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1. Experimental Sections

1.1. General information

All materials were obtained from commercial sources and used as received. 'H NMR and 3C
NMR spectra were recorded on 250 or 400 MHz at ambient temperature with CDCl; as the
solvent, Chemical shifts are reported in parts per million (ppm). Chemical shifts for protons are
reported in parts per million downfield and are referenced to residual protium in the NMR
solvent (CHCIl; = 8 7.26). Chemical shifts for carbon are reported in parts per million downfield
and are referenced to the carbon resonances of the solvent (CDCl; = 6 77.0). Data are
represented as follows: chemical shift, multiplicity (br = broad, s = singlet, d = doublet, t =

triplet, q = quartet, m = multiplet), coupling constants in Hertz (Hz), integration.

1.2. General procedure for the synthesis of unsymmetrical sulfides using

aryl boronic acid and aryl/benzyl/alkyl halides:

A one-necked flask was charged with Cul (20-40 mg, 0.1-0.2 mmol), sodiuom hydroxide (160
mg, 4.0 mmol), Sg (32 mg, 1 mmol), aryl/benzyl/alkyl halide (1 mmol), aryl boronic acid (1.1
mmol) and PEG200 (2 mL). The mixture was magnetically stirred and heated at 40-60 °C for the
appropriate reaction time (Table 2). After completion of the reaction, the reaction mixture was
cooled to room temperature and H,O (4 mL) was added. The product was extracted with EtOAc
(3x4 mL) and dried over anhydrous Na,SO,. Evaporation of the solvent and purification by flash
column chromatography on silica gel (EtOAc/n-hexane) gave the desired sulfides in 65-98%
yields.
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2. The Synthetic Procedure and Analytical Data for Table 2

S

©/ \© A mixture of Cul (20 mg, 0.1 mmol), sodium hydroxide (160 mg, 4.0 mmol), Sg
(32 mg, 1 mmol), iodobenzene (1 mmol), phenyl boronic acid (1.1 mmol) and PEG200 (2 mL) in
a one-necked flask was heated at 40 °C for 4.5 h. After the reaction was complete, the reaction
mixture was cooled to room temperature and H,O (4 mL) was added. The product was extracted
with EtOAc (3x4 mL) and dried over anhydrous Na,SO,4. The mixture was evaporated under
vacuum and purified by flash column chromatography (n-hexane /ethyl acetate 50:1) to afford
the desired product diphenyl sulfide (Table 2, entryl):! 'H NMR (400 MHz, CDCl;, 25 °C,
TMS): 6= 7.2-7.3 ppm (m, 10 H); *C NMR (100MHz, CDCl;, 25 °C, TMS): 6= 127.5, 129.8,
131.6, 135.9 ppm.

O

mmol), Sg (32 mg, 1 mmol), 4-iodoanisol (1 mmol), phenyl boronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 9 h. After the reaction was

A mixture of Cul (20 mg, 0.1 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3%x4 mL) and dried over anhydrous Na,SO,4 the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
30:1) to afford the desired product 4-methoxy diphenyl sulfide (Table 2, entry 3):* 'H NMR
(250 MHz, CDCl;, 25 °C, TMS): 6= 4.2(s, 3H), 7.1-7.2 ppm (m, 5H), 7.3-7.6 (m, 4H); 3C NMR
(62.9 MHz, CDCl;, 25 °C, TMS): 6= 55.3, 116.3, 126.8, 127.4, 128.5, 129.4, 137.4, 138.2, 158.2
ppm.

4.0 mmol), Sg (32 mg, 1 mmol), 4-iodoanisol (I mmol), p-tolyl boronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 11 h. After the reaction was
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complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
30:1) to afford the desired product (4-methoy phenyl) ptolyl- sulfide (Table 4, entry 4): ° 'H
NMR (400 MHz, CDCl;, 25 °C, TMS): 6= 2.3 ppm (s, 3H), 3.8 (s, 3H), 6.91 (d, /= 8.4 Hz, 2H)
,7.11 (d, J=17.6 Hz, 2H) 7.18, (d, J = 8.4 Hz, 2H) 7.41, (d, J= 7.6 Hz, 2H); 3C NMR (100
MHz, CDCl;, 25 °C, TMS): 6= 21.0, 55.3, 114.9, 125.6, 129.4, 129.8, 134.4, 136.1, 159.5 ppm.

o0
Me
mmol), Sg (32 mg, 1 mmol), 4-methyliodobenzene (1 mmol), phenyl boronic acid (1.1 mmol)

and PEG200 (2 mL) in a one-necked flask was heated at 50 °C for 9 h. After the reaction was

A mixture of Cul (20 mg, 0.1 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
40:1) to afford the desired product 4-methyl diphenyl sulfide (Table 2, entry 5):> '"H NMR (400
MHz, CDCls, 25 °C, TMS): 6= 2.5 ppm (s, 3H), 7.1-7.4(m, 9H);!3C NMR (100 MHz, CDCl;, 25
°C, TMS): 6=21.2, 126.1, 127.0, 127.7, 129.1, 129.4, 131.0, 133.6, 137.0 ppm.

