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1. General Considerations

'H, PC{'H}, and "”F NMR spectra were recorded on an Agilent 400 MHz spectrometer or a
Varian INOVA 600 MHz spectrometer. Chemical shifts are given in parts per million and
referenced to the residual solvent signal;' all coupling constants are reported in Hz. High
resolution mass spectra were obtained on a Thermo Finnigan Linear Trapping Quadrupole
mass spectrometer. IR spectra were recorded on a PerkinElmer (Spectrum 100) FT-IR
spectrometer. Melting points were taken on a Mel-Temp melting point apparatus. Column
chromatography was performed using Silicycle Silia Flash P60 silica gel. All chemicals,
except 1-tosyl-1H-indole-2-carboxylic acid, were purchased from commercial sources and
used without further purification. Anhydrous DMSO was dried by refluxing over CaH, and
subsequent distillation. p-Xylene and anisole were freshly distilled over Na and
benzophenone. DMF was taken from a solvent system which passes the solvent through a
column of activated molecular sieves. NMP was purchased from Alfa as super-dry solvent.

I1. General Method for Screening of Reaction Conditions

Cul (5.7 mg, 0.03 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol), 2-nitrobenzoic acid
(50.1 mg, 0.3 mmol), K,COs (41.5 mg, 0.3 mmol), and 4A molecular sieves (500 mg) were
combined in a dried 25 mL Schlenk tube fitted with a septum and a stir bar. The tube was
evacuated and backfilled with O, three times after which thiophenol (61 uL, 0.6 mmol) and
dry DMSO (5.0 mL) were added via syringe. The reaction mixture was fitted with an O,
balloon attached to a needle inserted through the septum and stirred at 140 °C for 24 h. Upon
completion, the mixture was cooled to room temperature and filtered through celite. The
solution was diluted with water (100 mL) and extracted with ethyl acetate (20 mL x 3). The
combined organic layers were dried over Na,SO., filtered and concentrated (by rotary
evaporation). Then 1,3,5-trimethoxylbenzene (5.0 mg) was added to the residue and the crude
mixture was dissolved in CDCl; for '"H NMR analysis.

(1) H. E. Gottlieb, V. Kotlyar, A. Nudelman, J. Org. Chem. 1997, 62, 7512.
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ITI. Challenging Substrates Under the Standard Reaction Conditions

(a) The Reaction Results of alkyl thiols

Cul (10 mol%)
Phen (12 mol%)

COH KoCO3 (1.0 eq) S~alkyl
+ Alkyl-SH - -
NO, DMSO, 140°C, 24 h NO,
MS 4A, O, balloon

0.3 mmol 0.6 mmol alkyl = Cy, trace;
alkyl = n-dodecane, trace

(b) The Reaction Result of 5-Methyl-2-nitrobenzoic Acid

Cul (10 mol%)
Phen (12 mol%)

safioat . sashusas
+
NO, DMSO, 140°C, 24 h NO, NO,
MS 4A, O, balloon
0.3 mmol 0.6 mmol 3n, 28%° 3n’', 48%2

(c) The Reaction Result of 4-Nitro-2-chlorobenzoic Acid

Cul (10 mol%)
Phen (12 mol%)

+ > +
DMSO, 140°C, 24 h O,N Cl
O,N OoN Cl 2

cl MS 4A, O, balloon

b
0.3 mmol 0.6 mmol N.D. 88%

(d) The Reaction Result of 2,3,4,5-tetrafluorobenzoic Acid

Cul (10 mol%)
Phen (12 mol%)

F CO,H ©/SH K,COs (1.0 eq) F SPh F
+ -
Fj@ilz DMSO, 140°C, 24 h  ppg E pns F
F MS 4A, O, balloon F F
0.3 mmol 0.6 mmol 12%" 66%>

aisolated yield. ® NMR yield with 1,3,5-trimethoxylbenzene as internal standard

Scheme S1. Challenging substrates under the standard conditions.

IV. Synthesis and Characterization of N-Tosylindole-2-carboxylic acid

The 1-tosyl-1H-indole-2-carboxylic acid was prepared according to literature procedure with
slight modifications, from phenylhydrazine through Fischer indole synthesis,> N-protection’
and hydrolysis of the ester’ (Scheme S2). Acetic acid (5 mmol, 286 uL, 0.1 equiv.) was
added to a solution of the phenylhydrazine (50 mmol, 4.9 mL, 1.0 equiv) and methyl
pyruvate (50 mmol, 4.5 mL, 1.0 equiv) in ethanol (100 mL). The reaction mixture was heated
at reflux for 12 h followed by evaporation to yield phenylhydrazone as a yellow solid.
Without purification the phenylhydrazone was directly mixed with polyphosphoric acid (2.0

(2) L. Zhao, Z.-Y. Li, L. Chang, J.-Y. Xu, H.-Q. Yao, X.-M. Wu, Org. Lett., 2012, 14, 2066.

(3) A. Karadeolian, M. Kerr, J. Org. Chem., 2010, 75, 6830.
(4) R. Silvestri, G. Martino, G. Regina, M. Artico, S. Massa, L. Vargiu, M. Mura, A. Loi, T. Marceddu, P. Colla,
J. Med. Chem., 2003, 46, 2482.
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equiv.) in toluene (50 mL) and heated at reflux for 24 h. After reaction, the mixture was
quenched with water and extracted with ethyl acetate. The organic layer was dried over
NaySOy, filtered and concentrated by rotary evaporation. The residue was purified by silica
column chromatography (hexane/ethyl acetate = 4/1) to afford
methyl-1H-indole-2-carboxylate in 45% yield. "H NMR (400 MHz, CDCl;): & = 8.87 (s, 1H),
7.68 (d, J=8.1 Hz, 1H), 7.47 — 7.35 (m, 1H), 7.31 (ddd, /= 8.3, 7.0, 1.1 Hz, 1H), 7.21 (dd, J
=2.1,0.9 Hz, 1H), 7.18 — 7.06 (m, 1H), 3.99 — 3.89 (m, 3H). The spectral data are consistent
with those reported in the literature.

Then, the N-H indole (1.0 equiv.) was added in portions to a solution of NaH (2.0 equiv.) in
DMF at 0°C (ice and water). After the release of H, gas ceased, a solution of TsCl (2.0 equiv.)
in DMF was added dropwise. The mixture was stirred at 0°C for 0.5 h, then at room
temperature for 16 h. The reaction mixture was then quenched with water and extracted with
ethyl acetate. The organic layer was dried over Na,SO,, filtered and concentrated by rotary
evaporation. The residue was purified by silica column chromatography (hexane/ethyl acetate
= 10/1) to afford methyl N-tosylindole-2-carboxylate in 91% yield. '"H NMR (400 MHz,
CDCl): 6 =8.17—8.05 (m, 1H), 7.97 — 7.84 (m, 2H), 7.53 (d, /= 7.9 Hz, 1H), 7.41 (ddd, J =
8.5, 7.4, 1.2 Hz, 1H), 7.30 — 7.19 (m, 3H), 7.14 (s, 1H), 3.92 (s, 3H), 2.33 (s, 3H). The
spectral data are consistent with those reported in the literature.’

The N-tosylindole-2-carboxylate (1.0 equiv.) was added to a KOH (4.0 eq., 2 N) solution in
H,O / EtOH / THF (1:1:1) and stirred for 4 h at room temperature. The solution was then
cooled to 0°C (ice and water) and acidified by HCI aq. (2 N) to pH = 2. The solution was
extracted with ethyl acetate and washed with brine. The organic layer was dried over Na;SOu,
filtered and evaporated to furnish the title compound as a white solid. 'H NMR (400 MHz,
DMSO-ds): 6 = 13.59 (s, 1H), 8.00 (dd, J= 8.5, 0.7 Hz, 1H), 7.95 - 7.85 (m, 2H), 7.65 (d, J =
7.5 Hz, 1H), 7.45 (ddd, J = 8.5, 7.3, 1.3 Hz, 1H), 7.40 (d, J = 8.1 Hz, 2H), 7.36 — 7.26 (m,
2H), 2.34 (s, 3H). The spectral data are consistent with those reported in the literature.*

NHNH AcOH Polyphosphonc acid
9 (2.
2 )S(ome (10 mol%) ©/ /k _ (20eq) mCone
EtOH, reflux Cone Toluene, reflux ”

12 h 12h
1.0 eq. 95% 45%
(i) NaOH (4.0 eq.)
NaH (2.0 eq.) H,O / EtOH / THF (1:1:1)
TsCl (2.0 eq.) rt, 4 h
— N—co,Me N—co,H

DMF, 0°C tort N\ (i) HCI (2 N) N\

16 h s T

91% 94%

Scheme S2. Preparation of 1-tosyl-1H-indole-2-carboxylic acid.

S4



V. Representative Procedure for the Decarboxylative Thiolation of Benzoic Acids with
Thiophenols (Products in Table 2)

Cul (5.7 mg, 0.030 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol), 2-nitrobenzoic acid
(50.1 mg, 0.30 mmol), K,CO; (41.5 mg, 0.30 mmol), and 4A molecular sieves (500 mg) were
combined in a dried 25 mL Schlenk tube fitted with a septum and a stir bar. The tube was
evacuated and backfilled with O, three times after which thiophenol (61 uL, 0.60 mmol) and
dry DMSO (5.0 mL) were added via syringe. The reaction tube was fitted with an O, balloon
attached to a needle inserted through the septum and stirred at 140°C for 24 h. Upon
completion, the mixture was cooled to room temperature and filtered through celite. The
solution was diluted with water (100 mL) and extracted with ethyl acetate (20 mL x 3). The
combined organic layers were dried over Na,SO., filtered and concentrated (by rotary
evaporation). The residue was purified by flash chromatography (SiO,, hexane to
hexane/ethyl acetate = 20/1 gradient elution), yielding the (2-nitrophenyl)(phenyl)sulfane 3a
(Rr=0.42 in hexane/ethyl acetate = 8/1) in 85% yield (59.0 mg, 0.255 mmol). The 10 mmol
reaction was conducted in a 100 mL round bottom flask under identical conditions. Similar
compounds were prepared following the standard procedure unless otherwise noted in the
main manuscript.

VI. Representative Procedure for the Decarboxylative Thiolation of Heteroaromatic
Acids with Thiophenols (Products in Table 3)

Cul (5.7 mg, 0.030 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol),
4-methyl-2-phenyloxazole-5-carboxylic acid (61.0 mg, 0.30 mmol), K,COs (41.5 mg, 0.30
mmol), and 4A molecular sieves (500 mg) were combined in a dried 25 mL Schlenk tube
fitted with a septum and a stir bar. The tube was evacuated and backfilled with O, three times
after which thiophenol (91 uL, 0.90 mmol) and dry DMSO (5.0 mL) were added via syringe.
The reaction mixture was connected an O, balloon and stirred at 160°C for 24 h. Upon
completion, the mixture was cooled to room temperature and filtered through celite. The
solution was diluted with water (100 mL) and extracted by ethyl acetate (20 mL X 3). The
combined organic layer was dried over Na,SO,, filtered and concentrated (by rotary
evaporation). The residue was purified by flash chromatography (SiO,, hexane / ethyl acetate
gradient), yielding the 4-methyl-2-phenyl-5-(phenylthio)oxazole 4a in 59% yield (47.3 mg,
0.177 mmol). Similar compounds were prepared following the standard procedure unless
otherwise noted in the main manuscript.

