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General Methods.

'H, 13C, and *'P NMR spectra were recorded on a Bruker DPX-400 spectrometer with
CDCl; as the solvent and TMS as an internal standard. Melting points were measured
using a WC-1 microscopic apparatus and were uncorrected. GC analysis was
performed on Agilent 4890D gas chromatograph. Mass spectra were measured on an
LC-MSD-Trap-XCT instrument. High-resolution mass spectra were measured on a
MALDI-FTMS. Ethyl acetate and hexane (analytical grade) were used for column
chromatography without purification. The other chemicals were bought from
commercial sources and used as-received unless otherwise noted.

Typical Procedure for the Copper-Mediated Oxidative Decarboxylative Coupling
of Arylpropiolic Acids with Dialkyl H-Phosphonates in Water: Arylpropiolic acid
(0.2 mmol), H-phosphonate (0.4 mmol), Cu(OAc),-H,O (2.0 equiv),
1,10-phenanthroline (2.5 equiv), KsPO, (2.0 equiv), and 'PrOH (3.0 equiv) were
added to a 10 mL round-bottomed flask and then H,O (2.5 mL) was added. The
reaction mixture was stirred at 60 °C for 24 h. After the reaction was complete, the
mixture was added into H,O (25 mL) and extracted with CH,Cl, three times. The
combined organic layer was dried with anhydrous Na,SO, and evaporated in vacuum.
The crude product was purified by flash chromatography on silica gel using
hexane/ethyl acetate as the eluent to give the pure product.
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'H NMR, *C NMR, and *'P NMR data of all products

Diisopropy! (phenylethynyl)phosphonate (3a):* colorless oil; *H NMR (CDCls, 400
MHz): § 7.56-7.54 (m, 2H), 7.47-7.43 (m, 1H), 7.39-7.35 (m, 2H), 4.86-4.78 (m,
2H), 1.41 (d, J = 6.2 Hz, 6H), 1.40 (d, J = 6.2 Hz, 6H); **C NMR (CDCls;, 100 MHz):
0 132.5 (d, Jc.p = 2.4 Hz), 130.5, 128.6, 119.8 (d, Jc-p = 5.6 Hz), 98.2 (d, Jc.p = 52.7
HZ), 79.8 (d, Jep =296.9 HZ), 72.4 (d, Jcp=5.6 HZ), 23.9 (d, Jcp=4.6 HZ), 23.6 (d,
Jop = 4.8 Hz); *P NMR (CDCl;, 163 MHz): ¢ -8.08; HRMS (ESI*) calcd for
C14H1903P [M+H]": 267.1145, found: 267.1147.

Dimethyl (phenylethynyl)phosphonate (3b):* colorless oil; *H NMR (CDCls, 400
MHz): § 7.50 (d, J = 7.2 Hz, 2H), 7.42-7.36 (m, 1H), 7.35-7.27 (m, 2H), 3.80 (s, 3H),
3.77 (s, 3H); *C NMR (CDCls, 100 MHz): 6 132.7 (d, Jc.p = 2.4 Hz), 130.9, 128.6,
119.3 (d, Jcp = 5.6 Hz), 100.1 (d, Jc-p = 53.0 Hz), 76.8 (d, Jc.p = 301.1 Hz), 53.5 (d,
Jep = 5.5 Hz); *P NMR (CDCl;, 163 MHz): ¢ -2.28;: HRMS (ESI*) calcd for
C1oH1103P [M+H]+: 211.0519, found: 211.0520.

Diethyl (phenylethynyl)phosphonate (3c):* colorless oil; *H NMR (CDCls, 400
MHz): § 7.54 (d, J = 7.6 Hz, 2H), 7.46-7.40 (m, 1H), 7.39-7.31 (m, 2H), 4.27-4.15
(m, 4H), 1.38 (t, J = 7.0 Hz, 6H); *C NMR (CDCls, 100 MHz): 6 132.7 (d, Jc.p = 2.4
Hz), 130.7, 128.6, 119.6 (d, Jc.p = 5.6 Hz), 99.1 (d, Jc.p = 52.7 Hz), 78.4 (d, Jc-p =
297.1 Hz), 63.3 (d, Jc.p = 5.4 Hz), 16.2 (d, Jcp = 7.0 Hz); *'P NMR (CDCls, 163
MHz): 6 -5.52; HRMS (ESI") calcd for CioHis0sP [M+H]": 239.0832, found:
239.0836.

Dipropyl (phenylethynyl)phosphonate (3d): colorless oil; *H NMR (CDCl;, 400
MHz): § 7.51 (d, J = 7.6 Hz, 2H), 7.41 (t, J = 7.2 Hz, 1H), 7.33 (t, J = 7.6 Hz, 2H),
4.12-4.03 (m, 4H), 1.79-1.65 (m, 4H), 0.96 (t, J = 7.4 Hz, 6H); **C NMR (CDCls,
100 MHz): 6 132.6 (d, Jcp = 2.4 Hz), 130.7, 128.6, 119.6 (d, Jc.p = 5.6 HZz), 99.1 (d,
Jcp = 52.4 Hz), 78.3 (d, Jc.p = 301.5 Hz), 68.7 (d, Jc.p = 5.9 HZz), 23.6 (d, Jcp = 7.0
Hz), 10.1; *'P NMR (CDCls, 163 MHz): § -5.14; HRMS (ESI") calcd for Ci4H1005P
[M+H]*: 267.1145, found: 267.1150.

Dibutyl (phenylethynyl)phosphonate (3e):* colorless oil; *H NMR (CDCls, 400
MHz): 6 7.53 (d, J = 7.2 Hz, 2H), 7.46-7.39 (m, 1H), 7.38-7.31 (m, 2H), 4.16-4.07
(m, 4H), 1.73-1.66 (m, 4H), 1.47-1.38 (m, 4H), 0.92 (t, J = 7.4 Hz, 6H); *C NMR
(CDCl3, 100 MHz): 6 132.6 (d, Jcp = 2.3 Hz), 130.7, 128.6, 119.6 (d, Jcp = 5.6 H2),
99.1 (d, Jep = 52.5 HZ), 79.8 (d, Jep = 300.1 HZ), 66.9 (d, Jep = 5.8 HZ), 32.2 (d, Jep
= 7.1 Hz), 18.7, 13.6; *'P NMR (CDCls, 163 MHz): 6 -5.14; HRMS (ESI*) calcd for
C16H2303P [M+H]+: 295.1458, found: 295.1462.

