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General experimental procedures

Reactions were carried out under Ar atmosphere in anhydrous solvents. All
commercially reagents were used without further purification. Reactions were
monitored by thin layer chromatography (TLC) and products were obtained by
column chromatography on silica gel. Proton magnetic resonance spectra (‘H NMR)
were recorded in the solvent of CDCIl; using tetramethylsilane (TMS) as the internal
standard ("H NMR: TMS at 0.00 ppm) and referencing to the residual proton
resonance of CDCl; (7.26 ppm) and carbon magnetic resonance spectra (*C NMR)
were recorded in the solvent of CDClI; referencing to the carbon resonance of CDCls

(77.2 ppm).

General procedure for synthesis of tert-alkyl N-phthalimidoyl oxalates’
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A round-bottom flask was charged with N-hydroxyphthalimide (12 mmol, 1.96 g),
followed by the addition of THF (200 ml). The resulting solution was then cooled to
—78 °C and oxalyl chloride (60 mmol, 5.20 ml) was added dropwise. The solution was
then allowed to warm to room temperature and stirred for 12 h. The volatiles were
removed under reduced pressure to yield as a white solid. A round-bottom flask was
charged with alcohol (2 mmol, 1.0 equiv), and DMAP (0.2 mmol, 24 mg) followed by
the addition of Et;N (4 mmol, 0.54 ml). Then, the chloro N-phthalimidoyl oxalate (4
mmol, 1.01 g) was dissolved in 50 ml THF and was added via cannula. The resulting
heterogeneous mixture was allowed to stir at room temperature for 2 h. The volatiles
were removed under reduced pressure, and the resulting crude residue was dissolved
in a small quantity of CH,Cl, then poured into a mass of hexanes. The resulting
heterogeneous mixture was filtered through a cotton plug and washed with hexanes.

The filtrate was concentrated under reduced pressure to provide (1).



General procedure for synthesis of alkynyl sulfones’
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To a mixture of arylacetylene (2 mmol), sodium benzenesulfinate (2.4 mmol, 394 mg)
and Nal (2.4 mmol, 360 mg) in anhydrous MeCN was added a solution of CAN (5
mmol, 1100 mg) in the same solvent under an argon atmosphere and the reaction was
stirred at room temperature overnight. After the completion of the reaction, the
reaction mixture was extracted with CH,Cl,, and the CH,Cl, layer was separated,
washed with sat. Na,S,0s, brine and dried over anhydrous Na,SO4. The residue after
removing the solvent was refluxed with K;COs (4 mmol, 552 mg) in anhydrous
acetone for about 3 hours. After the completion of the reaction, the reaction mixture
was washed with H,O and extracted with CH,Cl,. The combined organic phase was
washed with brine and dried over anhydrous Na,SO4. The solvent was removed in
vacuo using a rotary evaporator, and the residue was purified by the chromatography

to afford the target product (2) .

General procedure for synthesis of compounds 3a-ac and their characterization
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1
Oxalate (1) (0.15 mmol), alkyne sulfone (2) (0.1 mmol), Ru(bpy);Cl, (1 umol, 1 mg),

Hantzsch ester (0.15 mmol, 38 mg), 'Pr,NEtHBF, (0.12 mmol, 26 mmg) were added
to a Schlenk tube charged with a magnetic stir bar. A mixed solvent of THF/CH,Cl, (2
mL, 1:1) was added to the tube. The resulting solution was freezed with liquid
nitrogen, and the tube was degassed by alternating vacuum evacuation then allowing
it to warm to room temperature for three cycles. The tube was filled with argon and
then sealed, and irradiated with a 40 W fluorescent lamp (approximately 2 cm away

from the light source). After 8 h, the resulting solution was concentrated and purified
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directly by silica gel column chromatography to give the desired product (3a-ac).
Characterization data of compounds 3a-ac

Me
R

3a
1-(2-(1-Methylcyclohexyl)ethynyl)benzene (3a). Eluent: petroleum. Yield 17 mg

(82%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.42-7.39 (m, 2H), 7.30-7.28
(m, 2H), 7.26-7.25 (m, 1H), 1.83-1.55 (m, 8H), 1.28 (s, 3H), 1.26-1.18 (m, 2H). °C
NMR (CDCls;, 100 MHz) & 131.7, 128.2, 127.4, 124.4, 96.9, 81.8, 39.6, 33.3, 30.4,
26.0,23.5. EI-MS: M m/z 198.2.

Me 3b
1,3-Dimethyl-5-(2-(1-methylcyclohexyl)ethynyl)benzene (3b). Eluent: petroleum.
Yield 13 mg (53%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.05 (s, 2H), 6.90
(s, 1H), 2.28 (s, 6H), 1.83-1.57 (m, 8H), 1.27 (s, 3H), 1.22 (dd, 2H, J=12.4 Hz, J =
3.2 Hz). ®C NMR (CDCls, 100 MHz) & 137.7, 129.3, 129.3, 123.9, 96.1, 82.1, 40.0,
33.2,30.4,26.0,23.5,21.2. EI-MS: M" m/z 226.3.

Me
OMe
A

3c
1-Methoxy-2-(2-(1-methylcyclohexyl)ethynyl)benzene (3c). Eluent: petroleum.

Yield 20 mg (84%). Light yellow oil. "H NMR (CDCls, 400 MHz) & 7.38 (dd, 2H, J =
7.5 Hz, J = 1.7 Hz), 6.91-6.82 (m, 2H), 3.87 (s, 3H), 1.92-1.50 (m, 8H), 1.30 (s, 3H),
1.29-1.22 (m, 2H). *C NMR (CDCls, 100 MHz) § 160.1, 133.5, 128.8, 120.4, 113.6,
110.9, 101.1, 77.9, 56.0, 39.7, 33.6, 30.3, 26.1, 23.5. EI-MS: M" m/z 228.3.



Me
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OMe 3q
1-Methoxy-3-(2-(1-methylcyclohexyl)ethynyl)benzene (3d). Eluent: petroleum.
Yield 21 mg (89%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.19 (t, 1H, J =
7.9 Hz), 7.01 (d, 1H, J=7.5 Hz), 6.94 (s, 1H), 6.82 (dd, 1H, J = 8.3 Hz, J = 2.6 Hz),
3.80 (s,3H), 1.82 (d, 2H, J = 12.4 Hz), 1.76-1.57 (m, 6H), 1.28 (s, 3H), 1.23 (dd, 2H,
J=12.4 Hz, J = 3.3 Hz). °C NMR (CDCl;, 100 MHz) & 159.3, 129.3, 125.4, 124.3,
116.5, 114.1, 96.7, 81.8, 55.3, 39.6, 33.2, 30.3, 26.0, 23.5. EI-MS: M" m/z 228.3.

Me

X

SMe 3e

Methyl(4-(2-(1-methylcyclohexyl)ethynyl)phenyl)sulfane (3e). Eluent: petroleum.
Yield 10 mg (39%). Light yellow oil. "H NMR (CDCls, 400 MHz) § 7.31 (dd, 2H, J =
83 Hz,J=2.7Hz), 7.15 (dd, 2H, J = 8.2 Hz, J = 2.6 Hz), 2.47 (s, 3H), 1.79 (d, 2H, J
= 12.8 Hz), 1.73-1.52 (m, 6H), 1.27 (s, 3H), 1.22-1.10 (m, 2H). >*C NMR (CDCl;,
100 MHz) 6 137.9, 132.0, 126.1, 120.9, 96.9, 81.5, 39.6, 33.3, 30.4, 26.0, 23.5, 15.8.
EI-MS: M m/z 244.1.