VII. Procedure for the Decarboxylative Selenation of 2-Nitrobenzoic Acids (Scheme 3)

Cul (5.7 mg, 0.030 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol), 2-nitrobenzoic acid
(50.1 mg, 0.30 mmol), 1,2-diphenyldiselenide (140.5 mg, 0.45 mmol), K,COs (41.5 mg, 0.30
mmol), and 4A molecular sieves (500 mg) were combined in a dried 25 mL Schlenk tube
fitted with a septum and a stir bar. The tube was evacuated and backfilled with O, three times
after which a dry DMSO (5.0 mL) was added via syringe. The reaction mixture was fitted
with an O, balloon attached to a needle inserted through the septum and stirred at 140°C for
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24 h. Upon completion, the mixture was cooled to room temperature and filtered through
celite. The solution was diluted with water (100 mL) and extracted with ethyl acetate (20 mL
x 3). The combined organic layers were dried over Na,SO,, filtered and concentrated ((by
rotary evaporation). The residue was purified by flash chromatography (hexane to
hexane/ethyl acetate = 20/1 gradient elution), yielding the (2-nitrophenyl)(phenyl)selane 5 (Ry
= 0.40 in hexane/ethyl acetate = 8/1) in 53% yield (44.2 mg, 0.159 mmol).

VIII. Procedures for the Control Experiments for the formation and Reaction of
Disulfide (Eq. 1 & 2)

Cul (5.7 mg, 0.030 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol), K,CO; (41.5 mg, 0.30
mmol), and 4A molecular sieves (500 mg) were combined in a dried 25 mL Schlenk tube
fitted with a septum and a stir bar. The tube was evacuated and backfilled with O, three times
after which thiophenol (61 uL, 0.60 mmol) and dry DMSO (5.0 mL) were added via syringe.
The reaction mixture was fitted with an O, balloon attached to a needle inserted through the
septum and stirred at 140°C for 24 h. Upon completion, the mixture was cooled to room
temperature and filtered through celite. The solution was diluted with water (100 mL) and
extracted with ethyl acetate (20 mL x 3). The combined organic layers were dried over
NaySOy, filtered and concentrated (by rotary evaporation). The residue was purified by flash
chromatography (hexane to hexane/ethyl acetate = 20/1 gradient elution), yielding the
diphenyl disulfide (Ry = 0.60 in hexane/ethyl acetate = 8/1) in 93% yield (60.9 mg, 0.279
mmol).

Cul (5.7 mg, 0.030 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol), 2-nitrobenzoic acid
(50.1 mg, 0.30 mmol), diphenyldisulfide (65.5 mg, 0.30 mmol), K,CO; (41.5 mg, 0.30
mmol), and 4A molecular sieves (500 mg) were combined in a dried 25 mL Schlenk tube
fitted with a septum and a stir bar. The tube was evacuated and backfilled with O, three times
after which a dry DMSO (5.0 mL) was added via syringe. The reaction mixture was fitted
with an O, balloon attached to a needle inserted through the septum and stirred at 140°C for
24 h. Upon completion, the mixture was cooled to room temperature and filtered through
celite. The solution was diluted with water (100 mL) and extracted with ethyl acetate (20 mL
x 3). The combined organic layers were dried over Na;SOy, filtered and concentrated (by
rotary evaporation). The residue was purified by flash chromatography (SiO,, hexane to
hexane/ethyl acetate = 20/1 gradient elution), yielding the (2-nitrophenyl)(phenyl)sulfane 3a
(Rr=0.42 in hexane/ethyl acetate = 8/1) in 82% yield (56.8 mg, 0.246 mmol).

IX. Procedure and Results for the Decarboxylative Thiolation of 2-Nitrobenzoic Acid
with Thiolphenol in the Presence of Radical Scavengers

Cul (5.7 mg, 0.030 mmol), 1,10-phenanthroline (6.5 mg, 0.036 mmol), 2-nitrobenzoic acid
(50.1 mg, 0.30 mmol), 1,2-diphenyldiselane (140.5 mg, 0.45 mmol), K,COs (41.5 mg, 0.30
mmol), TEMPO (140.6 mg, 0.90 mmol) or 9.10-dihydroanthracene (162.2 mg, 0.90 mmol)
and 4A molecular sieves (500 mg) were combined in a dried 25 mL Schlenk tube fitted with
a septum and a stir bar. The tube was evacuated and backfilled with O, three times after
which dry DMSO (5.0 mL) was added via syringe. The reaction mixture was fitted with an
O, balloon attached to a needle inserted through the septum and stirred at 140°C for 24 h.
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Upon completion, the mixture was cooled to room temperature and filtered through celite.
The solution was diluted with water (100 mL) and extracted with ethyl acetate (20 mL x 3).
The combined organic layers were dried over Na,SQy, filtered and concentrated (by rotary
evaporation). Then 1,3,5-trimethoxylbenzene (5.0 mg) was added to the residue and the crude
mixture was dissolved in CDCl; for 'H NMR analysis.

Cul (10 mol%)
Phen (12 mol%)

K»COj3 (1.0 eq) SPh
COH SH Additive (3.0 eq.)
+ > NO,
DMSO, 140 °C, 24 h

NO, MS 4A, O, balloon
1a (0.3 mmol) 2a (2.0 eq.) 3a
Additive yield of 3a?
— 88%
TEMPO 75%
9,10-dihydroanthracene 83%

2: 1H NMR yield with 1,3,5-trimethoxylbenzene as internal standard.

Table S1. The comparison of reaction results with and without radical scavengers.
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X. Characterization of Decarboxylative Thiolation Products (3a-3r)

(2-Nitrophenyl)(phenyl)sulfane (3a)
S The crude mixture was purified by silica column chromatography (hexane to
@[N;@ hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (Ry=
0.42 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 80 — 82°C; 'H
NMR (400 MHz, CDCls): 6 = 8.23 (dd, J= 8.2, 1.5 Hz, 1H), 7.64 — 7.54 (m, 2H), 7.53 — 7.44
(m, 3H), 7.36 — 7.30 (m, 1H), 7.21 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H), 6.87 (dd, J= 8.2, 1.3 Hz,
1H); °C NMR (101 MHz, CDCl;): & = 145.0, 139.4, 135.9, 133.4, 131.0, 130.1, 123.0, 128.3,
125.7, 124.9. The spectral data are consistent with those reported in the literature.’

(2-Nitrophenyl)(o-tolyl)sulfane (3b)

. The crude mixture was purified by silica column chromatography (hexane to
@[ \© hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (R, =

NO, 0.50 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 85 — 87°C; 'H
NMR (400 MHz, CDCls): 6 = 8.25 (dd, J = 8.2, 1.5 Hz, 1H), 7.59 (dd, J = 7.6, 1.3 Hz, 1H),
7.46 —7.36 (m, 2H), 7.32 (ddd, J=7.2, 4.7, 1.5 Hz, 2H), 7.20 (ddd, /= 8.4, 7.2, 1.3 Hz, 1H),
6.70 (dd, J = 8.2, 1.3 Hz, 1H), 2.35 (s, 3H); °C NMR (101 MHz, CDCL): & = 144.9, 143.3,
138.8, 137.2, 133.5, 131.3, 130.7, 129.8, 127.5, 127.3, 126.0, 124.7, 20.5. The spectral data
are consistent with those reported in the literature.’

(2-Nitrophenyl)(p-tolyl)sulfane (3¢)

S The crude mixture was purified by silica column chromatography (hexane to
@Np\ hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (Ry

= 0.48 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 88 —90°C; 'H

NMR (400 MHz, CDCls): 6 = 8.21 (dd, J= 8.2, 1.5 Hz, 1H), 7.49 — 7.43 (m, 2H), 7.35 - 7.26
(m, 3H), 7.19 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H), 6.86 (dd, J = 8.2, 1.3 Hz, 1H), 2.43 (s, 3H); "°C
NMR (101 MHz, CDCl): & = 144.8, 140.4, 140.0, 135.9, 133.3, 130.9, 128.1, 127.2, 125.7,
124.7, 21.4. The spectral data are consistent with those reported in the literature.’
(4-Methoxyphenyl)(2-nitrophenyl)sulfane (3d)

s The crude mixture was purified by silica column chromatography
©: \©\ (hexane to hexane/ethyl acetate = 10/1 gradient elution) to yield the title

NO: OMe compound (Ry= 0.23 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p.
=95 —97°C; '"H NMR (400 MHz, CDCl3): & = 8.21 (dd, J= 8.3, 1.5 Hz, 1H), 7.53 — 7.46 (m,
2H), 7.35 - 7.29 (m, 1H), 7.18 (ddd, J = 8.4, 7.2, 1.3 Hz, 1H), 7.03 — 6.96 (m, 2H), 6.83 (dd,
J=8.2, 1.3 Hz, 1H), 3.87 (s, 3H); °C NMR (101 MHz, CDCL): & = 161.1, 144.5, 140.6,
137.6, 133.3, 127.8, 125.7, 124.6, 121.1, 115.6, 55.4. The spectral data are consistent with
those reported in the literature.’

(4-Chlorophenyl)(2-nitrophenyl)sulfane (3e)
S The crude mixture was purified by silica column chromatography (hexane
@:N;Q\ o to hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound
(R = 0.38 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 94 —

(5)Z. Duan, S. Ranjit, P. Zhang, X. Liu, Chem. Eur. J. 2009, 15, 3666.
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96°C; 'H NMR (400 MHz, CDCls): & = 8.24 (dd, J = 8.3, 1.5 Hz, 1H), 7.58 — 7.51 (m, 2H),
7.51 —7.44 (m, 2H), 7.43 — 7.35 (m, 1H), 7.26 (ddd, J = 8.4, 4.6, 1.0 Hz, 1H), 6.88 (dd, J =
8.2, 1.3 Hz, 1H); >C NMR (101 MHz, CDCl3): & = 145.1, 138.7, 137.1, 136.5, 133.5, 130.3,
129.6, 128.2, 125.8, 125.2. The spectral data are consistent with those reported in the
literature.®

2-((2-Nitrophenyl)thio)pyridine (3f)
SNy The crude mixture was purified by silica column chromatography (hexane to
@[Np hexane/ethyl acetate = 10/1 gradient elution) to yield the title compound (R, =
0.30 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 72 — 74°C; 'H
NMR (400 MHz, CDCls): 6 = 8.55 (ddd, J=4.8, 1.9, 0.8 Hz, 1H), 8.09 (dd, J = 8.2, 1.5 Hz,
1H), 7.67 (td, J= 7.7, 1.9 Hz, 1H), 7.49 — 7.38 (m, 2H), 7.35 — 7.29 (m, 1H), 7.28 — 7.20 (m,
2H); *C NMR (101 MHz, CDCls): & = 155.5, 150.8, 147.7, 137.6, 133.3, 133.1, 131.7, 127.6,
126.9, 125.4, 122.8. The spectral data are consistent with those reported in the literature.”

(3-Methyl-2-nitrophenyl)(phenyl)sulfane (3g)
S The crude mixture was purified by silica column chromatography (hexane to
hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (R, =
@ENOZ 0.42 in hexane/ethyl acetate = 8/1) as a yellow liquid; '"H NMR (400 MHz,
CDCly): 6 = 7.46 — 7.38 (m, 2H), 7.38 — 7.29 (m, 3H), 7.22 (t, J = 7.7 Hz, 1H),
7.15 (ddd, J = 7.6, 1.3, 0.6 Hz, 1H), 7.07 (dd, J = 7.8, 0.8 Hz, 1H), 2.37 (s, 3H); °C NMR
(151 MHz, CDCl) & = 151.5, 133.2, 132.8, 131.0, 130.4, 130.3, 130.1, 129.8, 129.5, 128.4,
17.9. FTIR (ATR, cm™): 2971, 1537, 1375, 1253, 1056, 1010, 801, 723, 685; HRMS m/z
(ESI) calcd for C;3H;2NO,S [M + H]™ 246.0589 found 246.0588.

(3-Fluoro-2-nitrophenyl)(phenyl)sulfane (3h)

S The crude mixture was purified by silica column chromatography (hexane to
@[N;@ hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (Ry=
F 0.35 in hexane/ethyl acetate = 8/1) as a yellow liquid; '"H NMR (400 MHz,
CDCl): 6 =7.53 - 7.29 (m, 5H), 7.29 — 7.20 (m, 1H), 7.09 — 6.96 (m, 1H), 6.81 (ddd, J = 9.4,
8.2, 4.6 Hz, 1H); >C NMR (101 MHz, CDCL): & = 154.8 (d, 'Je.r = 263 Hz), 136.2 (d, *Jcr
=7 Hz), 134.5, 132.1 (d, *Jer =22 Hz), 131.9 (d, *Jer = 9 Hz), 131.1, 129.9, 129.6, 125.5 (d,
*Jer = 4 Hz), 114.1 (d, *Jer = 20 Hz); FTIR (ATR, cm™): 2981, 1580, 1529, 1457, 1351,
1261, 904, 848, 783, 752, 690; ’F NMR (376 MHz, CDCL;): & = 120.8 (dd, *Jr.y = 9 Hz,

*Jv.u = 5 Hz). HRMS m/z (ESI) calcd for C1,HoFNO,S [M + H]" 250.0338 found 250.0314.

