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Materials and methods

All the chemicals were purchased commercially, and used without further purification,
unless otherwise noted. Thin-layer chromatography (TLC) was conducted with 0.25
mm Tsingdao silica gel plates (60F-254) and visualized by exposure to UV light (254
nm) or stained with potassium permanganate. Flash column chromatography was
performed using Tsingdao silica gel (60, particle size 0.040-0.063 mm). Reagents
were purchased at the highest commercial quality and used without further
purification, unless otherwise stated. ‘H NMR spectra were recorded on Brueker
spectrometers (at 300 or 400 MHz) and were reported relative to deuterated solvent
signals. Data for "H NMR spectra were reported as follows: chemical shift (8 ppm),
multiplicity, coupling constant (Hz) and integration. **C NMR spectra were recorded
on Brueker Spectrometers (at 75 or 100 MHz). Data for *C NMR spectra were
reported in terms of chemical shift. Mass spectrometric data were obtained using
Bruker Apex IV RTMS. The following abbreviations were used to explain the

multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet.
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Identification of the optimal reaction conditions

photocatalyst, base, [l

additive, solvent, r.t., O, ﬁ
¢ =0.07 M, visible light (@]
Cl M

3a

NHNH,

e

9
CI—@—: + Me—QS—
(I)I
2

1a a (x eq)

entry 2a(eq) [Ru](mol%)? base (eq) solvent (v/v) additive (eq) yield (%)°
1 1.5 5 / MeCN / NR
2 1.5 5 Na,CO3 (1.5) MeCN / trace
3 15 5 Na,CO; (1.5) MeCN/H,0 (3:1) / trace
4 1.5 5 Na,CO3 (1.5) MeCN/H,0 (3:1) NaBr (1.5) decomp
5 15 5 Na,CO; (1.5) MeCN/H,0 (3:1) Kl (1.5) 35
6 15 5 NaOAc (1.5) MeCN/H,O (3:1) Kl (1.5) 42
7 15 5 NaOAc (1.5) DMF/H,0 (3:1) Kl (1.5) 47
8 15 5 Na,HPO, (1.5) DMF/H,O (3:1) Kl (1.5) 41
9 15 5 NazPO, (1.5) DMF/H,0 (3:1) Kl (1.5) decomp
10 15 5 Cs,CO;5 (1.5) DMF/H,0 (3:1) Kl (1.5) decomp
11 15 5 pyridine (1.5) DMF/H,0 (3:1) Kl (1.5) 18
12 15 5 NEt; (1.5) DMF/H,0 (3:1) Kl (1.5) NR
13 1.5 5 DBU (1.5) DMF/H,O (3:1) Kl (1.5) decomp
14 15 5 NaOAc (1.5) DMF/H,0 (3:1) Kl (1.0) 56
15 15 5 NaOAc (1.5) DMF/H,0 (3:1) Kl (0.5) 52
16 22 5 NaOAc (1.5) DMF/H,0 (3:1) Kl (1.0) 63
17 22 5 NaOAc (2.2) DMF/H,0 (3:1) Kl (1.0) 72
18 22 5 NaOAc (2.2) DMF/H,O (5:1) Kl (1.0) 82
19 22 5 NaOAc (2.2) DMF/H,0 (8:1) Kl (1.0) 68
20 22 2 NaOAc (2.2) DMF/H,0 (5:1) Kl (1.0) 84
21 2.2 2 NaOAc (2.2) DMSO/H,0 (5:1) Kl (1.0) trace
2 22 2 NaOAc (2.2) DMA/H,O (5:1) Kl (1.0) 58
23 22 2 NaOAc (2.2) MeOH/H,0 (5:1) Kl (1.0) 35
24 22 2 NaOAc (2.2) EtOH/H,O (5:1) Kl (1.0) 48
25 22 2 NaOAc (2.2) THF/H,O (5:1) Kl (1.0) 54
260 22 Eosin NaOAc (2.2) DMF/H,0 (5:1) Kl (1.0) 78
4[Ru] = Ru(bpy)sCl,* 6H,0. 2 mol% of Eosin Y was used. °Yield of isolated product.
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General procedure for #-keto sulfones synthesis

o Ru(bpy)sCl, (0.02 eq), Kl (1.00 eq), o O
Ri . o N NaOAc (2.20 eq), 1 atm O, I
53 - 7 T 2 DMF/H,0 (viv = 5:1), rt 1 R,
v =9:1) R
o ¢ =0.07 M, visible light 1 )
1 2 3or4d

A flame-dried round bottom flask (5 mL) was equipped with magnetic stir bar and
charged with alkynes 1 (0.073 mmol, 1.0 equiv), sulfonylhydrazides 2 (0.161 mmol,
2.2 equiv), Ru(bpy)sCl, (0.0014 mmol, 0.02 equiv), NaOAc (0.161 mmol, 2.2 equiv),
KI (0.073 mmol, 1.0 equiv) and DMF/H,0 (v/v = 5:1, 1.0 mL). The mixture was then
irradiated by household bulbs (45 W) under a balloon oxygen atmosphere at room
temperature until the starting material disappeared from the TLC. After that the
reaction mixture was treated with water and extracted with EtOAc, and the combined
organic layer was washed with brine and dried over Na,SO,. Then the organic layer
was concentrated under reduced pressure and the crude product was purified by silica
gel column chromatography using hexane/EtOAc (4/1) to afford the desired pure
product 3 or 4 in 31-93% vyield.
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Examinations of other alkynes and sulfonylhydrazides

under standard reaction conditions

Standard reaction conditions )k/?

(0]
1

R——R; + MeOQS—NHNHZ R4 ﬁ\R
g no desired product was observed. (0] 2

E Some typical O
I unsuccessful Me/l: Ph—=——Ph Ph%< ©/\
 examples: OFEt

F O O F
ﬁ Standard reaction conditions g
—< :}—: + S—NHNH
MeO Il 2 only trace amount of the desired lcl)
(0]
product was observed. MeO
O O

I
'ﬂ (|)| Standard reaction conditions ﬁ\Bn
—<: :}—: —S— o}
MeO * Q? ﬁ NHNH, only trace amount of the desired
H O MeO

product was observed.

Other alkynes and sulfonylhydrazides had also been examined. However, we did not

obtain the desired products under standard reaction conditions.

'H NMR and **C NMR spectra data of compounds 3a-30, 4a-40

1-(4-chlorophenyl)-2-tosylethanone (3a): *H NMR (400 MHz, CDCl3) & 7.89 (d, J =
8.8 Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.43 (d, J = 8.8 Hz, 2H), 7.33 (d, J = 8.4 Hz,
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2H), 4.69 (s, 2H), 2.42 (s, 3H); **C NMR (100 MHz, CDCl;) & 187.1, 145.6, 141.0,
135.6, 134.1, 130.8, 129.9, 129.2, 128.5, 63.6, 21.7; HRMS calculated for
C15H13CINaOsS (M + Na*): 331.0172, found: 331.0163. (White solid, 19.0 mg, 84%
isolated yield).

1-(4-fluorophenyl)-2-tosylethanone (3b): *H NMR (400 MHz, CDCls) § 8.01-7.98
(m, 2H), 7.75 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.17-7.12 (m, 2H), 4.69 (s,
2H); 3C NMR (100 MHz, CDCls) 6 186.5, 167.7, 165.2, 145.5, 135.6, 132.3, 132.2,
129.9, 128.5, 123.8, 116.2, 115.9, 63.7, 21.7; HRMS calculated for C;5H13FNaO3S (M
+ Na"): 315.0467, found: 315.0453. (White solid, 17.1 mg, 80% isolated yield).

1-(3-fluorophenyl)-2-tosylethanone (3c): *H NMR (400 MHz, CDCl3) § 7.77 (d, J =
6.8 Hz, 3H), 7.62-7.59 (m, 1H), 7.50-7.45 (m, 1H), 7.35-7.30 (m, 3H), 4.69 (s, 2H),
2.44 (s, 3H); BC NMR (100 MHz, CDCls3) 6 187.1, 164.0, 161.6, 145.6, 137.8, 135.6,
130.6, 130.5, 129.9, 128.6, 125.4, 125.3, 121.6, 121.3, 115.9, 115.7, 63.7, 21.7,
HRMS calculated for C1sH13FNaOsS (M + Na*): 315.0467, found: 315.0457. (White
solid, 12.6 mg, 59% isolated yield).

F O |C|J
S
18!
O
3d Me
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1-(2-fluorophenyl)-2-tosylethanone (3d): *H NMR (300 MHz, CDCls) § 7.83-7.76
(m, 3H), 7.58-7.53 (m, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.26-7.14 (m, 1H), 7.11-7.07 (m,
1H), 7.78 (s, 2H), 2.43 (s, 3H); **C NMR (75 MHz, CDCls) & 186.2, 186.1, 163.6,
160.2, 145.3, 136.2, 136.1, 136.0, 131.2, 131.1, 129.8, 128.6, 124.9, 124.8, 124.6,
117.0, 116.7, 67.2, 67.1, 21.7; HRMS calculated for C15H14FO3S (M + H"): 293.0648,
found: 293.0653. (Pale yellow oil, 15.6 mg, 73% isolated yield).

