.3 Hz, 1H), 7.56
(d, J=8.3 Hz, 1H), 7.33-7.30 (m, 1H), 7.25-7.12 (m, 7H), 7.00 (d, J = 5.6 Hz, 1H), 6.97-6.93 (m,
1H), 6.83-6.81 (m, 2H), 6.72 (s, 1H). 3C NMR (100 MHz, CDCIl;): § 144.53, 142.80, 140.25,
137.10, 133.26, 131.98, 129.17, 129.03, 127.72, 125.99, 125.57, 123.66, 121.42, 118.61, 118.35,

117.62. HRMS (ESI): calcd for Co0H; ¢NS, [M + H]" 334.0724, found 334.0726.

N-phenyl-3-(phenylthio)-[1,1'-biphenyl]-4-amine

H
o
Ph SPh
5f

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (62.1 mg, 88% yield). "H NMR (400 MHz, CDCl;): 8 7.89 (d, J = 2.3 Hz, 1H),
7.62-7.58 (m, 3H), 7.48-7.42 (m, 3H), 7.37-7.31 (m, 3H), 7.30-7.23 (m, 4H), 7.21-7.16 (m, 3H),
7.10-7.05 (m, 1H), 6.80 (s, 1H). 3C NMR (100 MHz, CDCls): 4 145.17, 141.57, 140.07, 136.44,
135.91, 132.88, 129.47, 129.41, 129.28, 128.90, 127.01, 126.84, 126.42, 125.95, 122.93, 120.92,

117.66, 114.67. HRMS (ESI): calcd for Co4HooNS [M + H]* 354.1316, found 354.1316.

ethyl 4-(phenylamino)-3-(phenylthio)benzoate
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H
X .
EtO,C SPh

59
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (52.3 mg, 75% yield). 'TH NMR (400 MHz, CDCl;): § 8.34 (d, J = 2.1 Hz, 1H), 8.00
(dd, J = 8.8, 2.1 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.31-7.14 (m, 10H), 4.39 (q, J = 7.1 Hz, 2H),
1.42 (t, J=7.1 Hz, 3H). 13C NMR (100 MHz, CDCIl;): 4 166.01, 150.11, 140.01, 139.78, 135.84,
132.89, 129.60, 129.33, 126.82, 126.11, 124.54, 122.77, 121.10, 115.60, 112.09, 60.71, 14.50.

HRMS (ESI): calcd for C,;HyNO,S [M + H]" 350.1215, found 350.1227.

N-(4-fluorophenyl)-4-methyl-2-(phenylthio)aniline

5h

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (49.4 mg, 80% yield). '"H NMR (400 MHz, CDCl;): § 7.41 (s, 1H), 7.30-7.26 (m,
2H), 7.19-6.98 (m, 9H), 6.44 (s, 1H), 2.32 (s, 3H). 3C NMR (100 MHz, CDCl;): 8 158.73 (d, J =
241.6 Hz), 144.006, 138.30, 137.71, 136.73, 131.59, 129.50, 129.18, 126.87, 125.77, 122.70 (d, J =
7.9 Hz), 117.03, 115.98 (d, J = 22.6 Hz), 114.52, 20.37. F NMR (375 MHz, CDCl;) & -120.53

(1F); HRMS (ESI): calcd for CoH7NSF [M + H]" 310.1066, found 310.1073.

N-phenyl-2-(p-tolylthio)aniline3

@NHPh
S :

6a
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (52.4 mg, 90% yield), Mp = 40-41°C. TH NMR (400 MHz, CDCl;): § 7.54 (dd, J =
7.7, 1.6 Hz, 1H), 7.34-7.27 (m, 4H), 7.14-7.09 (m, 6H), 7.06-7.02 (m, 1H), 6.88 (td, /= 7.3, 1.8
Hz, 2H), 2.33 (s, 3H). 13C NMR (100 MHz, CDCl;): § 145.48, 141.88, 136.96, 135.99, 132.66,
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130.39, 130.01, 129.37, 127.72, 122.57, 120.55, 120.05, 118.54, 114.62, 21.01. HRMS (ESI):

calcd for C1oH ;NS [M + H]" 292.1160, found 292.1168.

2-((4-methoxyphenyl)thio)-N-phenylaniline

@NHPh
SOOMe

6b
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (58.3 mg, 95% yield). '"H NMR (400 MHz, CDCl;): § 7.48 (dd, J= 7.7, 1.6 Hz, 1H),
7.34-7.30 (m, 3H), 7.28-7.22 (m, 3H), 7.13-7.11 (m, 2H), 7.06-7.01 (m, 1H), 6.89-6.84 (m, 3H),
6.65 (s, 1H), 3.81 (s, 3H). 13C NMR (100 MHz, CDCl3): 8 158.81, 144.73, 142.09, 138.20, 135.83,
130.67, 129.81, 129.39, 126.31, 122.41, 120.65, 120.25, 115.06, 115.03, 55.43. HRMS (ESI):

calcd for C1oH;sNOS [M + H]* 308.1109, found 308.1096.

2-([1,1'-biphenyl]-4-ylthio)-N-phenylaniline

@NHPh
S‘< >—Ph

6c
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (64.3 mg, 91% yield). '"H NMR (400 MHz, CDCly): 8 7.64 (dd, /= 7.8, 1.4 Hz, 1H),
7.60-7.58 (m, 2H), 7.54-7.51 (m, 2H), 7.49-7.45 (m, 2H), 7.40-7.32 (m, 5H), 7.30-7.27 (m, 2H),
7.18-7.16 (m, 2H), 7.09-7.05 (m, 1H), 6.93 (ddd, J= 8.3, 6.6, 2.1 Hz, 1H), 6.78 (s, 1H). 3C NMR
(100 MHz, CDCly): & 146.00, 141.77, 140.49, 138.93, 137.54, 135.72, 130.90, 129.44, 128.90,
127.91, 127.42, 127.39, 126.96, 122.84, 120.85, 120.11, 117.35, 114.64. HRMS (ESI): calcd for