Dibenzyl (phenylethynyl)phosphonate (3f):* colorless oil; *H NMR (CDCl;, 400
MHz): 6 7.46-7.32 (m, 15H), 5.18 (s, 2H), 5.16 (s, 2H); **C NMR (CDCls;, 100 MHz):
0 135.5 (d, Jcp = 7.2 Hz), 132.7 (d, Jcp = 2.4 HZz), 130.9, 128.6, 128.1, 127.6, 127.0,
119.3 (d, Jc-p =56 HZ), 100.0 (d, Jc-p =53.9 HZ), 78.1 (d, Jc-p =304.0 HZ) , 68.6 (d,
Jep = 5.2 Hz); *P NMR (CDCl;, 163 MHz): ¢ -5.00; HRMS (ESI*) calcd for
CooH1905P [M+H]+: 363.1145, found: 363.1149.

Diisopropy! (p-tolylethynyl)phosphonate (3g): colorless oil; *H NMR (CDCls, 400
MHz): § 7.44 (d, J = 8.0 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 4.87-4.70 (m, 2H), 2.37 (s,
3H), 1.40 (d, J = 6.0 Hz, 12H); **C NMR (CDCls, 100 MHz): 6 140.0, 131.4 (d, Jc.p =
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2.3 Hz), 128.3, 115.7 (d, Jcp = 5.5 Hz), 97.7 (d, Jc.p = 52.8 Hz), 78.2 (d, Jc.p = 297.5
Hz), 71.3 (d, Jc-p = 5.6 Hz), 22.9 (d, Jcp = 4.6 Hz), 22.6 (d, Jc.p = 4.8 Hz), 20.7; 3'P
NMR (CDCls;, 163 MHz): § -7.76; HRMS (ESI") calcd for CisHpOsP [M+H]™:
281.1301, found: 281.1305.

Diisopropyl ((4-ethylphenyl)ethynyl)phosphonate (3h):* colorless oil; *H NMR
(CDCls, 400 MHz): 6 7.40 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 1H), 4.78-4.68 (m,
2H), 2.65-2.55 (m, 2H), 1.33 (d, J = 6.0 Hz, 12H), 1.16 (t, J = 8.0 Hz, 3H); *C NMR
(CDCls, 100 MHz): 6 147.4, 132.6 (d, Jc.p = 2.3 Hz), 128.2, 116.9 (d, Jc.p = 5.6 Hz),
98.8 (d, Jc-p = 53.0 Hz), 79.2 (d, Jc-p = 298.1 Hz), 72.3 (d, Jcp = 5.5 HZz), 29.0, 24.0
(d, Jc.p = 4.6 Hz), 23.7 (d, Jep = 4.9 Hz), 15.2; 3P NMR (CDCl3, 163 MHz): 6 -7.77;
HRMS (ESI™) calcd for C1H2303P [M+H]": 295.1458, found: 295.1462.

Diisopropyl ((4-methoxyphenyl)ethynyl)phosphonate (3i):° colorless oil; *H NMR
(CDCls, 400 MHz): 6 7.48 (d, J = 8.0 Hz, 2H), 6.86 (d, J = 8.0 Hz, 1H), 4.84-4.74 (m,
2H), 3.82 (s, 3H), 1.39 (d, J = 6.0 Hz, 12H); **C NMR (CDCls, 100 MHz): ¢ 161.3,
134.3 (d, Jc.p = 2.4 Hz), 114.2, 111.7 (d, Jcp = 5.8 Hz), 98.9 (d, Jc.p = 53.5 Hz), 78.5
(d, Jep = 299.4 HZ), 72.2 (d, Jep =54 HZ), 55.4,24.0 (d, Jep =45 HZ), 23.7 (d, Jecp
= 4.8 Hz); *P NMR (CDCls, 163 MHz): § -7.50; HRMS (ESI*) calcd for Ci5H,104P
[M+H]*: 297.1250, found: 297.1255.

Diisopropyl ((4-(tert-butyl)phenyl)ethynyl)phosphonate (3j): colorless oil; *H
NMR (CDCls, 400 MHz): § 7.48 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.4 Hz, 1H),
4.86-4.73 (m, 2H), 1.39 (d, J = 6.0 Hz, 12H), 1.30 (s, 9H); *C NMR (CDCls, 100
MHz): 6 154.2, 132.4 (d, Jc.p = 2.4 Hz), 125.6, 116.7 (d, Jcp = 5.5 Hz), 98.7 (d, Jc.p =
53.0 Hz), 79.2 (d, Jc.p = 297.7 Hz), 72.3 (d, Jc.p = 5.4 Hz), 35.1, 31.1, 24.0 (d, Jcp =
4.5 Hz), 23.7 (d, Jc.p = 4.9 Hz); *'P NMR (CDCls;, 163 MHz): 6 -7.78; HRMS (ESI)
caled for C1gH270sP [M+H]™: 323.1771, found: 323.1775.

Diisopropyl (naphthalen-1-ylethynyl)phosphonate (3K): colorless oil; *H NMR
(CDCls, 400 MHz): 6 8.27 (d, J = 8.4 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.87 (d, J =
8.0 Hz, 1H), 7.80 (d, J = 6.8 Hz, 1H), 7.64-7.52 (m, 2H), 7.45 (t, J = 7.7 Hz, 1H),
4.95-4.82 (m, 2H), 1.46-1.41 (m, 12H); *C NMR (CDCl;, 100 MHz): ¢ 133.4 (d,
Jcp = 1.8 Hz), 133.0, 132.6 (d, Jcp = 2.7 Hz), 131.2, 128.6, 127.7, 127.0, 125.6,
125.1, 117.4 (d, Jc-p = 5.7 Hz), 96.6 (d, Jc.p = 52.3 Hz), 84.5 (d, Jc.p = 295.5 Hz), 72.5
(d, Je.p = 5.5 Hz), 24.0 (d, Jcp = 4.5 Hz), 23.8 (d, Jop = 4.7 Hz); 3P NMR (CDCl;,
163 MHz): ¢ -8.14; HRMS (ESI") calcd for CigH,10sP [M+H]": 317.1301, found:
317.1306.

Diisopropyl (phenanthren-9-ylethynyl)phosphonate (3l): colorless oil; *H NMR
(CDCls, 400 MHz): 6 8.73-8.64 (m, 2H), 8.40-8.34 (m, 1H), 8.16 (s, 1H), 7.89 (d, J =
7.9 Hz, 1H), 7.77-7.67 (m, 3H), 7.66-7.60 (m, 1H), 4.99-4.86 (m, 2H), 1.49-1.46 (m,
12H); *C NMR (CDCl3, 100 MHz): 6 133.9 (d, Jc.p = 2.9 Hz), 130.1, 129.5, 128.9,
128.0, 127.7, 126.6, 126.5, 126.3, 125.4, 121.9, 121.7, 115.3 (d, Jc.p = 5.6 Hz), 95.7
(d, Jcp =52.3 HZ), 83.1 (d, Jcp = 295.6 HZ), 715 (d, Jep =55 HZ), 23.0 (d, Jep =
4.6 Hz), 22.8 (d, Jc.p = 4.9 Hz); *'P NMR (CDCls;, 163 MHz): ¢ -8.19; HRMS (ESI)
calcd for CigH,70sP [M+H]": 317.1301, found: 317.1306; HRMS (ESI*) calcd for
CooH»305P [M+H]+: 367.1458, found: 367.1461.