o
Me
mmol), Sg (32 mg, 1| mmol), 4-methyliodobenzene (1 mmol), p-tolylboronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 10 h. After the reaction was

Me A mixture of Cul (30 mg, 0.15 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
40:1) to afford the desired product di-p-tolyl sulfide (Table 2, entry 6):! '"H NMR (400 MHz,
CDCls, 25 °C, TMS): 6= 2.25 ppm (s, 6H), 7.25 (d, J= 8, 4H), 7.34 (d, J= 8, 4H);'3C NMR (100
MHz, CDCl;, 25 °C, TMS): 6= 21.0, 128.5, 129.8, 131.1, 137.4 ppm.
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CLC
Me
Sg (32 mg, 1 mmol), 2-methyliodobenzene (1 mmol), phenyl boronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 12 h. After the reaction was

A mixture of Cul (20 mg, 0.10 mmol), sodium hydroxide (160 mg, 4.0 mmol),

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
40:1) to afford the desired product 2-methyl diphenyl sulfide (Table 2, entry 7):> '"H NMR (400
MHz, CDCl;, 25 °C, TMS): 6= 2.3 ppm (s, 3H), 7.1-7.4 (m, 9H); 3*C NMR (100 MHz, CDCls,
25 °C, TMS): 6= 20.6, 126.3, 127.9, 128.8, 129.6, 130.4, 131.0, 133.0, 135.7, 137.0, 139.9 ppm.

WA O

mmol), Sg (32 mg, 1 mmol), 4-nitroliodobenzene (1 mmol), phenyl boronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 40 °C for 1.30 h. After the reaction was

A mixture of Cul (20 mg, 0.10 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
20:1) to afford the desired product 4-nitro diphenyl sulfide (Table 2, entry 8):> 'H NMR (250
MHz, CDCl;, 25 °C, TMS): 6= 7.0 ppm (d, 2H, J=7.5Hz), 7.3-7.4 (m, 5 H), 7.95 (d, 2H, J= 7.5
Hz); BC NMR (62.9 MHz, CDCls, 25 °C, TMS): 8= 124.0, 126.6, 129.6, 130.0, 130.4, 134.7,
145.3, 148.5 ppm.

4.0 mmol), Sg (32 mg, 1 mmol), 4-nitroliodobenzene (1 mmol), p-tolylboronic acid (1.1 mmol)

and PEG200 (2 mL) in a one-necked flask was heated at 40 °C for 3 h. After the reaction was

Me A mixture of Cul (20 mg, 0.10 mmol), sodium hydroxide (160 mg,

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The

product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
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evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
20:1) to afford the desired product (4- nitro phenyl) ptolyl- sulfide (Table 2, entry 9):> "H NMR
(400 MHz, CDCl;, 25 °C, TMS): 6= 2.3 ppm (s, 3H), 7.14 (d, J =7.6 Hz, 2H) 7.29, (d,J=7.6
Hz, 2H) 7.45, (d, J = 8 Hz, 2H) 8.06, (d,J =8 Hz, 2H); *C NMR (100 MHz, CDCl;, 25 °C,
TMS): 6=21.3, 124.0, 126.1, 126.4, 130.9, 135.1, 140.2, 145.1, 149.4 ppm.

SRS
NC
mmol), Sg (32 mg, 1 mmol), 4-nitryliodobenzene (1 mmol), phenyl boronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 40 °C for 2.30 h. After the reaction was

A mixture of Cul (20 mg, 0.10 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
20:1) to afford the desired product 4-nitryl diphenyl sulfide (Table 2, entry 6):* 'H NMR (250
MHz, CDCl;, 25 °C, TMS): 8= 6.5-7.06 ppm (m, 5H), 7.31-7.9 (m, 4H); 3C NMR (62.9 MHz,
CDCls, 25 °C, TMS): 6= 108.5, 118.8, 127.3, 129.4, 129.9, 130.8 132.3, 132.8, 134.4, 145.7
ppm.

ISR S|
NC
mmol), Sg (32 mg, 1 mmol), 4-nitrylliodobenzene (1 mmol), p-tolylboronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 40 °C for 4 h. After the reaction was

Me A mixture of Cul (20 mg, 0.10 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
50:1) to afford the desired product (4nitryl phenyl) ptolyl- sulfide (Table 2, entry 11):31 'H
NMR (400 MHz, CDCls, 25 °C, TMS): 6= 2.4 ppm (s, 3H), 7.13 (d, /= 8.4 Hz, 2H), 7.27 (d, J =
8.4 Hz, 2H) 7.43-7.49, (m, 4H); 3C NMR (100 MHz, CDCls, 25 °C, TMS): 6= 21.3, 108.2,
118.9, 126.6, 130.7, 132.6, 133.4, 134.9, 140.0, 146.6 ppm.
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0
Cl
mmol), Sg (32 mg, 1 mmol), 4-chloro bromobenzene (1 mmol), phenyl boronic acid (1.1 mmol)

and PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 21h. After the reaction was

A mixture of Cul (30 mg, 0.15 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
40:1) to afford the desired product 4-chloro diphenyl sulfide (Table 2, entry 20):3 'H NMR (400
MHz, CDCls, 25 °C, TMS): 6= 7.1-7.4 ppm (m, 9H); 3C NMR (100 MHz, CDCls, 25 °C, TMS):
0=125.6,127.1,127.4,129.0, 131.0, 132.0, 135.7, 137.0 ppm.