O @)

[l
S
Q)J\/ ll \©\
O
M902C Me

3e

methyl 4-(2-tosylacetyl)benzoate (3e): 'H NMR (400 MHz, CDCls) & 8.13 (d, J =
6.8 Hz, 2H), 8.01 (d, J = 6.8 Hz, 2H), 7.76 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz,
2H), 4.74 (s, 2H), 3.95 (s, 3H), 2.44 (s, 3H); 3C NMR (100 MHz, CDCl;) § 187.9,
165.9, 145.6, 138.8, 134.8, 130.0, 129.9, 129.2, 128.6, 64.8, 52.6, 21.7;, HRMS
calculated for C37H1sNaOsS (M + Na*): 355.0616, found: 355.0610. (Pale yellow
solid, 17.5 mg, 72% isolated yield).

1-phenyl-2-tosylethanone (3f): *H NMR (400 MHz, CDCls) 6 7.95 (d, J = 8.0 Hz,
2H), 7.77 (d, J = 6.8 Hz, 2H), 7.63-7.59 (m, 1H), 7.49-7.45 (m, 2H), 7.33 (d, J = 8.0
Hz, 2H), 4.72 (s, 2H), 2.43 (s, 3H); **C NMR (100 MHz, CDCls) & 188.2, 145.4,
135.8, 134.3, 129.8, 129.3, 128.8, 128.6, 63.5, 21.7; HRMS calculated for
CisH14NaOsS (M + Na®): 297.0561, found: 297.0551. (White solid, 18.2 mg, 91%

isolated yield).
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1-p-tolyl-2-tosylethanone (3g): *H NMR (400 MHz, CDCls) & 7.84 (d, J = 8.0 Hz,
2H), 7.76 (d, J = 8.40 Hz, 2H), 7.33 (d, J = 8.4 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 4.69
(s, 2H), 2.43 (s, 3H), 2.41 (s, 3H); *C NMR (100 MHz, CDCl3) & 187.7, 145.6, 145.3,
135.8, 133.4, 129.8, 129.6, 129.5, 128.6, 63.5, 21.8, 21.7; HRMS calculated for
CiH1705S (M + H *): 289.0898, found: 289.0895. (White solid, 17.7 mg, 84%
isolated yield).

1-m-tolyl-2-tosylethanone (3h): *H NMR (400 MHz, CDCly) & 7.77-7.71 (m, 4H),
7.41 (m, 1H), 7.36-7.32 (m, 1H), 7.26 (s, 2H), 4.70 (s, 2H), 2.44 (s, 3H), 2.40 (s, 3H);
BC NMR (100 MHz, CDCl5) 6 188.3, 145.3, 138.7, 135.8, 135.1, 129.8, 129.7, 128.7,
128.6, 126.6, 63.6, 21.7, 21.3; HRMS calculated for C1H3705S (M + H™): 289.0898,
found: 289.0894. (Pale yellow solid, 18.7 mg, 89% isolated yield).

1-(4-ethylphenyl)-2-tosylethanone (3i): *H NMR (400 MHz, CDCls) & 7.87 (d, J =
8.4 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.33-7.26 (m, 4H), 4.69 (s, 2H), 2.73-2.68 (q, J
= 7.6 Hz, 2H), 2.43 (s, 3H), 1.27-1.23 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz,
CDCI3) 6 187.6, 151.6, 145.3, 135.8, 133.6, 129.8, 129.6, 128.6, 128.4, 63.5, 29.0,
21.7, 15.0; HRMS calculated for C17H190sS (M + H™): 303.1055, found: 303.1059.
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(White solid, 20.3 mg, 92% isolated yield).

wn=0

o |
|

Me
(0]

3j

,

1-(4-propylphenyl)-2-tosylethanone (3j): *H NMR (300 MHz, CDCl3) & 7.87 (d, J =
8.4 Hz, 2H), 7.70 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.1 Hz,

e

2H), 4.69 (s, 2H), 2.67-2.62 (t, J = 7.2 Hz, 2H), 2.43 (s, 3H), 1.69-1.62 (m, 2H),
0.97-0.92 (t, J = 7.5 Hz, 3H); **C NMR (75 MHz, CDCls) & 187.7, 150.2, 145.3,
135.8, 133.6, 129.8, 129.5, 129.0, 128.6, 63.5, 33.1, 24.1, 21.7, 13.8; HRMS
calculated for CigHxNaOsS (M + Na®): 339.1031, found: 339.1025. (Pale yellow
solid, 21.2 mg, 92% isolated yield).

Me (@] (e

deacio¥

3k

1-(4-pentylphenyl)-2-tosylethanone (3k): *H NMR (400 MHz, CDCl3) & 7.87 (d, J =
8.0 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.28 (d, J = 8.4 Hz,
2H), 4.69 (s, 2H), 2.68-2.64 (t, J = 7.6 Hz, 2H), 2.44 (s, 3H), 1.67-1.59 (m, 2H),
1.34-1.31 (m, 4H), 0.91-0.88 (m, 3H); *C NMR (100 MHz, CDCl5) & 187.7, 150.5,
145.3, 135.8, 133.5, 129.8, 129.5, 128.9, 128.6, 63.5, 36.0, 31.4, 30.6, 22.5, 21.7, 14,0;
HRMS calculated for CooH2503S (M + HY): 345.1524, found: 345.1506. (White solid,
23.4 mg, 93% isolated yield).
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1-(4-methoxyphenyl)-2-tosylethanone (31): *H NMR (400 MHz, CDCls)  7.95 (d, J
=10.0 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.33-7.26 (m, 2H), 6.96 (d, J = 9.6 Hz, 2H),
4.66 (s, 2H), 3.88 (s, 3H), 2.43 (s, 3H); **C NMR (100 MHz, CDCls) & 186.4, 164.6,
145.3, 135.8, 131.9, 129.8, 128.9, 128.6, 114.1, 63.6, 55.6, 21.7; HRMS calculated for
C1sH1704S (M + H): 305.0848, found: 305.0834. (White solid, 20.2 mg, 91%
isolated yield).

1-(4-chlorophenyl)-2-(4-methoxyphenylsulfonyl)ethanone (3m): *H NMR (400
MHz, CDCl3) § 7.92 (d, J = 9.2 Hz, 2H), 7.79 (d, J = 7.2 Hz, 2H), 7.48 (d, J = 9.2 Hz,
2H), 7.00 (d, J = 6.8 Hz, 2H), 4.68 (s, 2H), 3.88 (s, 3H); *C NMR (100 MHz, CDCls)
0 187.2, 164.3, 141.1, 134.1, 130.3, 130.0, 129.2, 124.4, 63.9, 55.7, 29.7; HRMS
calculated for C15sH13CINaO,S (M + Na'): 347.0121, found: 347.0124. (White solid,
21.3 mg, 90% isolated yield).

1-(4-chlorophenyl)-2-(phenylsulfonyl)ethanone (3n): *H NMR (400 MHz, CDCls)
§ 7.90-7.87 (m, 4H), 7.70-7.66 (m, 1H), 7.58-7.54 (m, 2H), 7.47 (d, J = 6.8 Hz, 2H),
4.71 (s, 2H): *C NMR (100 MHz, CDCls) & 186.9, 141.2, 138.5, 134.4, 134.0, 130.8,
129.3, 129.2, 128.5, 63.6; These data are consistent with literature values, see: A. K.
Singh, R. Chawla, T. Keshari, V. K. Yadav, L. D. S. Yadav, Org. Biomol. Chem. 2014,
12, 8550. (Pale yellow solid, 17.4 mg, 81% isolated yield).
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1-(4-chlorophenyl)-2-(4-chlorophenylsulfonyl)ethanone (30): *H NMR (400 MHz,
CDCl3) § 7.91 (d, J = 6.8 Hz, 1H), 7.83 (d, J = 6.8 Hz, 1H), 7.54 (d, J = 6.8 Hz, 1H),
7.49 (d, J = 6.8 Hz, 1H), 4.71 (s, 1H); *C NMR (100 MHz, CDCl5) & 186.8, 141.4,
141.3, 136.8, 133.9, 130.7, 130.1, 129.6, 129.3, 63.4; HRMS calculated for
C14H10CI,Na0sS (M + Na®): 350.9625, found: 350.9620. (White solid, 18.3 mg, 76%

isolated yield).

T
S
O
(@]
MeO
4a

1-(4-methoxyphenyl)-2-(phenylsulfonyl)ethanone (4a): *H NMR (400 MHz, CDCls)
§ 7.93-7.87 (m, 4H), 7.66-7.62 (m, 1H), 7.55-7.51 (m, 2H), 6.94-6.91 (dd, J = 7.2, 2.0
Hz, 2H), 4.69 (s, 2H), 3.86 (s, 3H); **C NMR (100 MHz, CDCls) & 186.2, 164.6,
138.8, 134.2, 131.9, 129.2, 128.8, 128.5, 114.1, 63.4, 55.6; HRMS calculated for
CisH1504S (M + HY): 291.0691, found: 291.0684. (White solid, 19.7 mg, 93%

isolated yield).