Diisopropyl ((2-chlorophenyl)ethynyl)phosphonate (3m): colorless oil; *H NMR
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(CDCls, 400 MHz): 6 7.56 (d, J = 8.0 Hz, 1H), 7.42 (d, J = 8.0 Hz, 1H), 7.39-7.33 (m,
1H), 7.29-7.23 (m, 1H), 4.88-4.77 (m, 2H), 1.41 (d, J = 6.4 Hz, 6H), 1.40 (d, J = 6.4
Hz, 6H); *C NMR (CDCls, 100 MHz): 6 137.0 (d, Jc.p = 2.5 Hz), 134.3 (d, Jc.p = 2.3
Hz), 131.5, 129.6, 126.7, 120.2 (d, Jc.p = 5.6 Hz), 94.3 (d, Jc.p = 51.8 Hz), 84.7 (d,
Jep = 291.9 HZ), 72.7 (d, Jep = 5.6 HZ), 24.0 (d, Jep =45 HZ), 23.7 (d, Jep = 4.8
Hz); P NMR (CDCls, 163 MHz): ¢ -8.92; HRMS (ESI*) calcd for Cy4H15ClIOsP
[M+H]": 301.0755, found: 301.0758.

Diisopropyl ((4-bromophenyl)ethynyl)phosphonate (3n): colorless oil; *H NMR
(CDCls, 400 MHz): 6 7.50 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.4 Hz, 2H), 4.87-4.73 (m,
2H), 1.39 (d, J = 6.0 Hz, 6H), 1.38 (d, J = 6.0 Hz, 6H); **C NMR (CDCls;, 100 MHz):
0 132.8 (d, Jcp = 2.4 Hz), 130.9, 124.2, 117.7 (d, Jcp = 5.7 Hz), 95.7 (d, Jcp = 52.4
HZ), 80.1 (d, Jep =296.0 HZ), 715 (d, Jcp=5.6 HZ), 22.9 (d, Jcp=4.5 HZ), 22.6 (d,
Jop = 4.9 Hz); *P NMR (CDCl;, 163 MHz): ¢ -8.46; HRMS (ESI*) calcd for
C14H18BroOsP [M+H]+: 345.0250, found: 345.0251.

Diisopropyl ((4-fluorophenyl)ethynyl)phosphonate (30): colorless oil; *H NMR
(CDCls, 400 MHz): 6 7.55-7.50 (m, 2H), 7.06-7.02 (m, 2H), 4.85-4.73 (m, 2H), 1.38
(d, = 6.4 Hz, 6H), 1.37 (d, J = 6.0 Hz, 6H); *C NMR (CDCl3, 100 MHz): § 163.8 (d,
Jer = 251.8 HZ), 134.8 (dd, Jek = 8.8 Hz, Jep = 2.4 HZ), 116.1 (d, Jer = 22.3 HZ),
115.9 (d, Jcp = 3.7 Hz), 97.0 (d, Jc-p = 52.8 Hz), 79.8 (d, Jcp = 297.2 Hz), 72.4 (d,
Je-p = 5.5 Hz), 23.9 (d, Jep = 4.6 Hz), 23.7 (d, Jep = 4.9 Hz); *'P NMR (CDCls, 163
MHz): ¢ -8.25; HRMS (ESI") calcd for Cy4HigFOsP [M+H]": 285.1050, found:
285.1075.

Diisopropy! ((3-chloro-4-fluorophenyl)ethynyl)phosphonate (3p): colorless oil; *H
NMR (CDCls, 400 MHz): § 7.58 (d, J = 6.8 Hz, 1H), 7.45-7.40 (m, 1H), 7.16-7.12
(m, 1H), 4.85-4.73 (m, 2H), 1.39 (d, J = 6.4 Hz, 12H); *C NMR (CDCls, 100 MHz):
0159.4 (d, JC-F =254.1 HZ), 134.7 (q, Jc.p =24 HZ), 132.7 (dd, Jc.|: =78 Hz, Jc.p =
2.4 Hz), 121.8 (d, Jo.r = 1.9 Hz), 117.2 (d, Jcr = 22.0 Hz), 117.1 (d, Jcp = 5.6 Hz),
95.2 (d, Jc.p =52.4 Hz), 80.9 (d, Jcp = 295.1 Hz), 72.6 (d, Jc.p = 5.6 Hz), 23.9 (d, Jc-p
= 4.5 Hz), 23.7 (d, Jcp = 4.8 Hz); *P NMR (CDCls, 163 MHz): 6 -8.84; HRMS (ESI*)
calcd for C14H:7CIFOsP [M+H]": 319.0661, found: 319.0664.

Diisopropyl ((4-acetylphenyl)ethynyl)phosphonate (3q): colorless oil; *H NMR
(CDCls, 400 MHz): 6 7.93 (d, J = 8.4 Hz, 2H), 7.61 (d, J = 8.0 Hz, 1H), 4.85-4.74 (m,
2H), 2.59 (s, 3H), 1.39 (d, J = 6.4 Hz, 6H), 1.38 (d, J = 6.0 Hz, 6H); **C NMR (CDCls,
100 MHz): 6 197.0, 138.0, 132.7 (d, Jc.p = 2.3 Hz), 128.3, 124.4 (d, Jc.p = 5.5 Hz),
96.5 (d, Jc.p = 51.8 Hz), 82.7 (d, Jcp = 294.2 Hz), 72.7 (d, Jc-p = 5.6 Hz), 26.7, 23.9
(d, Jep = 4.6 Hz), 23.7 (d, Jcp = 4.8 Hz); *'P NMR (CDCls, 163 MHz): § -8.85;
HRMS (ESI™) calcd for C1H2104P [M+H]": 309.1250, found: 309.1255.

