Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry.
This journal is © The Royal Society of Chemistry 2019

Supporting information

Nano-Pd catalyzed synthesis of sulfoxides and sulfones from symmetrical and
unsymmetrical sulfides obtained via the reaction of diazonium tetrafluoroborate
with Na,S-9H,0

Xing Li,* Jia Du, Yongli Zhang, Honghong Chang, Wenchao Gao and Wenlong Wei

College of Biomedical Engineering, Taiyuan University of Technology, 79 West
Yingze Street, Taiyuan 030024, People’s Republic of China. E-mail:
lixing(@tyut.edu.cn

Contents

Page no

1 General S-2

2 General procedures S-2
2.1 General procedure for the preparation of the nano-Pd catalyst S-2
2.2 General procedure for the synthesis of symmetrical sulfides under microwave S-3

2.3 General procedure for the synthesis of symmetrical disulfides promoted by FeCl; S-3

2.4 General procedure for the synthesis of asymmetrical sulfides via the cross-coupling of
disulfides with aryl diazonium tetrafluoroborate S-3

2.5 General procedure for oxidation of symmetric sulfides to sulfoxides with H,O, S-3

2.6 General procedure for oxidation of asymmetric sulfides to sulfoxides with H,O,  S-4

2.7 General procedure for the symmetrical and asymmetric sulfides to sulfones S-4
3 Characterization data for the corresponding products S-4
4 References S-21
5 'H and '*C NMR spectra S-25

S1


mailto:lixing@tyut.edu.cn

1 General

All reagents were purchased from commercial sources and used without further purification,
unless otherwise indicated. Deuterated solvents were purchased from Sigma-Aldrich. Column
chromatography was performed on silica gel (200-300 mesh) with petroleum ether (solvent
A)/ethyl acetate (solvent B) gradients, unless otherwise specified. The microwave reactions were
carried out by using MC8S-3 microwave instrument. All yields were referred to isolated yields
(average of two runs) of compounds. The known compounds were partly characterized by melting
points (for solid samples), 'H NMR, and compared to authentic samples or the literature data.
Melting points were measured with a RD-II digital melting point apparatus and are uncorrected.
'H NMR data were acquired at 300 K on a Bruker Advance 600 III MHz spectrometer or Avarian
Inova 500 MHz spectrometer using CDCl; as a solvent. Chemical shifts are reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard ("H NMR TMS at 0.00 ppm,
CHCl; at 7.26 ppm; BC{'H} NMR CDCl; at 77.16 ppm). Spectra are reported as follows:
chemical shift (5 = ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz), integration, and assignment. New compounds were further
characterized by HRMS. High-resolution mass spectra were recorded on an ESI-Q-TOF mass

spectrometer.

2 General procedures

2.1 General procedure for the preparation of the nano-Pd catalyst

A mixture of Pd(PPh;), (260 mg, 0.225 mmol), tetra(ethylene glycol) (418 mg, 2.20 mmol), 1-
butanol (3 mL, 32.7 mmol), and aluminum tri-sec-butoxide (9.50 g, 38.5 mmol) was stirred at 110
°C for 10 h. Then water was dropwise added and the system was stirred at 110 °C for another 0.5 h
to form a black gel. Subsequently, filtering, washing with acetone, and drying the gel gave the

nano-Pd catalyst 1 at room temperature as dark greyish-green powder (See Scheme 1).
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Scheme 1. Preparation of the palladium nanoparticles catalyst 1.

2.2 General procedure for the synthesis of symmetrical sulfides under microwave

The mixture of phenyl diazonium tetreafluoroborate (38.5 mg, 0.2 mmol), and Na,S-9H,0
(53.2 mg, 1.1 equiv.) in water (1.0 mL) was heated under microwave irradiation (300 W, 100 °C)
until the starting material was consumed which was determined by TLC. The reaction system was
then extracted with ethyl acetate (3 x 10 mL), and the combined organic phase was dried over
anhydrous Na,SO,. At last, the organic extracts were concentrated in vacuum and the resulting
mixture was purified by column chromatography on silica gel with petroleum ether as an eluent to

afford the pure product 3a.

2.3 General procedure for the synthesis of symmetrical disulfides promoted by FeCl;

To the mixture system of phenyl diazonium tetrafluoroborate (38.5 mg, 0.2 mmol) and FeCls
(39.1 mg, 0.24 mmol, 1.2 equiv) in CH30H (1.0 mL) was added Na,S-9H,0 (53.2 mg, 1.1 equiv.)
slowly at 0 °C. The reaction mixture was then stirred, and the temperature rose to room
temperature naturally. The stirring continued until no substrate could be detected by TLC. After
the solvent CH3;0H was removed under reduced pressure, the residue was purified by column
chromatography on silica gel with petroleum ether as an eluent to afford the direct cross-coupling

product diphenyl disulfide 4a.

2.4 General procedure for the synthesis of asymmetrical sulfides via the cross-coupling of
disulfides with aryl diazonium tetrafluoroborate

To the mixture system of p-MeO-phenyl diazonium tetrafluoroborate (44.5 mg, 0.2 mmol) and
K,CO; (27.7 mg 0.2 mmol) in CH;CN (1.0 mL) was added diphenyl disulfide (39.3 mg, 0.18
mmol) under N, atmosphere at 25 °C. The reaction mixture was then stirred until no substrate

could be detected by TLC. The resulting mixture was purified by column chromatography on
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silica gel with petroleum ether as an eluent to afford the direct cross-coupling product (4-

methoxyphenyl)(phenyl)sulfide 5a.

2.5 General procedure for oxidation of symmetric sulfides to sulfoxides with H,O,

The mixture of nano Pd catalyst (4.1 mg, 0.12 mol% Pd), symmetric diphenyl sulfide (0.2 mmol)
and 30% H,0, (0.2 mL, 10 equiv.) in methanol (1.0 mL) was stirred at 60 °C until the starting
material was consumed which was determined by TLC. After the solvent CH3;0H was removed
under reduced pressure, the resulting product was purified by column chromatography on silica

gel with ethyl acetate and petroleum ether as eluents to afford the pure product 6a.

2.6 General procedure for oxidation of asymmetric sulfides to sulfoxides with H,O,

The mixture of nano Pd catalyst (4.1 mg, 0.12 mol% Pd), asymmetric sulfide (0.2 mmol), 30%
H,0, (0.2 mL, 10 equiv.) in methanol (1.0 mL) was stirred at 60 °C until the starting material was
consumed which was determined by TLC. After the solvent CH;0H was removed under reduced
pressure, the resulting mixture was purified by column chromatography on silica gel with ethyl

acetate and petroleum ether as eluents to afford the pure product 7.

2.7 General procedure for the symmetrical and asymmetric sulfides to sulfones

The mixture of nano Pd catalyst (4.1 mg, 0.12 mol% Pd), diphenyl disulfide (10 mol%)
symmetric or asymmetric sulfide (0.2 mmol), 30% H,0, (0.2 mL, 10 equiv.) in methanol (1.0 mL)
was stirred at 100 °C until the starting material was consumed which was determined by TLC.
After the solvent CH;0H was removed under reduced pressure, the resulting mixture was purified
by column chromatography on silica gel with ethyl acetate and petroleum ether as eluents to

afford the pure product 8.

3 Characterization data for the corresponding products

Part 1: symmetric sulfides

A
Diphenyl sulfidel'- >3] (3a, 5a)

Colorless liquid; 'H NMR (600 MHz, CDCl;): 6 = 7.35-7.33 (m, 4H, Ar-H), 7.31 (t, J = 7.4 Hz,

4H, Ar-H), 7.25 (tt, J = 7.1, 2.1 Hz, 2H, Ar-H) ppm.
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L
Di-p-tolylsulfidel!- >- 31 (3b)

White solid; M.p.: 57 °C; 'H NMR (600 MHz, CDCl;): 6 = 7.23 (d, J= 8.2 Hz, 4H, Ar-H), 7.15 (d,

J=28.0 Hz, 4H, Ar-H), 2.32 (s, 6H, Me-H) ppm.

ARSI
Di-m-tolylsulfidel*] (3¢)

Colorless liquid; '"H NMR (600 MHz, CDCL): 6 = 7.20-7.17 (m, 4H, Ar-H), 7.13 (d, J = 7.8 Hz,

2H, Ar-H), 7.05 (d, J = 7.6 Hz, 2H, Ar-H), 2.31 (d, J = 6.4 Hz, 6H, Me-H) ppm.

Di-o-tolylsulfide!'- 21 (3d)

White solid; M.p.: 64 °C; 'H NMR (600 MHz, CDCl): 6 = 7.24 (d, J = 7.3 Hz, 2H, Ar-H), 7.18
(td, /=73, 1.4 Hz, 2H, Ar-H), 7.11 (td, J= 8.1, 1.2 Hz, 2H, Ar-H), 7.06 (dd, /= 7.7, 2.0 Hz, 2H,

Ar-H), 2.38 (s, 6H, Me-H) ppm.

o
MeO OMe Bis(4-methoxyphenyl)sulfidel!- 231 (3e)

White solid; M.p.: 44 °C; 'H NMR (600 MHz, CDCl5): § = 7.28-7.26 (m, 4H, Ar-H), 6.85 (d, J =

8.8 Hz, 4H, Ar-H), 3.79 (s, 6H, OMe-H) ppm.

Meo\©/8\©/OMe
Bis(3-methoxyphenyl)sulfidel!- 3] (3f)

White solid; M.p.: 45-47 °C; 'H NMR (600 MHz, CDCls): § = 7.22-7.19 (m, 2H, Ar-H), 6.94-7.92

(m, 2H, Ar-H), 6.90-6.89 (m, 2H, Ar-H), 6.80-6.78 (m, 2H, Ar-H), 3.76 (s, 6H, OMe-H) ppm.

OMe
O
MeO Bis(2-methoxyphenyl)sulfide!'- 31 (3g)
White solid; M.p.: 73-74 °C; '"H NMR (400 MHz, CDCly): 6 = 7.27-7.22 (m, 2H, Ar-H), 7.07 (dd,
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J=1.7,1.7 Hz, 2H, Ar-H), 6.93-6.90 (m, 2H, Ar-H), 6.89 (td, /= 7.5, 1.2 Hz, 2H, Ar-H), 3.87 (s,

6H, OMe-H) ppm.

JORS!
0N NO

White solid; M.p.: 156 °C; '"H NMR (600 MHz, CDCl;): 6 = 8.07 (d, J = 8.9 Hz, 2H, Ar-H), 7.55-

2 Bis(4-nitrophenyl)sulfide!- 2 (3h)

7.53 (m, 2H, Ar-H), 7.46-7.45 (m, 2H, Ar-H), 7.18 (d, /= 9.0 Hz, 2H, Ar-H) ppm.

O,N \©/S\©/ NO,
Bis(3-nitrophenyl)sulfide!” (3i)

White solid; M.p.: 42 °C; 'H NMR (400 MHz, CDCLy): & = 8.37 (t, J = 4.0 Hz, 2H, Ar-H), 8.12-
8.10 (m, J = 8.4 Hz, 2H, Ar-H), 7.83-7.80 (m, J = 8.0 Hz, 2H, Ar-H), 7.53 (t, J = 16.0 Hz, 2H, Ar-

H) ppm.

NO, NO,
Bis(2-nitrophenyl)sulfide!- 3! (3j)

Yellow solid; M.p.: 123-124 °C; '"H NMR (400 MHz, CDCls); 6 = 8.06-8.09 (m, 2H, Ar-H), 7.79-

7.84 (m, 2H, Ar-H), 7.63-7.76 (m, 2H, Ar-H), 7.56-7.60 (m, 2H, Ar-H) ppm.

o
F F Bis(4-fluorophenyl)sulfidel- 31 (3k)

Colorless liquid; "H NMR (600 MHz, CDCly): 6 = 7.32-7.29 (m, 4H, Ar-H), 7.02-6.99 (m, 4H,

Ar-H) ppm.