(3-Chloro-2-nitrophenyl)(phenyl)sulfane (3i)

S The crude mixture was purified by silica column chromatography (hexane to
E;[NO hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (R, =
al ’ 0.38 in hexane/ethyl acetate = 8/1) as a yellow liquid; "H NMR (600 MHz,

CDCly) & = 7.48 — 7.43 (m, 2H), 7.40 — 7.36 (m, 3H), 7.34 (dd, J = 8.1, 1.2 Hz,

(6) C.-M. Tan, G.-S. Chen, C.-S. Chen, J.-W. Chern, J. Chin. Chem. Soc. (Taipei, Taiwan), 2011, 58, 94.
(7) Y. Goriya, C. V. Ramana, Tetrahedron, 2010, 66, 7642.
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1H), 7.24 (d, ] = 8.1 Hz, 1H), 7.10 (dd, J = 8.0, 1.2 Hz, 1H); FTIR (ATR, cm™): 2926, 1576,
1549, 1477, 1441, 1363, 850, 779, 749, 689; *C NMR (151 MHz, CDCI3) & 149.3, 133.5,
132.7, 131.8, 130.8, 130.3, 129.7, 129.1, 128.5, 125.9; HRMS m/z (ESI) calcd for
C12Ho>CINO,S [M + H]" 266.0043 found 266.0033.

(4-Methyl-2-nitrophenyl)(phenyl)sulfane (3j)

S The crude mixture was purified by silica column chromatography (hexane to
D[N;Q hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (R

= 0.42 in hexane/ethyl acetate = 8/1) as a yellow liquid; '"H NMR (400 MHz,

CDCl): 6=8.02 (d,/J=1.0 Hz, 1H), 7.56 (ddd, /= 3.7, 3.1, 1.4 Hz, 2H), 7.50 — 7.41 (m, 3H),
7.15 (ddd, J = 8.3, 2.0, 0.6 Hz, 1H), 6.76 (d, J = 8.3 Hz, 1H), 2.36 (s, 3H); °C NMR (101
MHz, CDCls): 6 = 145.0, 135.7, 135.6, 135.5, 134.5, 131.5, 129.9, 129.7, 128.4, 125.7, 20.39;
The spectral data are consistent with those reported in the literature.®

(4-Methoxy-2-nitrophenyl)(phenyl)sulfane (3k)

S The crude mixture was purified by silica column chromatography
Ve /@ (hexane to hexane/ethyl acetate = 20/1 gradient elution) to yield the title
compound (R;= 0.40 in hexane/ethyl acetate = 8/1) as a yellow liquid; 'H
NMR (400 MHz, CDCl3): 6 = 7.68 (d, J = 2.8 Hz, 1H), 7.57 — 7.49 (m, 2H), 7.46 — 7.39 (m,
3H), 6.95 (dd, J= 9.0, 2.9 Hz, 1H), 6.83 (d, /= 9.0 Hz, 1H), 3.84 (s, 3H); FTIR (ATR, cm™):
3072, 2930, 2838, 1610, 1560, 1514, 1473, 1438, 1328, 1293, 1277, 1221, 1022, 800, 750,
691; >C NMR (101 MHz, CDCl;): & = 157.2, 146.0, 141.8, 135.0, 132.0, 130.0, 129.8, 129.4,
121.5, 108.9, 55.8; HRMS m/z (ESI) calcd for C;3H;;NOsS [M + H]™ 262.0538 found
262.0523.

NO,

(4-Fluoro-2-nitrophenyl)(phenyl)sulfane (31)
S The crude mixture was purified by silica column chromatography (hexane
- QN;J@ to hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound
(Rr= 0.54 in hexane/ethyl acetate = 8/1) as a yellow liquid; 'H NMR (600
MHz, CDCl;): 6 = 7.94 (dd, J = 8.4, 2.8 Hz, 1H), 7.60 — 7.54 (m, 2H), 7.51 — 7.45 (m, 3H),
7.11 (ddd, J = 9.1, 7.2, 2.8 Hz, 1H), 6.86 (dd, J = 9.1, 5.2 Hz, 1H); °C NMR (151 MHz,
CDCL): 8 = 159.3 (d, 'Jer = 249 Hz), 145.1 (d, *Jo.r = 8 Hz), 135.7, 134.8 (d, *Jer = 3 Hz),
130.8, 130.2, 130.1, 130.0 (d, *Je.r = 7 Hz), 121.3 (d, *Jer = 22 Hz), 112.6 (d, *Jer = 27 Hz);
PF NMR (376 MHz, CDCls) & -115.7 (ddd, *Je.q = 7, *Jeu = 5, *Je.u = 3 Hz). The spectral
data are consistent with those reported in the literature.’

(4-Chloro-2-nitrophenyl)(phenyl)sulfane (3m)
S The crude mixture was purified by silica column chromatography (hexane
o J@[Np to hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound
(R = 0.50 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 82 —
84°C; "H NMR (400 MHz, CDCl3): & = 8.20 (d, J = 2.3 Hz, 1H), 7.60 — 7.53 (m, 2H), 7.52 —
7.46 (m, 3H), 7.28 (dd, J = 8.8, 2.4 Hz, 1H), 6.79 (d, J = 8.8 Hz, 1H); °C NMR (101 MHz,

(8) K. Su, Y. Qiu, Y. Yao, D. Zhang, S. Jiang, Synlett, 2012, 23, 2853.
(9) J. Braun, M. M. Moeckel, T. Strittmatter, A. Marx, U. Groth, T. U. Mayer, ACS Chem. Biol. 2015, 10, 554.
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CDCl;): 6 = 144.9, 138.1, 135.7, 133.4, 130.6, 130.3, 130.2, 130.2, 129.3, 125.4. The spectral
data are consistent with those reported in the literature. "

(5-Methyl-2-nitrophenyl)(phenyl)sulfane (3n)
S The crude mixture was purified by silica column chromatography (hexane to
\C[N;Q hexane/ethyl acetate = 50/1 gradient elution) to yield the title compound (Ry
= 0.60 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 88 — 90°C; 'H
NMR (400 MHz, CDCls): 6 = 8.13 (d, J = 8.4 Hz, 1H), 7.58 (ddd, J = 5.1, 4.0, 2.1 Hz, 2H),
7.53 — 7.43 (m, 3H), 6.99 (ddd, J = 8.4, 1.8, 0.6 Hz, 1H), 6.62 (d, J = 0.9 Hz, 1H), 2.20 (s,
3H); >C NMR (101 MHz, CDCly): § = 144.7, 142.3, 139.3, 135.8, 131.1, 130.0, 129.9, 128.3,
125.9, 125.7, 21.6. The spectral data are consistent with those reported in the literature.”

4-Nitro-3-(phenylthio)benzaldehyde (3n’)
OHC S The crude mixture was purified by silica column chromatography
\@ (hexane to hexane/ethyl acetate = 4/1 gradient elution) to yield the title
compound (R = 0.15 in hexane/ethyl acetate = 8/1) as a yellow solid,
m.p. = 114 — 116°C; 'H NMR (400 MHz, CDCls): & = 9.81 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H),
7.68 (dd, J = 8.4, 1.7 Hz, 1H), 7.65 — 7.58 (m, 2H), 7.58 — 7.49 (m, 3H), 7.33 (d, /= 1.6 Hz,
1H); FTIR (ATR, cm™): 3098, 2929, 2851, 1702, 1592, 1572, 1506, 1475, 1440, 1331, 1305,
1189, 1027, 832, 690; °C NMR (101 MHz, CDCls): & = 190.0, 147.6, 140.9, 138.6, 135.8,
130.5, 130.4, 130.2, 129.9, 126.4, 124.5; HRMS m/z (ESI) caled for C;3H;(NOsS [M + H]"
260.0381 found 260.0379.

NO,

(2-Methyl-6-nitrophenyl)(phenyl)sulfane (30)
The crude mixture was purified by silica column chromatography (hexane to

@:S hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (R, =

NO, 0.42 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 70 — 72°C;'H
NMR (600 MHz, CDCl3) 6 = 7.54 (dd, J=7.9, 1.4 Hz, 1H), 7.48 — 7.44 (m, 1H), 7.41 (t,J =
7.7 Hz, 1H), 7.25 — 7.20 (m, 2H), 7.18 — 7.14 (m, 1H), 7.11 — 7.06 (m, 2H), 2.37 (s, 3H);
FTIR (ATR, cm™): 2922, 2852, 1532, 1475, 1456, 1440, 1371, 1260, 1022, 911, 736, 684;
BC NMR (151 MHz, CDCly): & = 145.4, 135.3, 133.6, 132.2, 129.4, 129.1, 128.0, 126.3,
125.3, 121.0, 21.4; HRMS m/z (ESI) calcd for C3H;2NO,S [M + H]" 246.0589 found
246.05%94.

(4,5-Dimethoxy-2-nitrophenyl)(phenyl)sulfane (3p)
MeO s The crude mixture was purified by silica column chromatography
Meoj@;\jp (hexane to hexane/ethyl acetate = 20/1 gradient elution) to yield the title
compound (Ry = 0.30 in hexane/ethyl acetate = 8/1) as a yellow solid,
m.p. = 110 — 112°C; '"H NMR (400 MHz, CDCl;): & = 7.76 (s, 1H), 7.64 — 7.56 (m, 2H), 7.48
(dd, J = 4.2, 2.4 Hz, 3H), 6.18 (s, 1H), 3.91 (s, 3H), 3.50 (s, 3H); °C NMR (101 MHz,
CDCls): 6 = 153.5, 146.3, 137.3, 135.9, 134.2, 131.5, 130.0, 129.9, 109.2, 107.8, 56.3, 55.7;
FTIR (ATR, cm™): 2928, 1500, 1463, 1437, 1344, 1315, 1213, 1186, 1118, 1041, 1024, 850,
750; HRMS m/z (ESI) caled for C14H;4NO,S [M + H]™ 292.0644 found 292.0614.

(10) B. Stump, M. Kaiser, R. Brun, R. L. Krauth-Siegel, F. Diederich, ChemMedChem 2007, 2, 1708.
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(2-(methylsulfonyl)phenyl)(phenyl)sulfane (3q)

s The crude mixture was purified by silica column chromatography (hexane to

hexane/ethyl acetate = 4/1 gradient elution) to yield the title compound (Ry =
o 0.15 in hexane/ethyl acetate = 4/1) as a white solid, m.p. = 67 — 69 °C; 'H
NMR (600 MHz, CDCl3) 6 = 8.08 (dd, /= 7.9, 1.5 Hz, 1H), 7.51 (ddd, J = 4.4, 2.4, 1.4 Hz,
2H), 7.46 — 7.41 (m, 3H), 7.40 — 7.35 (m, 1H), 7.33 — 7.28 (m, 1H), 7.04 (dd, /= 8.0, 1.1 Hz,
1H), 3.35 (s, 3H); °C NMR (151 MHz, CDCl3) § = 139.5, 137.5, 134.3, 133.6, 131.9, 130.1,
129.9, 129.8, 129.2, 125.8, 41.9; FTIR (ATR, cm™): 2925, 1577, 1475, 1446, 1431, 1305,
1148, 1130, 1041, 953, 910, 777, 747, 690; HRMS m/z (ESI) calcd for C3H30,S; [M + H]
265.0357 found 265.0354.