Diisopropyl ((4-(trifluoromethyl)phenyl)ethynyl)phosphonate (3r): colorless oil;
'H NMR (CDCls, 400 MHz): § 7.68-7.60 (m, 4H), 4.87-4.74 (m, 2H), 1.40 (d, J =
6.0 Hz, 6H), 1.39 (d, J = 6.4 Hz, 6H); *C NMR (CDCls, 100 MHz): ¢ 132.8 (d, Jcp =
2.4 Hz), 132.1 (q, Jc-r = 32.8 Hz), 125.6 (q, Jc-r = 3.8 Hz), 123.6 (d, Jc.p = 5.5 H2z),
123.5 (q, JcF = 270.9 Hz), 95.9 (d, Jc-p = 51.9 HZ), 82.2 (d, Jcp = 294.1 Hz), 72.7 (d,
Je-p = 5.6 Hz), 23.9 (d, Jep = 4.6 Hz), 23.7 (d, Jep = 4.9 Hz); *'P NMR (CDCls, 163
MHz): 6 -8.98; HRMS (ESI") calcd for CisHigF30sP [M+H]™: 335.1018, found:
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335.1021.

Diisopropyl ((3-nitrophenyl)ethynyl)phosphonate (3s): colorless oil; *H NMR

(CDCls, 400 MHz): & 8.37 (s, 1H), 8.29 (d, J = 8.8 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H),

7.59 (t, J = 8.0 Hz, 1H), 4.87-4.77 (m, 2H), 1.41 (d, J = 6.0 Hz, 6H), 1.40 (d, J = 6.0

Hz, 6H); **C NMR (CDCls;, 100 MHz): § 148.1, 138.0 (d, Jc.p = 2.2 Hz), 129.9, 127.3

(d, Jep = 2.5 Hz), 125.2, 121.7 (d, Jc.p = 5.7 Hz), 94.4 (d, Jc.p = 51.6 Hz), 82.6 (d,

Jep = 292.6 HZ), 72.9 (d, Jep = 5.6 HZ), 24.0 (d, Jep =45 HZ), 23.7 (d, Jep = 4.8

Hz); 3P NMR (CDCls, 163 MHz): J -9.42; HRMS (ESI*) calcd for Ci4H1gNOsP

[M+H]": 312.0995, found: 312.1001.

Diisopropyl (thiophen-3-ylethynyl)phosphonate (3t): colorless oil; ‘H NMR

(CDCls, 400 MHz): 6 7.72-7.70 (m, 1H), 7.35-7.31 (m, 1H), 7.22-7.20 (m, 1H),

4.88-4.73 (m, 2H), 1.42 (s, 6H), 1.40 (s, 6H); *C NMR (CDCls, 100 MHz): 6 133.0

(d, Jc.p =28 HZ), 129.9 (d, Jc-p =16 HZ), 1261, 119.1 (d, Jc.p =6.0 HZ), 93.5 (d,

Jep = 53.7 HZ), 79.8 (d, Jep = 297.7 HZ), 72.3 (d, Jep = 5.6 HZ), 23.9 (d, Jep=44

Hz), 23.7 (d, Jcp = 4.8 Hz); *'P NMR (CDCls;, 163 MHz): 6 -8.43; HRMS (ESI")

calcd for C1,H1704PS [M+H]+Z 255.1146, found: 312.1149.

Diphenyl(phenylethynyl)phosphine oxide (3v):> white solid, mp 101-102 °C; *H

NMR (CDCls, 400 MHz): 6 7.95-7.84 (m, 4H), 7.60-7.55 (m, 2H), 7.55-7.40 (m,

7H), 7.38-7.31 (m, 2H); *C NMR (CDCls, 100 MHz): 6 133.6, 132.6 (d, Jcp = 1.8

Hz), 132.4, 132.3 (d, Jc.p = 1.9 Hz), 131.0 (d, Jcp = 11.1 Hz), 130.8, 128.7 (d, Jc.p =

13.5 Hz), 119.9 (d, Jc.p = 4.0 Hz), 105.5 (d, Jc.p = 29.9 Hz), 82.9 (d, Jc.p = 168.7 Hz);

1P NMR (CDCls, 163 MHz): 6 8.87; HRMS (ESI*) calcd for Ci4H:sNOsP [M+H]":

303.0933, found: 303.0938.

Reference:
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Copies of *H NMR, *C NMR, and *'P NMR spectra of products

& £
F A LA
uwy
° ==
o
[
geel 109°¢c2 -
P05 T - w =TFET 2T 679°€Z i,
717" 1T 3 ko ZLE EZ 1
g Ly ]
ozt 816°E2 p )
o
0, Fm
= al
[l i L
o 66€ T~ pl/| e r
Of\O PO T— A o o Cno-e =
- i : n S le) 109767 — =
O=a PIE T— - P \/ 6v9°EZ—
__ © 0z T O=a"
©
—_ = 1] - (=]
g - __ > ZLBTET— E3
a " 876° 52— =
[T =
9LL p— - L2 o -
£8L T — - b Fio
T6L F— -
L6Lb— - L& o
9LL B iy . Fo
) LO08 P — - = - . o
€8L% 18t r— - . 6EE L By = -
T6L"F 000°2 CEE T
LEL'F 728 b — - B S6E° 2L ,
v O i Lo
L0g" %y EGEE: id SEETgL— \\L = -
£18°% 8€8 97—~ - e PO TR — sEETEL— - — |
zzZ8'h Pr8 r— - 0 R o 000 ¢ y0E° 18 - U
6280 58y M8 . aHE gl
gce" s Mam..qﬂ » - “ J
& v S = o
vrETE =
3587 L g
co& uy =N
6587 % ) TT6° L6~ 1
5 9EB 86— = =
o 25 LELTETT— - g
788 L— - b -« €T8°6TT— -
0LE L— - z90°¢ o
68E L~  _ - I\| Lo o
ZCETL 8zZk L [ w & 7}
OLE"L qu.n/ i I/’ 0Lh ZET— B
68E°L A N e G0 1 & LSLTBTT e e
8zv°L PP L— “= [ o T FEF EET— -] Lo
TE8°L mmq.n“ = \| e £18°6T1T =
755 L qu.n\ " e —-290°¢
9% L EE A o i e €66°92T~_ _ o
Z5%°L - \\ ~ =J%0°¢ LG 0ET~" - 5
zov"L BES L~ _ N Doy ctlor -
5997 L RS L—" i Tv0 ¢ & ¥6FZET
gEEL 655 L— i IT 2

S-7



g =
Q Q
i P 3h
o "
B [ s
,
o
[
o w
| 2 L8
| g ~
o
L%
oLL E— 196 ¢ 9
180" 8-— - /
Lo b
< \ o~
To8E— -% ST
-
/ o
[ o
=)
[ta} i
-
QLL B~ _ . —/1967°¢
T08° £~ o NEE6'T
: s )
B O=n" ™
[
£
© o
[
[l
4
Bk Lo
[P ”
o=t/ -
o \rO_.
] -
m &
w
[
062" L B
| 80£°L L
o or.y Y TR
c6c L7 o =seo T
Naw.h\ = D020 %
€677 L
=) T18°L el
Le L
o™ o