RORSH
Bis(3-fluorophenyl)sulfide®! (31)

Colorless liquid; '"H NMR (600 MHz, CDCls): 0 = 7.31-7.27 (m, 2 H, Ar-H), 7.14-7.12 (m, 2H,

Ar-H), 7.05 (dt, J=9.1, 2.2 Hz, 2H, Ar-H), 6.99-6.95 (m, 2H, Ar-H) ppm.
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F F
Bis(2-fluorophenyl)sulfide!'?! (3m)

Colorless liquid; '"H NMR (600 MHz, CDCly): 0 = 7.30-7.24 (m, 4 H, Ar-H), 7.12-7.08 (m, 4H,

Ar-H) ppm.

o
cl Cl  Bis(4-clorophenyl)sulfide!'- 81 (3n)

White solid; M.p.: 88-89 °C; 'H NMR (600 MHz, CDCls): 6 = 7.29-7.23 (m, 8H, Ar-H) ppm.

Cl \©/S\©/CI
Bis(3-fluorophenyl)sulfide(®! (30)

Colorless liquid; "TH NMR (600 MHz, CDCly): 6 = 7.32-7.31 (m, 2H, Ar-H), 7.25-7.24 (m, 4H,

Ar-H), 7.22-7.21 (m, 2H, Ar-H) ppm.

cl cl
Bis(2-clorophenyl)sulfidel*] (3p)

White solid; M.p.: 68-70 °C; 'H NMR (600 MHz, CDCls): 6 = 7.47 (dd, J = 7.9, 1.3 Hz, 2H, Ar-
H), 7.25 (td, J= 7.8, 1.7 Hz, 2H, Ar-H). 7.21 (td, J = 7.8, 1.3 Hz, 2H, Ar-H), 7.15 (dd, J= 7.8, 1.7

Hz, 2H, Ar-H) ppm.

O
Br Br  Bis(4-bromophenyl)sulfide!’- 2] (3q)

White solid; M.p.: 110-111 °C; 'H NMR (600 MHz, CDCls): 6 = 7.44-7.42 (m, 4H, Ar-H), 7.20-

7.17 (m, 4H, Ar-H) ppm.

Part 2: symmetric disulfides

Diphenyldisulfide!* 5] (4a)

White solid; M.p.: 58-60 °C; 'H NMR (600 MHz, CDCl;): 6 = 7.51-7.49 (m, 4H, Ar-H), 7.31-7.29
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(m, 4H, Ar-H), 7.24 (tt, J = 7.3, 1.8 Hz, 2H, Ar-H) ppm.

Di(p-methylphenyl)disulfidel* 51 (4b)
White solid; M.p.: 48-50 °C; 'H NMR (600 MHz, CDCl;): 6 = 7.43 (d, J = 8.1 Hz, 4 H, Ar-H),

7.16 (q, J=7.7 Hz, 4 H, Ar-H), 2.34 (s, 6H, Me-H) ppm.

O 0
S
Di(m-methylphenyl)disulfide*! (4¢)

White solid; M.p.: 112-113 °C; 'H NMR (600 MHz, CDCls): 5 = 7.38 (t, J = 6.8 Hz, 4 H, Ar-H),
7.19 (t, J= 7.7 Hz, 4 H, Ar-H), 7.08 (d, J = 7.6 Hz, 2 H, Ar-H), 2.32 (s, J = 6.4 Hz, 6H, Me-H)

v O
S
Di(o-methylphenyl)disulfide(* 3! (4d)

White solid; M.p.: 40 °C; 'H NMR (600 MHz, CDCl;): § = 7.16-7.18 (m, Ar-H), 7.13-7.15 (m,
Ar-H), 7.08 (td, J= 6.0, 1.2 Hz, 2H, Ar-H), 7.04 (dd, J = 6.0, 1.8 Hz, 2H, Ar-H), 2.37 (s, 6H, Me-

H) ppm.

MeOOS\
s

White solid; M.p.: 45-47 °C; 'H NMR (600 MHz, CDCl;): 6 = 7.28-7.26 (m, 4 H, Ar-H), 6.84-

—< >—OM
° Di(4-methoxyphenyl)disulfidel 6] (4e)

6.82 (m, 4 H, Ar-H), 3.78 (s, 6 H, OMe-H) ppm.

MeQ,
OMe
s
Di(3-methoxyphenyl)disulfidel ! (4f)

White solid; M.p.: 106-107 °C; 'H NMR (400 MHz, CDCls); 6 = 7.12-7.16 (m, 2H, Ar-H), 6.99-

7.03 (m, 2H, Ar-H), 6.82-6.88 (m, 2H, Ar-H), 6.67-6.73 (m, 2H, Ar-H), 3.69 (s, 6H, OMe-H) ppm.

S8



Di(2-methoxyphenyl)disulfidel'3- 14 (4g)
White solid; M.p.: 120-121 °C; '"H NMR (600 MHz, CDCl;): 6 = 7.53 (d, 2 H, J = 1.6 Hz, Ar-H),

7.19-7.17 (m, 2 H, Ar-H), 6.92-6.89 (m, 2 H, Ar-H), 6.86-6.83 (m, 2 H, Ar-H), 3.89 (s, 6 H, OMe-

H) ppm.

Bis(4-fluorophenyl)disulfidel* 3! (4h)
White solid; M.p.: 50-52 °C; 'H NMR (600 MHz, CDCls): 6 = 7.32-7.29 (m, 4 H, Ar-H), 7.02-

6.99 (m, 4 H, Ar-H) ppm.

Bis(3-fluorophenyl)disulfidel®] (4i)
Slight yellow oil; '"H NMR (600 MHz, CDCl;): 6 = 7.31-7.27 (m, 2 H, Ar-H), 7.14-7.12 (m, 2 H,

Ar-H), 7.05 (dt, J=9.1, 2.2 Hz, 2H, Ar-H), 6.99-6.95 (m, 2H, Ar-H) ppm.

F

F
0
S
Bis(2-fluorophenyl)disulfidel'] (4j)

Slight yellow oil; 'H NMR (600 MHz, CDCls): 6 = 7.60 (td, 2 H, J = 7.7, 1.7 Hz, Ar-H), 7.28-7.25

(m, 2H, Ar-H), 7.13 (td, 2 H, J= 7.7, 1.2 Hz, Ar-H), 7.08-7.04 (m, 2H, Ar-H) ppm.

Bis(4-clorophenyl)disulfide! > ¢I (4Kk)
White solid; M.p.: 68-70 °C; 'H NMR (600 MHz, CDCly): 6 = 7.41-7.39 (m, 4 H, Ar-H), 7.29-

7.27 (m, 4 H, Ar-H) ppm.

Cl

cl
S\
s

@ Bis(3-clorophenyl)disulfide!s! (41)
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White solid; M.p.: 80-82 °C; '"H NMR (400 MHz, CDCl;): 6 = 7.31 (s, 2 H, Ar-H), 7.24-7.22 (m,

6H, Ar-H) ppm.

Bis(4-bromophenyl)disulfide!® 81 (4n)
White solid; M.p.: 110-111 °C; '"H NMR (600 MHz, CDCly): § = 7.43-7.41 (m, 4 H, Ar-H), 7.34-

7.32 (m, 4 H, Ar-H) ppm.

o
e
Bis(4-nitrophenyl)disulfidel> 3] (40)

Slight yellow solid; M.p.: 185-186 °C; 'H NMR (400 MHz, CDCl;): 6 = 8.19 (d, /= 8.8 Hz, 4 H,

Ar-H), 7.61 (d,J=9.2 Hz, 4 H, Ar-H) ppm.

s
@ Bis(3-nitrophenyl)disulfide!®! (4p)

Yellow solid; M.p.: 78-80 °C; 'H NMR (600 MHz, CDCls); 6 = 8.36 (t, J = 1.8 Hz, 2H, Ar-H),
8.09 (dt, J = 6.0, 1.2 Hz, 2H, Ar-H), 7.79 (dq, J = 5.4, 0.6 Hz, 2H, Ar-H), 7.51 (t, /= 7.8 Hz, 2H,

Ar-H) ppm.

O,N

OO

NO; Bis(2-nitrophenyl)disulfidel! (4q)
Yellow solid; M.p.: 193-194 °C; 'TH NMR (400 MHz, CDCl;); 6 = 8.33 (d, J = 8,0 Hz, 2H, Ar-H),
7.86 (dd, J=17.2, 1.2 Hz, 2H, Ar-H), 7.60 (td, J = 6.0, 1.2 Hz, 2H, Ar-H), 7.42 (td, J= 7.2, 1.2 Hz,

2H, Ar-H) ppm.

Part 3: asymmetric sulfides

o0
MeO (4-Methoxyphenyl)(phenyl)sulfidel!- 2! (5b, 5n)

Colorless liquid; 'H NMR (600 MHz, CDCl5): 6 = 7.42 (d, J = 8.7 Hz, 2H, Ar-H), 7.25-7.21 (m,
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2H, Ar-H), 7.18-7.16 (m, 2H, Ar-H), 7.14-7.11 (m, 1H, Ar-H), 6.90 (d, J = 8.8 Hz, 2H, Ar-H),

3.81 (s, 3H, OMe-H) ppm.

OMe

S
\© (2-Methoxyphenyl)(phenyl)sulfide!' ! (5¢, 50)
Colorless liquid; '"H NMR (600 MHz, CDCl;): 6 = 7.36-7.34 (m, 2H, Ar-H), 7.32-7.29 (m, 2 H,
Ar-H), 7.26-7.22 (m, 2H, Ar-H), 7.09-7.07 (m, 1H, Ar-H), 6.91 (dd, /= 8.2, 1.1 Hz, 1H, Ar-H ),

6.88 (td, J=7.6, 1.3 Hz, 1 H, Ar-H ), 3.87 (s, 3H, OMe-H) ppm.

JORS
Phenyl(p-tolyl)sulfidel’ 21 (5d)

Colorless liquid; '"H NMR (600 MHz, CDCl;): 6 = 7.31 (d, J = 8.2 Hz, 2H, Ar-H), 7.26 (d, J=4.4

Hz, 4H, Ar-H), 7.20-7.17 (m, 1H, Ar-H), 7.14 (d, J = 8.5 Hz, 2H, Ar-H), 2.34 (s, 3H, Me-H) ppm.

SRS
Phenyl(im-tolyl)sulfide('>] (5¢)

Colorless liquid; '"H NMR (600 MHz, CDCl;): 0 = 7.20-7.17 (m, 4 H, Ar-H), 7.13 (d, J = 7.8 Hz,

2H, Ar-H), 7.05 (d, /= 7.6 Hz, 2H, Ar-H), 2.31 (d, J = 6.4 Hz, 3H, Me-H) ppm.

0

Colorless liquid; '"H NMR (600 MHz, CDCl;): 6 = 7.50-7.49 (m, 2 H, Ar-H), 7.39-7.36 (m, 1 H,

(4-Fluorophenyl)(phenyl)sulfide(®! (5f)

Ar-H), 7.32-7.27 (m, 4H, Ar-H), 7.24-7.22 (m, 2H, Ar-H) ppm.