Cp4HpoNS [M + H]* 354.1316, found 354.1322.
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N-phenyl-2-((4-(trifluoromethyl)phenyl)thio)aniline

@NHPh
s

6d

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (60.0 mg, 87% yield), Mp = 73-74°C. 'TH NMR (400 MHz, CDCls): § 7.62 (d, J= 7.7
Hz, 1H), 7.52 (d, J = 8.4 Hz, 2H), 7.40-7.34 (m, 4H), 7.24 (d, /= 8.3 Hz, 2H), 7.17 (d, /= 7.8 Hz,
2H), 7.10 (t, J = 7.4 Hz, 1H), 6.96-6.92 (m, 1H), 6.72 (s, 1H). 13C NMR (100 MHz, CDCl;): §
146.51, 142.21, 141.33, 138.11, 131.73, 129.53, 127.67 (q, J = 32.6 Hz), 126.04, 125.96 (q, J =
4.0 Hz), 124.22 (q, J = 270.0 Hz), 123.27, 121.21, 120.17, 114.94, 114.51. F NMR (375 MHz,

CDCl;) § -62.32 (3F); HRMS (ESI): calcd for C;oH;sNSF; [M + H]* 346.0877, found 346.0878.

N-phenyl-2-((4-(trifluoromethoxy)phenyl)thio)aniline

@NHPh
SOOCF3

6e

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (61.4 mg, 85% yield). "TH NMR (400 MHz, CDCl3): 8 7.61 (d, J = 7.6 Hz, 1H),
7.38-7.34 (m, 4H), 7.23-7.14 (m, 6H), 7.10 (t, J = 7.4 Hz, 1H), 6.96-6.91 (m, 1H), 6.75 (s, 1H).
I3C NMR (100 MHz, CDCl;): 5 147.42, 146.14, 141.56, 137.67, 135.61, 131.28, 129.50, 128.07,
123.09, 121.90, 121.01, 120.55 (d, J = 258.5 Hz), 120.18, 116.70, 114.69. YF NMR (375 MHz,
CDCl;) & -57.94 (3F); HRMS (ESI): caled for C;oH;sNOSF; [M + H]" 362.0826, found

362.0823.

2-((4-fluorophenyl)thio)-N-phenylaniline
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6f

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (49.6 mg, 84% yield). "TH NMR (400 MHz, CDCl3): 8 7.97 (d, J = 8.4 Hz, 1H),
7.58-7.52 (m, 2H), 7.34-7.30 (m, 4H), 7.20-7.11 (m, 3H), 7.07-7.03 (m, 1H), 7.01-6.96 (m, 2H),
6.90-6.86 (m, 1H), 6.68 (s, 1H). 13C NMR (100 MHz, CDCl3):  143.63 (d, J = 386.2 Hz), 136.97,
131.04, 130.70, 129.42, 129.34, 129.15, 128.76, 122.86 (d, J = 10.4 Hz), 120.67, 120.14, 118.25,
116.32 (d, J = 22.1 Hz), 114.78. YF NMR (375 MHz, CDCl3) 6 -116.37 (1F); HRMS (ESI): caled

for CisH;sNSF [M + H]* 296.0909, found 296.0915.

2-((2-chlorophenyl)thio)-N-phenylaniline

NHPh

@s @
Cl

6g
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (51.0 mg, 82% yield), Mp = 94-95°C. 'TH NMR (400 MHz, CDCl;): 6 7.61 (d,J="7.3
Hz, 1H), 7.41-7.31 (m, 5H), 7.16 (d, J = 7.7 Hz, 2H), 7.12-7.05 (m, 3H), 6.95-6.91 (m, 1H), 6.82-
6.80 (m, 1H), 6.72 (s, 1H). 3C NMR (100 MHz, CDCls): & 146.61, 141.46, 138.16, 135.95,

131.54, 131.51, 129.71, 129.43, 127.37, 126.83, 126.47, 123.10, 121.21, 120.12, 115.30, 114.42.

HRMS (ESI): caled for CigH;sNSCI [M + H]* 312.0614, found 312.0623.

2-((3,5-dichlorophenyl)thio)-N-phenylaniline

S

Cl
6h

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
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yellow liquid (60.7 mg, 88% yield). "H NMR (400 MHz, CDCLy): § 7.59 (d, J = 7.6 Hz, 1H),
7.39-7.34 (m, 4H), 7.19-7.16 (m, 2H), 7.14-7.09 (m, 2H), 7.01-7.01 (m, 2H), 6.94 (t, J = 7.3 Hz,
1H), 6.63 (s, 1H). 13C NMR (100 MHz, CDCls):  146.43, 141.29, 140.75, 138.02, 135.55, 131.94,
129.54, 125.78, 124.17, 123.34, 121.28, 120.29, 114.83, 114.58. HRMS (ESI): caled for

CsH4NSCl, [M + H]* 346.0224, found 346.0225.

N-phenyl-2-(thiophen-2-ylthio)aniline
NHPh
@ES @
S
6i
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (37.4 mg, 66% yield). '"H NMR (400 MHz, CDCly): 6 7.47 (dd, /= 7.7, 1.5 Hz, 1H),
7.37-7.27 (m, 4H), 7.24-7.20 (m, 2H), 7.17-7.14 (m, 2H), 7.08-7.00 (m, 2H), 6.87 (td, J=7.5, 1.5
Hz, 1H), 6.61 (s, 1H). 3C NMR (100 MHz, CDCl3): & 143.72, 142.18, 134.13, 133.57, 132.62,
129.65, 129.45, 129.32, 127.71, 123.09, 122.32, 120.70, 119.91, 115.87. HRMS (ESI): calcd for
C16H|oNS, [M - H]* 282.0411, found 282.0406.