S-8



1y

“EG
.mmv

@ m
— W

0PE"SL—

08E* 8L —

COL 66
26T 00T
FETTBTT
06C 6Tl
FEO BET~
BI6 0ET~_
TIL EZET
mmw.wmﬁw

m: E
2 o=
E
£g— -~ - 3
: 3
£6— - " 3
&
5
PET ETT— -
0627 61T — -
OO
i
g
fo
TTL7ZET— - W
[ 3
SEL ZET—
-3
T

ppm

20

=}
ol

60

T T
100 90

T
110

gL e

bpm

-100

=)

50

100

150

200

250

S-9



S9E°T
Nmm.ﬁmww -
00%°T

CORT— =
CRE" T—
007" T— -

89T P —
L8l P —
L0z v —
57T 6— -
£EvZ r—

0E€" L—0
8E" b—
LR
TIF L~
0es ' L—
ghbp L —

676 L—~—-
BEgTL—"

0.0 ppm

0.5

1.0

—
=.000"8

680" ¥

— 6E0°Z
—=580"1
NFFOTZ

£IT*9T
EBT9T

8c2°¢9
ZrerEa—T

TLL 9L —
ZYB EL—

B 86~
TEE 6=

LZG 611
£€8G6°6TT

068" 82T~
ZELTOET~
BEYTZET
£99°2ET

SE e
E8T B —
BR B — =
CLE E9—~
i}
o

=
D
LZS 6IT— =
£ BIT— =
BEISEE L=
£99° ZET—

OE
Py
©3.4 ppm
s SV N R S ——

ppm

o

20 10 Ppm

30

110 100 90 &0 70 60 50 40

120

S-10



FE
=
o
o g B
\
£p60— - 2 J Le
3
196°0— 000" 8 .
o
Le 086°0— - / o
i o
£P6D
GEW _ — — [ = =Towoe
086°0 =
i sg0 g
= n 1
: ME.HW & -
0zL"T 589" T— § _ _ =
iy 1. —————— —o0ew
96L°T QL - =2
i 00€° 7 5
zz5 e-— - BhLOE SEL T T—
[ 9sL T— "
SLLTT— =2
5} o
g L=
Lo B g
7
a
L0 F— - = 0,
¥90°F— - ¥ 2
So.v./ €807 F— - R o
: & (&
Lig PN gore— =¢ [H = v —E80Y
= £80 qN
: -
& 00T F
o -
] -
O=n"
g
L=
Lig o [
o
@
0TE" L S S o
678 L— — S50 2 L
s 8pETL— i
- T6E L~ SN -
o 60k L— < BI0°T -
LeptL— i 2
@ ®
Q08" L—~—— — [l I#N [ o
= ye5TL— =
o OTE L o
= mmm.p% [
8FE°L ——
T6E" L~k EE— 0 I\Mwm.m
mow.p\ _ L3 =6T0 1
ot = NFEOE
Le 50674
@ PZS L L

S-11



QLS EZ
oww.mmv

$59°89
.rw.h.mwv

I8 9L —
LE8 6L—

PEG 86 ~_
8GET 66—

PSS°BIT
0T9'6TT

QLG 8ET~_

BEY0ET~
685°2Z€ET
maw.wmmw

o

rPm

§89°89 —
PrL" 89—

685 CE T
£r9 el — -

132.6 ppm

ppm

20

20

50

SEL g~ =

Ppm

=100

100

—_—

T
200

S-12



006°0
8T6°0
0

T8e° T

006 0—
816 ' 0—
LEETD—

66£°T
LTF'T
SEF T
FGF T
TLFT
TG9" T
gLS"
S69°
£TL

6TL T

N

FiRaN
FET' B
.\ﬁm”ﬁh.w“

FZETL
EFETL
T8e°L
FOF L~

ZThL
beF L
9TE" L
FES L

45
£pE”
T%E"
POF"
44
6ER”
918"
FEG”

PP

b B R

— 2l 2

S9T ¥

0S0°F

— =V 7

- N

£00° %

90T
€E0° T
—J000"2

LLUSHET —

6IL 8T —

881°¢
Lez e

S06°99
£96°99

208'9L—
g08'6L—

81886 ~_
£HE 66—

98967611
TZ9°6TT

LO5 88T~
G697 0ET ~0t

008°ZeT
MWm.NMHw

99T 2 —

LEZ N TG— -

009°
£C9°

om

506799 —
£96°99—

pr

"

G958 6TT— -
TEYeIl— =

0 ppm

120 110 100

130

140

S-13



IpT°6——

=)

=100

=50

5}

100

It5)

200

250

200

ppm

= 000°%

652°8T

E
o
[ o
Z91°§— \
000" ¥
P8I §— - f
o
™
w
re
on
&
ZZz'l
GEE"L ™
ﬂm.h/ Eo
wmm;./
Ehe s
288" L— i [
wmmg\ Fe
mmm.h\ /
mﬁq.h\
mm.q.ﬁ\ n
LSE L ~
Z9T S~ _
FET ST = —
0..c
55
9 3
\
O=n"
Il =
zze L
BEETL
BYEL
BEEL
ELETL \|\\L
98E° L N = -
PEEL
66EL
8TIF L
BER L

S-14



ppm

-150

=100

_ g FE
2 o,
SLGTLZT— = =
180°82T— r Foes
0597 82T —
- Lo
= g a
=
5roeT— ]
BLEOET —J =
o
709°89-
o
=™
] ~  953°89— ﬂMV -
0EL"ZET B - o
7SL Nm\\v ] J
oo o
— B s
o
i
€06 GET~ _ P o
SLG SET— 3 e B
TLETBTT— -
o
= £00°§-— =
709789
35389 = Lo
995 9L —
909 6L— T & —— -2
Y 5
Ly o
[E =
o Q GEL RRT—= o,
] F& T
O=or PoLTZET— - L
- o
o] \
PELT BB~ _ = O=n-
£LZ7 00T~ - A
g
&
1 o
Lo
o
1€°611 £057GET— -
rm.mHVr - o
567977 P T M Eo
SLE"GET
Ls R‘./
8082t _
P9 82T - = |m fa
L8 0ET— o — !
€L Nm.‘%« J
SLTZET -
£05°GET LS
SIS ELT 7 =

S-15

OCH,Ph

100

3f

200




ppm

ppm

]