AORS
(3-Fluorophenyl)(phenyl)sulfidel'?] (5g)

Colorless liquid; 'H NMR (600 MHz, CDCl;): 6 = 7.51-7.49 (m, 1H, Ar-H), 7.43-7.42 (m, 2H,
Ar-H), 7.43-7.42 (m, 2H, Ar-H), 7.37-7.34 (m, 2H, Ar-H), 7.24-7.21 (m, 1H, Ar-H), 7.05 (dq, J =
7.9, 1.1 Hz, 1H, Ar-H), 6.94 (dt, J=9.4, 2.4 Hz, Ar-H), 6.90 (tq, /= 8.5, 1.0 Hz, 2H, Ar-H) ppm.
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F
A
(2-Fluorophenyl)(phenyl)sulfide!'? (5h)

Colorless liquid; "H NMR (600 MHz, CDCly): 6 = 7.35-7.30 (m, 4H, Ar-H), 7.27-7.24 (m, 3H,

Ar-H), 7.12-7.06 (m, 2H, Ar-H) ppm.

pene

Slight yellow solid; M.p.: 56-57 °C; 'H NMR (600 MHz, CDCl): 6 = 8.07 (d, J = 2.0 Hz, 1H, Ar-

(4-Nitrophenyl)(phenyl)sulfide> °1 (5i, 5p)

H), 8.00 (ddd, J = 8.2, 2.2, 1.0 Hz, 1H, Ar-H), 7.50-7.46 (m, 3H, Ar-H), 7.42-7.39 (m, 4H, Ar-H)

ROR®
(3-Nitrophenyl)(phenyl)sulfide('¢! (5j, 5q)

Slight yellow solid; M.p.: 42-44 °C; 'H NMR (600 MHz, CDCLy): 6 = 8.03 (t, J = 8.9 Hz, 2H, Ar-

H), 7.55-7.54 (m, 2H, Ar-H), 7.46-7.45 (m, 3H, Ar-H), 7.18-7.17 (m, 2H, Ar-H) ppm.

A0

White solid; M.p.: 64-66 °C; '"H NMR (600 MHz, CDCls): § = 7.35-7.30 (m, 4H, Ar-H), 7.28-7.24

(4-Clorophenyl)(phenyl)sulfide!'- 21 (5k)
(m, 5H, Ar-H) ppm.

SRS
Br (4-Bromophenyl)(phenyl)sulfide! (51)

Colorless liquid; 'H NMR (600 MHz, CDCl;): 6 = 7.42-7.39 (m, 2H, Ar-H), 7.36-7.32 (m, 4H,

Ar-H), 7.29-7.27 (m, 1H, Ar-H), 7.18-7.16 (m, 2H, Ar-H) ppm.

SRS
(2-Naphyl)(phenyl)sulfide®! (5m)

White solid; M.p.: 41-42 °C; 'H NMR (600 MHz, CDCls): § = 8.38-8.37 (m, 1H, Ar-H), 7.88-7.85
S12



(m, 2H, Ar-H), 7.67 (dd, J= 7.1, 1.1 Hz, 1 H, Ar-H), 7.52 (q, J = 3.2 Hz, 2H, Ar-H), 7.44 (t, J =
7.7 Hz, 1H, Ar-H), 7.23-7.20 (m, 2H, Ar-H), 7.19-7.17 (m, 2H, Ar-H), 7.16-7.13 (m, 1H, Ar-H)

©/S\/
Ethyl(phenyl)sulfanel'® 2] (5r)

Slight yellow liquid; 'H NMR (400 MHz, CDCls); § = 7.32 (d, J = 8.0 Hz, 2H, Ar-H), 7.28 (d, J =
8.0 Hz, 2H, Ar-H), 7.18-7.15 (t, J= 7.2 Hz, 1H, Ar-H), 2.97 (q, J= 7.6 Hz, 2 H, CH,), 1.33 (t, J =

7.6 Hz, 3H, CH3) ppm.

Slight yellow liquid; 'H NMR (400 MHz, CDCl;); 6 = 7.87 (d, J = 9.2 Hz, 2H, Ar-H), 7.68-7.63

(3-Methylbut-2-en-1-yl)(phenyl)sulfane!!®: 261 (5s)

(m, 1H, Ar-H), 7.58-7.54 (m, 2H, Ar-H), 5.85-5.74 (m, 1H), 5.35 (dd, J = 9.2, 1.2 Hz, 1H), 5.18

(dd,J=16, 1.2 Hz, 1H, CH,-H), 3.82 (d, J=7.6 Hz, 2 H, CH,) ppm.

Part 4: symmetric sulfoxides

(0]
I
SA®
Diphenyl-sulfoxide!?% 221 (6a)

White solid; M.p.: 72-74 °C; '"H NMR (600 MHz, CDCl5): § = 7.66-7.64 (m, 4H, Ar-H), 7.47-7.43

(m, 6H, Ar-H) ppm.

0]

RSN
Di-p-tolylsulfoxide?"] (6b)

White solid; M.p.: 93-94 °C; 'H NMR (600 MHz, CDCl;): 6 = 7.52 (d, J = 8.2 Hz, 4H, Ar-H),

7.26 (t,J = 8.0 Hz, 4H, Ar-H), 2.36 (s, 6H, Me-H) ppm.

)

\©/ \©/ Di-m-tolylsulfoxidel'?] (6¢)
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Slight yellow oil; 'H NMR (600 MHz, CDCls): 6 = 7.48 (s, 2 H, Ar-H), 7.42 (d, J = 7.9 Hz, 2H,

Ar-H), 7.34 (t, J= 7.7 Hz, 2H, Ar-H), 7.23 (d, J= 7.6 Hz, 2H, Ar-H), 2.37 (s, 6H, Me-H) ppm.

(0]

1]

o'
Di-o-tolylsulfoxidel'?] (6d)

Slight yellow oil; "H NMR (600 MHz, CDCLy): 6 = 7.70 (dd, J = 7.0, 2.2 Hz, 2H Ar-H), 7.38-7.33

(m, 4H, Ar-H), 7.20 (dd, J = 6.9, 1.6 Hz, 2H, Ar-H), 2.41 (s, 6H, Me-H) ppm.

0]

|
ISR
MeO OMe  Bis(4-methoxyphenyl)sulfoxide!?%! (6¢)

White solid; M.p.: 200-202 °C; 'H NMR (600 MHz, CDCls): 6 = 7.54-7.52 (m, 4H, Ar-H), 6.97—

6.94 (m, 4H, Ar-H), 3.82 (s, 6H, OMe-H) ppm.

OMe O OMe

g
©/ Bis(2-methoxyphenyl)sulfoxide!'?! (6f)
White solid; M.p.: 96-97 °C; '"H NMR (400 MHz, CDCl;): 6 = 7.66 (d, J = 7.6 Hz, 2H, Ar-H),
7.39 (t, J=7.6 Hz, 2H, Ar-H), 7.05 (t, J = 7.5 Hz, 2H, Ar-H), 6.88 (d, J = 8.0 Hz, 2H, Ar-H), 3.81

(s, 6H, OMe-H) ppm.

O
i

L
F F Bis(4-fluorophenyl)sulfoxide*”! (6g)

Slight yellow oil; '"H NMR (600 MHz, CDCL): = 7.64-7.61 (m, 4H, Ar-H), 7.18 (t, J = 8.6 Hz,

4H, Ar-H) ppm.

o]

Bis(3-fluorophenyl)sulfoxide!'?! (6h)

White solid; M.p.: 136-138 °C; 'H NMR (600 MHz, CDCl5): 6 = 7.48-7.42 (m, 4H, Ar-H), 7.40

(dt,J=17.9, 2.0 Hz, 2H, Ar-H), 7.16 (tq, /= 8.2, 1.0 Hz, 2H, Ar-H) ppm.
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F 9 F
sAe
Bis(2-fluorophenyl)sulfoxidel'?! (6i)

White solid; M.p.: 127-129 °C; 'H NMR (600 MHz, CDCl3): 6 = 7.85-7.82 (m, 2H, Ar-H), 7.48-

7.45 (m, 2H, Ar-H) 7.34 (t,J=7.6 Hz, 2 H, Ar-H) ppm.

0]

fonel
cl Cl  Bis(4-clorophenyl)sulfoxide?! (6j)
White solid; M.p.: 143-145 °C; 'H NMR (600 MHz, CDCl;): ¢ = 7.58-7.55 (m, 4H, Ar-H), 7.46-

7.44 (m, 4H, Ar-H) ppm.

(0]

Cl \©/S\©/CI
Bis(3-clorophenyl)sulfoxide?!l (6k)

Colorless liquid; "H NMR (400 MHz, CDCly); 6 = 7.64-7.66 (m, 2H, Ar-H), 7.51-7.53 (m, 3H,

Ar-H), 7.41-7.44 (m, 3H, Ar-H) ppm.

Cl (IDI Cl
Bis(2-chlorophenyl)sulfoxidel'?! (61)

Colorless liquid; 'TH NMR (600 MHz, CDCl;): 0 = 7.46 (dd, J= 7.9, 1.4 Hz, 2H, Ar-H), 7.24 (td, J
=7.8,12Hz, 2 H, Ar-H), 7.20 (td, /= 7.5, 1.4 Hz, 2H, Ar-H), 7.15 (dd, J=7.7, 1.7 Hz, 2H, Ar-H)

]

SRSt
Br Br  Bis(4-bromophenyl)sulfoxidel>’! (6m)

White solid; M.p.: 150 °C; 'H NMR (600 MHz, CDCl5): 6 = 7.62-7.59 (m, 4H, Ar-H), 7.50-7.48

(m, 4H, Ar-H) ppm.

()

L
HO OH  4,4'-Thiodiphenol??! (6n)
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White solid; M.p.: 201 °C; '"H NMR (600 MHz, CD;0D): 6 = 7.45-7.42 (m, 4H, Ar-H), 6.91-6.88

(m, 4H, Ar-H) , 4.83 (s, 2H, OH-H) ppm.

NH,

9 NH,
0
2,2'-Sulfinyldianilinel33! (60)

Colorless liquid; '"H NMR (400 MHz, CDCly); 6 = 7.26 (d, J = 2.4 Hz, 2H, Ar-H), 7.24 (t, J=2.4

Hz, 2H, Ar-H), 6.75 (t, /= 7.6 Hz, 2H, Ar-H), 6. 68 (d, J = 8.0 Hz, 2H, Ar-H), 4.81 (s, 4H) ppm.

s@
1)
©/\O Dibenzylsulfoxide*3] (6p)

White solid; M.p.: 130-132 °C; 'H NMR (600 MHz, CDCls): 6 = 7.39-7.34 (m, 6H, Ar-H), 7.30-

7.28 (m, 4H, Ar-H), 3.93 (g, J = 8.8 Hz, 4H, CH,-H) ppm.

Part S: asymmetric sulfoxides

I
o0
MeO (4-Methoxyphenyl)(phenyl)sulfoxide?*] (7a)

White solid; M.p.: 63-64 °C; "H NMR (600 MHz, CDCLy): 6 = 7.92 (dt, J = 3.6, 1.2 Hz, 2H, Ar-H),
7.88 (dd, J = 4.8, 2.0 Hz, 2H, Ar-H), 7.55-7.50 (m, 1H, Ar-H), 7.49-7.45 (m, 2H, Ar-H), 6.98 (dt,

J=4.38,2.4 Hz, 2H), 3.81 (s, 3H, OMe-H) ppm.

OMe O

I
o0
2-Methoxy-diphenyl sulfoxide?*! (7b)

Colorless liquid; '"H NMR (600 MHz, CDCl;): 6 =7.91 (d,J= 1.7 Hz, 1 H, Ar-H), 7.72-7.71 (m, 2
H, Ar-H), 7.42-7.40 (m, 4 H, Ar-H), 7.17 (td,J=17.6,0.7 Hz, 1 H, Ar-H ), 6.86 (d,/J=8.2 Hz, 1 H,

Ar-H), 3.81 (s, 3H, OMe-H) ppm.