(6]
i
?:

(Perfluoro-1,4-phenylene)bis(phenylsulfane) (3r)

F The crude mixture was purified by silica column chromatography

F S (hexane to hexane/ethyl acetate = 20/1 gradient elution) to yield the
©\s . title compound (Ry = 0.50 in hexane/ethyl acetate = 8/1) as a white
F solid, m.p. = 109 — 111°C; '"H NMR (400 MHz, CDCl3): & = 7.44 —

7.38 (m, 4H), 7.35 — 7.28 (m, 6H); °C NMR (101 MHz, CDCL): 8 = 148.3-148.0 (m),
145.8-145.5 (m), 132.5, 130.9, 129.3, 128.0; ’F NMR (376 MHz, CDCl3): § = -132.05. The
spectral data are consistent with those reported in the literature.''

(11) C. Yu, C. Zhang, X. Shi, Eur. J. Org. Chem. 2012, 1953.
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XI. Characterization of Heteroaromatic Acid Decarboxylative Coupling Products
(4a-4j)

4-Methyl-2-phenyl-5-(phenylthio)oxazole (4a)
PhS._ o The crude mixture was purified by silica column chromatography (hexane to
IN/>—P*‘ hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (Ry=
0.33 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 63 — 65°C; 'H
NMR (400 MHz, CDCls): & = 8.09 — 8.01 (m, 2H), 7.48 — 7.39 (m, 3H), 7.30 — 7.23 (m, 2H),
7.23 — 7.14 (m, 3H), 2.34 (s, 3H); °C NMR (101 MHz, CDCl;): & = 163.5, 145.9, 136.8,
135.3, 130.8, 129.2, 128.7, 127.4, 127.0, 126.5, 126.5, 12.3. The spectral data are consistent
with those reported in the literature.'”

5-((4-Methoxyphenyl)thio)-4-methyl-2-phenyloxazole (4b)
S The crude mixture was purified by silica column chromatography
Meo/©/ | N/>—Ph (hexane to hexane/ethyl acetate = 10/1 gradient elution) to yield the
title compound (Ry = 0.25 in hexane/ethyl acetate = 8/1) as a yellow
liquid; "H NMR (400 MHz, CDCl3): & = 8.09 — 7.99 (m, 2H), 7.44 (ddd, J = 3.6, 2.4, 1.2 Hz,
3H), 7.34 — 7.23 (m, 2H), 6.88 — 6.80 (m, 2H), 3.76 (s, 3H), 2.36 (s, 3H); °C NMR (101
MHz, CDCls): 6 = 163.0, 159.1, 144.4, 138.5, 130.9, 130.6, 128.7, 127.1, 126.4, 125.3, 114.8,
55.3, 12.3; FTIR (ATR, cm™): 2956, 2835, 1738, 1589, 1542, 1492, 1448, 1376, 1287, 1250,
1172, 1122, 1027, 822, 713, 689; HRMS m/z (ESI) calcd for C17H;sNO,S [M + H]" 298.0902
found 298.0883.

5-((4-Chlorophenyl)thio)-4-methyl-2-phenyloxazole (4¢)
S o The crude mixture was purified by silica column chromatography
C,/©/ | N/>—Ph (hexane to hexane/ethyl acetate = 20/1 gradient elution) to yield the
title compound (Ry = 0.32 in hexane/ethyl acetate = 8/1) as a yellow
solid, m.p. = 86 — 88°C; '"H NMR (400 MHz, CDCls): § = 8.11 — 7.97 (m, 2H), 7.54 — 7.40
(m, 3H), 7.29 — 7.21 (m, 2H), 7.19 — 7.10 (m, 2H), 2.34 (s, 3H); °C NMR (101 MHz, CDCl;):
0 =163.7, 146.1, 136.3, 133.8, 132.7, 130.9, 129.3, 128.8, 128.7, 126.9, 126.5, 12.2; FTIR
(ATR, cm™): 3061, 2970, 1738, 1474, 1377, 1337, 1217, 1125, 1088, 1069, 1012, 815, 712,
685; HRMS m/z (ESI) calcd for CisH,5°>CINOS [M + H]™ 302.0406 found 302.0405.

4-Methyl-2-phenyl-5-(phenylthio)thiazole (4d)

S__s The crude mixture was purified by silica column chromatography (hexane
©/ IN/>—Ph to hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound

(Rr=0.31 in hexane/ethyl acetate = 8/1) as a yellow liquid; 'H NMR (400

MHz, CDCl): 6 = 7.95 - 7.88 (m, 2H), 7.46 — 7.40 (m, 3H), 7.31 — 7.23 (m, 2H), 7.22 - 7.13
(m, 3H), 2.54 (s, 3H); *C NMR (101 MHz, CDCls): § = 170.0, 159.9, 137.2, 133.3, 130.4,
129.1, 128.9, 126.9, 126.4, 126.1, 120.2, 15.7; FTIR (ATR, cm™): 3059, 2922, 1737, 1581,
1477, 1454, 1438, 1370, 1230, 1061, 1023, 1000, 984, 761, 736, 686; HRMS m/z (ESI) calcd
for C16H14NS, [M + H]" 284.0568 found 284.0559.
5-((4-Methoxyphenyl)thio)-4-methyl-2-phenylthiazole (4e)

(12) J. D. Kreisberg, P. Magnus, S. Shinde, Tetrahedron Lett., 2002, 43, 7393.
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(hexane to hexane/ethyl acetate = 10/1 gradient elution) to yield the

title compound (Ry = 0.22 in hexane/ethyl acetate = 8/1) as a yellow
liquid; '"H NMR (400 MHz, CDCl3): § = 7.94 — 7.83 (m, 2H), 7.47 — 7.35 (m, 3H), 7.29 —
7.20 (m, 2H), 6.89 — 6.80 (m, 2H), 3.78 (s, 3H), 2.56 (s, 3H); °C NMR (101 MHz, CDCl;): &
= 169.1, 158.9, 158.1, 133.4, 130.6, 130.2, 128.8, 127.4, 126.3, 123.0, 114.8, 55.3, 15.7;
FTIR (ATR, cm™): 3062, 2999, 2938, 1737, 1591, 1491, 1454, 1287, 1242, 1172, 1029, 821,
760, 687; HRMS m/z (ESI) calcd for C17H;sNOS, [M + H]" 314.0673 found 314.0673.

S__s The crude mixture was purified by silica column chromatography
Me0/©/ )IN/>_ Ph

5-((4-Chlorophenyl)thio)-4-methyl-2-phenylthiazole (4f)
S o The crude mixture was purified by silica column chromatography
/©/ I >—ph  (hexane to hexane/ethyl acetate = 20/1 gradient elution) to yield the
“ N title compound (Ry = 0.30 in hexane/ethyl acetate = 8/1) as a yellow
liquid; '"H NMR (400 MHz, CDCl3): § = 7.97 — 7.88 (m, 2H), 7.45 (ddt, J = 4.4,2.2, 1.2 Hz,
3H), 7.25 (dt, J = 4.8, 2.8 Hz, 3H), 7.15 — 7.08 (m, 2H), 2.54 (s, 3H); >*C NMR (101 MHz,
CDCl): 6 =170.3, 160.1, 135.7, 133.2, 132.2, 130.5, 129.2, 129.0, 128.1, 126.4, 119.6, 15.7;
FTIR (ATR, cm™): 3063, 2923, 2854, 1738, 1474, 1370, 1230, 1090, 1010, 811, 760, 687;
HRMS m/z (ESI) calcd for Ci6H,5* CINS, [M + H]" 318.0178 found 318.0173.

5-(Phenylthio)oxazole (4g)
s o The crude mixture was purified by silica column chromatography (hexane to
©/ T » hexane/ethyl acetate = 10/1 gradient elution) to yield the title compound (Ry=
N 0.20 in hexane/ethyl acetate = 8/1) as a yellow liquid; "H NMR (600 MHz,
CDCL): 8 = 8.01 (s, 1H), 7.37 (s, 1H), 7.33 — 7.22 (m, 5H); °C NMR (151 MHz, CDCL;): &
=154.3,133.7, 133.0, 129.3, 128.9, 127.3; FTIR (ATR, cm™): 3016, 2970, 1738, 1472, 1365,
1228, 1217, 1099, 1066, 943, 910, 843, 740, 688; HRMS m/z (ESI) calcd for CoHsNOS [M +
H]" 178.0327 found 178.0443.

2-((4-Chlorophenyl)thio)-N-tosylindole (4h)
¢l The crude mixture was purified by silica column chromatography (hexane
Q to hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound

ms (Rr=0.35 in hexane/ethyl acetate = 8/1) as a yellow liquid; 'H NMR (400
N MHz, CDCl;): & = 8.28 (d, J = 8.4 Hz, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.44
Ts — 7.38 (m, 1H), 7.38 — 7.32 (m, 1H), 7.29 — 7.13 (m, 7H), 6.50 (s, 1H),

2.35 (s, 3H); >C NMR (101 MHz, CDCL): & = 145.0, 138.2, 135.5, 133.7, 133.1, 131.7,
131.6, 129.6, 129.3, 129.1, 127.0, 125.1, 123.7, 120.2, 116.9, 114.9, 21.5; FTIR (ATR, cm™):
3063, 2970, 1596, 1474, 1439, 1370, 1224, 1171, 1123, 1086, 1011, 809, 744, 675; HRMS
m/z (ESI) caled for Co H;7 CINO,S, [M + H]" 414.0389 found 414.0392.

2-(Phenylthio)pyridine 1-oxide (4i)
N The crude mixture was purified by silica column chromatography (ethyl
Eﬁj\s /© acetate/methanol = 20/1) to yield the title compound (R, = 0.25 in
o dichloromethane/methanol = 10/1) as a lemon-yellow solid, m.p. = 110 —
112°C; 'H NMR (400 MHz, CDCl3) § = 8.21 (dd, J = 6.2, 1.3 Hz, 1H), 7.60
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(ddd, J=5.5, 4.5, 2.6 Hz, 2H), 7.54 — 7.41 (m, 3H), 7.00 (pd, J = 7.5, 1.8 Hz, 2H), 6.50 (dd, J
= 7.9, 2.2 Hz, 1H); FTIR (ATR, cm™): 3099, 2923, 1463, 1443, 1412, 1265, 1249, 1224,
1139, 1083, 1024, 941, 838, 751, 687; *C NMR (101 MHz, CDCls) & = 154.0, 138.2, 136.0,
130.3, 130.1, 128.4, 125.6, 121.9, 120.5; HRMS m/z (ESI) calcd for C;;H;oNOS [M + 2H]*
205.0561 found 205.0517.

XII. Characterization of Selenide Coupling Product

(2-Nitrophenyl)(phenyl)selane (5)

Se The crude mixture was purified by silica column chromatography (hexane to
@[ hexane/ethyl acetate = 20/1 gradient elution) to yield the title compound (R, =
0.40 in hexane/ethyl acetate = 8/1) as a yellow solid, m.p. = 90 — 92°C; (600
MHz, CDCls) 6 = 8.30 (dd, J= 8.1, 1.6 Hz, 1H), 7.70 (dt, J = 8.2, 1.7 Hz, 2H), 7.52 — 7.48 (m,
1H), 7.47 - 7.42 (m, 2H), 7.27 (dddd, /=9.5, 7.1, 5.1, 1.5 Hz, 2H), 6.99 (dd, J = 8.0, 1.5 Hz,
1H); °C NMR (151 MHz, CDCl;) & = 145.5, 137.3, 135.8, 133.6, 130.2, 130.0, 129.8, 128.1,
126.0, 125.7. The spectral data are consistent with those reported in the literature."

(13) J.-M. Becht, C. Drian, J. Org. Chem., 2011, 76, 6327.
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XIII. 'H and C NMR Spectra of Coupling Products (3, 4, and 5).