0

S
©A A mixture of Cul (40 mg, 0.2 mmol), sodiuvom hydroxide (160 mg, 4.0
mmol), Sg (32 mg, 1 mmol), benzyl bromide (1 mmol), phenyl boronic acid (1.1 mmol) and
PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 11h. After the reaction was
complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
50:1) to afford the desired product Benzyl (phenyl) sulfide (Table 2, entry 21):6 'HNMR (250
MHz, CDCl;, 25 °C, TMS): 8= 4.01 ppm (s, 2H), 7.18-7.22 (m, 10H). 3C NMR (62.9 MHz,
CDCl;, 25 °C, TMS): 6= 39.1, 126.5, 127.3, 127.5, 128.5, 128.9, 129.4, 129.8, 136.9, 137.7 ppm.

S

©A A mixture of Cul (40 mg, 0.2 mmol), sodium hydroxide (160 mg, 4.0
mmol), Sg (32 mg, 1 mmol), benzyl bromide (1 mmol), p-tolyl boronic acid (1.1 mmol) and
PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 14h. After the reaction was
complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The

product was extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was
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evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
40:1) to afford the desired product benzyl (p-tolyl) sulfide (Table 2, entry 22):¢ 'THNMR (250
MHz, CDCls, 25 °C, TMS): 6= 2.1 ppm (s, 3H), 3.94 (s, 2H), 6.96-6.92 (d, J= 8, 2H), 7.22-7.08
(m, 7H), BC NMR (62.9 MHz, CDCl3, 25 °C, TMS): 6= 21.16, 39.79, 127.16, 128.51, 128.92,
129.10, 129.70, 130.71, 132.57, 136.58 ppm.

S

©/ A mixture of Cul (40 mg, 0.2 mmol), sodium hydroxide (160 mg, 4.0
mmol), Sg (32 mg, 1 mmol), 1-bromobutane (1 mmol), boronic acid (1.1 mmol) and PEG200 (2
mL) in a one-necked flask was heated at 60 °C for 12h. After the reaction was complete, the
reaction mixture was cooled to room temperature and H,O (4 mL) was added. The product was
extracted with EtOAc (3x4 mL) and dried over anhydrous Na,SO, the mixture was evaporated
under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate 40:1) to
afford the desired product butyl (phenyl) sulfide (Table 2, entry 23):6 'HNMR (250 MHz,
CDCl;, 25 °C, TMS): 6=0.79-0.85 ppm (t, J= 7.5, 3H), 1.32-1.36 (m, 2H), 1.39-1.57 (m, 2H),
2.79-2.95 (t, J= 7.25, 3H), 7.01 -7.25 (m, 5H); 13C NMR (62.9 MHz, CDCl;, 25 °C, TMS):
0=13.67,21.99, 31.23, 33.23, 125.6, 128.81, 128.81, 137.07 ppm.

/@/S\/\/
Me

mmol), Sg (32 mg, 1 mmol), 1-bromobutane (I mmol), p-tolyl boronic acid (1.1 mmol) and

PEG200 (2 mL) in a one-necked flask was heated at 60 °C for 14h. After the reaction was

A mixture of Cul (40 mg, 0.2 mmol), sodium hydroxide (160 mg, 4.0

complete, the reaction mixture was cooled to room temperature and H,O (4 mL) was added. The
product was extracted with EtOAc (3%x4 mL) and dried over anhydrous Na,SO,4 the mixture was
evaporated under vacuum and purified by flash column chromatography (n-hexane /ethyl acetate
40:1) to afford the desired product hexyl (4-methoxyphenyl) sulfide (Table 2, entry 24):°
'THNMR (250 MHz, CDCl;, 25 °C, TMS): 0.83-0.78 (t, J= 7.25, 3H), 1.53-1.31 (m, 4H), 2.20 (s,
3H), 2.80-2.74 (t, J= 7.25, 2H), 6.99-6.96 (d, J= 8, 2H), 7.162-7.130 (d, J= 8, 2H); *C NMR
(62.9 MHz, CDCl;, 25 °C, TMS):, 13.69, 21.01, 21.97, 22.10, 31.37, 34.02, 129.62, 129.75,
133.22, 135.76.
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TH-NMR and 3C-NMR

NMR Spectral
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NS 10
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SSB 0

LB 0.00 Hz
6B ]
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10 N5 plot parameters

CX 20.00 cm
cY 10.00 cm
FiP 9.939 ppm
F1 2486.08 Hz
Fep -0.895 ppm
F2 -223.74 Hz
PPMCM 0.54168 ppm/cn
HZCM 135.49117 Hz/cm