0]
I
JoRs
4-Methyldiphenyl sulfoxide!**] (7¢)

White solid; M.p.: 63-65 °C; '"H NMR (600 MHz, CDCls): d = 7.64-7.62 (m, 2 H, Ar-H), 7.45-
S16



7.44 (m, 3 H, Ar-H), 7.27 (s, 1 H, Ar-H), 7.26 (s, 1H, Ar-H), 2.37 (s, 3 H, Me-H) ppm.

SRS
F 4-Florodiphenyl sulfoxide®* (7d)

Colorless liquid; 'H NMR (600 MHz, CDCLy): & = 7.66-7.63 (m, 4 H, Ar-H), 7.49-7.46 (m, 3 H,

Ar-H), 7.17 (t, J= 8.7 Hz, 2 H, Ar-H) ppm.

oA
Cl 4-Clorodiphenyl sulfoxide®*] (7e)

Colorless liquid; "H NMR (600 MHz, CDCl): d = 7.65-7.63 (m, 2 H, Ar-H), 7.60 (d, J= 8.6 Hz, 2

H, Ar-H), 7.47-7.46 (m, 3 H, Ar-H), 7.44 (d, J = 8.7 Hz, 2 H, Ar-H) ppm.

e

Light yellow solid; M.p.: 84-86 °C; '"H NMR (600 MHz, CDCl;): 6 = 8.33 (d, /= 8.9 Hz, 2 H, Ar-

4-Nitrodiphenyl sulfoxide!>®! (7f)
H), 7.85 (d, J = 8.9 Hz, 2 H, Ar-H), 7.69-7.67 (m, 2 H, Ar-H), 7.51-7.50 (m, 3H, Ar-H) ppm.

SORS
Phenyl naphyl sulfides!>*! (7g)

Colorless liquid; "H NMR (600 MHz, CDCl): 6 = 8.23-8.21 (m, 2 H, Ar-H), 7.98 (d,J=8.2 Hz, 1
H, Ar-H), 7.69-7.67 (m, 2 H, Ar-H), 7.67 (t, J = 7.3 Hz, 1 H, Ar-H), 7.55-7.52 (m, 2 H, Ar-H),

7.40-7.38 (m, 3 H, Ar-H) ppm.

)

S
Methyl(phenyl)sulfoxidel>” (7h)

White solid; M.p.: 35-37 °C; '"H NMR (400 MHz, CDCl;): 6 = 7.57 (d, J = 8.0 Hz, 2H, Ar-H),
7.46 (d,J=2.4 Hz, 1H, Ar-H), 7.44 (d, /= 2.4 Hz, 2H, Ar-H), 2.65 (s, 3H) ppm.
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P
OO
Benzyl(phenyl)sulfoxide!?”! (7i)
White solid; M.p.: 126-128 °C; 'H NMR (600 MHz, CDCL5): 6 = 7.47-7.45 (m, 1H, Ar-H), 7.44-
7.41 (m, 2 H, Ar-H), 7. 38-7.36 (m, 2H, Ar-H), 7.29-7.28 (m, 1H, Ar-H), 7.26-7.24 (m, 2H, Ar-H),
6.98 (t,J=7.1 Hz, 2H, Ar-H ), 4.11 (q, J = 12.6 Hz, 2H, CH,-H) ppm.

(0]

]
/@/S\
Br

White solid; M.p.: 88-89 °C; 'H NMR (600 MHz, CDCls): § = 7.68-7.66 (m, 2H, Ar-H), 7.54-7.51

(4-Bromophenyl)(methyl)sulfoxidel*®] (7j)
(m, 2H, Ar-H), 2.72 (s, Me-H) ppm.

Br

(2-Bromophenyl)(methyl)sulfoxide**! (7k)
Slight yellow oil; 'TH NMR (600 MHz, CDCl;): 6 = 7.96 (dd, J=7.8, 1.6 Hz, 1H, Ar-H), 7.60-7.56

(m, 2H, Ar-H), 7.39 (td, J=7.6, 1.6 Hz, 1H, Ar-H), 2.82 (s, Me-H) ppm.

S<
U 2-((Methylsulfinyl)methyl)furan3%! (71)
Slight yellow oil; "H NMR (600 MHz, CD:Cl): 6 = 7.43 (dd, J = 1.2, 0.8 Hz, 1H, Ar-H), 6.41-6.39

(m, 2 H, Ar-H), 2.52 (s, 3 H, Me-H) ppm.

O 2-((methylsulfinyl)methyl)furan3!! (7m)
Slight yellow liquid; 'H NMR (400 MHz, CDCLy); 6 = 7.44 (s, 1H), 6.41 (d, J = 3.2 Hz, 1H), 6.39

(t, /=2 Hz, 1H), 4.01 (q, J = 14 Hz, 2H), 2.53 (s, 3H) ppm.

\/\8/
I
O  3-(methylsulfinyl)prop-1-enel3?] (7n)
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Slight yellow oil; 'TH NMR (400 MHz, CDCls): 6 = 5.96 (td, J = 10.0, 7.6 Hz, 1H), 5.48-5.38 (m,

2H), 3.54-3.41 (m, 2H), 2.56 (s, 3H) ppm.

Part 6: sulfones

@E/@
Diphenyl sulfonel34 371 (8a)

White solid; M.p.: 122-124 °C; 'H NMR (600 MHz, CDCl;): J = 7.96 (dt, J = 10.6, 1.7 Hz, 4 H,

Ar-H), 7.59 (tt, J=11.0, 4.2 Hz, 2 H, Ar-H), 7.53-7.48 (m, 4 H, Ar-H) ppm.

HO” i/\ : OH 4, 4'-sulfonyldiphenol*4] (8b)

White solid; M.p.: 240-242 °C; '"H NMR (600 MHz, CD;0D): 6 = 7.73 (d, J = 8.8 Hz, 4 H, Ar-H),

6.89 (d, /= 28.8,4 H, Ar-H) ppm.

o0
MeO OMe

White solid; M.p.: 129-130 °C; '"H NMR (600 MHz, CDCl;): 6 = 7.86 (d, /= 13.4 Hz, 4 H, Ar-H),

Bis(methoxy)dipheney sulfonel3* 331 (8¢)

6.97 (d, J=22.3, 4 H, Ar-H) 3.83 (s, 6 H, OMe-H) ppm.

Bis(cloro)diphenyl sulfonel33: 361 (8d)
White solid; M.p.: 148-150 °C; '"H NMR (600 MHz, CDCls): 6 = 7.87 (d, J= 13.0 Hz, 4 H, Ar-H),

7.50 (d, J=13.0, 4 H, Ar-H) ppm.

foie!
Br Br Bis(bromo)diphenyl sulfone!33] (8¢)

White solid; M.p.: 158-160 °C; '"H NMR (600 MHz, CDCl;): 6 = 7.80 (d, /= 20.0 Hz, 4 H, Ar-H),

7.67 (d,J=13.1, 4 H, Ar-H) 3.83 (s, 6 H, OMe-H) ppm.
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s
OMe

White solid; M.p.: 120-122 °C; 'H NMR (600 MHz, CDCl;): 6 = 8.17 (dd, /= 11.8, 2.6 Hz, 1 H,

2-Methoxyphenyl phenyl sulfonel>”] (8g)

Ar-H), 7.99-7.96 (m, 2 H, Ar-H), 7.59-7.52 (m, 2 H, Ar-H), 7.50-7.46 (m, 2 H, Ar-H), 7.13 (td, J

=118, 1.3 Hz, 1 H, Ar-H), 6.91 (d, /= 12.4 Hz, 1 H, Ar-H), 3.75 (s, 3 H, OMe-H) ppm.

Jotie
4-Methyl diphenyl sulfone% 371 (8h)

White solid; M.p.: 120-122 °C; 'H NMR (600 MHz, CDCls): 6 = 7.94-7.92 (m, 2 H, Ar-H), 7.84
(d,J=12.4 Hz, 2 H, Ar-H), 7.56-7.52 (m, | H, Ar-H), 7.30 (d, J = 12.2 Hz, 2 H, Ar-H), 2.39 (s, 3

H, Me-H) ppm.

O\\S//O

A0

White solid; M.p.: 110-112 °C; 'H NMR (600 MHz, CDCls): 6 = 7.98-7.92 (m, 4 H, Ar-H), 7.60

4-Florophenyl phenyl sulfonel37- 381 (8i)

(tt, /=11.0,4.0 Hz, 1 H, Ar-H), 7.54-7.49 (m, 2 H, Ar-H), 7.20 (t, J=12.7 Hz, 2 H, Ar-H) ppm.

T0
3-florophenyl phenyl sulfonel3®! (8j)

Colorless liquid; '"H NMR (600 MHz, CDCl;): 6 = 7.97-7.94 (m, 2 H, Ar-H), 7.76 (dq, J = 11.8,
1.5 Hz, 1 H, Ar-H), 7.66 (dt, J=11.5, 3.6 Hz, 1 H, Ar-H), 7.62 (tt, /= 11.0, 3.8 Hz, 1 H, Ar-H),

7.55-7.52 (m, 2 H, Ar-H), 7.51-7.47 (m, 1 H, Ar-H), 7.28-7.23 (m, 1 H, Ar-H) ppm.

0
F

White solid; M.p.: 95-97 °C; '"H NMR (600 MHz, CDCly): 6 = 8.14 (td, J=11.7,2.7 Hz, 1 H, Ar-

2-florophenyl phenyl sulfonel*! (8k)

H), 8.03-8.00 (m, 2 H, Ar-H), 7.64-7.60 (m, 1 H, Ar-H), 7.59-7.56 (m, 1 H, Ar-H), 7.55 (t, J =

11.9 Hz, 2 H, Ar-H), 7.34 (td, J= 11.6, 1.5 Hz, 1 H, Ar-H), 7.13-7.08 (m, 1 H, Ar-H) ppm.
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Benzyl phenyl sulfonel3¢! (81)
White solid; M.p.: 146-148 °C; 'H NMR (600 MHz, CDCl;): 6 = 7.64 (dd, J=12.4, 1.6 Hz, 2 H,
Ar-H), 7.60 (d,J=11.2 Hz, 1 H, Ar-H), 7.46 (t, /= 11.8 Hz, 2 H, Ar-H), 7.34 (tt, /= 11.0, 7.7 Hz,

1 H, Ar-H), 7.27-7.23 (m, 2 H, Ar-H), 7.09-7.07 (m, 2 H, Ar-H), 4.31 (s, 2 H, CH,-H) ppm.

0, 0
O
Phenyl methyl sulfone®! (8m)
White solid; M.p.: 85-87 °C; 'H NMR (600 MHz, CDCl3): 6 = 7.97-7.95 (m, 2 H, Ar-H), 7.69 (tt,

J=11.1,3.3 Hz, 1 H, Ar-H), 7.60-7.57 (t, J= 11.8 Hz, 2 H, Ar-H), 3.06 (s, 3 H, CH;-H) ppm.