1-(4-methoxyphenyl)-2-(naphthalen-2-ylsulfonyl)ethanone (4b): *H NMR (400
MHz, CDCl3) & 8.44 (s, 1H), 7.99 (s, 1H), 7.97-7.94 (m, 4H), 7.93-7.91 (m, 2H), 7.87
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(d, J = 8.4 Hz, 1H), 7.69-7.65 (m, 1H), 7.63-7.59 (m, 1H), 6.92 (d, J = 10.0 Hz, 2H),
4.76 (s, 2H), 3.85 (s, 3H); *C NMR (100 MHz, CDCl5) § 186.2, 164.6, 135.7, 135.5,
132.0, 131.9, 130.6, 129.6, 129.5, 129.4, 128.9, 128.0, 127.7, 123.0, 114.1, 63.5, 55.6;
HRMS calculated for C1gH16NaO,S (M + Na*): 363.0667, found: 363.0654. (White
solid, 22.6 mg, 91% isolated yield).

(o) |CI) Me
S
[l
(@]
MeO
4c

1-(4-methoxyphenyl)-2-(o-tolylsulfonyl)ethanone (4c): *H NMR (400 MHz, CDCls)
§7.96 (d, J = 8.6 Hz, 2H), 7.89 (d, J = 7.6 Hz, 1H), 7.53-7.49 (m, 1H), 7.35-7.30 (m,
2H), 6.96 (d, J = 8.6 Hz, 2H), 4.70 (s, 2H), 3.88 (s, 3H), 2.72 (s, 3H); 1*C NMR (100
MHz, CDCl;) 6 186.1, 164.6, 138.4, 137.0, 134.2, 132.8, 132.0, 130.5, 129.0, 126.6,
114.1, 62.9, 55.6, 20.6; HRMS calculated for C16H;704S (M + H"): 305.0848, found:
305.0856. (White solid, 20.0 mg, 90% isolated yield).

2-(4-tert-butylphenylsulfonyl)-1-(4-methoxyphenyl)ethanone (4d): *H NMR (400
MHz, CDCls) 6 7.92 (d, J = 8.8 Hz, 2H), 7.80 (d, J = 8.4 Hz, 2H), 7.54 (d, J = 8.4 Hz,
2H), 6.93 (d, J = 8.8 Hz, 2H), 4.67 (s, 2H), 3.87 (s, 3H), 1.33 (s, 9H); 1*C NMR (100
MHz, CDCl3) 6 186.2, 164.4, 158.0, 135.8, 131.8, 128.9, 128.3, 126.1, 113.9, 63.4,
55.5, 35.2, 30.9; HRMS calculated for Ci9H,,NaO4S (M + Na®): 369.1136, found:
369.1070. (White solid, 23.2 mg, 92% isolated yield).
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1-(4-methoxyphenyl)-2-(4-methoxyphenylsulfonyl)ethanone (4e): *H NMR (400
MHz, CD;COCDs) 6 7.93 (d, J = 10.0 Hz, 2H), 7.79 (d, J = 9.6 Hz, 2H), 6.98 (d, J =
10.0 Hz, 2H), 6.94 (d, J = 10.8 Hz, 2H), 4.65 (s, 2H), 3.86 (s, 3H), 3.85 (s, 2H); *°C
NMR (100 MHz, CD3;COCD3) 6 186.5, 164.5, 164.1, 131.9, 130.8, 130.2, 128.9,
114.3, 114.1, 63.7, 55.7, 55.6; HRMS calculated for CisHi;gNaOsS (M + Na'):
343.0616, found: 343.0606. (White solid, 19.4 mg, 83% isolated yield).

T
S
o)
0]
MeO NHAc

af
N-(4-(2-(4-methoxyphenyl)-2-oxoethylsulfonyl)phenyl)acetamide (4f): 'H NMR
(400 MHz, CDCl3) & 7.98 (d, J = 6.8 Hz, 2H), 7.85-7.78 (m, 4H), 7.02 (d, J = 8.8 Hz,
2H), 4.91 (s, 2H), 3.89 (s, 3H), 2.13 (s, 3H); *C NMR (100 MHz, CDCls) & 205.4,
185.6, 163.8, 161.3, 141.4, 133.5, 131.7, 129.6, 129.3, 113.4, 113.8, 62.9, 55.2, 29.5,
29.3, 29.1, 29.0, 28.8, 28.6, 28.4, 23.5; HRMS calculated for C;7H;7NNaOsS (M +
Na™): 370.0725, found: 370.0705. (White solid, 22.3 mg, 88% isolated yield).

o 9
S
10!
(@]
MeO OCF3

4g

1-(4-methoxyphenyl)-2-(4-(trifluoromethoxy)phenylsulfonyl)ethanone  (4g): ‘H
NMR (400 MHz, CDCls) § 7.95-7.90 (m, 4H), 7.36 (d, J = 8.0 Hz, 2H), 6.96 (d, J =
8.8 Hz, 2H), 4.70 (s, 2H), 3.88 (s, 3H); *C NMR (100 MHz, CDCl5) & 186.0, 164.7,
153.2, 136.8, 131.7, 130.9, 128.6, 120.6, 114.1, 63.2, 55.6; HRMS calculated for
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CisH13F3sNaOsS (M + Na®): 397.0333, found: 397.0309. (White solid, 18.0 mg, 66%

isolated yield).
o O

|
S
/©)k/l\©\
(@]
MeO F

4h

2-(4-fluorophenylsulfonyl)-1-(4-methoxyphenyl)ethanone (4h): 'H NMR (400
MHz, CDCls) & 7.93-7.88 (m, 4H), 7.26-7.18 (m, 2H), 6.96 (d, J = 10.8 Hz, 2H), 4.69
(s, 2H), 3.88 (s, 3H); °C NMR (100 MHz, CDCl5) & 186.2, 167.4, 164.7, 134.7, 131.9,
131.7, 131.6, 128.7, 116.6, 116.4, 114.2, 63.4, 55.6; HRMS calculated for
CisH13FNaO,S (M + Na'): 331.0416, found: 331.0404. (White solid, 19.6 mg, 87%

isolated yield).

O @)

|
S
L
O
MeO CF

4i

3

1-(4-methoxyphenyl)-2-(4-(trifluoromethyl)phenylsulfonyl)ethanone ~ (4i): 'H
NMR (400 MHz, CDCls) & 8.04 (d, J = 8.4 Hz, 2H), 7.92 (d, J = 6.8 Hz, 2H), 7.82 (d,
J = 8.4 Hz, 2H), 6.96 (d, J = 6.8 Hz, 2H), 4.73 (s, 2H), 3.88 (s, 3H); *C NMR (100
MHz, CDCl;) 6 186.9, 164.8, 131.8, 129.4, 128.8, 128.6, 127.0, 126.3, 126.2, 126.1,
114.2, 63.0, 55.7; HRMS calculated for CigH14F304S (M + HY): 359.0565, found:
359.0547. (White solid, 21.4 mg, 82% isolated yield).
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2-(4-bromophenylsulfonyl)-1-(4-methoxyphenyl)ethanone (4j): *H NMR (400
MHz, CDCl3) 6 7.93 (d, J = 7.2 Hz, 2H), 7.75 (d, J = 8.8 Hz, 2H), 7.69 (d, J = 8.8 Hz,
2H), 6.96 (d, J = 7.2 Hz, 2H), 4.68 (s, 2H), 3.89 (s, 3H); *C NMR (100 MHz, CDCls)
0 186.1, 164.7, 137.5, 132.5, 131.9, 130.2, 129.6, 128.7, 114.2, 63.3, 55.7; HRMS
calculated for C15H13BrNaO,S (M + Na*): 390.9616, found: 390.9611. (White solid,
21.0 mg, 78% isolated yield).

0 O

|
S
jeggiot
(0]
MeO Cl

4k

2-(4-chlorophenylsulfonyl)-1-(4-methoxyphenyl)ethanone (4k): 'H NMR (300
MHz, CDCl3) 6 7.94 (d, J = 6.9 Hz, 2H), 7.83 (d, J = 6.6 Hz, 2H), 7.53 (d, J = 6.6 Hz,
2H), 6.97 (d, J = 6.9 Hz, 2H), 4.69 (s, 2H), 3.89 (s, 3H); *C NMR (75 MHz, CDCl3)
0 186.1, 164.7, 141.1, 137.0, 131.9, 130.2, 129.5, 128.6, 114.2, 63.3, 55.7; HRMS
calculated for C1sH13CINaO4S (M + Na*): 347.0121, found: 347.0126. (White solid,
19.4 mg, 82% isolated yield).