2-(naphthalen-2-ylthio)-N-phenylaniline

@NHPh
ats
6]

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (59.5 mg, 91% yield). 'TH NMR (400 MHz, CDCls): 8 7.82-7.76 (m, 2H), 7.72-7.69
(m, 1H), 7.65-7.61 (m, 2H), 7.50-7.43 (m, 2H), 7.40-7.29 (m, 5H), 7.15-7.12 (m, 2H), 7.06-7.02
(m, 1H), 6.95-6.91 (m, 1H), 6.77 (brs, 1H). 3C NMR (100 MHz, CDCl3): 8 145.95, 141.76,
137.43, 133.92, 131.82, 130.84, 129.40, 128.88, 127.81, 127.15, 126.68, 125.68, 125.50, 125.15,

122.78, 120.78, 120.15, 117.50, 114.73. HRMS (ESI): calcd for Co,H gNS [M + H]" 328.1160,

found 328.1163.
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2-(benzylthio)-N-phenylaniline
NHPh

s ph

6k
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (57.1 mg, 98% yield). 'TH NMR (400 MHz, CDCly): 6 7.44 (dd, /= 7.7, 1.6 Hz, 1H),
7.38-7.20 (m, 9H), 7.13-7.05 (m, 3H), 6.82 (td, /= 7.3, 1.6 Hz, 1H), 6.77 (s, 1H), 3.99 (s, 2H). 13C
NMR (100 MHz, CDCls): 6 145.53, 142.18, 138.23, 136.74, 129.85, 129.39, 128.90, 128.55,
127.26, 122.23, 120.42, 119.97, 119.89, 114.42, 40.59. HRMS (ESI): calcd for C;oH;gNS [M +

H]"292.1160, found 292.1167.

2-(ethylthio)-N-phenylaniline

NHPh
(L

6l

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (43.5 mg, 95% yield). '"H NMR (400 MHz, CDCl;): § 7.60 (d, J = 7.6 Hz, 1H), 7.41
(q,/=7.8 Hz, 3H), 7.28 (d, J= 8.1 Hz, 3H), 7.11 (t, J= 7.3 Hz, 1H), 6.95-6.91 (m, 2H), 2.89 (q, J
= 7.3 Hz, 2H), 1.36 (t, J = 7.3 Hz, 3H). 13C NMR (100 MHz, CDCl5): & 145.09, 142.46, 135.88,
129.55, 129.36, 122.23, 121.17, 120.04, 119.87, 114.70, 29.48, 15.00. HRMS (ESI): calcd for
C14H NS [M + H]* 230.1003, found 230.1014.

N-(4-chlorophenyl)-2-(phenylsulfinyl)aniline

$Ph
o) a

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (52.3 mg, 80% yield). '"H NMR (400 MHz, CDCl;): 6 8.19 (s, 1H), 7.62 (dd, J="7.7,
1.6 Hz, 2H), 7.58-7.55 (m, 2H), 7.42-7.33 (m, 4H), 7.21-7.15 (m, 3H), 6.96 (td, J = 7.5, 1.2 Hz,
1H), 6.85 (d, J = 8.7 Hz, 2H). 13C NMR (100 MHz, CDCl;): § 145.26, 143.35, 139.85, 133.11,
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130.41, 129.29, 129.14, 128.96, 127.44, 127.17, 124.63, 120.92, 119.55, 117.20. HRMS (ESD):

calcd for C;gH;sNOSCI [M + H]" 328.0563, found 328.0571.

N-(4-chlorophenyl)-2-(phenylsulfonyl)aniline

@HOU
,,S//\OPh
O 7b

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (63.1 mg, 92% yield), Mp = 74-75°C. 'H NMR (400 MHz, CDCl;): § 8.03 (dd, J =
8.0, 1.6 Hz, 1H), 7.97-7.92 (m, 3H), 7.59-7.55 (m, 1H), 7.49-7.45 (m, 2H), 7.38 (ddd, J= 8.6, 7.1,
1.7 Hz, 1H), 7.30-7.25 (m, 2H), 7.16 (dd, J = 8.4, 1.1 Hz, 1H), 7.02-6.96 (m, 3H). 13C NMR (100
MHz, CDCl;): & 143.55, 141.42, 139.18, 135.06, 133.36, 130.45, 129.65, 129.18, 128.55, 127.12,

125.45, 122.55, 119.83, 116.57. HRMS (ESI): caled for CgH;sNO,SCI [M + H]" 344.0512,

found 344.0524.

ethyl 4-((2-(phenylthio)phenyl)amino)benzoate

H

SPh Tc

Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow liquid (56.5 mg, 81% yield). 'TH NMR (400 MHz, CDCl;): § 7.97 (d, J = 8.8 Hz, 2H), 7.59
(dd, J=17.8, 1.6 Hz, 1H), 7.50 (dd, J = 8.2, 1.3 Hz, 1H), 7.39 (td, J = 8.2, 7.8, 1.6 Hz, 1H), 7.30-
7.25 (m, 2H), 7.21-7.16 (m, 3H), 7.08-7.01 (m, 3H), 6.83 (s, 1H), 4.39 (q, J=7.1 Hz, 2H), 1.42 (t,
J=7.1 Hz, 3H). 13C NMR (100 MHz, CDCl,): 8 166.42, 146.65, 143.19, 136.80, 135.90, 131.34,
130.37, 129.32, 127.84, 126.36, 122.95, 122.31, 121.26, 117.68, 116.63, 60.62, 14.48. HRMS

(ESI): caled for C;H50NO,S [M + H]* 350.1215, found 350.1226.

4-((2-(phenylthio)phenyl)amino)benzenesulfonamide
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SPh T7d
Following the general procedure, using (petroleum ether : EtOAc =9 : 1) as the eluant afforded a
yellow solid (49.1 mg, 69% yield), Mp = 120-121°C. 'TH NMR (400 MHz, CDCl;): 8 7.79 (d, J =
8.7 Hz, 2H), 7.57 (dd, J = 7.8, 1.6 Hz, 1H), 7.46 (dd, J = 8.2, 1.4 Hz, 1H), 7.38 (td, /= 8.2, 7.8,
1.6 Hz, 1H), 7.30-7.24 (m, 2H), 7.20-7.16 (m, 3H), 7.08-7.04 (m, 3H), 6.77 (s, 1H), 4.97 (s, 2H).
13C NMR (100 MHz, CDCl5): & 146.88, 142.33, 136.49, 135.55, 133.06, 130.25, 129.39, 128.41,
128.16, 126.58, 123.15, 122.61, 118.56, 116.49. HRMS (ESI): calcd for C1gH17N,0,S, [M + H]*

357.0731, found 357.0740.