0]
N
/\/S\\
O 3-(methylsulfonyl)prop-1-ene“’! (8n)

Yellow liquid; "H NMR (400 MHz, CDCLy); J = 6.03-5.92 (m, 1H), 5.51 (d, J = 12.0 Hz, 1H),

5.46 (d,J=16.0 Hz, 1H), 3.73 (d, /= 7.6 Hz, 2H), 2.88 (s, 3H) ppm.
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4 'H and 3C NMR spectra

Part 1: symmetric sulfides
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Ll 1.00000000 sec
== CHANNEL fl1 ==
1H
Jw 14.00 usec
32768
600.1300176 MHz
T T T T T T T T T T EM
8 7 6 5 4 3 2 1 ppm 35B 0
LB -0.10 Hz
o b GB 4]
= PC 1.00
~NjO
L é
e BRUKER
XS ROl Ky ol
[ERURNRNRN RN Cl
P N AN (—OX)
| N\ s
S NAME 2016-07-13 tyut-chh
EXPNO 10
PROCNO 1
Cl Date_ 20160714
212
spect
PROBHD 5 mm PABBO BB/
zg30
65536
CDC13
16
2
8012.820 Hz
0.122266 Hz

4.0894966 sec

87.46
7.4 7.3 ePpm L 62.400 usec
6.50 usec

295.7 K

1.00000000 sec

T 2

CHANNEL f1

l SFO1 400.1324710 MHz

NUC1 1H
Pl 9.70 usec
r T T T T T T T T SI 65536
7 6 5 4 3 2 1 Ppm 8F 400.1300100 MHz
WDW EM
S8B 0
=1 LB 0.30 Hz
ol GB 0
el BC 1.00
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7.427
7.424
7.419
7.416
7.411
7.409
7.343
7.339
7.336
7.328
7.325
7.320

4.000
3.687

NAME 20150113zhacjinjin
EXPNO 2
PROCNO 1
Date_ 20150113
B’@S Time 15.13
Br INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG 2930
D 65536
SOLVENT €DC13
NS 4
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 181
DW 40.533 usec
- T Y DE 6.50 usec
TE 293.8 K
740 733 EPD D1 1.00000000 sec
======== CHANNEL fl s=====e==
NUC1 1H
Pl 14.00 usec
sI 32768
. ‘ . . ‘ ‘ . SF 600.1300202 MHz
WDW EM
6 ] 4 3 2 1 ppm 5B 0
LB -0.10 Hz
GB 0
PC 1.00

4.000

~ oY
O WM oW
Nl O WOUN
Rt e OZNQS—SONOZ (——OX-)
\j \/ / NAME 2016-07-06 TYUT-CHH
EXPNO 10
PROCNO i
Date_ 20160706
Time 20.19
INSTRUM spect
PROBHED 5 mm PARBO BB/
PULPROG 2g30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
s G 107.24
8.0 7.5 ppm oW 62.400 usec
DE 6.50 usec
TE 295, K
D1 1.00000000 sec
D0 1
== HANNEL f1
SFO1 400.1324710 MHz
NUC1 1H
Pl 9.70 usec
sI 65536
. . : . ; ; ; ; : ;gw esc.l3oocga MEz
8 6 5 4 3 2 1, 0 1 ppm con 5
LB 0.30 Hz
- GB 0
b PC 1.00
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= O
WYY Ao OO
R =]
€ W WM ®

8.096
8.094
8.093
7.811
7.810
7.808
7.807
7.798
7.797
7.795
7.794
7.539

7.526
TBL3

NAME 2015030%hufei
EXPNO 2
PROCNO Al
O:=N Date_ 20150309
G NO, Time 11.04
S INSTRUM spect
A PROBHD 5 mm PADUL 13C
S@ PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
nl DS 2
SWH 12335.526 Hz
f T T ) ) T ) ; T T | FIDRES 0.188225 Hz
8.4 8.3 8.2 8.1 8.0 7.9 7.7 7.6 7.5 PEM  ag 5. 6564426 sec
RG 181
DW 40.533 usec
DE 6.50 usec
TE 290.1 K
Dl 1.00000000 sec
======== CHANNEL £l ========
NUC1 1H
Pl 14.00 usec
SI 32768
SF 600.1300203 MHz
T T T T T T T T T T T WDW EM
12 11 10 8 7 6 4 3 2 1 ppm 3SB 0
LB -0.10 Hz
GB 4]
=S BC 1.00
QO (OY OV O
Al
NN NHDO™0WN O™ O W) [~ D O O M BRUKER
NMMWIN T MO O D NN OO WD NO
M MmO W ININ B U K] 2
A A A e
%\&WM s-S NAME 2016-07-06 TYUT-CHH
EXPNO 10
PROCNO L
O,N Date_ 20160706
Time 20.11
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG z2g30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
: ; AQ 4.0894966 sec
5.0 ppm RG 107.24
= < DW 62.400 usec
DE 6.50 usec
IE 295.4 K
D1 1.00000000 sec
DO il
CHANNEL f1
400.1324710 MHz
1H
9.70 usec
- 65536
; . ; ; : : ; i i 400.1300086 MHz
10 9 8 6 5 3 2 1 0 -1 ppm E\g
0.30 Hz
ehilsls o
ol|lo|H|o 1'00
ailleileifed

S41



Part 3: asymmetric sulfides

7.416
7.412
7.405
7.401
7.396
7.245
7.238
7.235
7.224
7.212
7.175
F::173
7.170
7.161
7-143

NAME 20140522songjianyin
s EXPNO 3
PROCNO 1
Date_ 20140522
Time 15.13
MeO INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
Ds 2
SWH 12335.526 Hz
. T : . . . FIDRES 0.188225 Hz
7.4 7.3 7.2 7.1 7.0 oppm AQ 2.6564426 sec
)
SF 600.1300261 MHz
T T T T T T T T T T T T WDW GM
11 10 9 8 7 6 8 4 3 2 1, ppm $SB 0
LB =0.10 Hz
A GB 0.1
15} PC 1.00
S
™
O IFNOOT OO NNNOWEOTNOMANWOWO T O™ D)0 ©
e e R R IR PRN PSR R RN R- B ag AP i AR - P-4 BRUKER
L e e e e e el ol ol ol e o o o ol el e i R TV RV RV R - R T I}
NAME 20150309%hufei
EXPNO 15
OMe PROCNO 1
Date_ 20150309
S Time
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CcDCLl3
NS 4
Ds 2
. . . : ; SWH 12335.526
FIDRES 0.188225 F
T3 T2 Tl T0 6.9 ppm AQ 2.6564426
RG 181
DW 40.533
DE 6.50
TE 295.2
D1 1.00000000
y ; : ‘ ‘ ; ‘ ; T ‘ SF 600.1300239
WDW EM
13 12 11 10 9 8 5 pem SSB 0
LB -0.10
= i GB 0
L (=3
= 2 PC 1.00
- ™




7.306
7.292
7.264
75257
7.199
7.192
7.185
oI B
7.144
7.143
7.130
—2.342

g
W

2.192
4.091
0.995
2.003

.000

NAME 20150128hufei
EXPNO 3
PROCNO L
Date_ 20150128
Time 15.35
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 181
DW 40.533 usec
DE 6.50 usec
TE 290.9 K
Dl 1.00000000 sec
======== CHANNEL £l ========
NUC1 1H
Pl 14.00 usec
SI 32768
SF 600.1300261 MHz
! ! WDW EM
B PPM g5 0
LB -0.10 Hz
GB 4]
PC 1.00

DTN O
@ @ I0 W0 W T M
Hed A A o™
~e e

NAME 2015030%hufei
EXPNO 13
PROCNO il
Date_ 20150309

S Time 14.38
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2

7.30 25 .20 rPm AQ 2.6564426 sec
RG 203
DW 40.533 usec
6
L

1.973
2,311
1.541
1.769
0.977

SWH 12335.526 Hz
FIDRES 0.188225 Hz
DE .50 usec
TE 295.2 K
Dl 1.00000000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 14.00 usec
SI 32768
SF 600.1300198 MHz
L WDW EM
3 2 1 ppm 5B 0
LB -0.10 Hz
Ay GB 0
2 PC 1.00

3.
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7.505
7.495
7.493
7.492
7.392
7.388
7.383
7.381
7.379
7.377
7.372
7.368
7.318
7.305
7.295
7.292
7.289
7.287
7.242
7.241
7.239
7.231
7.228
7.226
T 21T

e e

NAME 20150309%hufei
EXPNO 11
PROCNO Al
Date_ 20150309
Time 11.37
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
S DS 2
: . ‘ i SWH 12335.526 Hz
FIDRES 0.188225 Hz
F s et Ao ppm AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 291.2 K
Dl 1.00000000 sec
======== CHANNEL £l ========
NUC1 1H
Pl 14.00 usec
SI 32768
‘ . . . . ‘ ; . i : . SF 600.1300179 MHz
o s 8 71 6 5 4 3 z 1 oppm S8 =
LB -0.10 Hz
o[~ =] GB 0
Sl PC 1.00
N B
WO EAANNOOAIENTOMANNNE A0 O™ 0
522399558 883330R0858838822322338 BRUKER
I N A A A T s TSP Vv
NAME 20150408hufei
F S EXENO 1
PROCNO 1
Date_ 20150408
Time 9.46
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
T T T T T T T AQ 2.6564426 sec
7.4 7.3 2 2 7.1 7.0 ppm RG 203
DW 40.533 usec
DE 6.50 usec
TE 288.9 K
D1 1.00000000 sec
== CHANNEL fl ========
1H
i 14.00 usec
32768
600.1300228 MHz
T T T T T T T T T ™
12 11 10 5 4 3 2 1 ppm 0
-0.10 Hz
0
1.00
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OECENMOMOANONNAOT AL AN OOWINOA®E 0T O
B R R R N M R i b g- gt BRUKER
T T S a  a T  a  a a
NAME 2015030%hufei
EXPNO 9
PROCNO L
Date_ 20150309
Time 11.30
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
F DS 2
SWH 12335.526 Hz
S FIDRES 0.188225 Hz
: . : : \[:::] gg 2.6564%3% sec
a3 iz %l pem oW 40,533 usec
DE 6.50 usec
TE 291.0 K
Dl 1.00000000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 14.00 usec
SI 32768
; ‘ . . ; . ‘ ‘ 0 ‘ ‘ . ; . SF 600.1300201 MHz
13 12 11 10 9 8 7 6 3 4 3 2 1 ppm ggg Eg
LB -0.10 Hz
o ooy GB 0
=i PC 1.00
<wlen|
HOMOAMOM=~TONOMNo
SRR R BRUKER
L T A
NAME 20140912zhangrui
EXPNO 7
PROCNO Al
S Date_ 20140912
Time 11.33
INSTRUM spect
,J::::I/ \I:::] PROBHD 5 mm PABBO BB-
O:N PULPROG 2930
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 905
T T T T T DW 40.533 usec
8.0 7.8 7.6 7.4 ppm DE 6.50 usec
TE 296.6 K
Dl 1.00000000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 12.60 usec
SI 32768
‘ ‘ . ‘ ; . : . ' " SF 600.1300171 MHz
9 8 7 3 5 4 3 2 1 ppm 'ggg E.:;I
LB 0.10 Hz
ofi|r[wv GB 0
= L iy PC 1.00
cileifeled
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8.030
8.027
8.023
8.005
8.003
8.001
8.000
7.992
7.990
7.988
7.502
7.500
7.498
7.497
7.488
7.487
7.484
7.481
7.480
7.476
7.474
7.471
7.468
7.422
7.417
7.408
7.406
7.403
7.400
7.399
7.396
7.391