4-(2-(4-methoxyphenyl)-2-oxoethylsulfonyl)benzonitrile (41): *H NMR (400 MHz,
CDCl3) 4 8.03 (d, J = 8.4 Hz, 2H), 7.91 (d, J = 8.8 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H),
6.96 (d, J = 8.8 Hz, 2H), 4.73 (s, 2H), 3.89 (s, 3H); 3C NMR (100 MHz, CDCl3) &
185.8, 164.9, 142.6, 132.9, 131.8, 129.5, 128.4, 127.0, 117.9, 117.1, 114.3, 62.9, 55.7;
HRMS calculated for C15H13NNaO,4S (M + Na*): 338.0463, found: 338.0452. (Yellow
solid, 16.3 mg, 71% isolated yield).
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1-(4-methoxyphenyl)-2-(4-nitrophenylsulfonyl)ethanone (4m): *H NMR (400
MHz, CDCl3) 6 8.39 (d, J = 6.8 Hz, 2H), 8.11 (d, J = 6.8 Hz, 2H), 7.92 (d, J = 8.8 Hz,
2H), 6.97 (d, J = 8.8 Hz, 2H), 4.76 (s, 2H), 3.89 (s, 3H); *C NMR (100 MHz, CDCls)
0 185.8, 164.9, 151.0, 144.1, 131.8, 130.3, 128.4, 124.3, 114.3, 62.9, 55.7; HRMS
calculated for Cy5H13NNaOgS (M + Na'): 358.0361, found: 358.0385. (White solid,
15.7 mg, 32% isolated yield).

2-(butylsulfonyl)-1-(4-methoxyphenyl)ethanone (4n): *H NMR (400 MHz, CDCls)
5 8.00 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.8, 2H), 4.51 (s, 2H), 3.88 (s, 3H), 3.25 (t, J =
8.0 Hz, 2H), 1.90-1.83 (m, 2H), 1.51-1.46 (m, 2H), 0.98-0.94(t, J = 6.8 Hz, 3H); ©°C
NMR (100 MHz, CDCls) 6 187.5, 164.8, 131.9, 128.8, 114.2, 59.4, 55.7, 53.4, 23.8,
21.6, 13.5; HRMS calculated for Cy13H1904S (M + H™): 271.1004, found: 271.0991.
(Pale yellow oil, 17.0 mg, 86% isolated yield).

1-(4-methoxyphenyl)-2-(thiophen-2-ylsulfonyl)ethanone (40): *H NMR (400 MHz,
CDCl3) 6 7.94 (d, J = 7.2 Hz, 2H), 7.74-7.21 (m, 1H), 7.68-7.67 (m, 1H), 7.14-7.11
(m, 1H), 6.96 (d, J = 6.8 Hz, 2H), 4.77 (s, 2H), 3.88 (s, 3H); **C NMR (100 MHz,
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CDCl3) 6 186.0, 164.6, 139.4, 135.4, 134.9, 131.8, 128.7, 127.9, 114.1, 64.3, 55.6;
HRMS calculated for C13H12NaO4S, (M + Na): 319.0075, found: 319.0046. (Pale

yellow oil, 14.5 mg, 67% isolated yield).

It should be noted that some of compound 3 and 4 have been prepared by other
research groups, see: (a) A. K. Singh, R. Chawla, T. Keshari, V. K. Yadav and L. D. S.
Yadav, Org. Biomol. Chem., 2014, 12, 8550; (b) H. Jiang, Y. Cheng, Y. Zhang and S.
Yu, Eur. J. Org. Chem., 2013, 5485; (c¢) S. Handa, J. C. Fennewald, and B. H.
Lipshutz, Angew. Chem. Int. Ed., 2014, 53, 3432; (d) W. Wei, C. Liu, D. Yang, J
Wen, J. You, Y. Suo and H. Wang, Chem. Commun., 2013, 49, 10239; (e) Q. Lu, J.
Zhang, G. Zhao, Y. Qi, H. Wang and A. W. Lei, J. Am. Chem. Soc., 2013, 135,
11481.

Control experiments on reaction parameters

; without O
Control Experiment 2 No Reaction

without visible light

0
I}

MeOS—NHNHZ . }® | standard
o conditions without Ru(bpy)sCl

2a 1f

No Reaction

No Reaction

1% l KI (1.50 eq), Ru(bpy)sCl, (0.02 eq), rt, l 529, without NaOAc ' =eaction

NaOAc (2.20 eq), 1 atm O,, visible light,
ACN/H,0 (v/v =3:1),36 h

| | | |
|S standard S standard S
cond:t:ons 8\©\ conditions | |
5

l NaOAc (2.20 eq), 80 °C

DMF/H,0 (v/v =5:1), 12 h
OAc 9 standard standard | o
S conditions conditions N
[l h + H2NHN—§ Me
o TEMPO (2.2 eq) o]
6:87% 1f 2a

Compound 5 and 7 were prepared according to the reported literature, see: (a) Li, X.;
Xu, X.; Shi, X. Tetrahedron Lett. 2013, 54, 3071. (b) Nair, V.; Augustine, A.; Suja, T.
D. Synthesis 2002, 2259. (c) Kariya, A.; Yamaguchi, T.; Nobuta, T.; Tada, N.; Miura,
T.; Itoh, A. RSC Adv. 2014, 4, 13191.
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'H NMR and **C NMR spectra data of compound 6

OAc O

oo,

6

1-phenyl-2-tosylvinyl acetate (6): *H NMR (400 MHz, CDCls)  7.88 (d, J = 8.0 Hz,
2H), 7.47-7.45 (m, 3H), 7.44 (d, J = 7.2, 2H), 7.39-7.34 (m, 2H), 6.64 (s, 1H), 2.44 (s,
3H), 2.39 (s, 3H); *C NMR (100 MHz, CDCls) & 167.8, 156.2, 144.7, 138.6, 132.2,
131.6, 129.9, 129.0, 127.6, 126.1, 117.3, 21.7, 20.9; HRMS calculated for
C17H16Na0,4S (M + Na*): 339.0667, found: 339.0619.

Fluorescence spectra of Ru(bpy)sCl, with different concentration of KI

450 —

0.0 mmol/mL

0.1 mmol/mL

400

0.2 mmol/mL
0.4 mmol/mL

350:
300:
250:
200:

150 +

Fluorescence Intensity/a.u.

100 -

50 -

L L . D L . L L L L L L

—

602 604 606 608 610 612 614 616 618 620 622 624 626 628
Wavelength/nm

A_/\_ =306 nm/615 nm

ex em

Concentration of Ru(bpy);Cl; : 1.1 pmol/L;
Concentration of KI : 0.0; 0.1; 0.2; 0.4 mmol/mL.
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Copies of *H NMR and **C NMR spectra
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D1 1.00000000 sec
R 117117 I —
NU H
P1 15.00 usec
sl 65536
SF_ 400.1300089 MHz
WDW EM
SSB 0 l
LB 0.30 Hz
GB 0
PC 1.00
Il
]
£ i I
i
e
T T T T T T T T T T T T T T T T
8.5 8.0 78 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
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- - e NN~ © a N -
o 9
NAME cs,
Bemo 5 S
PROC! 1 I
Date_ 20150812
T 0
PROBHD_5 mm PABBO BB~ Et . Me
PULPROG __2gpg30 3i
™ 6553
SOLVENT ~ CDCBB
NS 43
oS 4
SWH 461 Hz
FIDRES ~ 0.366798 Hz
1988 sec
RG .79
ow 20.800 usec
OE 6.50 usec
T 297.9K
D1 2,00000000
D11 003000000 sec
===mmmm CHANNEL {1 =mmmmmme
NUC1 13C
P 10.00 usec
SI 32768
SF_ 1006127702 MHz i
WD EM
SSB 0 y
LB 1.00 Hz |
68 0
PC 1.40
1
1 |
1
| o | ‘
IJ
A ey ‘ i " i
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME  oh-csy o o
T

PROCNO 1 I

Date_ 20150813

Time 047 S

INSTRUM Me 1l

PROBHD 5 mm PADUL 13C

PULPROG 2630 (o]

0 32768 Me

SOLVENT ~ COCB

NS 8 "

DS 0 3j

SWH 5995204 Hz

FIDRES 0182959 Hz

AQ 27329011 sec

RG 1

oW 83400 usec

OE 6.00 usec

TE 2933 K

D1 1

s=s=ss== CHANNEL 1 ===s====
NUC1 1H

P1 14.00 usec
PL1
PLIW 831434441 W
SFO1 300.1322510 MHz |
sl 32768 N
SF 300.1300060 MHz
wow EM
SSB 0 |
LB 0.30 Hz
GB 0
1.00
|
| |
! |
! |
m ‘H
|
| — e
T T T T T T T T T T T T T T T T
8.0 TS 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 ppm
mlo NLE)\ © L: o 0 ~
~[© o |\© ™ NI — —~
oo o|o (o)) ‘(\l o o wn
| NN — I (1] N 42}
® DO MONOD®
3 ® - OO=v~ON - o @ ot ©
© O oo 28R o < gl LN
~ S B WD DO W© L Q © 0 < S
@ D OONANNN NI~ © ] < - o
- - e NN~ © aNn o~

o O
U e 1l
oo % S
B zoiscels
At % Me Il
BROGHD. 5 mn BADUL 13C o
Pnos
Sowvent "ocs Me
b3 'S "
St irsasen e 3