Me
A

F3f
1-Fluoro-4-(2-(1-methylcyclohexyl)ethynyl)benzene (3f). Eluent: petroleum. Yield

11 mg (48%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.40-7.35 (m, 2H),
6.99-6.94 (m, 2H), 1.79 (d, 2H, J = 12.7 Hz), 1.76-1.52 (m, 6H), 1.27 (s, 3H),
1.25-1.14 (m, 2H). >C NMR (CDCls, 100 MHz) & 160.8, 133.4, 120.4, 115.3, 96.4,
80.7, 39.6, 33.2, 30.3, 26.0, 23.5. EI-MS: M" m/z 216.3.



1-Chloro-2-(2-(1-methylcyclohexyl)ethynyl)benzene (3g). Eluent: petroleum. Yield
18 mg (74%). Light yellow oil. '"H NMR (CDCls;, 400 MHz) & 7.46-7.41 (m, 1H),
7.41-7.33 (m, 1H), 7.21-7.13 (m, 2H), 1.86-1.59 (m, 8H), 1.31 (s, 3H), 1.26-1.16 (m,
2H). >C NMR (CDCl3, 100 MHz) & 136.0, 133.2, 129.2, 128.4, 126.3, 124.1, 102.6,
78.8, 39.5, 33.6, 30.3, 26.0, 23.5. EI-MS: M ' m/z 232.3.

Me
A

Cl 3nh
1-Chloro-3-(2-(1-methylcyclohexyl)ethynyl)benzene (3h). Eluent: petroleum. Yield

21 mg (86%). Light yellow oil. "H NMR (CDCls, 400 MHz) & 7.40 (s, 1H), 7.29-7.27
(m, 1H), 7.22 (dd, 2H, J = 7.8 Hz, J = 4.4 Hz), 1.80 (d, 2H, J = 13.1 Hz), 1.71-1.65
(m, 6H), 1.27 (s, 3H), 1.23 (dd, 2H, J = 12.4 Hz, J = 3.7 Hz). >C NMR (CDCls, 100
MHz) & 134.0, 131.6, 129.8, 129.4, 127.7, 126.1, 98.3, 80.6, 39.5, 33.3, 30.2, 26.0,
23.5. EI-MS: M m/z 232.1.
M\i Br
3i
1-Bromo-2-(2-(1-methylcyclohexyl)ethynyl)benzene (3i). Eluent: petroleum. Yield
19 mg (71%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.56 (dd, 1H, J = 8.1
Hz, J = 1.1 Hz), 7.44 (dd, 1H, J=7.7 Hz, J= 1.7 Hz), 7.22 (td, 1H, J = 7.5 Hz, J =
1.0 Hz), 7.10 (td, 1H, J = 7.6 Hz, J = 1.6 Hz), 1.88-1.58 (m, 8H), 1.31 (s, 3H),
1.28-1.20 (m, 2H). *C NMR (CDCls, 100 MHz) & 133.3, 132.3, 128.6, 126.9, 126.3,
125.8, 102.0, 80.6, 39.5, 33.9, 30.3, 26.0, 23.5. EI-MS: M m/z 276.2.



Me
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Br 3j
1-Bromo-3-(2-(1-methylcyclohexyl)ethynyl)benzene (3j). Eluent: petroleum. Yield
20 mg (72%). Light yellow oil. 'H NMR (CDCls, 400 MHz) § 7.56 (d, 1H, J = 1.1
Hz), 7.40-7.37 (m, 1H), 7.32 (dd, 1H,J=7.6 Hz,J=1.0 Hz), 7.14 (t, 1H, J = 7.9 Hz),
1.80 (d, 2H, J = 12.9 Hz), 1.73-1.59 (m, 6H), 1.27 (s, 3H), 1.25-1.18 (m, 2H). "*C
NMR (CDCls, 100 MHz) 6 134.5, 130.6, 130.2, 129.6, 126.4, 122.0, 98.4, 80.5, 39.5,
33.3,30.2, 26.0, 23.5. EI-MS: M m/z 276.0.

Me
A

Br3k
1-Bromo-4-(2-(1-methylcyclohexyl)ethynyl)benzene (3k). Eluent: petroleum. Yield

17 mg (58%). Light yellow oil. '"H NMR (CDCls, 400 MHz) § 7.40 (dd, 2H, J = 8.4
Hz, J = 2.2 Hz), 7.26 (dd, 2H, J = 4.5 Hz, J = 2.5 Hz), 1.79 (d, 2H, J = 12.6 Hz),
1.73-1.55 (m, 6H), 1.26 (s, 3H), 1.23-1.11 (m, 2H). >C NMR (CDCls, 100 MHz) &
133.2, 131.4, 123.3, 121.4, 98.1, 80.8, 39.5, 33.3, 30.2, 26.0, 23.5. EI-MS: M m/z
276.1.

COZME

31
Methyl 2-(2-(1-methylcyclohexyl)ethynyl)benzoate (31). Eluent: petroleum. Yield
22 mg (84%). Light yellow oil. 'H NMR (CDCls, 400 MHz) § 7.86 (dd, 1H, J = 7.8
Hz, J=1.2 Hz), 7.51 (dd, 1H, J = 7.8 Hz, J = 1.1 Hz), 7.43-7.39 (m, 1H), 7.32-7.28
(m, 1H), 3.91 (s, 3H), 1.78-1.57 (m, 8H), 1.30 (s, 3H), 1.25-1.13 (m, 2H). °C NMR
(CDClIs, 100 MHz) 6 167.5, 134.7, 132.3, 131.4, 130.2, 127.2, 124.4, 102.2, 80.4,
52.1,39.5, 33.6, 30.3, 26.0, 23.5. EI-MS: M m/z 256.3.



COEt 31
Methyl 3-(2-(1-methylcyclohexyl)ethynyl)benzoate (3m). Eluent: petroleum. Yield
25 mg (92%). Light yellow oil. '"H NMR (CDCls;, 400 MHz) & 8.07-8.06 (m, 1H),
7.93-7.91 (m, 1H), 7.58-7.56 (m, 1H), 7.35 (t, 1H, J = 7.8 Hz), 438 (q, 2H, J = 7.1
Hz), 1.83-1.59 (m, 8H), 1.40 (t, 3H, J = 7.1 Hz), 1.28 (s, 3H), 1.26-1.18 (m, 2H). °C
NMR (CDCl;, 100 MHz) 6 166.3, 135.8, 132.7, 130.6, 128.4, 128.3, 124.7, 97.9, 81.0,
61.2,39.5,33.3, 30.3, 26.0, 23.5, 14.4. EI-MS: M m/z 270.3.