The "TH-NMR spectrum of (4-Methoxy phenyl) sulfide (Table 2, entry 3)
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The 13C-NMR spectrum (4-Methoxy phenyl) phenyl sulfide (Table 2, entry 3)
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The 'TH-NMR spectrum of (4-Methyl phenyl) phenyl sulfide (Table 2, entry 4)
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PROCNO 1
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SWH 26262526 Hz
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AQ 0.6488564 sec
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The 13C-NMR spectrum of (4-Methyl phenyl) phenyl sulfide (Table 2, entry 4)
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NAME  Rostami-Abed-EN920923-542..557

EXPNO 40
PROCNO 1
Date 20131229
Time 18.31

INSTRUM spect
PROBHD 5 mm PABBO BB-
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AQ 1.9464692 sec
RG 114
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DE 6.50 usec
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GB 0

PC 1.00

The 'H-NMR spectrum of Di-p-tolyl sulfide (Table 6, entry 3)
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77.031
78713
21.087

MAME  Rostami-Abed-ENS20823-542 557

EXPNO 41
PROCNO A

Date 20131229
Time 19.14
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG Zgpg
T 32red
SOLVENT CDCI3
ME 1500

D 2

SWH 25262525 Hz
FIDRES 0.770646 Hz
AL 0.6438564 sec
RG 2050

oW 19.800 usec
DE 6.50 usec
TE 840K

D1 1.00000000 sec
D11 0.03000000 sec
TDO 1

======== CHAMNEL f{ s=======

MNUC: 13C
il 8.70 usec
PL1 -1.00 dB

PLAW 42 6907E012W
SFO 100.6238364 MHz

======== CHANNEL 2 ========
CPDPRE2 waliz1e

MUC2 1H

PCFD2 20.00 usec

PL2 0.00 dB

PL12 1526 dB

PL13 18.26 dB

PL2W 11.05230045 W
PL12W 0.32818458 W
PL13W 0.16488812'W
SFO2 400.1316005 MHz

sl 32788

SF 100.6127650 MHz
WDW EM

558 0

LB 1.00 Hz

GB o

FC 1.40

The 13C-NMR spectrum of Di-p-tolyl sulfide (Table 6, entry 3)
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The "TH-NMR spectrum of Di-p-tolyl sulfide (Table 6, entry 6)
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The 3C-NMR spectrum of Di-p-tolyl sulfide (Table 2, entry 6)




7.421
7.418
7.3
7.400
7.397
7.223
7.219

2.582

NAME  Rostami-Abed-EN920923-542. 557

EXPNO 80
PROCNO 1

Date 20131229
Time 20.08
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg

D 32768
SOLVENT CDCI3

NS 32

D3 2

SWH 8417509 Hz
FIDRES 0.256882 Hz
AQ 1.9464692 sec
RG 50.8

ow 58400 usec
DE 6.50 usec

TE 2933K

D1 1.00000000 sec
TDO 1
======== CHANNEL f| ========
NUC1 1H

P1 11.00 usec
PL1 -2.00dB
PLIW 17.51671600 W
SFO1 400.1326008 MHz
Sl 32768

SF 400.1300574 MHz
WOW EM

358 0

LB 030 Hz

GB 0

PC 1.00

The 'H-NMR spectrum of (2-methyl phenyl) phenyl sulfide (Table 2, entry 7)
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139.998
137.032
135.720
133.003
131.059
130.627
130.406
125658
128.224
128,163

128,102

128.844
128.300
127.931

127.494

127 178

127.072
126.748
126.377

_— TF7.378

77061
TE.743

20,6837

ppm (t1)

NAME  Rostami-Abed-ENS20923-542..5¢

EXPNO 71
PROCNC 1

Date 20131229
Time 214
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG Zgpg

D 32768
SOLVENT cDCla

NS 1500

D5 2

SWH 252532 525 Hz
FIDRES 0.770646 Hz
A 0.6488564 sec

RG 2050

DW 19.800 usec

DE 6.50 usec

TE 284.0K

D1 1.00000000 sec
D1 0.03000000 sec
D0 1

======== CHANNEL f1 ========
NUC1 13C

P1 B.70 usec

PL1 -1.00dB

PLIW 4260075012 W
SFO1 10062383684 MHz
======== CHANNEL f2 ========
CPOPRGZ  wallz16
NUC2 H

PCPD2 80.00 usec
PLZ 0.00 dB

PL12 15.26dB

PL13 18.26 dB
PL2W  11.05230045 W
PL1ZW 032919458 W
PL13W  0.16498812W
SFOZ  400.1316005 MHz
5l 32768

5F 100.6127690 MHz
Wwow EM

55B i]

LB 1.00 Hz

GB 0

PC 140

The 3C-NMR spectrum of (2-methyl phenyl ) phenyl sulfide (Table 2, entry 7)
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94779
46356
45010
43914
39302
7.37877
7.37252
36784

7

ppm
1.57590

9.79600
8.28795
7.98397
7.95624
7.43516
7.36056
7.35766
7.35234
7.09883
7.09034
7.07093
7.06268
6.73209
1.33058
TT——1.16783
0.79003
0.76399
0.00000

7
7
7

SN

=

Integral

1.0000
2.3130
1.0505
0.1738
0.0059

.:..-._r. TWOROML1TIY 443
EXPNO 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110704
Time 9.57
INSTRUM 4 spect
PADBHD 5 mm Dual 13C/
PULPROG z9