0004 s

T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm
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NAvE 3i-csy
PROCN Me 0] o
Date_ 20150812 Il
Time 17 S
INSTH
PROBHD 5 mm PABBO BB I
PULS 0]
™
SOLveNT (] Me
DS 0 3k
SWH  14097.744 Hz
FIDRES _ 0215115 Hz
AQ 2.3243935 sec
RG 2
ow 35.467 usec
DE 6.50 usec
TE 297.4 K
o1 1.00000000 sec
mzsssszs CHANNEL 1 s=sssass |
NUC1 1H
P1 15.00 usec
si 65536
SF_ 400.1300089 MHz
wow EM
sS8 0
8 030 Hz
a8
PC 1.00
1
|
| | |
1 |
|
I |
I !
|l
L W
),
T T T T T T T T T T T T T T T T
8.0 T8 7.0 6.5 6.0 815 5.0 4.5 4.0 2 ) 3.0 258 2.0 1.5 1.0 ppm
| - O o (30 KD\ - o ™
O = S ol [~ ©| [o ~
o — o o™ — [ o o
N N[N N N ™ ~N - -
™~ T O L-rOoONW
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© < o @ONW®© <@ 3] NOoOY ©O ©
~ S Y 83338 QP 10 SY 9 vTQ @
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NAME 3i-cs)
EXPNO 2 S
PROCNO 1 I
Date_ 20150812 o
Time 17.34
INSTRUM t Me
PROBHD_5 mm PABBO BB-
PULPROG __2zgpg30 3k
b 65!
SOLVENT coci3
NS 65
DS 4
SWH 24038.461 Hz
FIDRES  0.386798 Hz
AQ 1.3631988 sec
RG 195.79
ow 20,800 usec
DE 6.50 usec
TE 298,0 K
D1 2.00000000 sec
DIt 0.03000000 sec ,
== CHANNEL f{ ===
13C
10.00 usec
32768
100.6127702 MHz
EM
0
1.00 Hz
0
1.40
|
| I
| 1 ! !
|
|
| |
| | |
, i —y N— . .

T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME 3j-csy (0]
EXPNO 1 o l
[ole] 1 S
Date_ 20150812
e 17.13 Il
INSTRUM spect o
PROBHD 5 mm PABBO BB-
PULPROG 2930 MeO’ Me
D 6!
SOLVENT cbei3 3l
NS 8
D 0
SWH 14097.744 Hz
FIDRES 0215115 Hz
AQ 23243935 sec
RG 109.25
DW 35467 usec
DE 6.50 usec
TE 297.4 K
D1 1.00000000 sec
===z==== CHANNEL {1 ==s=====
NUC1 H
P1 15.00 usec
s 65536
SF_ 400.1300089 MHz
Wow EM
SSB
LB 030 Hz
GB 0
PC 1.00
(L I
! |
|
u ]
y, L _
T T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 5%5 5.0 4.5 4.0 315 3.0 255 2.0 ppm
| (O o — o 1) <
™| | o ~ o ‘em =
] — o~ N (32 ™
[ - ™ QWO -
< 0 © VNN © [ XA (=] =} Y
] ] N Ro~®ow ) e o N 14
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NAME 3j-csy I}
EX s
PROCNO 1
Date_ 20150812 | |
ime 17.16 0]
PROBHD. 5 mm BABEO B8 MeO M
mm -
PULPROG ___2gpg30 e a1 ©

T
SOLVENT CDCI3
NS 38

DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
A 1363

Q .3631988 sec
RG 195.79
ow 20.800 usec
DE 6.50 usec
TE 2979 K
D1 2.00000000 sec
D11 0.03000000 sec |
======== CHANNEL {1 ========
NuCt 13C
P1 10.00 usec
SI 32768
SF 100.6127702 MHz
wow EM
S 0
LB 1.00 Hz
GB 0
PC 1.40 |

T T T T T T T T T T T T T T T

T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
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NAME  3a-1-2-csy o 0]
EXPNO 1 I}
PROCI 1 S
Date_ 20150814
Timi 2331 I
PROBHD. 5 mm PABEO B8 0
mm =
PULPROG 2930 Cl OMe
D 5536 3m
SOLVENT cocia
NS 8
S 0
SWH 14097.744 Hz
FIDRES  0215115Hz
AQ 2.3243935 sec
RG 156.2
ow 35.467 usec
DE 6.50 usec
TE 295.9 K
D1 1.00000000 se
memszzm= CHANNEL { s=msmsus
NUCH H
gli 15.00 usec
SF_ 400.1300089 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
LTl | Iy
|
28 J I\
T T T T T T T T T T T
8.5 8.0 ) 7.0 6.5 6.0 5D 5.0 4.5 4.0 3.5 3.0 2.5 ppm
o~ n ey o ~N
< (|00 o wn o o0
oo o o o o
| — ~N o~ (28]
< o <+ OMNNOD ~
) re) N ONOND ) ®©® o -
= N S QaroaN N SN S 0
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NAME  3a-1-2-cs
EXPNO 2 S
PR 1 |
Date_ 20150814 0
Time 2334
INSTRUM t Cl OMe
PROBHD 5 mm PABBO BB~ 3
%LPROG 2gpg30 m
SOLVENT ~ CDCB
NS |
DS
SWH 461 Hz [
FIDRES ~ 0.366798 Hz
AQ 3631988 sec
RG 195.79
ow 20,800 usec
DE 6.50 usec
TE 296.4 K
D1 200000000
D11 0.03000000 sec
===z=zz= CHANNEL f1 ==e==s==
NUCH 13C
P 10.00 usec
sl 32768
SF 100.6127702 MHz
Wow EM
SSB 0
B 1.00 Hz
G8
PC 1.40
|
1
|
| 1
|
! I |
l | ol
i L o~ i ” L -
Ay o " M o " " Wy nana ]
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 ppm



N

7.902
7.898
7.886
7.881
7:8i13
7.868
7.865
7.697
7.678
7.662
7.660
7.576
7.556
7.541

7837
7.466
7.461
7.449
7.444
7.261

§

4.707

NAME  3a-2-csy o O
PNO 1 |
PROCNO 1 s
Date_ 20150813
Time 15.13 |
INSTRUM ect [¢]
POCPRoG ™™ gsa_ oo
2
T 655367 c
SOLVENT - cDeR 3n
oS 0
SWH  14097.744 Hz
FIDRES 0215115 Hz
AQ 23243935 sec
ow 35.467 usec
DE 6.50 usec
T 0K
D1 1.00000000 sec
Y TN T p——
uC1 1 :
P1 15.00 usec
sl 65536
SF_ 400.1300089 MHz
Wow EM
S8 0
LB 0.30 Hz
GB
PC 1.00
|
| |
|
[ I
[
T T T T T T T T T T T T T T
9.0 8.5 8.0 T+5 7.0 6.5 6.0 55 5.0 4.5 4.0 355 3.0 235 2.0 ppm
| [sfanfn o
| |n|o|o o
o0 HlH o o
o [lefen ~N
< —rooWwOT O
© N—oATOT® D= —
@ B R o B 38 @
© TOIIS DD D ] 0
© TOOOOANANN NN © )
- —_mr T N~~~ ©
NAME 3a-2- o]
EXPNO chy o 1l
PROCNO 1
Date. 20150813 S
R’g%a - 1516 I
et
PROBHD. 5 mm PABBO 8- o
PULPI 29pg30 cl
SOLVENT cociz 3n
NS 56
DS 4
H 24038.461 Hz
FIDRES  0.386798 Hz
AQ 31988 sec
R 95.79
ow 20.800 usec
OE 6.50 usec
T 2976 K
o1 200000000 sec
DIt '0.03000000 sec
Py T I P—
NUCH 13C
P1 10,00 usec
s 32768
SF_ 1006127702 MHz
WDW EM
$SB 0
LB 1.00 Hz
B [
1.40
|
T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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NAME  3a-3-2-csy
X PN 1 o I?
PROCNO 1
Date_ 20150814 S
Time 225 I
INSTRUM spect
PROBHD 5 mm PABBO 88~ o a
2
] 5536 cl
SOLVENT coci 30
NS 8
SWH 14097.744 Hz
FIDRES  0.215115 Hz
AQ 23243935 sec
156.2
oW 35.467 usec
DE 6.50 usec
TE 295.9 K
D1 1.00000000 sec
===z==== CHANNEL 1 ====zs== |
NUC1 1H
P 15,00 usec
sl 65536
SF_ 400.1300089 MHz
wow EM
$S8 0
LB 030 Hz
GB 0
PC 1.00
i ; ‘ 4
I |
|
A
T T T T T T T T T T T T T
8.5 8.0 155 7.0 69 6.0 5.5 5.0 4.5 4.0 3.5 3.0 ppm
|0 |0 o
|- o0 m\ o
ol ||| o
SIS (S]] ~
o LT N®OIN D
I3 DOON =~ N® -mwo ©
s MR~ O0 b < Q
© TrONOODD aC N
=} TTOOOOAN NSO (9]
— —rr e NN~ ©
2 3
S
(|:|)
NAME  3a-3-2-cs)
3R o ¢ ¢
1
Date_ 20150814 30
Time 23.02
INST? 1
PROBHD 5 mm PABBO BB
PUL 2 I
D |
SOLVENT coci3
S 4
WH 24038.461 Hz
FIDRES  0.366798 Hz
AQ 1.3631988 sec
RG 195.79
oW 20.800 usec
DE 6.50 usec
TE 296.5 K
D1 2.00000000 sec
Di1 0.03000000 sec
=mmemmme CHANNEL {1 msmmmans
NUC1 13C
P1 10.00 usec
sl 32768
SF 1006127702 MHz
WD EM
SSB 0
B 1.00 Hz
GB [
PC 1.40
|
|
[l
|
1 | |
T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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7.928
7.921
7.916
7.904
7.898
7.891
7.887
7.885
74871
7.867
7.863
7.663
7.644
7.640
7.629
7.626
7.623
7.548
7.544
7.527
7:513
7.509
7261
6.935
6.930
6.917
6.912
4.685
3.864