589+
15891
1894
11894
681
z61L
L02L
012
21z
LzeLd
0ezL
092'L
z1eL
oLeL
0e€L
eees
9e€L |
158724
vseL
oL
vivL
9L
6.vL
28y
06v'L |
6L
005'Z |
205'L 1
905'L 1
€45
81572
8L+
685+
265'L

16672
20927

€28

€128
L1128
€€T8

589~
158'9"
V.89~
1189

6812~
261 L—
1022
oLz L—
oz’
128 L~
0T L

zieL

HETAS
0e€L

goe s
oee s/
L6e'L
voes/

Sov'L
91v'L
6Ly'L
28v'L
06,
vev'L /
0052 ¢
206,
v0s52/

€L9°L
8.8,
G89°L
mwm.NW
265,
Nmm.n\
209,

€128~
1128~
€628~
1828~

6.86

f1 (ppm)

6.90

7.20

1 (ppm)

7.24

7.30

1 (ppm)

7.35

ceceee
N =

393"y

g

T
9

10

o
N
©

£
s
<)

8.25

'H NMR spectrum of (2-nitrophenyl

henyl)sulfane (3a) in CDCl; at 400 MHz.

(=3

-’ 8127821~

~~

|1}
100 90 80 70 60 50 40 30 20
S16

110
1 (ppm)

C NMR spectrum of (2-nitrophenyl)(phenyl)sulfane (3a) in CDCl; at 101 MHz.

120

130

220 210 200 190 180 170 160 150 140

230




e »

9PeT

6899
2699
6029
§bt:2
2082
6leL
zeL

ove'8
8
092’8
92’8

=

6899~
2699
60L°9~_
€LL9—

285°L~
685
1092~
v09'L "

ove's

a8 V
092’8 —~
92’8 /

0L

r90°¢

0}

6.68
1 (ppm)

6.72

7.40 7.36 7.32 7.28 7.24 7.20
1 (ppm) 1 (ppm)

7.44

7.58
f1 (ppm)

7.62

8.30 8.25 8.20
1 (ppm)

=00}
0L
&O.N
Mmo.m
10"

9

'H NMR spectrum of (2-nitrophenyl)(p-tolyl)sulfane (3b) in CDCl; at 400 MHz.

13

14

66¥°0C —

Nww.wm
ooo.NNW
8lEeLL

Nmm.ww_\
nwm.mm_.
vve'Lel
S¥S'/2lL
2662 —

0oL /[
L29°08l
@S.F?N
£05°€EL \
€61 /5L \
LS/ '8el \
SoE'ErL
Vo6 bl

C NMR spectrum of (2-nitrophenyl)(p-tolyl)sulfane (3b) in CDCl; at 101 MHz.

220 210 200 190 180 170 160 150 140 130 120ﬂ(110) 100 9 80 70 60 50 40 30 20 10
ppm

30

S17



8756
6v8'9
998'9
6989
891,
98LL
6812
26L'L
90Z'L
01zL
09z'L
Lzl
9622
1082 1
S0€'L 1
61EL
228 L
6ze'L o
ovE'LA
1Sv'L A
9512

A AR\
cLy L~

102’8
S0C'8
(4443

9ce'8

3c

L

Y89~
678'9—
9989~
698'97

092 L —

1T~
182L—
162 L~
9622~
LOE'L~
S0e°L —

BLE L~
2eeL—
gee L

oveL ~
eveL—

ovr L~
LSV L~
96y, —
19V L~
2L —
1uvl’

102’8

S0C'8 V
28—~
9ce'8 /

10')

715 6.90 6.85
1 (ppm)

7.20
1 (ppm)

7.36 7.33 7.30 7.27
1 (ppm)

f1 (ppm)

7.48

8.20
1 (ppm)

=0l

20V [
Wm_\.m
=07c

9

'H NMR spectrum of (2-nitrophenyl)(p-tolyl)sulfane (3¢) in CDCl; at 400 MHz.

13

14

L8€°1C—

Nww.wN
ooo.nmw
L1€°2L

089421
219521 %
ovz sk~
260°8Z1
118°0€EL W
60g°eEL
688°SE L
SE0°0YL
00v°0pL
8L vhl 7

T T
120 110 100

T
130

30

1 (ppm)

3C NMR spectrum of (2-nitrophenyl)(p-tolyl)sulfane (3¢) in CDCl; at 101 MHz.

S18



3d

OMe

59857

02891
188'9 1
0789
1869
00" 1
600°Z |
SLL'LA
8412
964°2 1
80€°Z 1
2L+
52€°L
SLY' LA
08Y'L
26v°L

16v° L7

9618
002’8
L1128

0ze8

186'9 ~
266'9—
00 L~
600°L—

LS1°L
_.wv.m/
SLL°L
w:.nV
181°L A
961°L
661°L

0€'L
80€°L
e’ L
§ee'L
SeeL

8ce'L—
e L —

SLY L~
08y L—
267 L—
L6y,

9618~
0028
LlT8~
o0zze "

6.80

1 (ppm)

6.85

6.98

1 (ppm)

7.02

7.15

7.20
1 (ppm)

7.25

7.30

7.35

g

7.45
T
9

7.50
1 (ppm)
10

8.20
1 (ppm)

T
13

8.25

'H NMR spectrum of (4-methoxyphenyl)(2-nitrophenyl)sulfane (3d) in CDCl; at 400 MHz.

14

20¥'SS —

289'9L
ooo.NNW
w_‘m.mn

ZrGLL—
060121 ~_
045721~
699'GZL
rzgzeL
lzeeel —
TV9LEL ~
5660Vl —
PSPl —

SELL9L —

110 100
1 (ppm)
S19

C NMR spectrum of (4-methoxyphenyl)(2-nitrophenyl)sulfane (3d) in CDCl; at 101 MHz.

120

130

140

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

220

230




3e

Cl

L

6989
2189
6889
€689
652,
e L
1521
09Z'L
€92,
8.2,
1822
€82,
69€'L
€L8L
18€°L
06€'L
06€'L
€682
L0v'L
Lvs
29v'L
L9v'
8t
£8v'L
687'L 1
025'L
925'L
1€GL
TS L

e
esss/

§sz'8

1€2'8
€T'8
162’8

6989~
2897
6889~
£68'9—

652°L
el /
TN
092'2~\
€92~
817 —
1822

€82,

695,
€8\
188°L
06€'L
066
6L

07 L7F
:2\

V'L —
L9%'L—
8LV L~
€8V L —
68Y'L—

025~
9S8 L —
Les’L—
ThS L~
LYS'L—
€55°L—

LE€T 8~
veC8 "
1§T8~
§528~"

-1

6.88
1 (ppm)

6.92

7.38

1 (ppm)

7.42

SmoNg
N =

R e

g

1 (ppm)

820 7.58 7.56 7.54 7.52 7.50 7.48 7.46 7.44

8.25

1 (ppm)
T
12

T
13

8.30

'H NMR spectrum of (4-chlorophenyl)(2-nitrophenyl)sulfane (3¢) in CDCl; at 400 MHz.

4

1

Nww.mN
ooo.mhw
8leLL

ceesel
LLL°62)
181821 ~_
895°6¢) -7
wmm.om_.*
oLgeel
omv.wm_,\
8¥0°LEL
§99'8¢l
mmo.mv_. \

100 90 80 70 60 50 40 30

S20

110
1 (ppm)

120

130

210 200 190 180 170 160 150 140

220

BC NMR spectrum of (4-chlorophenyl)(2-nitrophenyl)sulfane (3e) in CDCl; at 101 MHz.



01zL
elzL
2L
szzL
622,
2L
[
YL
25zL
552'L
[
sizL
621
162°L
z1e L
Gles
81EL 1
£6€°L 1
98€°L
16€°L 7
00%'L A
L1
6Ly L
0zv'L
sev'L
6cv'L
L2
05v'L ]
251 L
19v'L
697", 1
[RIE
6v9'L
v59'L
699'L
€191
8892
£69'L
5108
80'8
560'8
660'8
v5'8
95’8
6v5'8
165'8
955'8
855'8

1958
€998

G108~
8,08
G608~
6608

v5'8
95’8
6158

169'8~X

955’8 -F
8598
195°8

€998

7.25  7.20
1 (ppm)

7.30

7.65
1 (ppm)

7.70

8.05
1 (ppm)

8.10

8.55 8.50

1 (ppm)

8.60

hgoe
90z
A0

2860

T
9

10

'H NMR spectrum of 2-((2-nitrophenyl)thio)pyridine (3f) in CDCl; at 400 MHz.

13

14

1€L°9L
mvoNNW
wwm.mn

€98'2¢l

m_\v.mN_./
mrm.owr%
065°Lcl 7

clolel
/

mon._m_‘
ov_..mm_.\‘
Nﬁm.mm_.\
6€9°L€1

Wllyl —

L6L°0S)L
18G°6GL —

T
100

S21

e
C NMR spectrum of 2-((2-nitrophenyl)thio)pyridine (3f) in CDCl; at 101 MHz

130

150 140

160

T
190 180 170

T
220 210 200

230




3g

NO,

-1

7.06

§e6'LL —

1 (ppm)

7.08

9/€°7—
¥90°2
§90°L
590°L
110°L
810°L
6.0°L
8eL’L
6ELL r
orL'L
[4d
051°2 ©
e
25172
€61°2
mmwm 1 807'L — -

71
122, 4 )
ez L 12z L — - L0°b
092'2 4
12€°L A r
0€°2
988, Fe
8e€ 4
6L 4
Zre L 0ee’L F
e L
gL
8ve L
6veL ]
gL
1582 1
g6eL |
£9€°L
[A8 )
viv'L
1L
6L,
\zy'L
3
vey'L
ozy'L
8zy'L

7.14
1 (ppm)

7.16

wwh.mN
ooo.n#W
clelL

7.20

9v¥'821
€19'6¢l
908'6¢C}
8L1°0€l
8.€°0¢€l

ey oel
LEO'LEL
§/87¢el

182°¢el

7.22
1 (ppm)

i
7.24
FLEE

caee e

LGS —

T
9

62l

738 736 734 732 730
1 (ppm)

€
Q
61 2

'H NMR spectrum of (3-methyl-2-nitrophenyl)(phenyl)sulfane (3g) in CDCl; at 600 MHz.

T
100

S22

120 1‘10
1 (ppm)
BC NMR spectrum of (3-methyl-2-nitrophenyl)(phenyl)sulfane (3g) in CDCl; at 151 MHz.

T
130

il
T
150 140

160

T T T T T T
220 210 200 190 180 170

230




3h

NO,

2089
€089
€289
€289
1v8'9
8989
5002
900°2
920°L
120°2
820°L
0L
6v0'L
1502
5902
980°2
8ez'L
1622
0922
922
69z L
992°
2L LA
6.2
£62'L 1
6.8
18€L
S8E°L

€6€°L—a

96€'L
oYL
SotL 4
or
9Lv'L]
ozyL
8zy'L ]
eevL
8evL ]
ovyL
[aea
£SY'L
LLY'L
z8v'L
S8v'L
06Y'L
96v'L
16V'L
£05°L
905°L
0152
112
€167,
1252
125,

G€S°L

Now.o
cog's /.
£28'9
£28'9
1989~

898'9 —

6.75

6.80

1 (ppm)

6.85

6.90

1 (ppm)

7.24

1 (ppm)

7.28

e
“ -0«

7.45 7.40
TSN

1 (ppm)

7.50

12

7.55

13

'H NMR spectrum of (3-fluoro

14

mwm.wm
ooo.swv
LeLL

280°HLL~
(R34
Em.mmv/
€61621
mw;ﬂW
0£6°62L
tm.;r\
= 961EL
‘= E6LVEL
m 0rS vEL

trophenyl)(phenyl)sulfane (3h) in CDCl; at 400 MHz.

2

1 286'€SL~
€LL65L

60 50 40 30 20

70

100 90 80
S23

110
1 (ppm)

C NMR spectrum of (3-fluoro-2-nitrophenyl)(phenyl)sulfane (3h) in CDCl; at 101 MHz.

120

130

220 210 200 190 180 170 160 150 140

230




-120.842
120.856

{

120.867
120.881

30 20 10 0 -10  -20 -30 -40 -50 -60 -70 —?g)( —9)0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
ppm

"F NMR spectrum of (3-fluoro-2-nitrophenyl)(phenyl)sulfane (3h) in CDCl; at 376 MHz.