1] 20702
SOLVENT C0C13

NS 10

0s 0

SHH 7485.030 Kz
FIDRES 0.361561 Hz
AQ 1.3829436 sec
] 161.3

DW 66.800 usec
DE 6.00 usec
TE 0.0K
01 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
=====zz= (HANNEL f{ ====ss==
NUC1 1H

P1 11.70 usec
PL1 -3.00 4B
SFO1 250.1315447 MHz
F2 - -Processing parameters
SI 32768

SF 250.1300225 MHz
#0W EM

558 0

LB 0.00 Hz
GB 0

FC 1.50

1D NMR plot parameters

cx 20.36 ctm
cY 10.00 cm
FiP 11.912 ppm¢
F1 2979.53 Hz
FopP ~1.834 ppm
F2 -458.68 Hz
PPMCM 0.67505 ppm/ci
HZCM 168.85123 Hz/cm

S20

The 'H-NMR spectrum of (4-Nitro phenyl) phenyl sulfide (Table 2, entry 8)



148 .534
145.320
134.765
130.404
130.048
129.693
126.654
124.036
77.585
77.076
76.568

ppm

_/_
N
=

NAME Rostami-C-78
EXPNO 1
PROCNO 1

F2 - Acquigition Parameters
Date_ 20110703
Time 9.56
INSTRUM spect
PROBHD 5 mm Oual 13/
PULPROG 909

0 65356
SOLVENT coc13

NS 100

0s 0

ShH 16339.869 Hi
FIDRES 0.250013 Hz
AQ 1.9999436 sec
f6 32768

o 30.500 usec
0 6.00 usec
TE 00K

o1 1.00000000 sec
ai 0.03000000 sec
DELTA 0.89999908 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
asseanss n:;—&ﬁr fi seemunax
NUCH 13C

P1 10.50 usec
PLY < =1.00 dB
5F01 62.9015280 MHz
==az==== (HANNEL f2 ======a=
CPOPRG2 waltz16
NUC2 1H
PCPO2 97.00 usec
PL2 -3.00 48
PLI2 17.00 dB
PL13 17.00 dB
SF02 250. 1310005 MHz
F2 - Processing parameters
51 32768

SF 62.8952390 MHz
WOW EM

588 0

LB 1.00 Hz
GB 0

PC 1.50

10 NMA plot parameters

cx 20.00 cm
cY 9.85 cm
FiP 165.417 ppm
Fi 11661 .86 Hz
Fop -14.710 ppm
F2 -925.20 Hz
PPMCN 10.00637 ppm/cm
17CH 1529.35309 Hz/cm

S21

The 13C-NMR spectrum of (4-Nitro phenyl) phenyl sulfide (Table 2, entry 8)



i

iz

ppm

2.450

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

IV | ST S S

12

11

10

200 = i

Khozestan UN
481

1

20140928
15.47
spect

5 mm PABBO BB-
zg30

65536
CDC13

20

0

8012.820
0.122266
4,0894966
80.6
62.400
6.50

294.1
6.00000000
1

(<O

Hz
Hz
sec

usec
usec
K

sec

CHANNEL fl ss==ss===

1H

14.00

-2.00
11.86359406
400.2236020
32768
400,2200000

EM

0
0.30
0

1.00

usec
dB

W
MHzZ

MHz

He

The 'H-NMR spectrum of (4-Nitro phenyl plylot- sulfide (Table 2, entry 9)

S22



;jample code: 5 ( Dr.rostami )

LTIV \%
4 T 1 ] 1 T I T I I T ! 1 I
240 220 200 180 160 140 120 100 80 60 40 20 ppm

BRGRER
(>

NAME Khozestan UN
EXPNO 482
PROCNO L
Date__ 20140928

Time 1551
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30

D 65536
SOLVENT CcDC13

NS 115

DS 0

SWH 25252.525 Hz
FIDRES 0.385323 Hz
AQ 1.2976629 sec
RG 2050

DW 19.800 usec
DE 6.50 usec
TE 294.4 K

Dl 2.00000000 sec
D11 0.03000000 sec
DO 1
—EEETEE=E Omgmﬁv ﬂH Erzssms=
NUC1 13¢

Pl 9.00 usec
PL1 -0.90 dB
PLIW 42.02801895 W
SFO1 100.6479784 MHz
=m====== CHANNEL hM Aa=z====o
CPDPRG2 waltzlé

NUC2 1H
PCPD2 90.00 usec
PL2 -2.00 dB
PL12 14,16 dB
PL13 17.90 dB
PL2W 11.86359406 W
PL12W 0.28722104 W
PL13W 0.12139934 W
SFO2 400.2216009 MHz
Sl 32768

SF 100.6353990 MHz
WDW EM

$SB 0

LB 1.00 Hz
GB 0

PC 1.40

The 3C-NMR spectrum of (4-Nitro phenyl) ptolyl- sulfide (Table 2, entry 9)
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WUIEEIL UOLD TQI ONTLTT D