S-16

70

£
o,
[+
— L=
g
5
o
168" T— o
- 000" 21
90p T— - 30L"0Z-
/ - SN
3 £99°22
T6E T~ _ g 968722
505 T = = —.0ooet Zv6°22 SI19°28— -
£99° gz — -
-
[ - g &
[elNe] ~ [o =) 968" ZT— -
Onw.\ O\,\ Zv6 e — —
vLETE— - J —Bi0 % s
=]
©
e
0ZZ TL—-
9Lg TL— -
e 0zz"TL
1907w . & SizTL
SiL 190 b~ - o
T6L°F LB 069°9L—
LBL'F Mmmw/ - 5997 6L—
L08" ¥ T L w = £20°¢
s e L0 F— : mmo.mfdu.ﬂn,. —
£18°7 T8 p—— — o = w
zz8' b Sy o
628" gE8. - - ©
vPEE b8 v %
¥E8F - 16€°L6
1 e
6T6"LE~"
o 0L9°GTT—
i SELSTT
FE
85T°L b~
=5 -
LT L— . i 0L27STT~
SEZL ST
85T L N ————
hMH ﬁv\u |m B 986 L
cTH L _ w e
drpei E e88 962" 82T~ LEP TET— —
SZh L~ ST LEPTET~,
S5 L— EBET T, a9k TE1 09b TET— —
£ |
ETT 0FT—

Ppm
120 120 110 1400 20 80

140




85—

o'Pr

—40 —60 -80 -100 -120

—20

40 20

€0

o

120 100

140

v1°T
09T°T
08T T—"
ZTE'T
LEETT

695°C
mmm.ww
hmm.u\

929°¢

o w
o

~ ~
s S osnoap

o
w
—~
@ oo

T L—"
LBE L~
Loy L

TET T~
09T T—
08T 1"

[44 34 S
LEC T—

STTE s ==
SET L=

LBE "L~ _
LOF " L—"

4.8

ppm

= 8z0°E

— LETTTT

T

060°¢

— oon"¢
T

—686°T

S-17



£E2°ET—
S¥9T€Z
F69°€EC
97672
ZL6°€T
00062

06Z°ZL
SPE"ZL
ZL9 " LL—
£59°08—

SOS° 86~
SE0"66 "

Z06°9TT
mmm.m.:v
691°82T— —

£687ZET
519 261

98E " LFT—

B-O'Pr
O'Pr

3h

"
ind

L&
SPOTET— “Mwmmg &
$69°£Z—

926" ET— =
ZL6 ET— iv .

. -
a2
o
06z EL—
SPE ZL— i
Mo
o
£
2
Qe
Z06°9TT— - F
856'9TT— - =

ppm

SLLL——

-100

n

50

00

n

20

250

300

S-18



8T8 £~
SvL¥
Z9L 7
OLL"
LLL™®
6LLF
£8L"Y
ZEL™D
S6L"F
86L°F
L0B®
P18 F
0E8°F

6879~
€L8°9-"

89F "L ~_
88 L

£
g -
0,
BLE T — R
V6E T— o
-
R
s g
oo
(@]
,\O
O=n
=
O —
£
o,
-t
TR
Zv0° 2
|\‘
&
joh
£58°9 =
1 T —can->
EL8 9 — BT
2 ]
2 -
- o
= = —
-
B9F L~ T ——
i 0002
w0
-

ppm

=16£°'2T

== £I1l°¢

Zv0°2

069°¢€Z
8692°€2¢
0Z6" €T
§96°¢€2

gk 66—

S8T 2L
6ET7TL
6FPT LL—
EPT 08—

219786 ~_

LYT 66"

BZ9"TTT
989°TTT
[IAd data

9627 5E1
aze peT

4
=
o,
0,
059 €E— -
86977 — - 4
@
o ]
“
026 €Z— —
§96°€T—— — =
&7 3
. -
oo 3
[e}ye} g 2
V4 i
O=a S81°2L—
& 6EE TL— HHMW
P i 3
829 TIT— 1
289 TTT— 3
(=]
o
o,
96T HET—
DEE PET—

TEESTOT=—

Ppm

10

20

50 40

60

150 140 130 120 1 100 20 80

160

S-19



e0s”

¥ (I

T
p-OPr
\O’Pr

3i

Ppm

-100

50

T
100

T
150

T
200

CeL”
oLL”
LLL™E
98L"
Z6L”
108"
808"
L18°
£gg”
BEB”

B

@ oo

o

e
N

X
=

£8E° T—
g86E " T—

PRIt

Ppm

- ST10°6

e Zz1°21

ppm

4.5

5.0

000z

S-20



0F9-€2g
689°E£2
8Z6°EC
ELE6TET

990°TE—
090" sg—

P62 ZL
8¥e 2L

989 LL—
£99°08—

09786 ~_
066786

ZIL STT
hwr.maav

80Z FeT—

£
o
2 =
0F9 €T~ .
689 €T
BE6 €T~ . B
£L6ET—" -
&
=]
£
2
¥62°2L—
BRE ZL— -
g
o
: = —4
ZIL 9TT— -
W L9L79TT— —
> - —3

SLE'CET—
GEECET—

=

30 20 10 ppm

40

IS

70 60

80

130 120 110 100

140

N

160

ERLS e ——

ppm

—-100

T
100

T
250

S-21



SZ¥ T
SEF'T
T#e T
087" T

a

@

@

el

o

o

o

@

s

€0 T [~ F~ [~ [~ [ 0= [~ [~ 0= [~ 0= 0~ [ [~ [~ 0= [~

n

o

S| g i e

52" T~

157 T
0s% 1~

ppm

~O'Pr

Fl

O'Pr

852 88—
6L 8—

ppm

2.0

2

o

4.5

5.0

6

6.5

000" g

TPL €T
mwr.ﬂNV
666°€2
PrO°FE

1 =

oo
~ =

£90°€8—
810" 98—

TOET96 ~
88 96—

{440
10"
6L0"
629"
L56°
9L9"
TLS”
oz’
-
0gg-
696"
Zre”
neg”

LTT
raa/
GZT
SZT
wwa/
LZT
wNHV
TET—
ZET
ZET
ZET
£ET
€el

£
0,
ThL £2-— B
6L ET—
. <
566 €2 — o
PO PT—— ~§
g
Oy
ZBY " TL— o
[ = C
ooa
U\O LEG ZL—
|
C=a
4
([ g
Q.
OQ PRELIT— —
09 LIT— -
L &
EGETTET~ 5
085 ZET-—"
; o
696°ZET—  — .2
-
ZTHE EET ~ .
09 EET—" -

|

0 ppm

30 20 10

40

=}

90 80 70

100

S-22



TRE gr—

bpm

00

=D

50

100

200

250

300

¥
F
v
‘P
616" F
4
‘P
‘P
v
‘F

LSP T—
TLE T—
98F " T—

Ppm

000°2T

9T
§e9°
£69°
Fga”