S25



References:

1 M. Minoshima, K. Uchida, Y. Nakamura, T. Hosoya and S. Yoshida, Org. Lett., 2021, 23, 1868.
2 S. Yoshida, T. Yano, Y. Misawa, Y. Sugimura, K. Igawa, S. Shimizu, K. Tomooka and T.
Hosoya, J. Am. Chem. Soc., 2015, 137, 14071.

3 M. Tang, L. Zhang, G. Mao, F. Xiao, W. Shao and G.-J. Deng, Adv. Synth. Catal., 2022, 364,

2205.

S26



TH, 13C and F NMR spectra of products

€Lg

H NIMR (400 MHz, CDCl3)

00'L
w\”m_‘._.
SL0°L

SLC
6L€
€TL

Hufumé

sopllL
Trlll
£0'0ZL
;.8_%
8LTTIAE
18521~
9021,
1Z62)
o6zl
08'0¢L
6594
9
LIl

€6'Gr1

pdata/l

oy

O e L e

)

H
N

X

SPh
4a
3¢ NMR (100 MHz, CDCl3)

T T
=20 -30

-10

T T T T T T T T T T
X 190 180 1T 160 150 140 130 0 110 100 90
f1 (ppm)

T
210

S27



€9'8

TH NMR (400 MHz, CDCl3)

Foot
FLL
7y
8Lb
“ere
Fh0°L

9L'ell
16511
0z'9LL
s99LL
vL6LL
zLezl
08'€ZL
S8'5ZL
68971
v6'9¢L
0Z6ZL~%
£6 0L
mm.om_.wv
85561
€961
sLovl—

¥6'LG1~
Se'09L—

wgl230.1. L. Ir

4b
3¢ NMR (100 MHz, CDCl3)

SUROPT |  E—

T T
-20 -30

-10

T T T T T T T T T T T T T
220 210 X 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
230

S28



0S'6LL-—

pdata/l

T
=220

T
=200

T
-190

SPh

X

19F NMR (375 MHz, CDCl3)

4b

=210

T T T T T T
=50 =70 -8 -90 -100 -110 ~-120 -130 -140 ~-150 -160 -170 ~-180
f1 (ppm)

T
-40

T
-20

-10

S9'9

cl

H
N
SPh

X

4c
H NMR (400 MHz, CDCls)

Foo'L
gLl
Yoze

8¥'L
FoL'L

S29



88'vlL
el'slL
85'0¢1
89'1ZL
00'sCl
S r.mNFW
vh'lZL
¥eect
6€'6TH
8L0E}
seoel
€r'iEl
Lg'ovL
LeSpl

pdata/l

Cl

H
N
SPh

X

3¢ NMR (100 MHz, €DCl3)

4c

T T T T T T T T T T T T
220 210 X 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
230

Br

SPh
4d

H
N
H NMR (400 MHz, CDCl3)

X

Hsoo._.
1L
vZT

sLEE
be't
T

Agly

S30



€LYV
€L'SLE
ev'ell
mn.oﬁ%
€81~
L0921~
velel—,

626217
8L0EL
vEZEL kh

Pe9EL
riel
80'L¥l

SiL'svl

pdata/l

Br

H

N

SPh
4d

X

3¢ NMR (100 MHz, CDCla)

-20 -30

10 -10

30

40

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

230

S8'€

OCH3

SPh
de

H
N
"H NMR (400 MHz, CDCl3)

X

Fooe

580
PO’
00z
L0
567
z0°¢
hos0

S31



pdata/l

1966 —

-
0
OCF;

SPh

T
90
H
N
4f
"H NMR (400 MHz, CDCl3)

a
c6'9

<t
Dy
©
-
L

T
100

f1 (ppm)

«
~
w
-
o
T
110
<
o
e

o
=]
&
-
=
T
120
©
e
s

=)
&
/

T
130
o
L

~
@
]
=
T

40
w
w
rd

@
@
4
T

|
T

150
@
-
Lo

Foo'L
80°L
wmo.w
wop.m
8E'Y
5poy

T T
170 160
©woo
NN
N~
L Jad

OCH;
;
180

SPh
T

190

o

«

L

H
N

4e
3¢ NMR (100 MHz, CDCls)
T
200
<t o
« o«
ot

X

T

210
w
«
’\;_

T
220
ai.
w
ik

T
230

el el
©
~

S32




pdata/l OONWN=INT == NO©ND
NETOONTONAN~ONG
2ISHBRANANIER22T
F\—F'\—v—'\—l-:‘:;k-::\!—\;'—\—\—v\—

H
@NOOCF;

SPh
4f
3¢ NMR (100 MHz, CDCls)

Wbl e b s AL S A Y s

T T T T T
140 130 120 110 100 90 80
f1 (ppm)

T T T T T T T T T
230 220 210 200 190 180 170 160 150

pdata/l @
8
|
H
CKN OCF,
SPh
4f
"9F NMR (375 MHz, CDCl3)
T T T T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 -4 -5 -60 -70 -80 -90 -100 -110 -120 -130 ~-140 =-150 -160 -170 ~-180 ~-190 -200 ~-210 ~-220
)

S33



oL'g

SCF4

SPh
49

H
N
"H NMR (400 MHz, CDCly)

X

o,
TODOUNHODNO
B e

OO0 -0~ O

L6'vLE
WLl
Le8LL
L0'L2L
T4
LE'STL
om.hw—W
Fw.mmr\
SE'6TlL
Spoct
8C'LEL
£6'5EL
Z6'8El
80'8El
seerk
6L'srl

pdata/l

100 90
f1 (ppm,
S34

110

120

130

SCF;
190 180 170 160 150 140

SPh
49

200

H
N
13C NMR (100 MHz, CDCl3)