T
120 [

T T
8 7.7 7.6

8.0 7.5 ppm
LT lJ__;g
T T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 1 ppm
fed (=10 %)
[=] (=] (o20 (32)
[oi] =] (o] ()
|||
COLOLTONMNND TN AT NOO S A O
LN NNAAOCOOOO™OOWOWNN T TN
MMM MMOOMOMOOMOOCNNNNNNNNNNNN NN
[ e e e e e S e S S R S e N e e S S S
Cl
T T T T T T T 1
7.34  7.32 |7.30 7.28  7.26 7.24 ppm
T T T T T T T T T T T T
12 11 10 9 8 7 6 5 4 3 2 ppm
=dial
i=dinl
i=diul
{1
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NAME 20150401hufei
EXPNO 3
PROCNO 1
Date_ 20150401
Time 10.24
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 114
DW 40.533 usec
DE 6.50 usec
TE 295.6 K
D1 1.00000000 sec
CHANNEL £1 =
1H
14.00 usec
32768
600.1300206 MHz
EM
0
-0.10 Hz
0
1.00

NAME 20150128hufei
EXPNO 1
PROCNO Ak
Date_ 20150128
Time 15.27
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 12335.526
FIDRES 0.188225 k
AQ 2.6564426
RG 181
DW 40.533
DE 6.50
TE 290.9
Dl 1.00000000
======== CHANNEL £l ====
NUC1 1H
Pl 14.00
SI 32768
SF 600.1300203
WDW EM
SSB Q
LB -0.10
GB 4]
PC 1.00



S47

N HOONNLADNONDNTNDNOCNONHNOME NN T OM
HOOMOWN WL TITOMNONNNHAAOO O™ W0
SLTOOOOOOMNONMNNMONONONNNNNN A A A A A
e e el e e e e o e e e e S O i el e el el Sl Sl ol o
epen g pE R T T
Br
T T T T T
7.40 T35 7.30 T2 7.20 ppn
T T T T T T T T T T
9 8 7 3 5 4 3 2 1 ppm
<O
Ildi=li=]
(=ll=}l=] =}
=
TFOFSOFOMAONA A O ANNONTHONDNOAMDNTMNON
OOWOCTCTWYWOYWICTONDNNNAAOOTNON AN AHAO OO0
MEOOOOOOOWWOWWOWWNWVWWOP T FNENNNNAAAAAAA
@ 0~ = [~ [~ = [~ f~ =~ [~ f~ (= (=~ (= [~~~ =~~~ ~ >~~~ > e
“*§§$E§§§§§ﬁgdéb1ﬁ%ﬁiﬁﬁiﬁiﬁiﬁ'“4 B EeE R B S
T T
B - me\ M
T T T T T T T T T 1
8.3 8.2 8.1 8.0 1.9 7.8 7.7 7.6 7.5 ppm
T T T T T T
10 5 4 3 2 1 PEM

NAME 20150128hufei
EXPNO 2
PROCNO Al
Date_ 20150128

Time 15.31
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 65536
SOLVENT CDC13

NS 4

DS 2

SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 181

DW 40.533 usec
DE 6.50 usec
TE 291.0 K

Dl 1.00000000 sec
======== CHANNEL £l ========
NUC1 1H

Pl 14.00 usec
SI 32768

SF 600.1300194 MHz
WDW EM

SSB Q

LB -0.10 Hz
GB 4]

PC 1.00

NAME 20150309%hufei
EXPNO 14
PROCNO Al
Date_ 20150309

Time 14.42
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 65536
SOLVENT CDC13

NS 4

DS 2

SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 181

DW 40.533 usec
DE 6.50 usec
TE 295.2 K

Dl 1.00000000 sec

SF 600.1300262 MHz
WDW EM
SSB a
LB -0.10 Hz
GB 4]
PC 1.00



1,339
7.320
7.300
7.281
1.259
7.187
7.169
7451

e

ppm

O oy
~ Mo
o ooy &y
SN N

<
<

©,S\/

1.334
1.316

1.297

NAME 2016-04-27 tyut
EXPNO

PROCNO 1
Date_ 20160427
Time 21.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULFROG 230
D 65536
SOLVENT CcDCl3
NS 16
DS 2
SWH 8012.820
FIDRES 0.122266
AQ 4.0894966
RG 94.93
DW 62.400
DE 6.50
TE 296.6
Dl 1.00000000
DO 1:

@
pial

4.284
0.876

7.8 7.7

T 1
7.6 ppm

Wl

w -]

1.844

5.2 ppm

3.000

o -]
-

1.899
0.986
976

1.

& ]

0.964

0.987
0.986

w4
P

2.000

S48

== CHANNEL fl ===
400.1324710
1H
9.70
T SI 65536
ppm SF 400.1300105
WDW EM
SSB 4]
LB 0.30
GB Q
EC 1.00
NAME 2016-04-27 tyut-chh
EXPNO o]
PROCNOQ 1
Date_ 20160427
Time 21.51
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDCl3
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 94.93
DW 62.400 usec
DE €.50 usec
TE 296.6 K
D1l 1.00000000 sec
DO 1

CHANNEL f1 =
400.1324710 MHz
1H
8.70 usec
65536
400.1300084 MHz
EM

o]
0.30 Hz
o]

1.00

=chh

Hz
Hz
sec

usec
usec

sec




Part 4: symmetric sulfoxides

NAME
EXPNO
PROCNO
Date_
n Time

S INSTRUM
PROBHD
©/ \© PULPROG
D

SOLVENT
NS
Ds
SWH
FIDRES
AQ
RG
T T T T DW

7.65 7.60 155 750 ppm DE

TE

Dl

20140522seongjianyin
4

Ak

20140522
1513
spect

5 mm PADUL 13C
zg30

65536
CDCl3

16

2
12335.526
0.188225
2.6564426
203

40.533
6.50

301.1
1.00000000

CHANNEL f1

Hz
Hz
sec

usec
usec

=

sec

10 9 8 7 6 5 4 3 2 1 prm 3SB

000

774
)
fe]

4
5l

7.516
7.502
7.260
#4252
7.238
2.358

Y
X

NAME

EXPNO

PROCNO
0] Date_
1 Time

S INSTRUM
PROBHD
PULPROG
boy

SOLVENT
NS
Ds
SWH
FIDRES
AQ

T T T 1 RG
745 7.4 7.3 Ppm gg
TE
D1

1H

14.00

32768
600.1300171
EM

Q
-0.10
0
1.00

usec

MHz

Hz

20140522seongjianyin
2

Ak

20140522
15.08
spect

5 mm PADUL 13C
zg30

65536
CDCl3

16

2
12335.526
0.188225
2.6564426
203

40.533
6.50

301.2
1.00000000

CHANNEL f1

Hz
Hz
sec

usec
usec

sec

NUC1
| Pl
SI
SF
r T T T T T T T T T T WDW

9 8 7 6 5 4 3 2 1 prm 3SB
LB
GB
PC

3.720
4.083
6.000

S49

1H

14.00

32768
600.1300168
GM

Q
-0.10
0.1
1.00

usec

MHz

Hz



o
WM HMmomo -~ o
82ERA]ES 2= 8 BRUKER
[l e sl ooy CI'
o} NAME 20140912zhangrui
T EXPNO 1
Me S Me PROCNO 1
Date_ 20140912
Time 11.08
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
Ds 2
SWH 12335.526 Hz
T T T T T FIDRES 0.188225 Hz
Tl Tewid T.05 ppm AQ 2.6564426 sec
RG 128
oW 40.533 usec
o] 6.50 usec
TE 296.5 K
D 1.00000000 sec
== CHANNEL fl ========
1H
5 i 12.60 usec
32768
600.1300210 MHz
T T T T T T T T EM
8 <] L} 4 3 2 1 ppm 0
0.10 Hz
: GB 0
= PC 1.00
=3
o
= —
q : BRUKER
N
NAME 20140708zhangrui
EXPNO 2
PROCNO 1
Date_ 20140708
Time 17.33
INSTRUM spect
PROEHD 5 mm PADUL 13C
PULFROG zg30
TD 65536
SOLVENT cpcl3
Me (I? Me NS :
S Ds 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
BAQ 2.6564426 sec
RG 203
oW 40.533 usec
D 6.50 usec
TE 302.0 K
D 1.00000000 sec
===== CHANNEL fl ========
NUCl 1H
Pl 14.00 usec
A SI 32768
; , , : ; : : ; : : : SF 600.1300166 MHz
WD
w9 8 7 & 5 4 3 2 1  pem  gep o
ss
LB 0.10 Hz
i [ | (=] GB 0
oo = PC 1.00
[aa] (=] (s3] =1
Sl ]

S50



or-OWwHoow w0 o
TN T — o
[EpRteiTo iRt e )R RN i) ] [=2] o
e S R o o
o]
1
/J::::IKS\]::::l\
T T T M
7.4 7.2 7.0 ppm e0 OMe
1
T T T T T T T T T
i1 7 (] 5 4 3 2 Pem
) [ (=}
G =}
k=l — =]
o] = o
SN NN S o
WA DO ® —
WO OO0 0N® fee]
00 @
3 = N ~
e}
r T T T T 1
7.6 7.4 7.2 7.0 ppm
T T T T T T T
8 7 3 5 4 3 2 ppm
O[O lao = (=4
o] Ingd | etd el =3
o;||o(— L=
NN o
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NAME
EXPNO
PROCNO
Date_
Time

INSTRUM

PROEHD

PULFROG

20140708zhangrui
7

T

20140708
16.29
spect

5 mm PADUL 13C
zg30

65536
cpcls3

16

2
12335.526
0.188225
2.6564426
203

40.533
6.50

302.1 K
1.00000000

CHANNEL f1l

600.1300158
EM

0

0.10

0

1.00

Hz

BRUKER

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

2016-06-01 tyut-chh
10

1

20160601

19.12

spect

5 mm PABBO BB/
zg30

65536

¢DC13

16

2

8012.820
0.122266
4.0894966
87.46
62.400
6.50

299.6 K
1.00000000
1

CHANNEL f1 ===
400.1324710
1H

9.70

65536
400.1300098
EM

0
0.30
0
1.00



o
8 BRUKER
(=]
NAME 20140708zhangrui
EXPNOC [
fe) PROCNO 1
N Date 20140708
S Time 16.25
INSTRUM spect
FROEHD 5 mm PADUL 13C
PULFPROG zg30
F F TD 65536
SOLVENT cDrll
NS 16
Ds 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
2te] 2.6564426 sec
RG 203
T T T T T T 1 oW 40.533 usec
b A5 Teds 953 7.2 ppm D 6.50 usec
TE 302.2 K
D 1.00000000 sec
CHANNEL fl ====
18
14,00 usec
= 32768
600.1300137 MHz
T T T T T T T T T T EM
9 8 7 6 5 ! 3 2 1 pEm 0
0.10 Hz
(=N ey D
= || 1.00
=l
< | |<
COrRCIITONC VW NMBNNOETEOOMONOEADNT O
SEpEECFDOoNNNIISRNRCRREE Do LNE & BRUKER
e Y Y IV SNV I LN
NAME 20140812zhangrui
EXFNO 5
PROCNO 1
Date_ 20140912
Time 11.24
INSTRUM spect
PROBHD 5 mm PABBO BB-
0 FULFROG zg30
1l 2] 65536
F. s F SOLVENT cpe13
N3 4
D3 2
| - : | 1 SWH 12335,526 Hz
T3 7.2 T 7.0 ppm FIDRES 0.188225 Hz
o AQ 2.6564426 sec
RG 181
oW 40.533 usec
D 6.50 usec
TE 296.3 K
D 1.00000000 sec
===== CHANNEL fl ========
cl 1H
12.60 usec
SI 32768
‘ ; " . i 2 ‘ ; : : . SF 600.1300172 MH=z
¥3: 12 A1 14 9 5 4 3 2 1 rpm T:g EI[J)J
55
B 0.10 Hz
GB 0
FC 1.00