0L

TLLAS
STLY

TEL

0sL”

SL8°
§68°

851"

Lsg”
19¢g”

08¢

§G9°

A

9La

Pao”
£0L”
LOoL”

i

8

T

9p0°T

0 0 ppm

1.5

2.5

©

)

6.5 ©&.0

7.0

-
=]
@
wy

@

]

= oo00"2t

SF6°T

== LEL T

—.Z0E"¢
—9F0"T
— 8G6°0

Zk6 0
—L¥b

TS

—_ti &

S-23



0 ooy
SRR

2856 ~_
00" 96"

G8Z°STT
TIE'STT
9TLTET
LEETTZT
A A AR T4t
862°9¢1
9187921
F9S 92T~
TeL LT —=
mna.mw.—.\.
6E6"8EC1
T6E" 62T
99% 62T
I80°0€T
9L8'EET

EELTTE—
e8Lge— -

Li6 ge— -
EZ0"EZ—

PRF-GET— -

8627971 —
9TE 82T~
P95 92T

CELTLEL—
9107 82T —

BE6"BZT —

TEE 6T~
99F"6ZT—"

180" 0ET—

GEZ GITl— -

SRE RIS

9i8°
G067

ppm

10

20

80 70 60 50

130

140

~O'Pr
O'Pr

O=a

200 150 100 50 =08 -100 ppm

250

S-24



6L 1
66e" T
80F"T
STFP™T

SBL™¥
TeL"¥%
008°%
LO8™ ¥
918" ¥
8y
TES ¥
BE8 ¥
L¥g8 ¥
€S8° ¥
€98°%
6987 ¥

Tk L
092 L
€9c"L
BLZ L
PREL
9L L
FoE"L
0se"L
£8E"L
TLRaL
TR L
FSSTL
PLGL

Ppm

SN

[

P26 T

ES L=
rlr~fo)m
o | on | [
[=1f=1 P

££9°€T
I89°€C
SEZ6°EL
0L6"EC

FS9 2L
0TLzL

Fezreg—
BT 8—

TLO B~
685" ¥6 "

8r1 02T
5077071 =
PIL 02T~
885" 62T~
6TE TET~
CEETRET
CCEFET
LS6°9ET
ZEETOET

Cl

10 Ppm

20

sl

30

40

50

60

Ppm

S-25

gEg R g——=
89— —
£C6'E€T— —
0LE EE— —
E
™
PEY Bl
0IL ZL— -
CEEPET —— —
GEE"FET— —
E
0y
8FT 0ZT—
P02 08T —
LS6"9ET — -
a6 " 9ET— =

90

110

120

130




oG

Cl

~C'Pr
\O'Pr

P.

3m

ppm

=0

=]

T
100

T
150

T
200

T
250

6LE"T
£€8€°1
FeE"T
86ETT

BEL" ¥
PELTE
09L°%
69L°F
SLL™F
SBL'F
T6L"F
008" %
908 %
918" ¥
ZZ8°F
[43:08 4
LES"E
€687 ¥

08E"L
TOF L
TeF L
TS "L

Z

=]
o,
o
BLE T~ \
E8E"T— ZGE- 21T
FEE T — o=
gee T 2 f
_J
W g
oo
o
,\O
=
(=
)
@
&
69L°F ol
mﬁéy \
8L — © 3
Hmh.«\ & 000°2
o$.«\
908" %
ZT8 Y
ez
E
o,
o
gEETL— = /|
0 L— - s fails
=
“
=
¥
16k L— - w/’
. 170°¢
I8 L— - S
5 -
N

ppm

000 e

—= BZOE

o —IF0"C

S-26



g09°ec
L59'2¢
FLB ZET
6T6°CC

BFF TL
S0S°TL

F8S " BL—
FFe 18—

997" G6~_
686756

Fg9”

LTIT
.hﬂﬂv

FCT—

TrL

AN

FEL
808

DET~_ _

TCET
.NMHV

O'Pr

i
“olpr

.
m

g
[oN
2
809" ¢¢~—-
189 gg— "
FLE8 EE— -
616" 22— °
I3
o
o
!
6h " TL— —
N -
06 TL— - o
g
3
- =
e
“ z
& 3
P89 LIT— - P
TPLTLTIT— -
[=4
o~
i ]
2 w
BELTZET— — -—
808" 21— - ;

110

0 ppm

20 10

20

40

100 a0 g0 70 60

120

130

A e

P.

~-O'Pr

e
m

O'Pr

3n

ppm

-100

T
100

150

S-27



Lag"
TLE”

£9E

gge”
LEE~

T~

T—

e

ppm

.40

ppm

€8¢t
LBE'T

Lel”
TRL"
LBL”
9&L"
EILT
CLL”
gLL"
LEL"
F6L”
£08
608"
618"
rzg’
[o:3: 0

TOT W W T W T T W T W T W T

120"
£p0°
oo
€06
806"
918"
§¢6°
BEG®

Lol ol o

™~

o = 0 ) W0

~

Wi

ooV
e e

0s°L
8051\
918" L—=
mwm.ﬁ\
BES L

AT A

LT0 2

= 0002

—000°2

629
889
06
156

LT¥
LY

x4
b 4
“E€T
SEC

TEL
TeL

66Z"8L—
TLE TE=—

efL

Eretle=""

16"
8F6
9686
6T1Z

LoL-
TeL”
S6L
618"

GZE”
£F0°

SIT
‘61T
“e1T
ST

PET
FET

“FET

FET

Z29T—
SoT—

6Ed" Ee—
889°€Z—

Q06" EC—
TSE ET—

=1
o2
&

|
p-OfPr

o
O'Pr

3o

LR Gl——"—

ELFTEl— =

40

Ppm

60

70

TT6°GTT—
86 GTT—
966 "GIT—

i0o 20 a0

110

LoLs
TEL”

S6L°
618"

120

130

1le0 150 140

170

S-28



£GZ 8-—

PRI

=1an

100

T
200

T
300

GLE T~ _
N

6FL ¥
mww.v%
08L"F
T08 ¥
918°F
£eg’y

LTT L
mmﬂ.p/
09T L%
0TF L
zeh L
A

mmm.rx
065°L

A E" T
S6E"T—

ppm

@]
p-OPr
O'Pr

Cl

EFL F—~_
SOL T —~—
08L v — -
TOB " F— =
TR " F—"
ZE8 T

TP L— =

ELS L~ =
065" L—"