X

220 210

230




ol er-—

pdata/l

H
N

SCF3

SPh

X

9F NMR (375 MHz, CDCl3)

4g

T T
=200 =220

T
-190

T
-160

T
-150

T
-130

T
-120

=210

-180

-170

-140

T T T
=50 -0 -8 -90 -100 -110
f1 (ppm)

T
-40

T
-20

-10

98’8

OPh

SPh
4h

H
N
H NMR (400 MHz, CDCls)

X

|
e e

00°'L
L0'L
¥6'€
66'C
€6'¢
lee
144
660

S35



T T
-20 -30

-10

95'e— =16

289

08'€LL
0591t
8L
85611
SZ0ZL
66221
15'€Z1
6LSZL
18921
61621
t.mm_k
S60eL”
S99ELF
8LLEL
€961
9LsrL””
¥82Z5L~
18151~

T T
100 90
f1 (ppm)
ww
coo
NN

T
110
[ e}
o
iy

T
20
©
-
s
(o}

T
130
@
T
rd

SPh

o
La s
st
H
N
4i
H NMR (400 MHz, CDCls)

T -
150 140
w00
aNd
Lavilarlrsd

T
160

OPh
T
180

H

N

SPh

:

200 190
o - M
o) T
Lod Ll

X

4h
3¢ NMR (100 MHz, CDCls)

T
210
o
w

sl

T
220
lal.
w
'\n_

T
230
lag
@
_hn_

pdata/l

S36




S2'9T—

62911
AR

88'lgl
mw.NN_./
€r'azl
mm.mwrk
veE8Zl ¢
veoel
82 0¢El
or'oglL

SL'seEL
9g9'gEl
oLevk

S0'Lrl

Ly'oBL—

pdata/l

o}

H
N
SPh

X

4i
3¢ NMR (100 MHz, CDCla)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

CFs

"H NMR (400 MHz, CDCl3)

wgl269.1. 1. Ir

00°'L
oL'L
LT
plL'e
092
gLl
Ll
9lL'e
L0'L

S37



pdata/l

14551
143.50
136.94
135.93
130.45
129.33
127.75
126.75
126.71
126,67
126,64
126.34
125.86
123.34
12317
123.01
122.15
120.87
117.60
117.13

€

@[HQCH

SPh

4
3¢ NMR (100 MHz, CDCl5)

T T T T T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 19 180 170 160 150 140 130 120 2L10f 1(00 y 90 80 0 60 50 40 30 20 10 0 =10 -20 ~-30
1 (ppm

pdata/l

—-61.66

H
oo
SPh
4
19F NMR (375 MHz, CDCls)

T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -0 -20 -30 -4 -5 -60 -70 -8 -90 -100 -110 ~-120 -130 -140 -150 ~-160 ~-170 ~-180 ~-190 ~-200 ~-210 -220
PP,

S38



802C—
0s'9

H

N\ s
SPh
4k

X

"H NMR (400 MHz, CDCla)

=9l'¢

Foo't
790l
fo0'l
b0l
%&.m

or'e
g0y

69°LL—

LLELL
80911
oL'éLL
0s'Zel
ro'vel
[4: 314
089zl
mm.mmrw
ozecl
Lo'LEL
60'IEL
€8'IEl
Lo'ogl
L9'/EL
c9'6EL
€9'grl

pdata/l

-

H
N
SPh
4k

X

3¢ NMR (100 MHz, €DCl3)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

S39



602—
ore—

6r'9—

H
N
SPh

X

4

"H NMR (400 MHz, CDCls)

I}

=60¢
=90'¢

Fo0'L
V60T
/80

102
MB.N

sie
Reorl

WL~
L'le—

PARAL
9€'sL
85’8l
SL'vel
6L'SZL
88'9C)
8v'LZl
[14:4%
SLLEL
9g'lel
LBTEL
9T reEL
mm.mm_../.
68'SEl
LLIEL
e ivl—

pdata/l

H
N
SPh

X

13C NMR (100 MHz, CDCly)

4

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
230

5S40



Sv'y
mv..vv.

iP'S
6v'S

85'9y
8591
09'91
09'9

FaC

TH NMR (400 MHz, CDCl3)

Wwo.w

Foo

E00'L
®oL
202
v0'L
~oz's
66

eLiv—

wm.o:
Nw.v—_.
S9'LLL
L8'CTL
S§'seh
85'SZI
99'sZl
€9'9C1
L2t
60'6Z}
LE'6TL
LS'LEL
LL'9EL
€8'€L
SEErl
€L8rL

pdata/l

NH
SPh

=
l S
4m

3¢ NMR (100 MHz, CDCls)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

S41



(4.4}

F3C

NH
SPh

L

4
19F NMR (375 MHz, CDCl3)

m

pdata/l

T T T T T T T T T
-80 -90 -100 -110 ~-120 -130 -140 ~-150 -160 ~-170 ~-180 ~-190¢ =-200 -210 ~-220
f1 (ppm)

T T T T
-30 -40 -30 -60 -70

T
-20

-10

wgl303.1. 1. Ir

4n
"H NMR (400 MHz, CDCl5)

o001
m,.‘.o._,

008
Mw_.._.
L

FolL

Fso'L
Fe0'lL

S42



80°SLL
90°6L1
62121
8L'¢2l
9L'9zl
85'9zZ1
Lg gL~
62621
8L0E}
80°6ELF
mn.hm@ﬁ
85'8C1
eyl
6v'EYL
zotrl

pdata/l

4n
3¢ NMR (100 MHz, CDCly)

T T
=20 -30

-10

20

T T T T T T T T T T T
X 190 180 1T 160 150 140 130 120 110 100 90
f1 (ppm)

T
210

$8'9

—— e

7

SPh
40

H NMR (400 MHz, CDCly)

5860
Log'L
6F L
00°€
56T
¥00'L

S43



A
0z'oLl
8Z'6LL
vLi6Ll
eceh
oLvel
L6'STL
S6'SZ1
90'gzl
92’92
0L’ L2l
op'8CLy
2E6TL
6E'6Z 1
LOLELN