Me

X

COEt 3,

Ethyl 4-(2-(1-methylcyclohexyl)ethynyl)benzoate (3n). Eluent: petroleum. Yield 24
mg (85%). Light yellow oil. '"H NMR (CDCls;, 400 MHz) & 7.95 (d, 2H, J = 8.4 Hz),
7.45 (d, 2H, J = 8.3 Hz), 4.37 (q, 2H, J=7.1 Hz), 1.82 (d, 2H, J = 12.8 Hz), 1.79-1.52
(m, 6H), 1.39 (q, 3H, J="7.1 Hz), 1.28 (s, 3H), 1.24 (dd, 2H, J = 12.3 Hz, J = 3.7 Hz).
C NMR (CDCls, 100 MHz) § 166.3, 131.5, 129.4, 129.1, 129.1, 100.3, 81.4, 61.1,
39.5,33.4,30.2,26.0, 23.5, 14.4. EI-MS: M m/z 270.4.

Qe
%
30

1-(2-(1-Methylcyclohexyl)ethynyl)naphthalene (30). Eluent: petroleum. Yield 19
mg (73%). Light yellow oil. '"H NMR (CDCl;, 400 MHz) & 8.37 (d, 1H, J = 8.3 Hz),
7.81 (dd, 2H, J = 24.8 Hz, J = 8.1 Hz), 7.65 (d, 1H, J = 7.2 Hz), 7.61-7.46 (m, 2H),
7.43-7.39 (m, 1H), 1.97-1.66 (m, 8H), 1.41 (s, 3H), 1.39-1.28 (m, 2H). °C NMR
(CDCls, 100 MHz) & 133.6, 133.3, 130.1, 128.3, 127.9, 126.6, 126.4, 126.3, 125.3,
122.0, 102.1, 79.7, 39.8, 33.8, 30.7, 26.1, 23.7. EI-MS: M" m/z 248 4.



Me
s
| 3p
2-(2-(1-Methylcyclohexyl)ethynyl)thiophene (3p). Eluent: petroleum. Yield 10 mg
(44%). Light yellow oil. "H NMR (CDCls, 400 MHz) § 7.34 (dd, 1H, J =3.0 Hz, J =
1.1 Hz), 7.25-7.20 (m, 1H), 7.08 (dd, 1H, J =4.9 Hz, J = 1.1 Hz), 1.79 (d, 2H, J =
12.9 Hz), 1.76-1.54 (m, 6H), 1.26 (s, 3H), 0.93-0.78 (m, 2H). °C NMR (CDCls, 100
MHz) 6 130.3, 127.3, 125.0, 123.3, 96.3, 84.6, 39.6, 33.3, 29.8, 26.0, 23.5. EI-MS:

M m/z204.1.

Me
Me

X
3q

1-(2-(1,4-Dimethylcyclohexyl)ethynyl)benzene (3q). Eluent: petroleum. Yield 17
mg (77%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.44-7.35 (m, 2H),
7.30-7.25 (m, 3H), 1.82 (d, 2H, J = 12.7 Hz), 1.61-1.54 (m, 2H), 1.47-1.37 (m, 4H),
1.27 (s, 3H), 1.26-1.22 (m, 1H), 0.92 (s, 3H). *C NMR (CDCls, 100 MHz) & 131.7,
128.2, 127.4, 124.4, 96.6, 82.0, 39.7, 33.0, 32.5, 32.3, 30.5, 22.7. EI-MS: M m/z
212.2.

Me
Me %

3s
1-(2-(1,3-Dimethylcyclohexyl)ethynyl)benzene (3s). Eluent: petroleum. Yield 16 mg
(71%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.40 (dt, 2H, J = 4.2 Hz, J =
2.5 Hz), 7.33-7.20 (m, 3H), 1.92-1.55 (m, 6H), 1.28 (s, 3H), 1.18-1.07 (m, 1H), 0.91
(s, 3H), 0.91-70.89 (m, 2H). *C NMR (CDCls, 100 MHz) & 131.6, 128.2, 127.4,
124.4, 96.5, 82.2, 48.21, 39.30, 34.83, 33.75, 30.83, 29.63, 23.63, 22.64. EI-MS: M"
m/z 212.3.



Et
Me
A

3t
1-(2-(4-Ethyl-1-methylcyclohexyl)ethynyl)benzene (3t). Eluent: petroleum. Yield

14 mg (61%). Light yellow oil. 'H NMR (CDCls, 400 MHz) § 7.45-7.32 (m, 2H),
7.31-7.26 (m, 3H), 1.88-1.81 (m, 2H), 1.65 (dd, 2H, J = 13.5 Hz, J = 3.2 Hz),
1.44-1.33 (m, 2H) 1.28 (s, 3H), 1.24 (dd, 4H, J = 13.2 Hz, J = 8.7 Hz), 1.08 (m, 1H),
0.89 (t, 3H, J = 7.5 Hz). °C NMR (CDCls, 100 MHz) § 131.6, 128.2, 127.4, 124.4,
96.7, 82.0, 39.6, 39.2, 33.4, 30.5, 29.9, 29.8, 11.6. EI-MS: M" m/z 226.2.

Me
X
3u
1-(2-(4-tert-Butyl-1-methylcyclohexyl)ethynyl)benzene (3u). Eluent: petroleum.
Yield 22 mg (84%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.41-7.38 (m,
2H), 7.28-7.25 (m, 3H), 1.88 (d, 2H, J=13.0 Hz), 1.66 (d, 2H, J = 13.4 Hz), 1.52 (dd,
2H, J=12.6 Hz, J = 2.7 Hz), 1.52-1.50 (m, 1H), 1.27 (s, 3H), 1.21 (dd, 2H, J = 12.9
Hz, J = 3.2 Hz), 0.89 (s, 9H). °C NMR (CDCl;, 100 MHz) & 131.6, 128.2, 127.4,
124.4,96.5, 82.2, 47.7,40.1, 33.2, 32.5, 30.3, 27.7, 24.4. EI-MS: M m/z 254 4.
Me
Me Me
X
3v
1-(2-(1,4,4-Trimethylcyclohexyl)ethynyl)benzene (3v). Eluent: petroleum. Yield 17
mg (73%). Light yellow oil. '"H NMR (CDCl;, 400 MHz) & 7.44-7.37 (m, 2H),
7.29-7.24 (m, 3H), 1.66 (dd, 4H, J =16.3 Hz, J = 6.7 Hz), 1.44 (dd, 2H, J = 15.2 Hz,
J=11.9 Hz), 1.30 (s, 3H), 1.29-1.22 (m, 2H), 0.95 (s, 3H), 0.89 (s, 3H). °C NMR
(CDCl;, 100 MHz) 6 131.7, 128.2, 127.4, 124.3, 96.7, 81.5, 36.4, 35.5, 33.0, 32.5,
30.0, 29.7. EI-MS: M m/z 226 4.



Me
X
3w

1-Methyl-1-(2-phenylethynyl)cycloheptane (3w). Eluent: petroleum. Yield 18 mg
(82%). Light yellow oil. 'H NMR (CDCls, 400 MHz) & 7.43-7.39 (m, 2H), 7.31-7.26
(m, 3H), 1.81 (dd, 2H, J = 7.6 Hz, J = 5.9 Hz), 1.76-1.51 (m, 10H), 1.30 (s, 3H). °C
NMR (CDCls, 100 MHz) & 131.7, 128.2, 127.4, 124.3, 98.0, 81.1, 42.3, 36.1, 31.4,
28.3,24.0. EI-MS: M m/z 212 4.