NAME Najafvand-H-28

TupespexnaRSoRABRIYY X B85 I 8383y 8 EimD 1
E BESRBRNAmaITEE38S3ERE S B & FREEBR 8 PROCND - 1
[+§ . PO . P - . S i .
a 7777777.77. 7777777555 = mm (7] oo - 00 (=]
¥ f2 - Acguisition Parameters ™. .
Oate_ 20110817 ;
Time 11.21
INSTRUM spect
PROBHD 5 mm Dua) 13C/
PULPROG 79
10 13456
ﬁ SOLVENT toc13
NS 10
0s 0
SWH 7267.442 Hz
FIDRES 0.540089 Hz
A0 0.9258228 sec
R 71.8
DN 68.8B00 usec
DE 6.00 usec
TE 0.0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
ses===== CHANNEL fl s=ss====
NIC1 {H
P1 14.70 usec
PL1 -3.00 d8
SFO1 2501315447 MHz
—
F2 - Precessing parameters
S1 32768
SF 250.1300259 MHz
WOW EM
558 0
1B 0.00 Hz
) GB 0
] ﬁ e PC 1.50
L)S_ r K(I]\LF[ 1D NMR plot parameters
CX 20.00 ¢m
cY 10.00 cm
FiP 11.999 ppm
=] m
- S > e
2 c o = = b F2 -233.33 Hr
e & = it = < PRNCH 0.64658 ppni/ca.
HZCM 161.72811 Hz/em
T T T _ T T _ T T T w T T T * T _ T
8 6 4 2 0

S24

The 'HNMR spectrum of (4-Nitryl phenyl) phenyl sulfide (Table 2, entry 10)



ppm

145.723

134.498
132.853
132.377
130.810
129.947

Vo

129.419
127 .307

N
T T——118.814

108.675

77.678
77.171
76.662

\

/

NAME Riazi-C-22
EXPNO 1
PROCNC 1
F2 - Acquisition Parameters
Date_ 20110810
Tiee 9.43
INSTRUM spect
PROBHD 5 mn Dual 13C/
PULPROG 2009
] 39154
SOLVENT coc13
NS - 100
05 0
S 15060.241 Hz
FIORES 0.384641 Hz
A0 1.2999628 sec
A6 1625.5
oW 33,200 usec
DE 5.00 usec
TE 0.0K
Dy 1.29999995 sec
ail 0.03000000 sec
DELTA 1.19999993 sec
MCREST 0.00000000 sec
MCHRK 0.01500000 sec
CHANNEL f1
WCY 13C
P 10.50 usec
PL1 -1.00 dB
SFD1 62.9045280 MHz
CHANNEL f2
CPOPRG2 waltzib
Nuc2 iH
PCPD2 97.00 usec °
L2 =3.00 o8
PLI2 17.00 d8
L3 17.00 d8
5F02 250.1310005 Wiz

F2 - Processing parameters

§1 32768

SF 52.8952330 MHz
WDW EM

S8 0

LB 1.00 Hz
GB 0

PC 1.00

1D MR plot parameters

ox 20.00 cn
CY 10.00 cm
FiP 164.381 ppm_
Fi 10338.78 Hr
F2P -9.826 ppim
F2 ~-618.03 Hz
PPMCM 8.71036 ppm/cm
HZCH 547.84045 Hz/cm

tryl phenyl) phenyl sulfide (Table 2, entry 10)

-n1

The 3C-NMR spectrum of (4

S25



mple code: 3 Dr.rostami )

7.494
7.473
7.456
7.436
7.292
7.271
7.156
7135
2.438

/
\

(<O

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D0
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

L SR R Tt

Khozestan UN

471

1
20140928
14,37
spect

5 mm PABBO BB-

2930
65536
CDC13

12
0
8012.820 Hz
0.122266 Hz
4.0894966 sec
128
62.400 usec

6.50 usec

2939 K
6.00000000 sec
1

1H
14.00 usec
-2.,00 aB

11.86359406 W
400.2236020 MHz

32768

400,2200000 MHz
EM

0
0.30 Hz
0

1.00

The 'H-NMR spectrum of (4-Nitryl phenyl) ptolyl- sulfide (Table 2, entry 11)
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v ( Dr.rostami )

\N\N\V#/ '
o . . " o
e T T ] | T _ _ I —
200 180 160 140 120 100 80 60 40 20 ppm

Co<)

BRUKER

(<O

MHz

MHz

Hz

NAME Khozestan UN
EXPNO 478
PROCNO 1
Date_ 20140928
Time 14.43
INSTRUM spect
PROBHD S mm PABBO BB-
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 720
DS Q
SWH 25252.525
FIDRES 0.385323
AQ 1.2976629
RG 2050
DW 19.800
DE 6.50
TE 294,3
D1 2.00000000
D11 0.03000000
TDO 1
======== CHANNEL fl ====
NUC1l 13C
Pl 9.00
PL1 -0.90
PL1W 42.02801895
SFO1 100.6479784
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 90.00
PL2 -2.00
PL12 14.16
PL13 17.90
PL2W 11.86359406
PL12W 0.28722104
PL13W 0.12139934
SF02 400.2216009
SI 32768
SF 100.6353990
WDwW EM
SSB 0
1B 1.00
GB 0
PC 1.40