CrTreT——

8LYEL
m....mmr)/c
oz el
L9'/€}
wivL—

pdata/l

3¢ NMR (100 MHz, CDCly)

T T T T T T T T T T T T
220 210 X 190 180 170 160 150 140 130 120 110 100
f1 (ppm)

T
230

860
0oL
80'}
oLt

68T
16¢
€6'C
v6'C
96'¢

1z9

vL'9

ke

i-Pr

i-Pr

NH
SPh

X

4p
"H NMR (400 MHz, CDCl3)

w109
286

Fioz

Fes'L
FE0'L

Fogs

Fo0'L

S44



L0°€C~
8eve
828"

LLLLL
£TELL
velll
S8ET)
z9'szl
LLSZL
€9 /Zh
LO'BZIAE
SE e~
65 VEL—
20T
S8 /el
6L PL~
orerL-"

pdata/l

i-Pr

NH
SPh
4p

X

B¢ NMR (100 MHz, CDCl3)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

Lee—

€99—
€0'L
S0°L

J

SPh

5a
"H NMR (400 MHz, CDCls)

=0L'e

Foot
oLl
m.ﬁ.m
ozy
150
L0

S45



67'02—

zg'sh
S0'8LLE
58611
zLzet
mm.mﬁ/
mENFW
vz eel
ov'ezh
68621
I71EL
z8'9et
09'2€}

ebert
Leerl

pdata/l

H
N

SPh

5a

3¢ NMR (100 MHz, CDCls)

-10

T T
100 90
f1 (ppm)

T
110

T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130

T
230

T

mN._.\

96
€92
G927
192
659
669
66'9
004
0L
L0'L
20l
€0'L
€0'L
€0'L
60'L
[
oLL
oLL
oL'L
LL
[4A
1%
YA
SLL
iy
9l'Ly
AWA
AV
8l'LY
8L,y
6l
1A
61LY
0T LA

=miloare

O

H
N
SPh

5b
"H NMR (400 MHz, CDCly)

=G60'e

Froz

060
160
20z
Lov
iy
7ZES
00'L

S46



9.°G1—

c6'Le—

se'sh
VL
88611
oL'zeh
E.mﬁ/
mm.mﬁk
8162k
vE'ezL
LZ0EL
Se9el
6v'9EL
6L}
o
prerl

pdata/l

H
N
SPh

5b
3C NMR (100 MHz, CDCly)

-

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

65'9

Y

H
N
SPh

S
=

5¢

'H NMR (400 MHz, CDCly)

HI

E

Ht

| =

m

H/.

€0'€

L0C

00c

880
960
€6°L
[1:23
oL's
L60

S47



pdata/l

a@elL—

89’V —

vo'Le—

=
=
5¢
3¢ NMR (100 MHz, CDCl3)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

Se'l—

O

H
N
SPh

5d

"H NMR (400 MHz, CDCl3)

=006

S48



StLE~
0zpe—

L8'viL
80'LLL
0021
9 _‘.NN_./
hw.mN—/
8L9CIN
NQ&N—N

pdata/l

H
N

SPh

5d
13C NMR (100 MHz, CDCly)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

SPh

5e

"H NMR (400 MHz, CDCl3)

S49



9Ll
Se'8kl
198l

v 5/
99°€ZL
hm.mm_/
66'scl
LVt
S.mN%
LL'6ZL
86'LEL
9z'el
oL'LEL
szovl
08'zrl
€SPl

pdata/l

e
3¢ NMR (100 MHz, CDCl3)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

08'9
S0°L
90'L
90'L
0L
80
80'L
60'L
60'L

oLl
oLl
Ll
LI'L

8L
8L
6L'L
6LL
0T'L
T

€TL
€TL
ve'L
STl

9L
82L
8T
62L1
0g'L]
€29
LEL
ze' L]
£€41
€€/
L7
SE'L7
SE'L
9g'L1
9€' L7
9€' L
1617
284
2vi
L]

——— T

SPh

Ph

5f
TH NMR (400 MHz, CDCly)

$6°0
Y160
00'€
bLb
17s
bZ's
lee
Azo'L

S50



L9%LL
99'LLL
60Tt
€6t
S6'SCl
cr'act
Al
1021
06'82L
8¢6TL
344
Ly'6eL
88'Zel
L6'SEL
rPoEl
Loovi
LS'IPL
LL'SPL

pdata/l

SPh

Ph
5f
3¢ NMR (100 MHz, CDCl3)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

or'L
143
i

oEY
8E'r
or'y
Wy
'L
SL'L
SL'L
ol
9L’/
8L'L
6L/
6L'41
0Z'L
0Z'49
12'L
LT
129
€21
S2'LY
821
0€'L9
LE L
e
9€ L%
8¢’ L]
ov'L
86'L

10’8
10'8
E'8
ve'8

wgldd8. 1. L. Ir

SPh

EtO,C

L

59
TH NMR (400 MHz, CDCls)

6T

Fooz

€86
Loe

F860
=160

S51



0s'vl—

LL09—

60°ZHL
09°5LL
oLizh
LT
P HTL
LezL
z8'9TL
SeezL
cm.mﬁw
68°ZEL
ve'seL
8L6EL
LoopL
LLogh—

L0'g9L—

pdata/l

SPh

E10,C

59
3¢ NMR (100 MHz, CDCl3)

-10

T T
100 90
f1 (ppm)

T
110

T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130

T
230

cee—

B8
i

SPh
5h

H
N
"H NMR (400 MHz, CDCls)

=

BlLIE

“er's
LyTT
£00'L

S52



pdata/l ONOO-ODOD TN ONN
OWOMMMNBMDTONN~OO ™ ®I0 -]
FEIBEBLAJQANY=ees S
T T T T T T T T T e e ~
V7SS e i

5h
3¢ NMR (100 MHz, CDCly)