TTT—\\\———"

NAME 4da-csy
.E,XPNO 1

ROCNO 1
Dale_ 20150812
Time .01 e}
INSTRUM ct

PROBHD 5 mm PABBO BB- MeO

PULPROG 2630 4a

65536
SOLVENT coci3
N 8

0
SWH 14097.744 Hz
FIDRES 0.215115 Hz
AQ 23243935 sec
RG 97.04
bw 35.467 usec
DE 6.50 usec
TE 296.
D1 1.00000000 sec
======== CHANNEL {1 ========
NUC1 1H
P1 15.00 usec
5536
SF 400.1300089 MHz
EM

0
LB 0.30 Hz
PC 1.00

2.006

186.194
164.577
—138.756
134.178
131.877
77.394
77.075
76.758

L
Z

~129.178

X

128.826

128.536
—114.091
—63.370
——55.636

P
e

NAME 4da-csy
EXPNO 2

NO 1
Date_ 20150812 | |
0.04 o

PROBHD 5 mm PABBO BB~ MeO
PULPROG ___20pgd0 4a

SOLVENT coci3
45

P1 10.00 usec
32768
SF. 100.6127702 MHz
DW EM

8 0
LB 1.00 Hz
g |
PC 140 I

T T T T T T

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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NAME di-csy o O
EXPNO 1 1l
PROCNO 1 S
Date_ 20150812 I
Time 2324 o)
INSTRUM E
PROBHD 5 mm PABBO BB- MeO
PULPROG 2930 4b
0 6
SOLVENT cDCi3
NS 8
DS 0
SWH 14097.744 Hz
FIDRES 0215115 Hz
AQ 2.3243935 sec
RG 127.3:
ow 35.467 usec
DE 6.50 usec
TE 297.0 K
D1 1.00000000 sec
===m==== CHANNEL {1 ==s=====
NUC1 1H
P1 15.00 usec
Sl 53
SF_ 400.1300089 MHz
WD! EM
SsB 0
LB 0.30 Hz
GB 0
PC 1.00
]
I
|
J1 L
T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 T5 7.0 6.5 6.0 5B 5.0 4.5 4.0 3.5 3.0 2.5 ppm
o [ee]iXe] LOE%M ™ N | 3o o
o| |vln|o|ofvla ™ © ™
o O|— |00 O‘O o o o —
— e [N N N ™
o © OV NDTITOONODO©
- < DONDXNDNWON DO D W© < 0 ®© © -
N 0 CURORVETTVRNRORSO L3N 5 Q
© < VLOUA-OODBOININA T Mo 0 ©
@© © OOOOOANNNNNNN NN © [o] [T}
- = Frrrrrr e NS~ © e}
2 1
NAME di-csy
XPNO 2 ﬁ
PROCNO 1
%ats, 2%5209&2 o]
ime .
INSTRUM MeO
PROBHD 5 mm PABBO B8~ 4b
PULPROG 209930
SOLVENT ~_CDCB
NS 58
DS 4
SWH  24038.461 Hz
FIDRES ~ 0.366798 Hz
AQ 13631988 sec
RG 95.79
oW 20,800 usec
DE 6.50
TE 297.7K
D1 200000000 sec
DIt '0.03000000 sec
=====c== CHANNEL f{ ========
NUC1 13C
P1 10.00 usec |
sl 32768 |
SF 1006127702 MHz |
WD! EM
SSB
LB 1.00 Hz
GB
PC 1.40
|
Il I
N " oy N e
ua W AN e At A
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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7.955
7.948
7.943
7.931
7.926
7.919
7.885
7.883
7.866
7.863
7.534
7.531
7.515
7.512
7.497
7.494
7.345
7.334
7.326
7.315
7.296
7.261

L6.955

L6.048

é

\

6.943
6.930
6.925
6.918

\
\
\

L
L

1

N 20150812
ime 23.17

UM t
PROBHD 5 mm PABBO BB-
PULPROG 2930
0
SOLVENT
NS

65536
CDCI3
8
0
14097.744 Hz
0.215115 Hz
2.3243935 sec
127.33
35.467 usec

mammmsmx CHANNEL {1 snssssns
1 1H
15.00 usec
65536
400.1300089 MHz
EM
0.30 Hz
0
1.00

4.699

3.877

MeO

("

2.718

4c

=0

Me

1.008 —

1.00
2.053
2.075

186.125
164.560

INSTRUM t
PROBHD 5 mm PABBO BB-
PULPROG 29pg30

TD 53t
SOLVENT CcoCi3
NS 46

D11
==mzmenn CHANNEL 1 memmmmne
NUC1 13C

P1 10.00 usec

sl 32768

SF. 100.6127702 MHz
wow EM

ssB
LB
GB
PC

0
1.00 Hz
0

1.40

2.000

77.360
77.043
76.725

<

3.256

—62.913
—55.618

MeO

2.996

4c

20.546

ppm

200

T
190

T
180

T
170

160

T
150

T
140

T
130

T
120

T
110

T
100

T

90

80

T

70

T

60

50

40

30

20

T
10 ppm
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NAME  Liudong-20151224-sy-tBu
EXPNO 1
PROCNO 1 o O
Date_ 20151224 1l
Time .45 S
INSTRUM spect i
PROBHD_ 5 mm PABBO BB-
PULPROG 2930 [¢]
SOLVENT CDCI3 MeO tBu
NS 8 4d
DS 2
SWH 8223.685 Hz
FIDRES _ 0.125483 Hz
AQ 9846387 sec
RG 109
oW 60.800 usec
DE 6.50 usec
TE 0
D1 1.00000000 sec
CHANNEL f1
15.00 usec
S| 65536
SF_ 400.1300095 MHz
WD\ EM
SSi 0
LB 030 Hz
GB
PC 1.00
|
R | ‘
Iy | i
1 M |
|
U - A .
T T T T T T T T T e T T T T T T
9.0 8.5 8:0 75 70 65 6;0 58 5.0 4:5 4.0 3:5 3.0 286 20 15 1:0 0.5 ppm
| ||
NI | |
~|o| [ <« o | |
o|n| (o o ISy ] |o
oo oy | o ‘o io
i ) |} o o~ jon |on
) o o NNO M- I
<] o O~ D MO 0 0w~ o © o~ <+ ®
N 3 Q P 0000 v ] L33 e = =3
© 3T % 15 v © 0O ] N0 <O % 1o N
@ 0 OONNN - N ©© [ BT 0 o
- - - - pay NN~ © ®» ®
o O
| I
NAME  Liudong-20151224-sy-1Bu N
EXPNO 2 I
EH i 20I5|2;4 O
e
Time 7 MeO tBu
INSTRUM o 4d
PROBHD 5 mm PABBO BB-
PULPROG 20pg3
T 53
SOLVENT _ CDCB
NS 79
DS 4
SWH 26041666 Hz
FIDRES  0.397364 Hz
AQ 2583412 sec
95.79
bw 19.200 usec
NU
Pl 10.00 usec
sl 32768 1
SF 1006127779 MHz
WD EM
SSB 0
L8 1.00 Hz
GB 0
PC 1.40
I
|
1
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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NAME IK-cs
EXPNO ™ ﬁ
PROCNO 1
Date_ 20330313 (o]
i
INSTRUM _ spect MeO OMe
PROBHD 5 mm PABBO BB- 4e
PULPROG 2930
SOLVENT coei3
NS 8
SWH 14097.744 Hz
FIDRES _ 0215115 Hz
AQ 23243935 sec
DW 35.467 usec
DE 50 u
TE 296.9 K |
D1 1.00000000 sec
CHANNEL 11
iH
¢ 15.00 usec
SF_ 400.1300089 MHz !
WDw EM
$SB 0
LB 0.30 Hz
GB [)
PC 1.00
Il ! Iy
|
I Je Y
T T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.00 3.5 B.0 2.5 2.0 1.5 1.0 ppm
v |
\D\CD 0|0 o |
~ o N~ o < |-
O\IG’\ |0 o o |
i N N ™M
@ o w© - D= © <
[ - © Q2O MmO N0 0w~ 9 [ I
] we @ © N R ae QB0 R QA
© < < -0 0o ® < < aor © o
@ © © OOHOON - NI~ © [ BT R
- - - - NN © 1w
NAME 3K-csy o 9
EXPNO 2
PROCNO 1 S
Date_ 20150813 I
Tis 0. o)
PROBHD. 5 mm BAB80 88 MeO OM
mm e e
PULPI
ULPROG e pg30 de
SOLVENT ~ _CDCB
NS 32
DS
SWH 24038.461 Hz
FIDRES * 0.366798 Hz
AQ 1.3631988 sec
G 195.
32768
SF. 100.6127702 MHz
WDwW EM
SSB 0
LB 1.00 Hz
G8 0
PC 1.40 |
| !
]
! |
I
! I
J II
T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 ppm
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NAME  dk-2-csy o] 0]