S24



3i

r N
3 T4
LS M
880/~  _
680°L— r g =
. ol of — re
YE P O
€01, = =
I 0
~ L -
e — m
. ©
g
™ ~~
N o
ezt — - ~E . &
80| & >
. = = 689
) weL— - 9 S ooo.RW
880°L N Le = azu
680°L =
Lob'L @
€012 =
€€TL ~ )
vz L Lo Fe =
0922 ~ L
0£€°/ . =
zee'L o 088 L~ . Fos T
Pre L 2ee L — - 3 Log X
e/ A 0L xS = .W.u ¥86'GCL
0L€Z e - 065°8Z1
TR IRCCVES - b g Nﬁ,mﬁ/
GLELA e’ L - ) M\ge ~ = 086zl
12872 re 4780 [ o, 6eeoel
8le st &3 o €og0sL 3
ose'L N/mo.m o S8LEL
€8¢, 61 = £6,°2€)
s8¢ o m 505°'e€l
88¢'L | 0.€2 1 -
268°L NR.»/ o LEsri—
LvvL] ﬁm.»% &
6yvL LIS L~ Lo =
S I )
€52 A _—
vSv'L ] mwm#\ =
SSv'L - )
S8€°L ° 1
8GY°L wwm.n\ r - N
09%°L 268, L N
29v'L (o
Sov'L o
1L
6vvL m
152 Q
£SY'LAL - Lo m
YSy' LS
SsvL 77 6
8Gv'L o~
09v'L ©
29v'L [~ M
_ Sov'L Z
© o
L =

|
ﬂ‘“
T T T T T T T T T T T T T
210 180 150 120

220

130 110 100
1 (ppm)
BC NMR spectrum of (3-chloro-2-nitrophenyl)(phenyl)sulfane (3i) in CDCI; at 151 MHz.

140

160

170

190

200

230

S25



3j

NO,

1S€°C—

€529
vL294
9€L LA
18124
ROVE
A
95172 4
8612 4
IV
oz
092'Z

0524
€6y L "
SSv'L—E
eov s
89v°L 4
e |
6v5'L

€652
5552
1562 4
855°/
995°/
126724
91081
8108

€69 —

.9 —

9L
RIS
Wl —
zo1 s/

9612
PEIAS
1oL —
eoLs/

0s¥'L
PR
gev'L W
€9V,

sovs/

1y5'L
m@s/
£952E
S95L—

Bmx\
i
)

9108~
8108

0L

6.76
1 (ppm)

7.60 7.55 7.50 7.45
1 (ppm)

8.00

1 (ppm)

8.05

=20'1
S50
202

-1

0

1

2

3

4

9

10

13

14

'H NMR spectrum of (4-methyl-2-nitrophenyl)(phenyl)sulfane (3j) in CDCl; at 400 MHz.

¥6£°02 —

Nww.wh
ooo.nnw
8le'LL

869°'G¢Cl

91¥'8¢l
§S0.L°621
€€6'6C1
69¥°LEL
mmv.vmrﬁ
00S°S€l
mmm.mmrw
L0L's€eL
ce0'syvl —

: : : : : : : : : : : : : : :
210 200 190 180 170 160 150 140 130 120 ( 110) 100 9 80 70 60 50 40 30
ppm

T
220

C NMR spectrum of (4-methyl-2-nitrophenyl)(phenyl)sulfane (3j) in CDCl; at 101 MHz.

S26



3k

NO,

MeO

9€8'¢ —

8189
189
6€6°9
96'9
296'9
6960 1
092°2 1
viv'L A
9Ly A
612
S2v'L A
121 A

oYL +

Sev'L A
Lo L
oYL
LSy L)
v05°L
805°L
G152
816,
12572
2L
125,
£e5'2
6652 |
2491
61921

8189 —

¥8'9 —

6€6'9 — -
96’9 — -

296'9 —
696'9 —

[
'L /
6Ly 2"
RN
12vL-;
omvsx
sev's /-
Lyl
oil*

LS.

v0S'L
wom.m#
GlG'L \
8LG' L~
Les’L M
ves'L
Les'L \
€e5'L
6€G°L \

¢L9L— -
6.9°L— -

e

0Ll

r00°¢

=]

6.86 6.84 6.82 6.80
1 (ppm)

6.95

1 (ppm)

6.98

754 752 750 748 746 744
1 (ppm)

7.56

7.70 7.68 7.66
1 (ppm)

£50'€
5002
=00'}

T T T T T T
7 6.0 5.5

5.0 4.5

1 (ppm)

'H NMR spectrum of (4-methoxy-2-nitrophenyl)(phenyl)sulfane (3k) in CDCl; at 400 MHz.

7.5 .0 6.5

8.0

168'GG —

£€89'9L
ooo.NNW
m_‘m.mn

1¥6'801 —

605°L2L —

9EV6TL
58621
LL0°0EL \
£00°Z€4
580°GEL
098 L/
veooyl 7

LT LS —

-10

220 210 200 190 180 170 160 150 140 130 120 “ ng) 100 90 80 70 60 50 40 30
C NMR spectrum of (4-methoxy-2-nitrophenyl)(phenyl)sulfane (3k) in CDCl; at 101 MHz.

230

S27



NO,

£v8'9
2589
8589
1989
060°L
G60°L
201,
soL'L
9012
oLLL
mos
2zl
09z'2
5oL
89v'L
L1t
eLv'L
SLvL
9LvL
08%'L
€81,
981 4
68Y°L
26v'L
s6vL
16V
1052
£05°L
2152
952
895°
116,
vLISL
GG,
8.5,
0852
586,
ov6'L
Sv6'L

¥56°L
656,

£V8'9~
2598'9 ~
8689 —
1989

060°L
§60°L
2oL,
SoL°L
9017,
oLL'L
LiVL
(4492

=SV
|

(VA2

08¥'L
€8y’L
98¥'L
68Y'L
6L =

S6Y'L
162
1052
€052
952
8952\

VLS L—¢
VvLS'L
G.G6°L
8.G°L

085°L

N
Sv6 L —
56, —
65627

0')L

r0e

8'0

6.84
1 (ppm)

6.88

6.92

7.50

f1 (ppm)

7.55

7.60

200'1
AZ0'L
#60°€
202
/980

T
9

'H NMR spectrum of (4-fluoro-2-nitrophenyl)(phenyl)sulfane (31) in CDCl; at 600 MHz.

18L'9L
ooo.NNW
LeLL

cLSTLl
8vLCLl >

162121
Bes
SEEbEL
70L0EL W
381 0EL
8LLGEL —

mwo.mve
[44%14) >

CLG'8S )~
917091 -~

TLSTLL~
8vLTLL

AR
svvieL

€.6'6C1
ceooel
¥01°0€L
G8L°0€L
mﬂm.om_. \

mvw.vm_.
wmwén_‘v
8LLGEL

mwo.mv_.
[44%°14 >

216’851 —

917091 —

158 156 154 152 150 148 146 144 142 140 138f1236)134 132 130 128 126 124 122 120 118 116 114 112
ppm

160

-10

2‘20 2‘10 260 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 “ zggm) 1‘00 90 E;O 70 éO 50
BC NMR spectrum of (4-fluoro-2-nitrophenyl)(phenyl)sulfane (31) in CDCl; at 151 MHz.

T
230

S28



e e e

30 20 10 0 -10  -20 -30 -40 -50 -60 -70  -80

"F NMR spectrum of (4-fluoro-2-nitrophenyl)(phenyl)sulfane (31) in CDCI; at 376 MHz.

S29

-90
1 (ppm)

-100

-110 -120

-130

-140

-150

-160

-170

-180

-190

-200



~ e 0 M 0T v
oo 0o o
NN 00 W0 UEo ~
BB NN NGO
Voo
N~ - - -
SR BhEE8880 52882 ERRE g B
© © NENNNNNNSNNN NN N RN S ©
\/ S SN\ NV bl
by
—_— —_—
S 3
T ‘_‘ T T T T T T T \‘_ T
8.25 8.20 8.15 7.65 7.60 7.55 7.50 7.45 735 7.30 7.25 6.85 6.80 6.75
1 (ppm) 1 (ppm) 1 (ppm) 1 (ppm)
|
I
A L
N
S NN O
< Be <
. : : : : : : : : : : : : : : :
14 13 12 1 10 9 8 6 4 3 2 1 0 1
1 (ppm)

'"H NMR spectrum of (4-chloro-2-nitrophenyl)(phenyl)sulfane (3m) in CDCl; at 400 MHz.

77.318
77.000
76.682

|
{

\ ‘
" ) " .

. : : : : : : : : : : : : : : : : : : : : :
30 220 210 200 190 180 170 160 150 140 130 1f210( 1 )10 100 90 80 70 60 50 40 30 20
ppm

BC NMR spectrum of (4-chloro-2-nitrophenyl)(phenyl)sulfane (3m) in CDCl; at 101 MHz.

S30



2
(32
o
N
o~
~ o
- o DWOWMNO©LON — -
<+ OO OO ®®D® ® © ©
: d 959999959 © S
© o Ll (e JUe Ji{e Vo] \/
[ —/ ="
I
TR
T
- e
S 3 $ 8 S
= : ST : & : \ T w 665  6.60
8.15 8.10 7.64 7.60 7.56 7.52 7.48 7.44 7.05 7.00 6.95 "t (ppm)
1 (ppm) 1 (ppm) 1 (ppm)
I
i
l ‘ ‘ |
L l l l Al L
A & S L
o oo o o o
~ ~a « o )
T
14 13 12 11 10 9 8 7 6 4 3 2 1 0
1 (ppm)

NOOON—T N NN
NMDOM— OO — MO ~Noo o
MNOMNMO—OOMON — O ®© [52]
TANDW = O PP WW N ©
ITITOOOAANNNN N~ © -
rrrrrrrrrr (NN &
LSS 2 N
i
|
|
|
|
|
I ek
T T T T T T T T T T T T T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

C NMR spectrum of (5-methyl-2-nitrophenyl)(phenyl)sulfane (3n) in CDCl; at 101 MHz.

S31



OHC

3n'

NO,

09Z'L
8ze'L
zeeL
867,
205°L
5062
605'L
€15,
S1L
025°L
vZ5'L
825,
ves'L
6€5°L
vSL
15,
¥S5L
1661
695°L 1
v15°L
£65L
865°L
£09°Z
809'L 4
€192+
11972+
1292
61972

wa.n\
969°L /
0ze'8

;m.m >

186 —

8CE L~
e L

867
S0S°L
mom.m/
SLG°L
0zs'L #
ves' L~
825,
veS'L

i
6€9°L
vve'L
LyS'L
8L
18S°L
mmm.n\
866,
€09°L
809°L
€19,
L19°L
1L9°L~
SL9°L
269°L~
969°L —

0ce'8 —
Lye'8 —

186 —

—00°L

€0l

007}

7.40 7.35 7.30
f1 (ppm)

835 830 7.74 7.70 7.66 7.62 7.58 7.54 7.50
f1 (ppm) 1 (ppm)

8.40

9.8 9.7

1 (ppm)

9.9

cEEE

T
9

10

13

14

'H NMR spectrum of 4-nitro-3-(phenylthio)benzaldehyde (3n’) in CDCl; at 400 MHz.

Nww.mh
ooo.mhw
8leLL

0lshzL
Bq.@ﬁ/
606621\
922 0EL
L2 0EL
vo5081/_
L08'SEL
££9°8¢ L *
£56°0v1
689'LbL —

§80°061 —

T T T T T T T T T T T T
160 150 140

210

220

100

110
1 (ppm)
BC NMR spectrum of 4-nitro-3-(phenylthio)benzaldehyde (3n’) in CDCIl; at 101 MHz.