The 3C-NMR spectrum of (4-Nitryl phenyl) ptolyl- sulfide (Table 2, entry 11)
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NAME  Rostam--Abed-EN920923-542..55

T c AN ODTOWNETO0LW0N N0 _MXTZO WD
MO — OANDDTONN-— OO ONN~OWDT N
st i B B it e B Bk bt e B et i P PROCNO 1
L e e e o e e e e e e e e e e Ll bl o
Date 20131229
Time 2147

INSTRUM spect
PROBHD 5mm PABBO BB-

PULPROG zg
D 32768
SOLVENT CDCI3
NS 32
DS 2
SWH 8417.509 Hz
FIDRES 0.256882 Hz
AQ 1.9464692 sec
RG 7.8
ow 59.400 usec
DE 6.50 usec
TE 2934 K
D1 1.00000000 sec
TDO 1
== CHANNEL Il ===
NUC1 H
P 11.00 usec
RE] -2.00dB
s PLIW 17.51671600 W
SFO1 400.1326008 MHz
Sl 32768
SF 400.1300455 MHz
o WDW EM
L SSB 0
5 LB 0.30 Hz
o GB 0
T _ T T _ T T T T 7 T T T _ T T T 10 ‘_DD
15.0 10.0 5.0 0.0

ppm (t1)

S28

The 'H-NMR spectrum of (4-Chloro phenyl) phenyl sulfide (Table 2, entry 20)



137.032
135.789
132.042
131.058
129.099
127.491
127172
125.640

N

77.375
77.057
7E.740

L I

NAME Rostami-Abed-EN920923-542. 657

EXPNO 81
PROCNO 1
Date 20131229
Time 22.30

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg

TD 32768
SOLVENT CDCI3
NS 1500

DS 2

SWH 25252 525 Hz
FIDRES 0.770646 Hz
AQ 0.6488564 sec

RG 2050

Dw 19.800 usec
DE 6.50 usec
TE 2038K

D1 1.00000000 sec
D11 0.03000000 sec
1

TDO

======== CHANNEL f{ ========
NUC1 13C

P1 8.70 usec

PL1 -1.00dB

PLIW 4269075012 W
SFO1  100.6238364 MHz

======== CHANNEL 2 ========
CPDPRG2 waltz16

NUC2 1H

PCPD2 80.00 usec

PL2 0.00dB

PL12 15.26 dB

PL13 18.26 dB

PL2ZW  11.05230045 W
PL12W 032919458 W
PL13W  0.16498812W
SFO2  400.1316005 MHz

Sl 32768

SF 100.6127690 MHz
WDW EM

558 0

LE 1.00 Hz

GB 0

PC 1.40

Chloro phenyl) phenyl sulfide (Table 2, entry 20)
S29

The C-NMR spectrum of (4



8514

7709

5331
7.2294
7.2256
7.2222
7.2180
7.2073
7.2033
7.2008
7.1979
7.1928
7.1861
7.1702
7.1582
7.1506
7 1278
7.1209
6.8988
4.4837
4.2230
4.1114
4.0473
4.0176

7
7
?

-
[a1]
m
> O
)

3 9234

3.8430

3.7807
3.6587
3 5786
3.5713
3.5075
3.4989
3.4746
3.4189
3.2131

) e Sl

integral

1.5706

0.3547

0.0586

Current Data Parasmeters

NAME Gholinjad-H-9
EXPND 1
PROCNO 1

F2 - Acquisition Parameters
Date_ 20090502
Time 13.21
INSTRUN spect
PROBHD 5 mm Dual 13C/
PULPROG g

0 65536
SOLVENT CoC13

NS 5

s 0
SWH 5175.983 Hz
FIDRES 0.078979 Hz
“AQ 6.3308277 sec
RG 71.8

oW 96.600 use:
DE 6.00 use
1€ 00K
Dt 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
zamz==zx CHANNE( f{ sm=ezas
NUCL iH

5] 11.70 use
PL1 -3.00 d8
SFOL 2501315447 wHz
F2 - Processing parameters
SI 32768

SF 250.1300362 MHz
L] EM
558 0

LB 0.00 Hz
68 0

PC 1.50

1D NNR plot parameters

Cx 20.00 cm
cy 9.87 em
FiP 10.148 ppr
Fi 2530.38 Hz
Fep =0.717 ppa
F2 ~179.44 Hz
PPMCM 0.54168 ppr
HZCM 135.49118 Hz,

The 'H-NMR spectrum of Benzyl (phenyl) sulfide (Table 2, entry 21)
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AL, i
i I T 1 I I ] i T
ppm 140 120 100 BO 60 40 20

Current Data Paraseters

NAME Etemadi-C-27
EXPND ]
PROCND 1

F2 - Acquisition Parameters
Date_ 20090006
Time 1.3
INSTHRUM spect
PROBHD 5 am Dual 13/
PULPROG 2009

™ 60238
SOLVENT C13

NS 100

1 0

S 15060.243 Wz
FIDRES 0.250012 Wz
L] 1.9999516 sec
] 32768

o™ 33.200 usec
DE 6.00 ugec
TE 0.0k
01 2.00000000 sec
d11 £.03000000 sec
DELTA 1.89999998 sec
NCREST 0.00000000 sec
NOURK 0.0150000C sec
snazawns CHANNEL f] saszzman
NUC1 13