S52



=N W[~ W 0 SN o
TN NAH OO -WY WS e WD (=3
PAPRER PSR L ] 5
P A T NN I
|
T T T T 1
7.8 7.6 7.4 7.2 rpm
T T T T T T T T T T
10 9 8 7 6 5 4 3 2 ppm
O |00 | (e
O O (U
Y =Y
(o] ) (R )
MW NO O (=)} o
SV R r PR S
[Tp 2 Tp N Tp INTR RS s - - = (=]
[l el e e o S o ol e [=]
1]
I T T 1
7.55 7.50 7.45 ppm
T T T T T T T T
& 7 6 5 4 3 2 1 ppm
[ [es]
[=] [a2]
[ [as]
=7 |
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NAME 20140708zhangrui
EXPNO 4
PROCNO 1
Date_ 20140708

Time 16.16
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 65536
S0LVENT CDC13

NS 16

D5 pd

SWH 12335.526 H=
FIDRES 0.188225 H=z
AQ 2.6564426 sec
RG 203

DW 40.533 usec
DE 6.50 usec
TE 302.2 K

D1 1.00000000 sec

CHANNEL f1
18

32768
600.1300180 MH=z
EM
0
0.10 Hz
0
1.00

14.00 usec

NAME 20140926wanggingyu
EXPNO £}
PROCNO 1
Date_ 20140926
Time 16.47
INSTRUM spect
PROBHD 5 mm FPADUL 13C
PULPROG zg30
D 65536
SOLVENT CDCl3
NS 4
D3 2z
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203
DwW 40.533 usec
DE 6.50 usec
TE 28,3 K
Dl 1.00000000 sec
CHANNEL f1 =
1H
14.00 usec
32768
600.1300163 MHz
WD EM
55B 0
LB -0.10 Hz
GB 0
PC 1.00



o
1 NAME 2016-07-13 tyut-chh
Cl S cl EXPNO 10
PROCNO 1
Date_ 20160714
Time 2.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 1
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
T T T T RG 87.46
o 7.6 7.5 ppm DW 62.400 usec
DE 6.50 usec
TE 295.5 K
D1 1.00000000 sec
TDO 1
SFO1 400.1324710
NUC1 1H
Pl 9.70 usec
T T T T T T T T T T s8I 65536
8 1 6 5 4 3 2 1 0 -1 ppm SF 400.1300090 MHz
WDW EM
A ssB 0
SIS LB 0.30 Hz
e GB 0
loNley BC 1.00
Moo WUMANNNTAYNWTTNNWOT —
s e g e e S g BRUKER
P e el S e e e S
NAME 20140708zhangrui
EXPNO 357,
PROCNO i1
Date 20140708
¢ o d Time 17.15
S INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 2
DS 2
SWH 12335.526 Hz
T T T 1 FIDRES 0.188225 Hz
7.4 7.3 7.2 ppm AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 302.0 K
Dl 1.00000000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 14.00 usec
5I 32768
‘ ‘ ‘ ‘ ‘ : : : : : : SF 600.1300213 MHz
R
10 9 7 6 5 4 3 2 1 pom  gon g
LB 0.10 Hz
GB 0
PC 1.00
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NAME 20140708zhangrui
EXPNO 3
PROCNO 1
Date_ 20140708
Time 1611
INSTRUM spect
T & z
7. g 7.2 .0 6.9 ppm by 65236
SOLVENT MeOD
NS 16
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
N TE 302.2 K
D 1.00000000 sec
T T T T T T T T i e
10 7 5 a 3 2 1 ppm CRANNELITL =omres
14.00 usec
) [o o SI 32768
<13 & SF 600.1300139 MHz
RIE . WDW EM
] = [a] SSB 0
LB 0.10 Hz
GB ]
PC 1.00
T, . BRUKER
WOW oW OO —
NNNC~-~Q e}
FE R eeeoe o«
N W Hz 9 NH; NAME 2016-07-07 tyut-chh
s EXPNO 10
PROCNO 1
Date_ 20160708
Time 20.20
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 1le
DS 2
! i SWH 8012.820 Hz
-2 7.0 ppm FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 87.46
DW 62.400 usec
DE 6.50 usec
IE 299.0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ===
SFOl1 400.1324710
J NUC1 1H
P1 9.70 usec
i : ' : ' = 4501300097
F 4 % MHz
7 5 3 1 ppm o e
SSB 0
™~|m) [o|wn o LB 0.30 Hz
o [on|on e CB 0
Al Al < BC 1.00



NONEENONYTO NN NS T A NO M

R R R R R e e e

[ B I O T LA T AT LA TS T B T o e I A Y I o B B e e T e )

e N N

[ )JJJJJJJééﬁz
SNPE

NAME 20140708zhangrui
EXPNO 1
PROCNO

1

Date_ 20140708

S Time 16.01
6 INSTRUM spect

PROBHD 5 mm PADUL 13C

T T T PULFROG zg30
7539 7.30 ppm D 65536
SOLVENT CDC13
NS T
Ds 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
T T 1 AQ 2.6564426 sec
3.90 ppm RG 203
oW 40.533 usec
D 6.50 usec
TE 302.2 K
D 1.00000000 sec
CHANNEL fl ========
1H
14.00 usec
32768
600.1300194 MHz
T T T T T T T T T T 1 WDW EM
g 8 7 & 5 4 3 2 1 0 ppm 3sB 0
1B 0.10 Hz
e i GB 0
=1 g PC 1.00
o |- e
5 |m o

Part 5: asymmetric sulfoxides

MO HONDMAVMMIDG G~ M LD MO N DS M D0 S M WD
P RS ARSI AR Al i A A A BRUKER
B e R vr
“¢t§§&éégggé=b* —
NAME 20150520hufei
EXPNO 5
o] PROCNO 1
g Date_ 20150520
Time 18.01
INSTRUM spect
PROBHD 5 mm PABBO BB/
MeO PULPROG 2930
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 67.58
DW 62.400 usec
T T T T T T DE 6.50 usec
7.9 7.8 7.7 1.6 ppm 6.95 ppm TE 299.1 K
Dl 1.00000000 sec
TDO 1
======== CHANNEL fl ===
SFO1 400.1324710
NUC1 1H
T T T T T T T T T T g% 625;2 unse
8 7 3 5 4 3 2 1 ppm SF 400.1300084 MHz
WDW EM
clalslzl g §;9 0.30 1
B e e o . 5

S56



@ -
a4

0.976
1.975
4.040
0.998
1.012

7.641
7.638
7.630
7.627
7.625
7.540
2527
7.457
7.448
7.445
7.441
7.269
7.256
74255

w

1.839
1.888
2.825
0.955
0.930

NAME 20150408hufei
EXPNO 3
PROCNO 1
Date_ 20150408
Time 9.54
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
OMe 9 SOLVENT CDC13
S NS 4
Ds 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
-0 pem RG 203
DW 40.533 usec
DE 6.50 usec
TE 289.0 K
Dl 1.00000000 sec
== CHANNEL f1 ==
1H
14.00 usec
32768
600.1300148 MHz
T T T T T T EM
5 4 3 2 1  ppm Q
-0.10 Hz
i, 0
S 1.00
«
2 BRUKER
i
NAME 20150408hufei
EXPNO 2
PROCNO Al
Date_ 20150408
Time 9.51
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
DS 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
7.3 ppm AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 289.0 K
Dl 1.00000000 sec
======== CHANNEL £1 ========
NUC1 1H
L Pl 14.00 usec
SI 32768
SF 600.1300157 MHz
! ! J ; WDW EM
3 2z 1 ppm 3SB 0
LB -0.10 Hz
y GB 0
o PC 1.00
o
“

S57



7.662
7.654
7+651
7.648
7.642
7.639
7.629
7.626
7.492
7.487
7.484
7.483
7.478
7.469
7.466
7.457
7.455
7.169
7.155
7.141

P
o

3.973
3.071
2.000

P
w3
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NAME 20150408hufei
EXPNO S
PROCNO Al
Date_ 20150408

Time 10.06
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 65536
SOLVENT CDC13

NS 4

DS 2

SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 114

DW 40.533 usec
DE 6.50 usec
TE 289.2 K

Dl 1.00000000 sec
======== CHANNEL £l ========
NUC1 1H

Pl 14.00 usec
SI 32768

SF 600.1300090 MHz
WDW EM

SSB Q

LB -0.10 Hz
GB 4]

PC 1.00

NAME 20150408hufei
EXPNO 6
PROCNO 1
Date_ 20150408
Time 10.11
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
Ds 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 90.5
DW 40.533 usec
DE 6.50 usec
TE 289.3 K
Dl 1.00000000 sec
CHANNEL £1 =
1H
14.00 usec
32768
600.1300072 MHz
EM
Q
-0.10 Hz
0
1.00




8.327
8.312
7.846
7.832
7.694
7.691
7.689
7.686
7.683
7.681
7.680
7.677
7.514
e L
7.509
7.503

8.233
8.231
8.227

8.220
8.219
8.211

.000

2

7.981
7.967

1925 o
2.026

2

7.916
7.900

.984

.694

690
.686
684

7.681
7.678
7.668
7.656
7.654

7.642
7.545
7.540
7:537

7..535
7.532
7.528
7.404

7.401
7.398
7.394

7.391
7.386

ppm
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NAME 20150408hufei
EXPNO 7
PROCNO 1
Date_ 20150408
Time 10.15
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
D 65536
SOLVENT CDC13
NS 4
Ds 2
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203
DW 40.533 usec
DE 6.50 usec
TE 289.3 K
Dl 1.00000000 sec
== CHANNEL f1 ==
1H
14.00 usec
32768
600.1300134 MHz
EM
Q
-0.10 Hz
0
1.00

NAME 20150408hufei
EXPNO 4
PROCNO 1
Date_ 20150408

Time 9.59
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30

D 65536
SOLVENT CDC13

NS 4

Ds 2

SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203

DW 40.533 usec
DE 6.50 usec
TE 289.1 K

Dl 1.00000000 sec

SF 600.1300161 MHz
WDW EM
SSB a
LB -0.10 Hz
GB 4]
PC 1.00



7.592
T572
7.462
7.443

L
e

2.654

NAME

o EXPNO

g PROCNO

™ Date_

Time
INSTRUM
PROBED
PULPROG
D
SOLVENT
NS
DS
SWH
FIDRES

T T T 1 AQ
7.6 75 7.4 ppm RG
DW
DE

=911

1.074
16715

7.463
7.458
7.456
7.454
7.450
7.437
7.426
7.424
7.412
7.383
7.381
7.370
7.367
7.290
7.278
7.265
7.262
7.260
7.252
7.250
7.238
6.986
6.974
4.107
4.086
4.012

7 6 5 4 3 2 1 ppm SE

3.000
[}
W

3.991
—0.000

NAME
EXPNO
0 PROCNO

INSTRUM

/r Date_
- ” I\ @’S\—@ Time

PROBHD
PULPROG
D
SOLVENT

4.10 4.05 ppm

\ P1

|
o
o
w
(¥
=

11 10 9 ppm 558

2.000

S60

2016-07-07 tyut-chh
10

1
20160708
20.16
spect
5 mm PABBO BB/
zg30
65536
CDC13
16
2
8012.820 Hz
0.122266 Hz
4.0894966 sec
54.19
62.400 usec
6.50 usec
299.1 K
1.00000000 sec
5

CHANNEL fl ========
400.1324710 MHz
1H
9.70 usec
65536
400.1300307 MHz
EM
0
0.30 Hz
0
1.00

20141219%baiyana
4

1

20141219

1105

spect

5 mm PADUL 13C
z2g30

65536

CDC13

4

2
12335.526 Hz
0.188225 Hz
2.6564426 sec
203
40.533 usec
6.50 usec
289.8 K
1.00000000 sec