Me
A
3x

1-Methyl-1-(2-phenylethynyl)cyclododecane (3x). Eluent: petroleum. Yield 23 mg
(79%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.41-7.36 (m, 2H), 7.27-7.24
(m, 3H), 1.64-1.36 (m, 22H), 1.23 (s, 3H). °C NMR (CDCl;, 100 MHz) & 131.7,
128.2, 127.4, 124.3, 96.3, 80.5, 34.9, 34.3, 27.4, 26.5, 26.2, 22.6, 22.2, 19.9. EI-MS:

@\Q
3y

(3r,51,7r)-1-(Phenylethynyl)adamantane (3y). Eluent: petroleum. Yield 9 mg (35%).

M m/z 282.1.

Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.39 (d, 2H, J = 8.5 Hz), 7.26-7.20
(m, 3H), 1.96 (s, 6H), 1.73-1.72 (m, 6H), 1.56 (s, 3H). °C NMR (CDCls, 100 MHz) &
131.7, 128.2, 127.4, 126.9, 98.5, 79.4, 43.0, 36.5, 28.7, 28.1. EI-MS: M" m/z 236.0.

>\©
3z

1-(3,3-Dimethylbut-1-ynyl)benzene (3z). Eluent: petroleum. Yield 7 mg (41%).
11



Light yellow oil. "H NMR (CDCls, 400 MHz) & 7.43-7.32 (m, 2H), 7.30-7.26 (m, 3H),
1.32 (s, 9H). *C NMR (CDCl3;, 100 MHz) & 131.6, 128.2, 127.5, 121.1, 95.1, 79.9,
31.2,29.8. EI-MS: M" m/z 158.3.

Me

X

3aa
1-(3-Methyl-3-propylhex-1-ynyl)benzene (3aa). Eluent: petroleum. Yield 16 mg
(72%). Light yellow oil. '"H NMR (CDCls, 400 MHz) & 7.43-7.33 (m, 2H), 7.29-7.25
(m, 3H), 1.53-1.38 (m, 8H), 1.22 (s, 3H). 0.95 (t, 6H, J = 7.0 Hz). *C NMR (CDCl;,
100 MHz) 6 131.7, 128.2, 127.4, 124.3, 98.0, 81.1, 42.3, 36.1, 31.4, 28.3, 24.0. EI-MS:
M m/z 214.3.
Boc-N

Me
A

3ab
tert-Butyl 4-methyl-4-(2-phenylethynyl)piperidine-1-carboxylate (3ab). Eluent:
petroleum. Yield 21 mg (69%). Light yellow oil. '"H NMR (CDCls;, 400 MHz) §
7.43-7.37 (m, 2H), 7.31-7.27 (m, 3H), 4.04-3.99 (m, 2H), 3.17-3.11 (m, 4H), 1.75 (d,
2H, J = 12.4 Hz), 1.46 (s, 9H), 1.45-1.39 (m, 2H), 1.32 (s, 3H). °C NMR (CDCl;,
100 MHz) 6 155.0, 131.7, 128.3, 127.9, 123.6, 94.1, 79.4, 38.5, 33.5, 32.0, 29.7, 28.6.
HRESI-MS: calcd for C1oHxNO," [M+H]" m/z 300.1964; found, 300.11969.

Me\Si,Me
>( O MeMe
X
3ac
(3,3-Dimethyl-5-phenylpent-4-ynyloxy)(tert-butyl)dimethylsilane (3ac). Eluent:
petroleum. Yield 20 mg (65%). Light yellow oil. '"H NMR (CDCls;, 400 MHz) §
7.40-7.26 (m, 5H), 3.94-3.83 (m, 2H), 1.83-1.71 (m, 2H), 1.31 (s, 6H), 0.91 (s, 9H),
0.07 (s, 6H). >*C NMR (CDCls, 100 MHz) & 131.6, 128.2, 127.6, 124.0, 96.7, 80.7,
61.1, 45.7, 30.4, 29.9, 26.1, 18.4, 1.0. HRESI-MS: calcd for C;oH;,0Si" [M+H]" m/z
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303.2144; found, 303.2136.

Extending experiments

Ru(bpy)sClp, HE

Qo o Q 0 iPr,NELHBF,
4 N ©%5© THF/DCM, 1t, Ar §
I R ——
o O-N, [e] 40 W CFL,8h
2a
6a o 7 (no product)
Ru(bpy)sCly, HE
N0 0 Q 0 iPr,NELHBF,
)~ =) TR SN
[¢] O-N o 40 W CFL,8h
2a
6b 0 8 (no product)
Me Ru(bpy)sCl,, HE
6 0 0 ° iPr,NEt.HBF, Me
i THF/DCM, rt, Ar S
+ S—= A
[e] O—-N (‘j‘ 40 W CFL,8h
la
4
o ¢ 9 (no product)

Cyclic voltammetry data

Cyclic voltammetry was performed using a CH Instruments Electrochemical Analyzer,
a glassy carbon working electrode, a platinum mesh counter electrode, and a
Ag/AgNO; (0.01M) reference electrode. Samples were prepared with a substrate
concentration of 0.01 M in a 0.1 M tetraethylammonium hexafluorophosphate in

acetonitrile electrolyte solution. Data was collected with a sweep rate of 100 mV/s.

Oxidation potential vs SCE (V) for DIPEA

0.000035 0.653V

0.000030
0.000025
0.000020

0.000015

Current (A)

0.000010

0.000005

0.000000

-0.000005 . 1 L 1 L 1 s 1 " 1 N 1
0.2 0.4 0.6 0.8 1.0 1.2 14

Potential vs SCE (V)
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Oxidation potential vs SCE (V) for HE

0.000030

0.816 V

0.000025

0.000020

0.000015

0.000010

Current (A)

0.000005

0.000000

-0.000005 L 1 L 1 s 1 " 1 s 1 N 1
0.2 0.4 0.6 0.8 1.0 12 1.4

Potential vs SCE (V)

Fluorescent quenching experiments.

Quantum yield of [Ru(bpy);]*" have been reported by some research groups:
0.042-0.055 in H,O’ and 0.059-0.090 in CH;CN.*

Reagent: Ru(bpy);Cl, was dissolved in DMF, the concentration of the solutions
reached 10°mol/l. It was a standard solution. Hantzsch ester was dissolved in DMEF,
the concentration of the solutions reached 10"'mol/l. It was a standard solution.
iPerEt'HBF4 was dissolved in DMF, the concentration of the solutions reached
10"'mol/1. It was a standard solution.

Experiment:

UV-visible spectrum measurement (Ru(bpy);Cl,)

T%
+ 100
80
™t .
454nm 40
Y :
0
QW o W o W oW o o W o o g
L= T o O o O e = Y o AL S e == T o N i T i S e T o A ' T e}
[ I o I oV I o T o' O T o T o o TR o~ S~ S S ¥ B ¥ T ¥ o ¥y I = ]
Wavelength(nm) Ru

Fig 1 Absorption spectra of popop and Ru(bpy);Cl, .
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Fluorescence spectrum measurement

1200
1000 ?