Pt 10.50 usec
PL1 -1.00 8
SF01 62.9015280 MHz

wsansuns CHANNEL §2 amsmsass
CPDPRG2 waltz16
NIC2 1H
PcPE2 97.00 usec
PL2 -3.00 o8
PL12 17.00 08
P13 17.00 08
SFO2 250, 1310005 MHz

F2 - Processing paraseters
st 278
62.8952300 Wiz
4]
]
1.00 Wz
0
1.40

2BEEES

10 WMR plot parameters
Cx 20.00 cm

cY 10.00 cm
Fip 165. 406 ppa
F1 10403.23 Hz
b ~3.826 ppm
F2 -618.04 Wz
PPMCH 8.76460 ppm/ca

The 3C-NMR spectrum of Benzyl (phenyl) sulfide (Table 2, entry 21)
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~~2.180

2.00-]

Current Data Parameters

NAME Riazi-C-22
EXPNO i
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110810
Time 9.43
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG z0pa
1] 39154
SOLVENT coci3
NS - 100
s 0
S 15080.241 Hz
FIDRES 0.364641 Hz
] 1.2999628 sec
A6 1625.5
oW 33.200 usec
3 5.00 usec
TE 0.0K
D1 1.25999995 sec
d11 0.03000000 sec
DELTA 1.19999903 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANMNEL 1
MiCy 13C
Pl 10.50 usec
PLY -1.00 dB
SFD1 62.8015280 MHz
CHANNEL f2
CPOPRG2 waltzi6
N2 1H
PCPD2 97.00 usec °
PL2 -3.00 @B
PLi2 17.00 dB
L3 17.00 08
§F02 250.1310005 MHz
F2 - Processing parameters
S1 32768
SF 52.8952390 MHz
L] EM
S58 0
L8 1.00 Hz
68 0
PC 1.00
1D NMR plot parameters
tx 20.00 cm
cY 10.00 ¢m
FiP 164.381 ppm.
F1 10338.78 Hz'
F2P *-8.826 ppin
F2 -618.03 Hz
PPMCM 8.71036 ppm/cm

uIru £47 BAAIE Uafem

The 'H-NMR spectrum of Benzyl (p-tolyl) sulfide (Table 2, entry 22)
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Current Data Parameters

HAME Rostami-C-78
EXPHNO 1
PROCNO 1

F2 - AcQuisition Parameters
Date_ 20110703
Tima 9.56
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPAROG zgeg

D 65356
SOLYENT €oC13

NS 100

0s 0

ShH 16339.869 Hz
FIDRES 0.250013 Hz
Al 1.9999436 sec
RG 32768

o 30.600 usec
0E 6.00 usec
TE 0.0 K

D1 1.00000000 sBC
dii 0.03000000 sec
DELTA 0.59959998 sec
MCREST 0. 00000000 sec
MCWRK Q.1500000 see
senannas CHAMNEL f1 =desowwe=
NUCS 13C

Py 10.50 usec
ALy - =1.00 d8
5F01 62 90152680 MHz
===2===== [HANNEL f2 =r======
CPDPRGZ walt216
NUC2 iH
PoPi2 97.00 usec
PL2 -3.00 48
PL12 17.00 dB
PL13 17.00 dB
5F02 250.1310005 MHz
F2 - Processing parameters
51 32768

§F 62.8952390 WHz
WOW EM

SSB Q

iB 1.00 Hz
&8 Q

PC 1.50

1D NMA plot parameters

cx " 20.00 cm
cY 8.85 cm
FiP 185.417 pom
F1 11664 .B6 HZ
F2rP -14.710 ppm
F2 -926. 20 Hz
PPMCM 10 00637 ppm/cm
riv] 529.35309 Hz/cm

The '3C-NMR spectrum of Benzyl (p-tolyl) sulfide (Table 2, entry 22)
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HRHILE
W Sy ss
NAME Kurdestan UN
EXPNO 75
PROCNO 1
Date_ 20150203
Time 1115
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
. i .‘ SOLVENT CDC13
NS 16
Ds 0
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 322
DW 62.400 usec
DE 6.50 usec
TE 296.0 K
D1 4,00000000 sec
D0 1
S=ssscox OE&Z.ZMH‘ fl ===s====
NUC1 1H
! Pl 14.00 usec
[l PL1 -2.00 dB
PL1W 11.86359406 W
SFO1 400.2236020 MHz
SI 32768
SF 400.2200000 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 4]
i PC ’ 1.00
B 8 38 |d
v T s ¥ L T » T X T ¥

00 95 90 85 80 78 70 6.5 6.0 S5 50 4.5 40 35 30 25 0 1.5 18 05

S34

The 'TH-NMR spectrum of Butyl phenyl sulfide (Table 2, entry 23)
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The 'TH-NMR spectrum of Butyl (4-methyl phenyl) sulfide (Table 2, entry 24)
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The C-NMR spectrum of Butyl (4-methyl phenyl) sulfide (Table 2, entry 24)
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