T T T T T T T T T T T T T T T
230 220 210 200 19 180 170 160 150 140 130 120 110f 100 3 9 8 70 60 30 40 30 2 10 0 -10 -20 ~-30
1 (ppm

pdata/l

—-120.53

5h
19F NMR (375 MHz, CDCl3)

T T T T T T T T T T T T T T T T T T T T T T
20 10 0 -10 -20 -30 -4 -30 -60 ~-70 -80 -90 ~-100 1 -110 -120 -130 -140 -150 -160 ~-170 ~-180 ~-190 ~-200 ~-210 ~-220
1 (ppm

S53



€eT—

NHPh
S

X

6a

TH NMR (400 MHz, CDCl)

=00'€

¥BLL
S0'L
¥8's
“ozy
oL

e —

Nme:
E,m:
S002H
S502h

15T2IE
(IYIEN
LE6ZL~:

pdata/l

NHPh
S
6a

X

3¢ NMR (100 MHz, CDCls)

T T T T T T T T T T T T T
220 210 X 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
230

S54



18'€

s~)-om
6b

NHPh
"H NMR (400 MHz, CDCl3)

X

wgl309.1. 1. 1

£r'es—

no.m:
mc.m_._./
ST0ZL
§90TL
LpezL—
Le'ggL—~
6E'6TI
_.w.mw_.N
L9'0EL
mm.mm_‘\.
om.mm_.\v
60'Zrl
cL vl
18'8G1—

pdata/l

-20 -30

-10

10

30

40

100 90 80
f1 (ppm)
S55

110

20

130

NHPh
OMe
6b
190 180 170 160 150 140

S

2

3¢ NMR (100 MHz, CDCl3)
20 210

230




8L9

NHPh
S

X

6c

H NIMR (400 MHz, CDCl3)

00°'L
80°L
co'L
]
FrAra
TS
LT
ol¢
0c'c
4"

roviL
SELLL
Lozt
seozh
v8'TC
96'9C}
ee'Lgh
4 4]
L6 LZ1F
06'8Z1
rP'ect
08'0E1
eLgeL
PSL€L
€6'8E1
ev'ovk
LLWL
0o'ovk

pdata/l

| —

NHPh
S

X

6c

3¢ NMR (100 MHz, CDCls)

|

-20 -30

10 -10

30

40

100 90 80
f1 (ppm)

110

220 210 190 180 170 160 150 140 130

230

S56



CF3y

NHPh
6d

s
H NMR (400 MHz, CDCl3)

X

LSPLE
el PeFLL
2 LL'0ZL
24 1z’
= 18221
| = yra>4%
g 15521

26'52L
0 96'STh
ul 66'SZL

POGZL
s 8LL2L
< 052t
€821
SL'8zL
€921
cLIglL
LL8el
ce Il
Lzerl

wgl319.1. 1. Ir

33148

0
pdata/l

100 90
f1 (ppm)
S57

110

120

130

CFy
180 170 160 150 140

NHPh
s
6d
190

3¢ NMR (100 MHz, CDCl3)
200

220 210

230




2eeo—

pdata/l

CF,

NHPh
S

X

19F NMIR (375 MHz, CDCla)

6d

T T T T T T T T T T
=50 =70 -8 -90 -100 -110 ~-120 -130 -140 ~-150 -160 -170 ~-180 ~-19¢ -200 -210 ~-220
f1 (ppm)

T
-40

T
-20

-10

QCF3

NHPh
S

X

"H NMR (400 MHz, CDCly)

+00'}
+80'L
L0
££'9
Noz'y
Z1L

S58



ta/l
- S50 8B53852RRE
593585388558 2eT
B LR SRR R
S ST N e

@[NHP“
s—<}-oe:3
Ge

3¢ NMR (100 MHz, CDCls)

T
00 90 80 0 60

T r T T T T T T
180 170 160 150 140 130 120 110 1
f1 (ppm)

T T T T T
230 220 210 200 190

pdata/l

—-57.94

@ENth

s@oca
6e

"9F NMR (375 MHz, CDCl5)

T T T T T T T T T T T T T
-100 -110 -120 -130 -140 -150 ~-160 -170 ~-180 ~-190 ~-200 -210 ~-220
PP,

T T T T T T T T T
20 10 0 -0 -20 -30 -4 -5 -60 -T0 -80 -90

S59



89'9
98'9
18'9
88'Q
88'9
68'9
06'9
06’8
96'9
L6'9
86'9
00'L
(1A
€0'L
v0'L

S0°L
90'L
0L
0L
0L
13
Ll
€Ll
L4XA
oL'L
LL'L

8Ll
6lL
ozl
0z'41
0¢'L
0g'/1
Le'7
ze L
£/
€1
547
2511
€541
€5/
5517

95'/L
FA- WA
85/
85,
65'L
96'L~,
867

wgl32l. 1.1 Ir

NHPh
S

X

6f

TH NMR (400 MHz, CDCl3)

8L YL
LgoLl
EV'olL
se8Ll
¥L'oTh
L9021
18'ecl
_‘m.NN_‘w.
9L'8Z1
SlL'ecl
ve'ecl
v'eTt
0L0ek
vo'LEL
L6'eEl
LWL
EEE S

pdata/l

F

NHPh
N

X

6f
3¢ NMR (100 MHz, CDCly)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

S60



LEGL-—

pdata/l

NHPh
S

X

6f

9F NMR (375 MHz, CDCl3)

T T T T T T T T T T
-5 -60 -70 -80 -90 -100 ~-110 -120 ~-130 -140 -150 ~-160 -170 ~-180 ~-190 -200 ~-210 -220
f1 (ppm)

T
-40

T
-20

-10

LS

NHPh
S

X

Cl

6g

H NMR (400 MHz, CDCl3)

S61



pdata/l

cl
6g
3¢ NMR (100 MHz, €DCly)

S | N E—

T T T T T T T T T T T T T
220 210 X 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
230

Cl

NHPh
s

X

Cl

6h
H NMR (400 MHz, CDCl3)

00°L
Pl
96'L
86l
v0g
\pee
Aeot

S62



e
S.v:/
62021

8z NLf
PEETIN
L
ﬁ.mm_w
¥S6C1L

v6 1617

§5'9€1
c0'sel
SLovk
6T vl

€rorl

pdata/l

Cl
Cl

6h
3¢ NMR (100 MHz, CDCl3)

v

-20 -30

10 -10

30

40

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

230

19'9

NHPh

'H NMR (400 MHz, CDCly)

S63



pdata/l

3¢ NMR (100 MHz, CDCls)

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

NHPh
S/

X

6j
"H NMR (400 MHz, CDCl3)

/

}

00°L
L0°L
S0°L
e
or'S
JAN4
e
80°L
ST

S64



pdata/l

3¢ NMR (100 MHz, CDCly)

.