EXPNO 1 1l

PROC 1 S

Date_ 20150813

Time 6.2 Il

INSTRUM o

PROBHD 5 mm PABBO BB-

PULPROG 2690 MeO NHAc

SOLVENT  Acelone 4f

NS 8

DS 0

SWH 14097.744 Hz
FIDRES 0.215115 Hz
AQ 2.3243935 sec

RG 7

34
oW 35.467 usec

DE 6.50 usec

TE 297.0 K

D1 1.00000000 sec !

mumsmams CHANNEL {1 s=ssns==
NUC1 1H

P1 15.00 usec

SI 65536

SF 400.1300089 MHz

WDW EM

Ss8

LB 0.30 Hz |
GB [

PC 1.00

8:5 8.0 75 7.0 6.5 6.0 5:5 5.0 4.5 4.0 3.5 3.0 2.5 20 ppm
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NAME 4k-2-csy S
EXPNO 2 Il
Da " 20150813 o
ate_
Time 16.29 MeO NHAc
INSTRUM 4af

ct
PROBHD_ 5 mm PABEO BB-
PULPROG __zgpgd0

10 65531
SOLVENT Acetone
NS 62

DS 4

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 195.7¢

ow 20.800 usec
DE 6.50 usec
TE 297.5 K

D1 2.00000000 sec
[2)] 0.03000000 sec

==ssm==s CHANNEL f1 ssssases
NUC1 13C

g‘l 10.00 usec

SF 100.6127702 MHz
WDowW EM

SSB

LB 1.00 Hz

GB 0

PC 1.40

T T T T T T T T T T T T T T T T ¥ T T

T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20  ppm
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7.954
7.932
7.917
7.895

__-7.360

A
X

NAME  Liudong-20151224-sy-CF3
EXPNO 1
PROCNO 1
Date_ 20151224
Time 9.12
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2030
TD 65536
SOLVENT cDCI3
NS g
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 109.25
ow
DE
TE 0.0 K
D1 1.00000000 sec
mumms CHANNEL {1 smws=
IC1 1H

15.00 usec

65536
400.1300095 MHz

EM

0.30 Hz
1.00

T~7.340

_-6.955
~~6.933

4.702

3.883

MeO OCF;

4g

w

3.934
14953

185.955
—164.664

NAME  Liudong-20151224-sy~-CF3
EXPNO 2 ¥

OCH 1
Date_ 20151224

ime 14

INSTRUM

PROBHD 5 mm PABBO BB~
PULPROG zgpg:!o

10 6553
SOLVENT CDCI3

NS 315

SWH
FIDRES
AQ

4
26041.666 Hz

0.397364 Hz
1.2583412 sec

D1
D11
=====s== CHANNEL {1 ==s=====
NUC1 13C

P1 10.00 usec

Sl 32768

SF 100.6127779 MHz

wow oEM

1.00 Hz

LB
GB
PC 1.40

2.041

—153.227

A

—136.770

_-131.723
~—130.980
~~128.578

L

J

2.000

—120.644

—114.097

o

77.258
76.940
76.623
—63.159
—55.555

£
N

MeO OCF3

4g

D

wipoct
ks

T T T
190 180 170

T
160

T
150

T
140

T
130

T
120

T
110

T
100

T

90

T T T T T

80 ppm
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NAME 4d-csy Q ﬁ
EXPNO 1
PROCNO 1 S
Dae_ 20150812 I
Time 2343
IR B0 © .
mm
PULPROG MeO
™ §9% 4h
SOLVENT  CDCI3
NS 8
oS 0
SWH 14097.744 Hz
FIDRES _ 0215115 Hz
243935 sec
8
SF_ 400.1300089 MHz !
wow EM
S$SB 0
L8 0.30 Hz
GB
PC 1.00
I
| I
|
f
\ 1l
ol . N
T T T T T T T T T T T T T T
8.5 8.0 7.<8 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm
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S
M 4dcsy I
EXPNO 2 [¢]
PROCH 1 MeO E
Date 20150812
Time_ 23.46 e 4h
INSTRUM spect
PROBHD_ 5 mm PABBO BB-
PULPROG __2gpg30
b0 6553
SOLVENT CDCI3
S %
S 4 Il
WH 24038.461 Hz
FIDRES  0.366798 Hz
Q 1.3631988 sec
95.79
|
|
10.00 usec
32768
100.6127702 MHz
EM
0
1.00 Hz
1.40
1
[
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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8.042
8.021
T.917

~NVF

N o
- O
oo
~ o~

7.895
7.819
7.798

—7.261

4,729

3.884

NAME 4j-cs
EXPNO LB 14 o O
PROCNO 1
Date_ 20150813 S
Time 16.04
INSTRUM 1
PAOBHD_ 5 mm PABBO 83- O
g
™ 65536 MeO 4 CFs
SOLVENT coci3 | 1
NS 8
DS
SWH 14097.744 Hz
FIDRES _ 0215115Hz
AQ 2.3243935 sec
RG 141.32
ow 35.467 usec
DE 6.50 usec
297.0 K
D1 1.00000000 sec
======== CHANNEL f1 ========
NUCT H
P 15.00 usec
S| 65536
SF_ 400.1300089 MHz
WDW EM
SSB 0
8 030 Hz
GB 0
PC 1.00
" I
[
I I
|
T T T T T T T T T T T T T T
8.5 8.0 755 750 6.5 6.0 5:5 5.0 4.5 4.0 3:5 3.0 2.5 ppm
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NAME 4j-cs) [¢]
EXPNO e 0
PROCNO 1
Dale_ 20150813
Time 16.08
INSTRUM spect O
EOOHD, S mm EASED B8~ MeO CF
bl 65 e 4i 3
SOLVENT ~_CDCI3
NS 132
SWH 24038.461 Hz
FIDRES ~ 0.366798 Hz
AQ 13631988 sec
RG 195,
oW 20.800 usec
DE 6.50 usec
TE 297.6K
D1 2.00000000 sec |
D1 0.03000000 sec y
== CHANNEL f1
13C
10.00 usec
si 32768
SF 1006127702 MHz
wow EM
SSB 0
B 100Kz |
PC 1.40 ! |
| I
1
1 ! !
] | l' [ I
N | — i1 br o »
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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NAME 4g-csy o
EXPNO 1 1]
PR 1 S
Date_ 20150813
Time ||
PROGHD. 5 mm BAGEO BB- o
mm
PULPROG 263 MeO . Br
b0) 4
SOLVENT coci3 |
NS 8
DS 0
SWH 14097.744 Hz
FIDRES  0215115Hz
AQ 2.3243935 sec
RG 141.32
oW 35.467 usec
DE 6.50 usec
TE 297.0 K
D1 1.00000000 sec
=s===s== CHANNEL (1 s=cs====
NUCH 1H |
P1 15.00 usec
sl 65536
F  400.1300089 MHz
w EM
0
LB 0.30 Hz
GB 0
PC 1.00
1
1 Iy
[
e, { L Li | —
T T T T T T T T T T T T T
8.5 8.0 LD 7.0 6.5 6.0 DD 5.0 4.5 4.0 8.5 3.0 258 ppm
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NAME 4g-csy ﬁ
EXPNO 2
PROC! 1 S
Date_ 20150813 | |
Time 15.58
ST e Boen °
mm -
PULPROG pg30 il MeO . Br
™ 6553 4
SOLVENT CcoCi3
NS 70
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631988 sec
RG 195.79
ow 20,800 usec
DE 6.50 usec
TE 297.7 K
D1 2.00000000 sec
o1 0.03000000 sec
==s=ss== CHANNEL /1 ssscccee
NUC1 13C
P1 10.00 usec
SI 32768
SF 100.6127702 MHz
Wow EM
SSB ]
LB 1.00 Hz
GB )
PC 1.40
(] 1
|
| | m
[
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 ppm
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7.528
7.522
7.506
7.500
7.261
6.968
6.962
6.945
6.938