600.1300148 MHz
GM
0
-0.10 Hz
0.1
1.00



— 0 ~ Mo~ =} o
0~ W0 e N — o
WD AD WD WD U U W) o o
== ===~ 0= [~ 2] o
g
Y
‘ : Br
7.6 pPEm
T T T T T T T T T
8 it 6 5 4 3 2 ¥ ppm
i |u =3
[ =1
(o2} (=] =l
= | [}
NOND AN ANDD 0T - —
WO W00 oo OO o1 o
Gy Y G G0 D U U W WD WD) W) ) O w (=3
[l el ol el e el e e B e e e L] o
Br
1
~
T T T T T T T 1
T29 TEB I T8 RUD R4 ppm
T T T T T T T T T T T T T
12 11 10 El 8 7 a 5 4 3 2 i ppm
O [~ = (=]
Lt =l aa] =]
fesld [ea] (s3] (=]
fud E] [a) (48]
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

20140708zhangrui
I

15

L

20140708
17.07
spect

5 mm PADUL 13C
zg30

65536
CDhC13

3

2
12335.526
0.188225
2.6564426
203

40.533
6.50

302.0
1.00000000

Hz
Hz
sec

usec
usec

sec

14.00 usec
SI 32768
SF 600.1300150 MHz
WDW EM
SSB o
LB 0.10 Hz
GB o
PC 1.00
NAME 20140708zhangrui
EXFNOC la
PROCNO A
Date_ 20140708
Time 17.10
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULFROG zg30
TD 65536
SOLVENT cDCcl3
NS 16
D3 e
SWH 12335.526 Hz
FIDRES 0.188225 Hz
AQ 2.6564426 sec
RG 203
DwW 40.533 usec
D 6.50 usec
TE 302.0 K
D 1.00000000 sec
CHANNEL fl ========
1H
14.00 usec
32768
600.1300075 MHz
EM
0
0.10 Hz
GB 0
PC 1.00



NAME 2016-07-21 tyut-chh
EXPNO

PROCNO 1

Date_ 20160722

o Time 15.15

f Q S INSTRUM spect
p PROBHD 5 mm PABBO BB/
PULPROG 2g30

D 65536

SOLVENT cbc13

TN OO O @ Mo 1]
TLOONAO OO N Oy D ™
TN T T T ) —o oo 1]
M~~~ [~ 00 W0 WO SRR o~

L
p s

—— [RSASAALAA Msdadans aatatata| NS 16
DS 2
7.4 ppm S5 9ud BRI SWi 8012.820 Hz
FIDRES 0.122266 Hz
aQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
—_— TE 296.4 K
D1 1.00000000 sec
4.2 ppm 100 i
== CHANNEL fl ==
400.1324710 MHz
1H
_J | 9.70 usec
65536
| - | . - | | - | | Vsqgw 4100.12999;5I MHz
8 7 6 5 4 3 2 1 0 1 ppm e 0
LB 0.30 Hz
) o |en —t o GB 0
= bd ) 2 PC 1.00
o als o~ o
reznennace 3 3 BRUKER
I T T T u [=]
P PV Vv o o
W NAME 20140722zhangrui
EXFNO 2
PROCNO 1
Date_ 20140722
Time 10.49
INSTRUM spect
PROBHD 5 mm PADUL 13C
PULPROG zg30
TD 65536
SOLVENT CDCL3
NS 1a
DS 2
o [ SWH 12335.526 Hz
S, FIDRES 0.188225 Hz
\ /o a0 2.6564426 sec
774 7.2 7.0 6.8 6.6 I RG 203
. g ! g ppm oW 40.533 usec
DE 6.50 usec
TE 300.5 ¥
D 1.00000000 sec
CHANNEL f1 =
18
I 14.00 usec
32768
600.1300166 MHz
T T T T T T T T T EM
8 7 4] 5 4 3 2 1 pem ]
0.10 Hz
o
= o = L.00
(=21 [es] [
l:‘; — 421

S62



5.952
5.933
5.908
5.890
5.865
5.846
5.479
5.454
5.427
5.424
5.385
5.382
3.53%
3.517

3

“—izé;gsgﬁﬁ \Aéé:;;d‘) “w&h§§bé;;;:L)

503

485
469
450
436

3
3
3
3

417
2.562

3

™~

NAME 2016-04-19 tyut-chh
EXPNO
PROCNO 1
Date_ 20160419
Time 21.07
INSTRUM spect
PROBHD 5 mm PABBO BB/
' h A PULPROG zg30
D 65536
e e SOLVENT cpcl3
5.8 5.6 ppm o BDTE l;
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 34.32
DW 62.400 usec
DE 6.50 usec
TE 296.0 K
D1l 1.00000000 sec
TDO 1
CHANNEL f1
N l SFO1 400.1324710 MHz
1 L NUC1 1H
Fl 9.70 usec
T T T T T T T SI 65536
9 8 7 6 5 3 3 ppm SF 400.1299961 MHz
WDW EM
SSB 0
w| e — = LB 0.30 Hz
& [& I3 S GB 0
ol 5 & & BC 1.00
Part 6: sulfones
MNMOYLCFNOOT AN WOAOTDNNTNOON
R i R R R g . S e e BRUKER
A A A A SR
NAME 20150520hufei
EXPNO 1
PROCNO 1
Date_ 20150520
Time 17.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
D 65536
SOLVENT CDC13
NS 16
Osg20 DS 2
SWH 8012.820 Hz
[:::]/ \[:::] FIDRES 0.122266 Hz
T T T AQ 4.0894966 sec
7.9 -8 7.7 ppm RG 107.24
DW 62.400 usec
DE 6.50 usec
TE 299.0 K
Dl 1.00000000 sec
TDO 2B
J CHANNEL f1 =
400.1324710 MHz
1H
T T T T T T T T T T T 2:10 maee
65536
12 11 10 9 8 7 6 4 3 ppm £00.1300096 MHz
EM
- |Oo|\0 0.
(S| 0.38 Hz
eleiled 1.00

S63




7.727
7.724
7.716
7313
7.708
6.893
6.889
6.885
6.877
6.874
6.869

S64

7 7.6 1.5 7.4 3 f.2 7.0 cem
1
T T T T T T T T
8 7 [ 5 4 2 1 Ppm
o) o~
o o
o @
<l e
S NO WD SO A SO
A R U 020
FREER R oW eoew
MeQ OMe
T T T T 1
.88 7.86 7.84 7.82 ppm 6.95 ppm
f T T T T T T T T T
9 8 7 6 4 3 2 1 ppm
) — =)
o~ e (=3
0 =] (=4
o ) o

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

20140708zhangrui

Al

20140708
17.02
spect

5 mm PADUL 13C
zg30

65536

MeOD

13

2
12335.526 Hz
0.188225 Hz
2.6564426
203

40.533
6.50

302.0 K
1.00000000

32768
600.1300140
EM

Q
0.10 Hz

0

1.00

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

TE

Dl

TDO

20150520hufei
4

Al

20150520
bl
spect

5 mm PABBO BB/
zg30

65536
CDCLl3

16

2

8012.820 Hz
0.122266 Hz
4.0894966
107.24
62.400
6.50

299.1 K
1.00000000
1

CHANNEL £l =
400.1324710

1H

9.70

65536
400.1300096
EM

4]
0.30 Hz

Q

1.00



) 00
~ o~
© W0+ =
~ -~

e
~

7.8 7 7.6 Ppm
T T T T T T T T
8 7 6 5 4 3 2 ppm
o0
i=dli=]
L=dii=J
tf‘tl:
OO NWONOWwOMe
O @I~ W00 Ws M
Lol el el ol el i X R R )
e
MW O‘\S/’O
Br : : Br
T T T
7.75 7.70 7.65 ppm
T T T T T T T T T
9 8 7 3 5 3 2 1 ppm
oo
f=dls]
oo
ﬂ‘”;
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NAME 20150520hufei
EXPNO 2
PROCNO Al
Date_ 20150520
Time 17.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 94.93
DW 62.400 usec
DE 6.50 usec
TE 299.1 K
Ll 1.00000000 sec
TDO 2B
CHANNEL f1l =
400.1324710 MHz
1H
9.70 usec
65536
400.1300092 MHz
EM
4]
0.30 Hz
0
1.00

NAME 20150520hufei
EXPNO 3
PROCNO Al
Date_ 20150520
Time 1753
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
RG 123.61
DW 62.400 usec
DE 6.50 usec
TE 299.1 K
Ll 1.00000000 sec
TDO 2B
CHANNEL f1l =
400.1324710 MHz
1H
9.70 usec
65536
400.1300098 MHz
EM
SSB 4]
LB 0.30 Hz
GB 0
PC 1.00



TSTONOAHODMANTANNNOTNOOWTONONTOND NN WD
SEtEES S ¢4 $4 St R SRR S5 4 BRUKER
© 00w~ ? T
NAME 20150520hufei
EXPNO 6
PROCNO 1
Date_ 20150520
Time 18.05
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
O\\S/’O D 65536
SOLVENT CDC13
NS 16
DS 2
i ‘ . : : | OMe SWH 8012.820 Hz
FIDRES 0.122266 H
8.0 7.8 7.6 7.4 | 7.2 ppm Ap i oBesece ix
RG 107.24
DW 62.400 usec
DE 6.50 usec
TE 299.2 K
Dl 1.00000000 sec
TDO 2B
CHANNEL fl =
J 400.1324710 MHz
1H
T T T T T T T T T T T T T T T 2:10 maee
65536
I3 a2 11 ag 9 8 7 6 o} 4 3 2 1 ppm 400.1300097 MHz
EM
D‘--—(G\M;h’) o 0 v
B 2 0.5 B
ol laledl -l o 1.00
PR EE PR T % BRUKER
GV OV OV 00 00 D D D N WD WD WD) S S () N oy
P N N o~
NAME 20150526 hufei
EXPNO 1
PROCNO 1
Date_ 20150526
Time 1735
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 65536
SOLVENT CDC13
O\\S,,O NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894966 sec
T T T T T T T RG 94.93
7.9 7.8 7 | T8 TS 7.4 Ppm DW 62.400 usec
DE 6.50 usec
TE 299.9 K
Dl 1.00000000 sec
TDO 2B
CHANNEL fl =
400.1324710 MHz
1H
9.70 usec
F T T T T T T T T T T T 65536
10 9 g & 3 5 4 3 2 ppm 400.1300100 MHz
EM
=2 (=al (s [ag117e} o e (5] 0
O|ov| | | =3 e} =] 0.30 Hz
R et A et < B B 0
el it Y 0 o o 1.00

S66



0
]
o
o

7.960
7.952
7.947
7.943
7.940
7.930
7.9256
7.921
7.601
7.598

595

.586
7.580
7.574
7.565
7.561
7.558
7.538
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

20150520hufei
7

Al

20150520
18.10
spect

5 mm PABBO BB/
zg30

65536
CDCLl3

16

2

8012.820
0.122266
4.0894966
87.46
62.400
6.50

299.2
1.00000000
1

CHANNEL £l =
400.1324710

1H

9.70

65536
400.1300089

EM

4]
0.30
0

1.00
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Hz
sec
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usec

sec
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spect
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L

20150520
18.18
spect

5 mm PABBO BB/
zg30
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CDCLl3
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8012.820
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299.2
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1

CHANNEL £l =
400.1324710

1H

9.70

65536
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spect
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EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
D
SOLVENT
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DS
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CHANNEL £l =

20150530hufei
4

Al
20150530
10.26
spect

5 mm PABBO BB/

zg30
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CDC13
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