NHPh
]
6j

X

-20 -30

10 -10

30

40

220 210 X 190 180 170 160 150 140 130 20 110 100 90 80
f1 (ppm)

230

66'€
L9
08'S

28'9
28’9
8’9
¥8'9

90'L
101
L0°L
80°L
802
60'L

WL
[4¥A
[
€Ll

0Tl
1L
[4AFA
2T L]
€C'L
e L
¥e' L
S¢.
TAA
9¢'LY
98¢’

Ph

NHPh
5™

X

6k
TH NMR (400 MHz, CDCly)

ooz

180
e
962
Fezs
~10)

S65



65°0F—

NE:
mm.m:/
L6611
zZp 0zl

AN
9212y

§4'8Cl
cm.mwrw

6E6CL
S8'6Cl
PLOEL
€T8EL

m_..mv_,\
€5'svh

pdata/l

6k
3¢ NMR (100 MHz, CDCly)

T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

T
230

Vel
ot'L
8¢l

L8T
88¢C
062

26T

16'9
26’9
S6'9

60'L
Ll
€l

el
mN.hV
8€'L
[
€'l
65'L
194

TLL1r

wgldl

st \E

NHPh
57

6
H NMR (400 MHz, CDCl3)

Fooe

ksl

rig'L
160
+182
~egz
Zo'L

S66



00°§L—

8’6t —

0LPhIA
18611
g.oﬂw
V12
czEel
oEeel
SSETL
mm.mﬁw
sbzpl
s0'spL”

pdata/l

-20

-10

10

30

40

100 90 80

f1 (ppm)

110

120

130

NHPh
s
180 170 160 150 140

190

6l
3¢ NMR (100 MHz, CDCl3)

210 200

220

230

8’9
98'9

S6'9
96'9
96'9
86'9
86'9
SL'.
sl
LVl
8L'L
8L
6L

le'l
€L
€L
ge'l
S€L
S€L
9€'L
LEL
8L
8¢’
8¢/
6€/L1
6€'L
o' L1
Lyl
WLy
v L
EEVA
95'L7
95/
95 L
1529
152

85 L
1972
E@

€9'L
€9'L

6L'8—

wgld53. 1. L. Ir

Ta

H —
N \ / Cl
?*F’h

o
"H NMR (400 MHz, CDCl3)

X

vS0T
£50°L
¥hO'E
iy

002
oot

Foo't

S67




[T
g5'6L1
26'02L
€gvel
Ll'lel
b LT
96'8C1
vL'eTh

pdata/l

cl

3¢ NMR (100 MHz, CDCl3)

-20 -30

10 -10

30

40

220 210 200 190 180 170 160 150 140 130 120 110 100 90 80
f1 (ppm)

230

H

Cl

N
o
S-pn

X

I

7b

o

"H NMR (400 MHz, CDCls)

S68



L5911
€8'6L1
ST
Sv'acl
cl' el
Ss'8gL
8L'6ZL
S9'62l
SPoet
og'eel
90'seL
8L'eEl
vl
ss'evk

pdata/l

-20 -30

-10

10

30

40

100 90 80

f1 (ppm)

110

0

2

130

140

S e

170 160 150

~Ph
7b
190 180

i

o
3¢ NMR (100 MHz, CDCl3)

2

220 210

230

o'l
vl
1443
oc'y
8EY
o'y
1344
€8'9
1oL
0L
20'L
€02
¥0'L
S0'L
80,
90'L
L0L
80'L
80°L

ol
LV'L
pAYA
8L'L
6L
6L'L

0T'L
(XA
Ll
STl

22l

Tl

el

82'L

62/
62L1
0€'L
og' LY
1817
8€'L
6€'LY
ot Ly
WLy
6¥'L
6v'Ly
1§/
26 LA
854
85’

CO.Et

SPh Tc

H
N
"H NMR (400 MHz, CDCl3)

X

094
092/

96~
86 L7

wgld26-2. 1. L. Ir

A

Fs6C
=t

—— “$ood

¥6'0
Mmm.m
[4: 54
[4k4
Lot
Wmm.o
¥6'0
13-

S69




i

29'09—

€994
89°LLL
912k
E.Nﬁk
S6TZI~E
9e'9ZL~
v8'12LF
ce'eTl
1E0€L
veIEL
06'SEL
08'9EL
6LErl

sg'erl

Zr'esl—

pdata/l

COyEt

H
N
SPh Tc

X

3¢ NMR (100 MHz, €DCl5)

-10

T T
100 90
f1 (ppm)

T
110

T T T T T T T T T
210 200 190 180 170 160 150 140 130

T
220

T
230

2
S-NH;
o

7d

H
N
SPh

L

"H NMR (400 MHz, CDCly)

Froz

00°L
Msmx‘.m
00'e
lee
gLl
L
elLl
Hzo_u.m

S70



wgl314-CDC13.2. 1. 1r WO DO D~ O D™~ ©D
VOLTNONMT DO
IISRAINANGANEE
=

H R
O
L 8

SPh 7d

3¢ NMR (100 MHz, CDCl3)

T T T T T T T T T T T T T T T
230 220 210 200 19 180 170 160 150 140 130 120 ILlOf 100 ) 90 80 0 60 50 40 30 20 10 0 -0 -20 -30

S71