800

Intensity
) (=)}
=2 (=]
[an] [an]

=)
o
o

o

482 502 522 542 562 582 602 622 642 662 682
Wavelength(nm)

Fig 2 Fluorescence spectra of Ru(bpy);Cl,.

Scan mode: Emission; EX Slit: 5.0 nm; EX WL: 454.0 nm; It’s excitation spectral
lines Amax: 605 nm

Fluorescence spectrum measurement

800

Intensity
] w = u
8 8 8 8
-

g

o
620 |r

238
© oD

300
320
340
360
380
400
420
700

SDDDDSDDD
000 o oo
el s N T N Ty QT Ry R =]

Wavelength(nm)

Fig 3 Fluorescence spectra of Ru(bpy);Cl,.

Scan mode: Excitation; EX Slit: 5.0 nm; EX WL: 605.0 nm; It’s excitation spectral

lines Amax: 460nm
Fluorescence quenching

The fluorescence intensity were measured in the presence of different five
concentrations  (0.8%10”mol/l, 1.4X10mol/l, 2.0%10mol/l, 2.4310mol/l, 3.23¢10mol/l

iPr,NEt.HBF,), obtain a set of corresponding concentration fluorescence quenching



spectra.

The fluorescence intensity were measured in the presence of different five
concentrations (0.8%10”mol/l, 1.4%10”mol/l, 2.0%10?mol/l, 2.4%10mol/l, 3.2%10mol/l

Hantzsch ester), obtain a set of corresponding concentration fluorescence quenching

Spectra.
D e 0.8x10-2
------- 1.4x10-2 - - - - 2.0x10-2
2000
————— 2.4x10-2 — ——3.2x10-2
1800
1600 [ )
1400 SO
oy e’ — \'\‘\"'._
é" 1200 ’," f,‘/f’ \\‘,‘ R
] ity ,\\"
< 1000 [/ Nl
o) Lt/ AN,
£ 800 ot/ AR
600 417 AN
) AT
400 ; NED
Iy
200 ®
0
SERINSLEIIIIBIAIILRISS
[ B = T ™ o T ™ T W T T T ¥ = ¥ Vo o ¥ e T ¥ W ¥ s [ ¥ s U U B
Wavelength

Fig 4 Fluorescence quenching of Ru(bpy);Cl, by various concentrations of 'Pr,NEt.HBF,.( Scan mode:
Emission; EX Slit: 5.0 nm; EX WL: 460.0 nm.)

505 525 545 565 5BS 605 625 645 665 BES
Wavelength(nm] |

Fig S Fluorescence quenching of Ru(bpy);Cl, by various concentrations of HE.( Scan mode: Emission;

EX Slit: 5.0 nm; EX WL: 460.0 nm.)
From figure 4/5, when we added different concentrations of iPro,NEt.HBF,, the
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fluorescence intensity weakened regularly. But when we added different
concentrations of HE, the fluorescence intensity didn’t have significant change.
Obviously, iPr,NEt.HBF, was a quencher in this experiment.

According to the above data, we thought the Stern—Volme plot for the fluorescence
quenching of Ru(bpy);Cl, by various concentrations of 'Pr,NEt.HBF, .We can see

from the graph, I ¢/I had a good linear relationship with [Q].

15
o

1.4
13 =2
> 'Y

1.2

)
1.1
@
1@
0 1 2 3 4
[Q1X 1072 (mol/1)

Fig 6 Sterm-Volmer plots for the fluorescence quenching of Ru(bpy);Cl, by various concentrations of
'Pr,NEtHBF,.

Coupling of 1a with 1-(2-bromoethynyl)benzene or 1-(2-iodoethynyl)benzene
Ru(bpy)3C|2, HE

Me iPr,NEt.HBF, Me
O 0 O /N THF/DCM, rt, Ar
—< + = Ak X
o O-N .
la

— 40 W CFL, 8 h

4a (X =Br)
o) 4b (X=1)

3
yield 40% (X = Br)

51% (X = )
Oxalate (1a) (0.15 mmol), 1-(2-bromoethynyl)benzene (4a) or
1-(2-iodoethynyl)benzene (4b) (0.1 mmol), Ru(bpy);Cl, (1 umol, 1 mg), Hantzsch
ester (0.15 mmol, 38 mg), 'Pr,NEtHBF, (0.12 mmol, 26 mmg) were added to a
Schlenk tube charged with a magnetic stir bar. A mixed solvent of THF/CH,Cl, (2 mL,
1:1) was added to the tube. The resulting solution was freezed with liquid nitrogen,
and the tube was degassed by alternating vacuum evacuation then allowing it to warm
to room temperature for three cycles. The tube was filled with argon and then sealed,

and irradiated with a 40 W fluorescent lamp (approximately 2 cm away from the light
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source). After 8 h, the resulting solution was concentrated and purified directly by

silica gel column chromatography to give the desired product (3a).

Synthesis of compounds 5.

Me
Me NIS, rt, 36 h Ng
+ TMSN; ————
S MeCN/DCE N3

3a Ph O~ 'Ph
5 (63% yiled)

To a solution of alkyne (3a) (0.2 mmol) in MeCN/DCE (1.0 mL/1.0 mL) was added
TMSN;3 (0.44 mmol, 57.76 pul), and NIS (0.22 mmol, 49.5 mg) and stirred at room
temperature under nitrogen. The reaction was monitored by TLC to establish
completion. 10% Na,S,05 solution was added to the reaction mixture and extracted
with ethyl acetate. The combined organic solution was washed with brine, dried over
anhydrous Na;SO4, and concentrated at the reduced pressure. Column
chromatography on silica gel using hexane/ethyl acetate as an eluent afforded
coupling product (5). Yield 38 mg (63%). "H NMR (CDCls, 400 MHz) & 7.80-7.77 (m,
2H), 7.47-7.44 (m,3H), 1.60 (d, 2H, J = 12.8 Hz), 1.49-1.41 (m, 6H), 1.06 (s, 3H),
1.02-0.90 (m, 2H). °C NMR (CDCls, 100 MHz) & 194.2, 133.7, 133.2, 130.4, 128.4,
88.5,49.5,34.3,32.2,27.0, 25.5. EI-MS: M" m/z 298.1.
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The 'H and *C NMR spectra of compounds 3a-ac

333239885838 R95RRRRENEYYGREARANANAES
Me
S /
Iy N lr
3a

=

T Rt
bt b a
Il.rU T.r5 T.rlJ Ii.rﬁ ﬁ.rl.l .ﬁrﬁ .ﬁrl.l 1.’5 1.rIJ J.lﬂ J.lLI Llﬂ llLI Ilﬁ IlI.I u.‘ﬁ 0.‘I.I
1 {ppa)
25349 4§ 2:=8 5
2853 i 3 RRE i 93 &%
FERYY | [ ] T oni
Me
%
3a
1
i
1 ]
| | L] \
— I i . .