120

130

190 180 170

200

S32



@30

NO

o

| m;
0802 . L
£802\ N M
680°L~ H68'L
2602 7 %
560°L r le O
—
o ~— .
L< Lsv'lz—
= <
-
N H ] - Q
1512 -
001z — Loou| € I @
291 L — = ~
0LV L7 —= Lo =}
noes L .=
6962 — — it i~
o
L & )
~ Lo -
)
H02[ =
< S esros
LS T ooo.kw
w 2z
. ~
0804 09— = r =
€80°Z @ =
. | STel
680°Z F )
260°L =
560°L 1 = ~
8vl'L r € € @
ot 3 e
q Loz -
2912 ~ T o oee0lzh
012+ a1 D cersein
NtuTﬁ F %o.r . = weewi
A g =S oz S toior -
Ly L] S == m.w £ wveny
9zy'L 00 = osoeel
S«.J L o m 9/€°6el
8vy'L 16Y'SPL —
6vvL 2 2
65¥L oov2/ [~ =
bovL | ey — 01 | o 019551 —
297 L =
] 9TV L~ F -
9857 1 5
8€G°L vy 3
mvmi 8hiL [~ o m
1652 pedeyi )
657", ~ (g
Loy, rm
29v'L S _ g
~ =
‘ g
s 2
o
o Fo
Lo o
9852 ~_ _ >
865’ — = NS
652~ - 80 e S
16627 L8 Z
~
[« &

110 100 90 80 70 60 50 40 30
1 (ppm)

120

220 210 200 190 180 170 160 150 140 130

230

C NMR spectrum of (2-methyl-6-nitrophenyl)(phenyl)sulfane (30) in CDCl; at 151 MHz.



MeO S
LD
MeO NO

2
DNOOEDOBBRTNCO K L o
D-OO0ONDM M 0OPDDMNMNO© ~ o [
NOQOLBLOOITIIN — S
L e e it © @ el
Tee———= | I I
0 NOONMO®LW 0=~ ~
o) TOO MO MO0 0 © N~ N
N QOOoWInDIDW NN =
~ NNNNNNNNS NSNS ©
N SN
|
|
1!
‘H
I
& & L =
S = o S
—_— \ T \ —S T T
7.78 7.74 7.65 7.60 7.55 7.50 7.45 620 6.18 6.16
f1 (ppm) f1 (ppm) f1 (ppm)
[ |
| A ,
223 S s &
e e - -
~ - - «© «©
10.0 9.5 9.0 8.5 8.0 6.5 6 5.0 45 4.0 3.5 3.0 25 20 15 1.0 0.5 0.0
1 (ppm)
1 . . .
H NMR spectrum of (4,5-dimethoxy-2-nitrophenyl)(phenyl)sulfane (3p) in CDCl; at 400 MHz.
fse) O NN DD ~ o
(2} M DO O T O o < oo 0o
wn M OONL DD ~ O - O 0 <t ™
© O NOYTT-OD @~ nee @
£ I goebod ee NN 848
b =S\ N ~ N
|
1l /
[
| |
Ll
220 210 200 190 180 170 150 140 130 ’120f1 (110) 100 90 80 70 60 50 40 30 20 10
ppm

C NMR spectrum of (4,5-dimethoxy-2-nitrophenyl)(phenyl)sulfane (3p) in CDCl; at 101 MHz.

S34



96,

9€0°L
1y0'L

6v0'L

09z'L

00€'L

208,

9/€'2
6.€'
£2v'L
82y’ L
0Ev'L 1
zey' L
YV LA
905°/
LIS LA
PIG LA
9162

2ces’ L=

§80'8

008
clL0'8
€80'8

YEO'LA_
9802 =
1v0L~
6v0 L7

882 L~
062°L~"
00€°L ~
20e L
ELE L~
SleL—

€9€° L~
99€°L

9.8 L —
6LE L
68872~
16€°L—

1zy'L
£ThL /
8zh'L
ogy'L
zerL W
YeY'LF
9L \
8€y'L

Lyl

906,
606°2L
LG

YIS L~E
9IS’ L-7

(3
02s'L
(44w

0,08~
cL08"
€808~
§808 "

7.31
f1 (ppm)

7.33

7.37

1 (ppm)

7.39

7.42

7.44
1 (ppm)

7.46

1 (ppm)

754 752 7.50 7.48

8.07
1 (ppm)

8.09

—L2¢

5 gi9%

-1

'H NMR spectrum of (2-(methylsulfonyl)phenyl)(phenyl)sulfane (3q) in CDCl; at 600 MHz.

12

13

14

ve6'LY —

mww.mﬁ
ooo.mnw
cleLL

6.8°GCl

mww.mmr
wa.mmv
026'6C1
09L°0€L

668°LEL /F
mmm.mﬁx
88EVEL \
8EG LEL
205°6€L

Lk

100 90 80 70
S35

110
1 (ppm)

120
BC NMR spectrum of (2-(methylsulfonyl)phenyl)(phenyl)sulfane (3q) in CDCIl; at 151 MHz.

| '
130

|
N
210 200 190 180 170 160 150 140

220

230



3r

L8221
262 L |
662
€08
50€°/
60€°/ 1
€16/
GLELA
11€°L
61€L
92€°L
02
z€€'L ]
9g€L
0ve'L
06¢°2 4
86€°/
€02
1072
60%°L
A5 %
L2

ezrs |
ey

18C°L—
6T L —

662 L~
€0€° L~
S0€'L—
60€° L~
ele’sL

mvm.nM
LIe L~
6le L

928’ L~
0£€'L —
zee’ L
968’ —
Ve L~

06€°L—

goe2 /.
cov's/
107’2 —
60v°L
[{Sed
LI —
£zv'L
SN\
aZviy

733 732 731 730 729 728
f1 (ppm)

7.34

7.35

7.43 7.42 741 7.40 7.39 7.38
1 (ppm)

7.44

7.45

T
9

10

13

14

'"H NMR spectrum of (perfluoro-1,4-phenylene)bis(phenylsulfane) (3r) in CDCl; at 400 MHz.

Nww.wN
ooo.nnw
8LELL

¥50'8¢1
29g'6Cl V
€G6°0€L -~
6€57Cel /
8€G'GYl
085'Svl
089'Gvl
60L'Gv1
27141
¥6.L°Gv1
¥50'8v71
S0L'8vl
[44%°14)
691871
e 8yl
1928V
80€'8Y1

8€5'GVlL —

08G'GvL — —

089'GvL —
606V —

1GL°GhL —

¥6.L'SvL —

vS0'8vL —

soL'syL -~
rL8yl ~
69178V ~_

vezayl -
192°8%L —
80€°8YL~_

T T
145.65 145.55

1 (ppm)

T
145.75

T
145.85

T
1482 1481 148.0
1 (ppm)

148.3

148.4

148.5

2‘20 210 260 1‘90 1‘80 1‘70 1‘60 1‘50 1‘40 1‘30 1‘20 “ zggm) 160 E;O E;O 7‘0 éO 50 4‘0
C NMR spectrum of (perfluoro-1,4-phenylene)bis(phenylsulfane) (3r) in CDCl; at 101 MHz.

T
230

S36



-132.053

30 20 10 0 -10  -20 -30 -40 -50 -60 -70 —?g)( —9)0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
ppm

"F NMR spectrum of (perfluoro-1,4-phenylene)bis(phenylsulfane) (3r) in CDCl; at 376 MHz.

S37



)—Ph 4a

N

PhS
x

1T

veLL
6812
6LL
S6lLL
%612
6L
0022
v0T'L
01z'2
vizL
eve'L
SvT'LA
0s2L
092L{
£92L 1
9922 1
282
0ev'L
€Y.
SEV'LA

Lyy LA
Lyl

820'8

0€0°8
€€0°'8 -
9€0°8 |

6£0°8
2v0'8 ]
5v0'8 1

L

6708 |
G508
£90'8 4

Vev'L
vev'L %
IR
sevs—
i
e *
a1
9sv'L

8¢0'8
omo.m/
€€0'8

9€0'8 ~
6€0'8 -7

20’8
S¥0'8 \
6¥0'8
mmo.w\

£€90'8

f1 (ppm)

1 (ppm)

8.08 806 804 802 8.00

L0'€

12

13

'H NMR spectrum of 4-methyl-2-phenyl-5-(phenylthio)oxazole (4a) in CDCl; at 400 MHz.

14

96CCL —

Nww.wN
ooo.nnw
LVeLL

omm.oﬁ
omm.mmr
%Sﬁ
LoV L2l
1982}~
622621
108°0€ |

peegel |
088'9€L

Lv6SrL —

£€65°€9l —

Iy
100 90 80 70 60 50 40 30 20
S38

110
1 (ppm)

C NMR spectrum of 4-methyl-2-phenyl-5-(phenylthio)oxazole (4a) in CDCl; at 101 MHz.

120

210 200 190 180 170 160 150 140 130

220

230



N
V- TO T OO TANDIDNTOW—OWD < ~
TILTOOONTITTOONONDDONTON © wn
S3S8553IIITIIINIANAISDD = @
WOWWWWWNNMNNMNNMNNMNNMNNMNNMNNNNO©OO©© ™ o~
A R e
— - W= 0T ND ~—OWw TQ9wo
338385 333geed &REKN 3255
@ © 00 0 B B NNNNNNSN NSNS ©cooo
SN N NV 1/ N\
ol
—_—
S >
‘ ‘ ‘ ‘ ‘ ‘ — ‘ ‘ w w R w
748 746 744 742 740 7.35 7.30 7.25 7.20 6.88 6.86 684 6.82 6.80
1 (ppm 1 (ppm) 1 (ppm)
3 L & &
S @S9 S S
o~ NN~ ™ (3]
‘ ‘ ‘ ‘ ‘ ‘ : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
14 13 12 11 10 9 8 6 4 3 2 1 0 1
1 (ppm)
1 . .
H NMR spectrum of 5-((4-methoxyphenyl)thio)-4-methyl-2-phenyloxazole (4b) in CDCl; at 400 MHz.
N © © OXN v © v © O v
N W0 SN MO WL AN W W 0o © ~
o < M © © v~ <+ M O - O ™ N [=2]
=% I dSoBNO6 < ek @ S
O 0 < M M ANNNN — NN~ © wn o~
= I ooodNdd o ININES 8 o
I I

/
§
{

: : : : : : : : : : : :
230 220 210 200 190 180 170 160 150 140 130 120f1210)100 9 80 70 60 50 40 30 20 10 0
ppm

3C NMR spectrum of 5-((4-methoxyphenyl)thio)-4-methyl-2-phenyloxazole (4b) in CDCl; at 101 MHz.

S39



4c

0
)—Ph
N

e —

geLs
geLs
0512
6L
LoLL
82z L
sez L
oveL
15221
1521
09zL |
€971 |
6EY L |
6L |
Z5 LA
G L
29v°L ﬁ
1974+
NI
sivs/
ve0'8
1608
0v0'8
£v0'8
5508
0508
508
6508

€L’ L
8eL' L
0S1'L~_
SSL° L~
9L~

8cc’L—
SE€TL—
ove' L~

LST L~
1ST L~
09C',L ~
€9Z' L

6EY'L
6vy'L
syL /
Yoy L~

oV L —
/L

L9¥'L
€LY'L u\
SLv'L

¥£0'8
Ro.m/
0v0'8

€508~
Sv0'8 /7
0508 \
¥50'8 \

650'8

o~
S
<
Log
. Q
Hel g
oz
S
©
M
o
LS
N
JE
res
Hrigl &
©
L
o
©
L&
N
o
L=
N
w0~
<SE
NS
=
o
o
~
o
LS
©
£
g
o 0l
o0z ge
prps
o
Mo

Hoe

555
552

9

10

13

14

'H NMR spectrum of 5-((4-chlorophenyl)thio)-4-methyl-2-phenyloxazole (4¢) in CDCI; at 400 MHz.

88¢'CL —

Nww.wN
ooo.nnw
LVELL

8€5°9¢|
166'92L
€9.°8¢1
mmn.wm_./

L9e'6CL
0Z6°0€l -~
mK.Nm_.\
8.8'¢el
9€°9€1
LL1V'9V) —

C¢LLE9l —

C NMR spectrum of 5-((4-chlorophenyl)thio)-4-methyl-2-phenyloxazole (4c) in CDCI; at 101 MHz.