0 ©
MmN
o O
~ o~

7.912
7,905
7.829
7.823
7.807
-7.800

4.686

3.890

" 2 %
NAME 4
EXP! 1 S
PR 1 I
Date_ 20150813
TR Spes 0
ROBHD. 5 mm PADUL 13 MeO Cl
?ULPROG 4k
SOLVENT ~ cDCB
NS 8
S 0
SWH 5995.204 Hz
FIDRES 0182956 Hz
AQ 27328011 sec [
56
P 14.00 usec
PL X
PLIW 831434441 W
SFO1 3001322510 MHz 1
si 32768
SF 3001300060 MHz
wow EM
sS 0
B 030 Hz
G8B
100
(. ! |
1 |
I
1 Jl_ ku, A
T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm
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o 1
e ey s
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Dan " aoiets 1]
A
ety o)
PROBID 5 PADUL 130 a
Buor o MeO m
) 5
= o
S esenie
Fones 0o He
RS 0911000k sec
e s
o0 adue
o 0 uses
i3 LTy
O zomudeosec
Bl ocanmoom
i "
aece e CHANNEL 1 semneen
ey e
b o0
R S
Piw  setossistw
e
B e—
GorRc e
2 i
Fckbe
Rz
iz
3
P
Fiow
s}
S&
s
&
wow
=
s
@
®
. 1 |
| |
; ! o l
T AR P el o 1 |99 -
W-Jm . . sl s it e e e .
T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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_—6.963
T~6.941
4.734
3.886

ROCNO 1
Date_ 20150812
Time 16.!
INSTRUM
PROBHD 5 mm PABBO BB- CN
PULPROG MeO
b] 655351030 41
SOLVENT — CDCI3
NS 8

0
14097.744 Hz

15.00 usec
SF 400.1300089 MHz
EM

0
B 0.30 Hz
PC 1.00

e}
o
oo
o
~
o
~
o
o
v
a
o
vl
v
w
o
S
vl
S
o
w
o
w
o
N
o
N
o
e}
el
3

1.961
2.038
2.1937
2.018
2.000
3.083

185.804
128.425
127.019
77.371
77.053
76.735

164.911
—142.643
132.849
131.805

£

—129.477

N
N
117855
™~117.096
~——114.285

—62.864
—55.702

L
Ne

m
o
2
287
o
K
L]
0=

INSTRUM
PROBHD 5 mm PABSO 86- MeO a CN
™ a5l

SOLVENT . CDCI3

NS a2

DS 4

SWH 24038.461 Hz
FIDRES  0.366798 Hz
AQ 1.3631988 sec

===s==== CHANNEL {1 ========
NUC1 13C
P1 10.00 usec
32768
SF 1006127702 MHz
wow EM
§sB 0 |
L8 1.00 Hz

PC 140 |

SUPPPERS———

T
200

T T T T T T

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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8.392
8.387
8.375
8.370
8.109
8.104
8.092
-8.087
7921
7.916
7.904
7.898

%

— 7262
_—6.974
™~6.952

/

NAME
EXPNO
PROCI
Date_
Time
INSTRUM t
PROBHD_ 5 mm PABBO BB-
PULPROG 2030

e
SOLVENT
NS

4h-csy
1

1
20150812

65536
X CDCi3

0
14097.744 Hz
0215115 Hz
2.3243935 sec
127.33
ow 35.467 usec
DE 6.50 usec

4.760

3.892

MeO NO,

4m

-
w
-
o

861 <
1.857

1.904

185.764
164.964
—150.991

1
20150812
2257
INSTRUM

PROBHD
PULPROG

“spect
5 mm PABBO BB-
2
L gpg
SOLVENT
NS

65536
CDCI3
41

S 4
SWH 24038.461 Hz
0.366798 Hz
1.3631988 sec
195.79

P1 10.00 usec

SI 32768

SF 100.6127702 MHz
wow EM

SSB 0

LB 1.00 Hz

GB 0

PC 1.40

——144.052

000 —

2.

——130.286
T128.382
—124.267

_—131.823
—114.313

77.345
77.028
76.710

<
N

—62.914
—55.703

MeO NO,

T T T T T
190 180 170 160 150

T T T T T
140 130 120 110 100

T

90

T

80

T T T T

70 60 50 ppm
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NAME 4l-csy (o] (o]
R I M
Da 20150813 S e
Pme-  26N7 H\/\/
INSTRUM S
PROBHD 5 mm PABBO 88- o
™ 536 MeO
SOLVENT cbC13 4n
NS 8
s 0
SWH 14097 744 Hz
FIDRES 0.215115 Hz
AQ 2.3243935 sec
7
|
| ] I
i
| | It
|
| If
|
| |
| s
T T T T T T T T T T T T T T T T
8.0 ] 740 6.5 6.0 545 5.0 4.5 4.0 335 3.0 25 2.0 15 %0 ppm
go o o 0 o ~ \o) o
,oo o\ o | P — n o ‘ [
im o o o o N | -
[ ~ ~ 3} N o~ o )
< <+ © ®© <
© o YR — 0N o 0 oW ©wo o
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© © ™A - NN O DWW O o=
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NAME 4L-csy o (|)|
HR, % L~
Date_ 20150813 1l
Time 16.21 o)
INSTRUM
PROBHD 5 mm PABBO BB- MeO
PULPROG 2gpg30 4n
T 5536
SOLVENT coci3
NS 47
4
SWH 24038.461 Hz
FIDRES  0.366798 Hz
AQ 1.3631988 sec
RG 195.79
ow 20,800 usec
DE 6.50 usec
TE 297.7 K
D1 200000000 sec
DIt 0.03000000 sec
======== CHANNEL {1 ========
NUC1 13C
P 10.00 usec |
s 32768 b
SF_ 100.6127702 MHz
WDW EM
SSB 0
B 1.00 Hz
GB
PC 1.40
|
h |
|
I
] |
1
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm
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PROCI 1 S~/
_lQa(e_ 2015;)512 lCl)
ime S
INSTRUM spect
PROBHD 5 mm PABBO BB- MeO
PULPROG 2930 40
b} 65536
SOLVENT coci3
NS 8
SWH 14097.744 Hz
FIDRES 0215115 Hz
AQ 2.3243935 sec
RG 127.33
oW 35.467 usec
DE 6.50 usec
TE 297.1 K
D1
|
! I
4 | |
| L
T T T T T T T T T T T T
8.5 8.0 TieB 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 350 2.45 ppm
o ;%o}m ol o o o
~| [m{o w| o o 0
|| lolo ol lm ~ ™
0 - ©ON WY ® 0
=] < AN DD @ N oo o ®©
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El:glﬁo 4m-csy I
PROCNO 1 ﬁ a2
Date_ 20150812
Time O s
INSTRUM spect MeO
PROBHD 5 mm PABBO BB- e
PULPROG 29pg30 40
] 655
SOLVENT CDCI3
NS 57
DS
SWH 24038.461 Hz |
FIDRES ~ 0.366798 Hz y
AQ 1988 sec
5.79
[
SF_ 1006127702 MHz |
wow EM
SSB 0
B 1.00 Hz
GB
PC 1.40
[
|
T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm
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NAME  unknow product-csy
EXPNO 1
1
20150813
40
spect
PROBHD 5 mm PABBO BB-
PULPROG 20

e 65536
SOLVENT cDCI3
NS 8

DT ACONITONO~MNOOVITOOONW
COECOVNOVDMNANAHONOSNSOITOM
COIIIIILIILSINMOMNMO M N O
Lo o o o S o o ol ol ol ol S o V)

Me

DS 0
SWH 14097.744 Hz
FIDRES _ 0215115Hz
AQ 2.3243935 sec
R 141.32
bw 35.467 usec
DE 6.50 usec
TE 296.9 K
D1 1.00000000 sec
=====zz=z CHANNEL i ===s=s==
NUC1 1H
P1 15.00 usec
sI 65536 |
SF 400.1300089 MHz
WDW EM
S 0
LB 0.30 Hz
GB 0
PC 1.00
|
|
I |
m!
b
| \ '/;L
| |
| J J
T T T T T T T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 b 3.0 <8 2.0 1.5 ppm
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NAME _ unknow product-csy 1
EXPNO 2 o
PROC 1
Date_ 20150813 Me
ime 14.43 6
INSTRUM spect
PROBHD_5 mm PABBO BB-
PULPROG 20pg30
) 536
SOLVENT cocr
NS 79

32768
SF 100.6127702 MHz

Wow EM

58 0 |
8 1.00 Hz 1
G8 [ |

PC 1.40

T

180

T

T T T T
170 160 150 140 130

T
120

T
110

T

100

T

90

80

70

60

50

40

30

20

ppm
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