T T T T T T T T T T T T T T T T
135 130 12 120 W5 10 s MW S5 90 & B0 T8 70 G5 B0 G5 B¢ 46 40 35 3 25 N IF WD

19

I 45

. 5

=0 0

=0, I

0. G




% & § 8§ 8§ = = =z = = 2z 8 =z 8 g °¢&
= = = @ ® o~ © 0 - ™ o - o T S S S S S S S S S S S S S S S T
1 L L L L 1 L 1 1 1 1 1 1 1 1 L 1 1 1 L 1 1 1 L 1 1 1 L 1
1
o
S
=
S
ek B 0z
_N.% - v5ez—
€'l . $0'9Z~ —
vZ'L S rhz
7 €Lg
t&t - Zroe— -
o = zzee— -—
L= / = Ta.w
Ee% B ge— 3
f 99°6€
6L1 °
@l R
wz— —- -109 3
# "
o 3
3
-
o 1
T
n B 3
o _, 2
z
6L9L E
= :.EW == =
E il 1
79— ——3
o S0'Z8 4
= -
~
Q
s (O]
° 90'96— -
=
- (]
/ 5 3
fe] 1
™ °
3
© \
® 16621 — -
< ™ l.m
VEBEL— |L
0607 ) - =160 |
502" = - =007 | =
LN \ vLLEL— —

T
100

T
110

T
120

T
130

1 (ppm)

20



rl4

13

rl2

r2

0

0. 11

0. 10

+0.09

0. 08

£0.07

0.06

0. 05

0. 04

0.03

r0.02

r0.01

0. 00

=0.01

|~

BEIYBHYSRERELBBRELWMIYILRY

~

B

=
I

hag:1%4
~-80€

H—!mc.w

=00¢

Friz

9071
=860

1reg
€19z
£E°0E~
SG'EE~

EL6E—

¥6'66—

0894
N—.nnu\
Ll
Nm.t\

rLob—

Se0LH—
BSELLI—
8E'0T1—

S.'82L—
€SEEL—

S0'091—

2L891—

OMe

1 (ppm)

21



-
- - + m om = e T R oo - ¢ & 7
L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 L L 1 1 1 1 J/_ J/_ |>. Jv Jv ,V
- 3
s 3
®
&
3
1k - 3
mm@ - egee
17 == rhe 209z :
g PEOE-. —3
&l » PZEE B w
65'L— -
651 . To.@ I
191 ~2 = o1z 09°'66— 4
9t - F
£9'L o X
gl
91
89’k
0Lk 0 )
ort B vege—
7
el
vl -
08'h s
€8l
-
N 0894, - i
! [ 3
o _ = = £ L4 3
08'e — = e[ e
- 3
s 3
w
< bL96— -]
(] =
o
O & E
b 3
80vbL— ) —— 3
o orr— 3
= Sr9ll > 1
\\ o) ﬂ
ZveL— - pr—
ko) = szt %
™M < 5621~ \
189 = \ ]
18'9 e 1
£8'9 () 3
"9 ~ 60l
69— - =00 | .
Wy ~ g0 [
a'L ~ 4070
WL E
6L
. - 3
el o £E'B51— —%

90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)

22



r2.0
FL5
rLo
r0.5
0.0

0.5

0.90
r0.85

r0.80

5

0.

T

0.

0. 65

0. 60

+0.55

r0.50

0. 45

0. 40

r0.35

0. 30

0. 25

r0.20

F0. 15

0. 10
0. 05

—0.05

I

SMe

3e

EL0E

6L
F007

1 (ppm)

9LGL—

£5°eg—
L0r9Z—

SE'0E—
zee—

09'6e—

0894
(4 .NMW
EVLL
Ly 18—

£6'96—

98021 —
60921 —
Bel—

18'LEL—

VA

SMe

3e

i -0. 00

-3

1 (ppm)

23



e o 0 © - & o o o - & o o © = & o g
s s = w e  w s  w s w s 8 8 ¥ 8 ¥ § |8 = =2 =z @ =2 8 8 3 3 8 %
' - - o o oi o = - S S S S S S S s 8 S &S S 3 S S S S S s 7
1 1 1 1 L 1 L L L 1 1 1 1 1 1 1 1 1 1 1 1 1 L L L L 1 1 L
s
2
=
“
L E
W
8Lk =
1z = 3
n = P ey I —
mw.ﬁv. — - = e 256z . .
M 90 66'SZ - =
. ER —
i Faro [~ ~ —3
'L — 00z N 3
o'l - 55°6E— 3
89k o
oLk 4
8Lk
18t - 3
=
e
=
o 1
6L9L N 3
= Wid - _—
£ N.\.tw —
s- v 08
by
LL 3
=
<
£'96— -—
LL
=
)
() \\ o
= “ 9zGLL— _ E
Y SE0Zk— -3
™ <
: 2
b 3
2 PEeL— ™ —_—
569
%'9 3
169
86'9 —_— — E6LT LS E
669 =
9L E
9L -
151 —_— - = |
®L -
8L
6L
6L 08'09L— -3

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)

24



6.5

6.0
F5.5
5.0
r4.5
4.0
3.
r3.0
r2.5
r2.0
1

rlLo

0.0

0. 40

r0.35

r0.30

r0.25

r0.20

r0.15

0. 10

0. 05
0.00

—0.05

PR

PRy

£3588KKIRANBBERRREREEEE

[~

39

Fso0z
=6L€

Ml—c.w

Eooe
00'k
00’k

05°eg—
209e—

2e0E—

roeeE—

£5°6e—

1 (ppm)

BL9L
[TRYRS
2.&%
SL'8L

85°20L—

0L bz~
19z~
W82~
9L6z)—
£zeEl—
10'9Eb—

39

ng |
g

oy

1 (ppm)

25



E— e w o= = on = o _ ) -
.7 Ty T T T T A w T T |
1z
mw ~ Fh0T
7 67
09k
L4 — Fuoe
o -~ o1z
€9
v9
s
o
ped
oL
6L
%
3] \\
ey
™

i f

¥ 80T
Tl
=00}

1 (ppm)

4.0

ra.5

3.0

r2.5

r2.0

L0

2582 —
S6'Ge—

2T0E—
BZEE—

BY'6E—

6190~
WoLL-r
eriL

2908~

62°86—

90'924 .
6944~
Lren
B69°1LE f\.
86°€EL~"

3h

Cl

"

A

™

80

90

115

1 (ppm)

26



20

r19
18

9
r8
7
6
5
r4
3
2
1
ro

N ="

My

EEBEBEYERARENRRRSERR 32888 BIBUCBBERNEARY

Ir

//

-

802
- rird

608

Br

3i

£0.20
r0.19

r0.18

0. 17

0. 16

r0.15
r0. 14

r0.13

0. 12

0. 11

r0.10

F0.09

r0.08

F0.07

0. 06

0. 05

r0.04

0.03

0. 02

0. 01
0. 00

=0. 01

—0.02

58—
€0'92—

2e0E—

G9'EE—

05'68—

1 (ppm)

BL9L
WeF
mﬁ.hh\v
5508~

96°101L—

Br

3i

65
f1 (ppm)

e

i

90

T T
110 105 100

T
115

T
130

T
135

27



12
1
0

9
8
T

6
5

r4

=3
2
1
0

YRRREBBBECBRRNAINGE

il N——"
// lr

"or

I

= 0T
Le

Feoe

= F0ze

Br

j

Bl
=L
=901
=001

1 (ppm)