: : : : : : : : : : : : : :
220 210 200 190 180 170 160 150 140 130 120 210 ) 100 90 80 70 60 50 40 30
ppm

T
230

S40



)—pPh 4d

N

Ox

&ET

SsLL
81,
SoL'L
891,
0LLL
eLLL
11vL
981,
1612
€612
Ve
8z L
252
vs5z'L
0922 4
59z'. 4
192
022
€12
Y121
1121
08z
1821
162
€62
gL
6Lt
€zyL
ozy'L ]
oev'.
vers ]
9ey'L
6Ev'L
TvyL
vovL
SvvL
vy L
v68'L
868,
v06'L
806'L
1162
5162
6167
£26'L
526,
826°L
1862

8€6°L

s
SSL°L
8S1°L
SoL°L
891°L
0LL°L
eLL’L
LLVL
98L°L
161,
€61°L
L61°L

SN

8vz'L
Nmms/
vmus/
0972
592'2
SN.N%
011~
€1z —
V1T LT
1zT1
08Z'2
19017
1622 \
€672

V'L
92#
LY 2"
6L

OO
9zv'L

omiﬁ
VeY' L~
9L~
65y L —
[
32\
Shy'L \
6viL

v68°L

w%s/
$06'L /
woms%
SN
SL6°L~C
6162 —
€26'LT

§¢6'L
wNmN\
vmm.n\

8€6'L

7.14

7.18
1 (ppm)

7.22

7.27 7.25

1 (ppm)

7.29

7.41

7.43
1 (ppm)

7.45
9

7.90
1 (ppm)

12

7.95
13

4

1

'"H NMR spectrum of 4-methyl-2-phenyl-5-(phenylthio)thiazole (4d) in CDCl; at 400 MHz.

65.°GL —

€89'9L
000°LL
8leLL

€v2ozl
881'9¢l /
wNv.wer
206'9¢1
096'8¢1

e
s

Sseeel
0€T’LEL \

226'651 —

650°0LL —

l
110 100 90 80 70 60 50 40 30 20
1 (ppm)

120

220 210 200 190 180 170 160 150 140 130

230

C NMR spectrum of 4-methyl-2-phenyl-5-(phenylthio)thiazole (4d) in CDCl; at 101 MHz.



)—Ph 4e

N

095C —

9LLe—
8189
92891
2689
£v8'9
6v8'9 1
958'9 |
YT LA
e LA
1T LA
652°L 1
09Z°L
v9Z'L A
2T LA
v6E LA
£0v'L A
e
SLv'L
8lv'L
ozy'L
R«L
LevL

€82
11814
6.8'L
G88°L
888°/ ]
268°L
68°L |
16821
0062

8189
928'9 —
ce8'9 "
€789~
6¥8'9 —
958'9 ~

vee L —
el ~
PAZAVR
65¢°L

09¢°L V
voTL—
cleL—

v6E°L
oL\
Ry
SEOA
HIOAS
o0zv'L “
12v'1

Lev'L 7

€L8°L
L18'L
6.8°L

G88'L
PSS
268'L T

68,
168°L
006°L

r€0¢

0°C|

6.80

6.85

1 (ppm)

7.22

7.24

7.26
f1 (ppm)

7.28

7.30

7.38
1 (ppm)

7.42

7.46

7.88 7.84

1 (ppm)

7.92

13

9

10

14

'H NMR spectrum of 5-((4-methoxyphenyl)thio)-4-methyl-2-phenylthiazole (4¢) in CDCI; at 400 MHz.

29.°GL —

62€'6S —

mww.mN
ooo.nww
8LELL

eVl —
866'CCl /

L0€°9Z}
Siyizh %
648'82L —
81Z°0€}

2z90el
6Ly'eel \

818G~
8v6'8G1 -

811’691 —

220 210 200 190 180 170 160 150 140 130 120 “ zi;lgm) 100 90 80 70 60 50 40 30
C NMR spectrum of 5-((4-methoxyphenyl)thio)-4-methyl-2-phenylthiazole (4¢) in CDCIl; at 101 MHz

230

S42



)—Ph  4f

N

s —

5042
0bL L1
2zl LA
L2V
VEL'Z A
9€7°L 1
€T L
8vZ L1
092'L 1
S9Z°L A
2T LA
6eY'L |
Zvv L
v L
8y L ]
05v°L 4
£t
16v°2
Fﬁi
Sov'L

v16L]
816L1
026'L
226°L
v26°L ]
926'L |
ze6°.
mmm.g
656'L

SO0L'L—
oLLyL
[24 RN
PRAA
YEL' L~

9€TL—
eve L~
8ve'L—

092’ L—

g9T'L—
el L~

6Ev'L
eyl /
Svv'L %
RN
05v'L
£5v'L \
5%, \
1oy, \

Sov'L

v167L
8162
026'2
2262t

26’ L,

8¢6°L v
2€e6'L
S€6'L

6€6°L

161

7.10

1 (ppm)

7.15

7.24

1 (ppm)

7.27

7.42

7.44
1 (ppm)

7.46

7.48
9

7.92 7.88
1 (ppm)
T
12

7.96

13

4

1

'H NMR spectrum of 5-((4-chlorophenyl)thio)-4-methyl-2-phenylthiazole (4f) in CDCl; at 400 MHz.

8GL'GL —

€89'9L
000°LL
8l€LL

Ly9'6L1
¥Sy'oclk /
51821
L00'6¢C}

982621
8.5°0€l —

SN.NQ \
mvm.m? \
R
81091 —

€6€°0LL —

60 50 40 30

70

100 90 80
S43

110
1 (ppm)

220 210 200 190 180 170 160 150 140 130 120
C NMR spectrum of 5-((4-chlorophenyl)thio)-4-methyl-2-phenylthiazole (4f) in CDCl; at 101 MHz.

230




0
) 4

oY

2T L
vezL
1821
vzl
wz'L
0522
§5z'L
8621
09Z'L
£9z'L
592°L
892°L
0TL
[
VL
9224
6.2
692/
€62/
962/ 1
662°L
108L +
£0€°L
LLEL
ele L
sies
[N
€108 —

cLE L —

€08 —

10°L

730 729 7.28 727 726 725 724 7.23 7.22
1 (ppm)

732 7.31

739 738 737 7.36 7.35
1 (ppm)

7.99

8.01
1 (ppm)

8.03

|

200G
Sz

=10}

"H NMR spectrum of 5-(phenylthio)oxazole (4g) in CDCl; at 400 MHz.

wwh.wN
ooo.nnw
cleLL

18¢€°2)
v26'821 V
e1e'6zl
969°€€)
v8Leel

€6EVSL —

18¢.2L —

¥26'821 —

€l1e'6et —

969°€E} ~
v8Leel —

133.0 132.0 131.0 130.0 129.0 128.0

134.0

1 (ppm)

-10

220 210 200 190 180 170 160 150 140 130 120 “ zggm) 100 90 80 70 60 50 40 30 20 10
BCNMR spectrum of 5-(phenylthio)oxazole (4g) in CDCl; at 101 MHz.

230

S44



Cl

N\ 4h
Ts

¥5€'C —

$05'9 —
S9LL
18L°L
9612
1022
20z L
€122
81z L]
€2T'L
82z L
622L
veT L]
65221
SYT L
§SZTL
09Z'L
192
S9Z'L
LITL
2LTL
yeEL
9€eL
L€€°L
GSEL
€LEL
SLEL
96€°L
YLy L
9Ly'L
86.LL
818'L
99z'8

1828

059 —

SoL°L
1811
9617,

€1zL
81z'L
€22,
82z'L
622'L
veT L~
6€T°L 7
SvL
§5T'L ¥
0922
1922
59z'L
V221

el L
Yee'L
9€e’L
Le€7L
§6€°L
96€°L /
viv'L
ILy'L

86L°L—

818 L—

992’8 —
18208 —

6.50 6.45

f1 (ppm)

6.55

7.20 7.15

7.25

7.30
1 (ppm)

7.35

8ce'vll
616911
¢62°0C)
m*n,muv/

§§1°gel
§80°L¢cl
817621

7.40

7.45
T
8

7.80
1 (ppm)
9

7.84

8.20

8.25
T
12

8.30
1 (ppm)
13

8.35

4

1

'H NMR spectrum of 2-((4-chlorophenyl)thio)-N-tosylindole (4h) in CDCI; at 400 MHz.

0.8'lc—

289'9L
000°2L
8leLL

9e0'svl

]
100 90 80 70 60 50 40 30
S45

110
1 (ppm)

220 210 200 190 180 170 160 150 140 130 120
BC NMR spectrum of 2-((4-chlorophenyl)thio)-N-tosyl-indole (4h) in CDCl; at 101 MHz.

230




4i

6879
v6v'9
8059
169
6569
5969
869
€869
€669
8669
210,
9102
1802
5802
09Z'L
ovvL
0S¥'L
vSvL
65v'L
09%'L
£9v'L
89v'L
89Y°L
eLyL
8LyL
18v'L
98Y'L
06v'L
667,
205°L 1
G162
615
886/
£65L
866/
1092
£09'L
1092

L9
61927

€028
1028
0cz'8

(444}

6879

¥6¥'9 V
8059 —~
169 /

§96'9

816'9

mwm,m/
£66'9

wmm.o%
AN
9L0'L—
VEO0'L~F
g0/

vy'L
0Sv'L
YSy'L
65y,
09%°L %

€9V’ L —
891,
89, \
Ly L
7A A
18¥'L
98y,
06%'L
66,
2058,
Sig°L

885,
mmms/
865"\
109'L~\
£€09'L 7
L09L

:ws%

619°L

€028

L1028 V
0ce'8 —¢
[444] /

w

~
©__

€
8
200 &
o=

0

©

o

9.

©

[Te]

@
S=
g
0z 8&
=

Tel

e

~

<
L=
~
—L6" o
16 @
~
~—
Lo
~e
=
©
Lw
~

" o
0 g
~

<

L e
~

n

<
m)
=&
0 =
fropa

I

©

o

16'C
0'C

T
6
1 (ppm)

'H NMR spectrum of 2-(phenylthio)pyridine-1-oxide (4i) in CDCl; at 400 MHz.

7

8

9

10

13

14

289'9L
ooo.NNW
wvm.nn

v25°0Z1
126121\
£29'GZ1 ~_
LIY8ZL ~
LLLOEL
81E0EL
€L0°9EL %
6£2'8EL

¥90'vS1L —

|

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

T
230

C NMR spectrum of 2-(phenylthio)pyridine-1-oxide (4i) in CDCl; at 101 MHz.

S46



&

Se
NO,

uso v
2869
£66'9
566'9
[
vl
e
v5z'L
9572
852,
1921
0/z'L
8.2,
182°L
0622
162°L
€622
v62'L
£0€°L
90€'L
9ev'L
gev'L
WL
e
05v'L
esv'L
09v'L
€9y,
vav'L
99y,
18v'L
68V,
26v'L
862 1
205°L 1
905°L 1
Z15°L
PIGL A
689'L 1
169°Z 1
669°L
€042
50472

6.95

7.00
1 (ppm)

7.25
f1 (ppm)

7.30

7.44
f1 (ppm)

7.48

7.52

80LL—+

§6C°8
86278
80€'8

L1€8

Lo
58598
RS SINDS

3

7.65

9

'H NMR spectrum of (2-nitrophenyl)

7.70
1 (ppm)

8.25

12

8.30
1 (ppm)

13

8.35

mww.mh
ooo.NNW
cleLL

henyl)selane (5) in CDCl; at 600 MHz.

N:.mﬁ
mmo.mﬁ
vﬁ.w&
(=] mmm.mﬁ/
= mwo.oQW
s1Z0eL
109°€€L
vigseL
B8LE°LEL
896Gyl —

100

S47

110
1 (ppm)

C NMR spectrum of (2-nitrophenyl)(phenyl)selane (5) in CDCl; at 151 MHz.

130 120

T
160 150 140

T
190 180 170

200

220 210

230