0. 40

F0.35

0. 30

0. 25

0. 20

0. 15

r0.10

0. 05

0.05

£9EZ—
§6'52—
eeoe—
0E'EE—

6¥'6E—

6L9L
W2L-f
mw.t\
0508~

V86—

w'zel—
98924~
9’621

0208~
157081

S PEL—

VA

ke

"
W 0. 00

Br

il

"

o

80

90

110

T
125

T
130

T
135

1 (ppm)

28



0
5
0
3.0
5

8.
5.
5
r4.5
r4.0
r3.5

0.5

0L’k

<3

sEB83YEEEN
S

// lr

Br

3k

/1

Feve

=rL'e

Feoe

Ev0T

=00¢C
00T

1 (ppm)

6.0

5.5

0

Fa.

r4.5

4.0

r3.0

2.0

0.5

25'€T—
96'67—
2T0E—
LEgE—

6¥'6E—

6294~
W
EV'LL

7808~

v1'86—

wrlel—
LEEZL—

oFLEl—
Slegl—

4

3k

Br

WPy

iy

110

f1 (ppm)

29



rlo
1

ag'L

LEE—

9ze
0]
e
ZEL
GEY
iy
vy
054
75e
CEEN
8L

lr

COZME

2/

3l

¥ IET
L

T
_Jo.m

=-B0E

Al
=IT)
=l

=00

0

£l (ppm)

8.0

r6.0

r4.0

Fz2.0

0
0.0

o ez
0oz
B2 0B~
POEE

256E—

W2 —

Oy 0e—

9LZ0L—

9EPT~
VTSN
0Z 08k

oF Lgl
2zeeL—
8Z9EL"

£S48 —

CO,Me

3l

f1 (ppa)

30



o]

GE'P
LEH
GE't
(34

gL
EE'L
GE'd
LETL
85’4
ag .\.k
BG4
7

aoe
ag WW.
ine

3m

CO,Et

FETT

el

=660

=00k
=1&0

3000 2800 2600 2400 2200 2000 1800 1800 1400 1200 1000 800 600 400 200
f1 (He

3200

0,13

F0.12

Fo.11

0.10

0,08

r0.08

7

r0.0

r0.06

F0.05
0.04

F0.03

r0.02
0

r0.00

r0.01

EvFL—

7
5687
1652~
B2 DB~
DEEE~_

25'6E—

0z e—

08'92
L
W
56 08~

88—

AN AR
BZHEH

srEzL
L9'0EL~"
89264
ZBGEL—

GZ981—

7

L

3m

CO,Et

-

1 (ppm

£

31



= — — 3 o - =) ) - = o - %

FER
ey
BE't
GE'Y

92 i~

ar'di—

CO,Et

3n

o LT
Hrmm.m

e |

Mlnm.m

toe

g fAM4

ERD
E61
e

FE L
Mm:w

0.0

o

4.0

f1 (ppm)

@ ~ & o @ w = o B - o o 5 ° g
] i g 8 2 S 5 ] 2 2 2 B ] 2 &
= =1 o =1 = =] < = =1 =3 (=) = =] < 1
1 Il 1 I 1 1 L 1 1 I 1 I 1 1
i Lo
3
Lo
3
Tr— -—
=
5627 h 3
5652
BLOE~ - F=2
EPEE~, .
ree— I Lo
-2
Lo
Wa— — &
B2 9L,
W =
£rLL _ Fa
e~
Le
=
a—
NN}
N f=1
87001 — w 3 Fs
&
o
Fs
60621 -
E@SW Q \\ — Lig
BE BZLYr = —_— ]
£51E}
c =
™
>
o
=
vEBOL— o
rs

32



11

rlo
9

8

RERBBLESBREBHRE

@
~
o

61

53858LILHLE

=

v

30

007

8.5

0. 16

0. 15

0. 14

r0.13

F0. 12

0. 11

0. 10

r0.09

r0.08

F0.07

0. 06

0. 05

r0.04

r0.03

0. 02
0.01
0.00

—0.01

£L'68—
80'9¢—
99°0E—
SLEE—

£L6E—

S0°Z0L—

10'zet
wm.mwf/
G29zL
W9zl
95921
8&@

4

30

P

o

2

90

110

T T
130 125

T
135

f1 (ppm)

33



> P o - o - s - s s
o - - o o o o - - S
L L L 1 L 1 L 1 L 1
N Fooz
— - -—clg
/ WE.@
~ 007
J—

S

3p

Feso
0L

Tss0

1 (ppm)

Lo

ro.g

r0.8

0.4

0.3

0.1
0.0

05EZ—
00°92 —

08 62—

9z gE—

95 6E—

mm.mn./

WLl —
EE4L

BS'vE—

42798 —

e
0zezl
e vl
£eizl—
PSRN

3p

T
ia

&0

e
b

o
o

1 (ppm)

34



6.0
9.5
5.0
F4.5
4.0
3.5
F3.0
r2.5
r2.0
1

0.0

H88
“oo
v

1/l

I8BRBEIIHRE

3q

Me

=00
=901
W?.m

oLy
e

EFriz

Feoe
Feoe

0.0

1 (ppm)

0. 60

0. 55

0. 50

r0.45

0. 40

0. 35

r0.30

F0.25

0. 20

0. 15

0. 10

0. 05
0. 00

—=0.05

292e—
£5°0€
Nm.me
hv.wm\.
L6°2€

S96E—

£9°96—

vzl
W LT~
12821~
S'LEL~

Me

3q

"

"y

TR

80

T T
110 105 100

115

T
125

T
130

1 (ppm)

35



8.
re.5
5.0

4.5
r4.0

3.
3.0

/ [ |~

3s

Me

M

#mm. I
00'¢

00k
Wﬂoo.m

ﬁ!ccd

16T
G8°L

1 (ppm)

0.9

0.7

0.6

F0.5
0.3
0.2

1-0.
0.0

0.1

2T~
£9'€T

£9°62—
£8°0€-"
SLEE~
€gre—

0e'6e—

Lg8r—

0894
:.EW
EVLL
£8718—

98'96—

0EvzL
.
12821~
SO LE~

Me

3s

T

L)

T
125

T
130

1 (ppm)

36



9 a e 4 3 1 o _

1 L 1 1 1 1 1 1

=00¢

vl

Fege

= 8L'e

= Fuz

Ea0z

= Fe0z

[} \\
—
(92]
0L
e
A
6L
62'L
08’2
_J .

0e'L —_ 60°¢

8e'L — ——— Fosu
662
6E'L
or'L
ov'e
WL

1 (ppm)

6.0

5.5

0

5.

4.5

4.0

3.5

3.0

2.5

2.0

rLo

0.5

€9'HL—

8862
BAmNW
£5°08

zres”

S16E~
2968~

6L9L
_‘_‘...L.W
eV LL
Loe8—

S9°96—

%€ vZL~"
WLz~
12'821~"
POLEL~

Et

VA

to.5
b 0. 0

3t

4

110

T
125

T
130

1 (ppm)

37



rl4

F13

12

3

r2

1

ro

%

/

7

3u

—0z6
12T
=-00¢
Rere
Bz
e

LE
=50T

1 (ppm)

0.9

0.8

0.7

0.6

0.5

0.
r0.1

0.0

66'¥g"
L
£€°08

vm.mmW
[

L0000 —

PLlr—

089
_‘_‘.._..._.W
eriL

¥Zze—

£5°96—

% bzl
oW LTk~
vZ'8zL"
[RIEN

3u

My

i

oty

2

80

T
125

T
130

1 (ppm)

38



R ELREEREEEEERNTEEE RS
1 1 L 1 L L 1 1 1 1 1 L L 1 1 1 1 L 1 1 1 1 1
68'0~ R =01¢
%60~ — - =-00¢
@N.fW
st S 507
-..N.v\ HMQ@.N
o ~ kaz
o'
el — Feot
Vi
Wi
L
€9l
%'k
=
69k
Y4
>
™

]
~
S

8
~

Me
Me

F60€
167

1 (ppm)

5

0.

F0.70

r0.865

0. 60
0. 55

0. 50

0. 45

0. 40

0. 35

0. 30

0. 25

0. 20

—=0.05

6194
_‘_‘.._....W
eriL
78—

99°96—

L
e Leh~
'8z
1918k~

Me

Me

Me

3v

r0.15
0. 10
r0.05
My 0. 00

-

e

110

T
125

T
130

1 (ppm)

39



3H5BERSRBBILREBILERY

NNy A

% s / I

T
@
el

3.5

3.0

r2.5s

r2.0

rl.5

rLo

0.5

0.0

0.5

’J/
1
[}
|
L
88
oo
T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 Lo 0.5 0.0
1 (ppm)
BNST o @TNo o 2 o N 9
P < Swu=N @ S = o 9
QNN N < =rrg o € T = @
2 a DRRKR < a o o8 N
ANES | Y2 I I
3w
1
1
| 1
]
| | . J
" himrtraliod " I A | (¥ At A | " VST T )
b Laal bt it YA P o it ¥ MY Wy T Y s
T T T T T T T T T T T T T T T T T T T T T T T T T T T
130 125 120 115 110 105 100 95 90 85 80 75 60 55 50 45 40 35 30 25 20 15 10 5 o

70 65
1 (ppm)

40

0. 18

0. 16

0.06

£0.04

0. 02

=0.04



r4.0

F3.0

r2.5

r2.0

FL0

0.5
0.0

0.5

BUCBEBALEICER

3x

= 20¢E
F BL'Z|

r0.26
0. 24

0. 22

r0.20

r0.18

0. 16

F0. 14

r0.12
r0.10
0. 08
0. 06
r0.04
r0.02

-0.02

6861~
ve'ee
mw.NNV
81°02
ISAN
eviz”

0EPE~
LE'rE""

89°94~
ZV LT
vm.nn\.
0508~

PE'86—

ez
6E°L21~~
61821
SO'LEL~

3X

ML

Ao

.

akliaba L

whilh [-0. 00

g’

125

90 85 80

95

120

130

1 (ppm)

41



2 e @ e @ o w2 w o =w o w o & o g
I R I T
L L L 1 i 1 i 1 1 1 L L L L L L 1 1 i 1
%'

mw#% — - = €0t
L — =129
Iy

9L — —_— — =09

S8NERERT
Ny

3y

oL
ol

f1 (ppm)

3.0

2.5

2.0

rLo

0.5

0.0

[13: 7
¥9'82-"

8y 9g—

S6'2r—

67 86—

7

3y

T
60

T
70

2

110

T
125

T
130

f1 (ppm)

42



F4n

40

30

20

rl1o

ro

7/

3z

=006

1 (ppm)

0,11

R0.10

0,08

0,08

F0.07

r0.08

0.03

F0.04

0.03

F0.02

F0.01

0. 01

18’62 —
Gl

696~
IRTE
8541
veEL"

£1°66—

BOLEL—

AP LB~
nE'Rzl-—"

FolEL—

0

48

50

o)

B0

43



= 2 @ ® . © I - « P - o T

L L L 1 1 1 1 1 1 L L 1 1
£6'0
60% - - =009
1507 l;.w
EAN ~ e
mm.vV. — 20€
66l - .
A N _ Fas
8l
8kl
08’1
051
16
8L
65l
5L

[} \\

3aa

]

E6LE

Feel

1 (ppm)

6.5

6.0

5
0
5
5
3.0
5

5.
5.
4,
ra.0
3.

0.5

aLrl—
6z8l—

Lor9z—

5 GE—

LTrr—

BL9L
:.EW
(A VS
LE'1g—

L0°L6—

%€ vZL~"
L£712V~
81'821~"
SO'LEL~

0.
wit 0. 0

3aa

Fis

2

80

90

110

T
125

T
130

1 (ppm)

44



EETL
BEL
GE" 1y
(33

Aavi
o}

B4~
04"

e,
pLE—
e

GE'E
1) qW
E0F
¥0 q.\

ag'd
igd
BEL
GZL
GEd
DEL
0ed
GEL
BB
of'd
or'd
2.5

Boc-N
3ab

7 f

=067
T
By

oz

et
o
)

Fooz

ESEE
Froz

r

o
i

r0.28

r0.26

0.24

ro.22

F0.20

FO.18

F0.16

r0.14

0,12

r0.10

0,08

0.06

F0.04

F0.00

~0.02

~=0. 04

089
gl .RW
2 t_\
Fh6L

0°r6—

09eEgl—
LR

0EREl 3
LELEL—

EAEGL—

Boc-N

3ab

05 100 95 50

110

143 140 133 130 125 120

150

f1 (ppm)

45



., . - & - = & B > @ @ - & = =
a2 5 8 &8 3 S8 @ m e owm ow PR R T s 5 — ] = < = & = = o = =
1 1 1 L L 1 i 1 1 1 I 1 1 1 1 L 1 1 I 1 1 1 I 1 1 1 I 1 1
St
00— & —g5g [ <
£b'aL— ——
™
=
01ez—
L= 06| @
~ 6862~ — 3
~ e T
e - Eo6s
¥R L e
wn.}. i
bl 1
Nl b2 AN S
81 k2
Bl
il WGk — -—
8} -
L= i
=
[
£8E
vee o
aR'e [ B0k — —
88°E"
06°E o
e Fooz | o
[ a\w
6
£6E &
vE'E B
0l =
L] =
2 B3 ~
108" —
o
e
[} \\
=
= Lo
= 89°95— -—
9z k=
Vi & \\
) ()
azs s (@) Q - eM
et ) @ L2
L D ™ >
ved s = &2 8
o [ B o
5E'Y [
6L = ©
8L Le R ™
8E. w (0p]
BEL 4
)
o b7 — —
L vopzL >
L54TL _
= vaazL”
2 BENIEN _

10

e

20

I
&

30

o

80

)
=)

20

f1 (ppm)

46



T
o

e N3 // - >

O
0 Zz
> @

T
@

219 =«
3.02 =
2041

1743

0. 32

—194.20
—88.51
n
T6.79
—49.49
—34.30
—32.22
—26.95
—2553

L
\

0.22

to.18
+0. 16
0. 14
to.12
t-o. 10
1-0. 08
t-0. 06
f i f-0. 04
t-o. 02

“ Hrrir .-vhﬂ! iy #hu [-0. 00

—0.02

0. 04

=d

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

47