63077

000" T

ppm

S
=66k 21

BETE

=901
= 63077

=000"1

S-29



£00
TOL®
016"
GG6 "

Fes”

059

Aid
£6¢

106"
Seh”

BLO"
R
ELT?
662°
069"
SL8”
TLS "
S69°
0GL”
BLL
STL
G6EL

STT*
959°

s
.mﬁv
TeL—

e

LTIT
LTT
LIT
LLT
21
TIZT
el
TEL
ZET

EEL
TFET
TFET

88T —
03T —

PP

Cl

o
© i
e

pm

TL9 el — \IL
Q69" aET—
0SL ZET—
BLLYEET =

STL T
BEL FPET— -

= o

i2i 2l

10

20

o
™M

100 30 80 70 60 50 40

110

120

2}
—

150 140

160

EPE 8-—

p-OPr
O'Pr

3p

Cl

=100 ppm

-50

T
200

S-30



m
2
[°N
9LET— - |
BRETT—" LBE 2T
T6E T— -
o
66E T— - -+
4
9LE°T
£8€°T J
16€°T
665" T
ZEG T— = =
R £
BSLV &
FLLTF
owr.w/
mwp.qV \
S L% &mE
me.wm el
s TI8Trs
8sLw amm.v\
FLL™E - umw.w\
08L"F B erwe
= IF8T %
68L" mmxyu
SEL' - >
S8 5 o= -
1180
0Z8" ¥ o
978" %
4 2:28
o g
o,
Z09 L~ - Sopp
g9t L— = _ELoe
- |
209 L=, # _
zzaL—" © -
916" L~y o _
LEE L
>
STEL=s = = 750" ¢

LEG " L—

ppm

=Li8e ¢l

=000"E _

6L6°T

=_810'¢2

I o =Tv0°¢

8b9°€e
969°¢ce
8067 EEZ
FS6°ET

Nmr.@m.\

LeseL
69zl

192 T8 —
£0Z ve—
ZGT 96~
OLL 96"
9pE"rzT

0P FZT

LOE BT —
7697 Z€1T

mHF.NmHHVw
6967 LET—"
£EDTLET—

8¥9"ET—~
969°€Z— -
g06'ee— —
A R T

Ppm

O
p-OPr

O'Pr

3q

9PEYEET— =
T0P FPET— —

2697 el —
STLEET—

0 1¢0 90 80

Al G

190 180 170 160 150 140 130 120

200

S-31



Fe8 ' 8-—

<O'F’r
o'Pr

P.

3q

ppm

=100

100

T
200

T
300

BOL™F
EBL"F
6BL" ¥
66L"F
F08°F
LA 4
0zZ8°%
0E8"F
SE8'F
IS8 %

F09°L
mmm.h/
rmm.hw
889" L

J\l

0%
828
Leg”
888"

-

= 0oo'e

Ppm

g e— -
"L =

. 6LO" B

i

ppm

0g0”

<

S-32



9€9°€2
§89°€C
T06°€EC
L¥Ee €T

goLzL
geL zl

0sL 08—
169°€8—

S6E7EH ~_
FTT 96"

9FF"eTl
S6T 22T
6097 E2T
Foo eel
Po8 ¥ZT
687 SZT
9¢S792T1
RN TAS
009°621
CLS"LZT
GF9°TET
ZLe°TET
aoerget

S

=3
o,
0,
E
o, 3 o
9£9° £ — B
589 €z —
P o
a
T06° €T —
LBE EE— &
o
o F oo
3]
-
Lo
™
i
oo
o5 e
v £0LTL -
O=a 65L°ZL— - F=
a L3
609°£2T— Fo
Y997 7T — b
Q
2%
w
Lo
2
]
5
P o
i - o
£ [ TR
2 [
2
686" 52T — )
SF9TIET— - 976621 — e
$95°52T—
o 009°§2T— o
TLE TET— — - Fe
i a i
D
00E"ZET— -
"
| 4818 ZET—
: mZpgtgET—
878 ZET— - o
-3 o
i
- =1
o
HJ i

LLE"

g——0

~O'Pr
“olPr

P

F4C

3

pom

=100

T
-50

T
100

150

T
250

S-33



40 ppm
|

LEE T — -
S0V T— - SPE 2T
I T —
0ZF T— {
L6E°T
50p°T _
FA 8
0zp"T
o=
a o
g0
O=0 m
w ZBL D
Il s Ll p o\
£18 |
818 -
678 S00°¢
g
= 678
o] 598"
ZeLp L*
LEL"F -
£18° %
ERE-N ) -
628" %
PEB T
6FE° Y
598"
896" L~ _ =
885" L— TZ0°T
809° L~ —
BEB L~ g
GegL— __D00°T
89S L
88871 ~
809" L—"
BEB"L—= -
gee-Lr
LLZ B~ _ .
Wit LLT " B~ e B
reF G e
gLetg—- 1E6°0

ppm

)

[t}

= GRERCL

coo°2

= RE0TT
= 000°T

— 896°0
~[€6"0

689"
geL”
626"
FLe®

8TL"
SEL”
561"
FLe”
662"
588
020
zs0

T80°

AL
TeL

' T8—

"FB—

121
jt4
STT~L

Letl
,,..N.HUV.

.mmﬁ.\
"8ET
g1

8FT—

kit

G89°€2—

SRl TG

626 €T —
PLe EC—

POM
ppm

9 i
-OP
prOPr

O.N

O'Pr

8IL TET—
SLLTTRT—

RLZTLET—
66Z7LET—

3s

0EQ"BET— -
2507 8T — -

ppm

10

S-34



Feb 6——

O,N

~OP
REOIT

O'Pr

ppm

=100

50

150

=0

2

T
300

S0P T
[eh4 A

B

Bpm

/6¥0"8

P-O'Pr
“oler

3t

S0P T—

ggp ' 1—

ppm

NILE'S

— 8L6"0
—.686°0

|

=000"1

S-35



RS
§89°
LOG "
186 °

91e”
Le”

€9z”
ore”

961"
G

¥LO”
FET

£80°
cLs”
L88
PTO0°
Zr0

LE9 ET—
§89°'€e— -

Ppm

235

L06'EZ—

156°€e— (=]

E
jar
ATE Gl
TLeteL—

=1
o
X
E
BLO BB
FEEETT—

24.

o>

QET

6ET
hrr o
EET—
TEETL

ZLB BTT—
LB BT ™

FI0 EET =
ZF0EET— =

PPM o

130 120 110 100 90

140

YEY'8——

ppm

-200

-150

-100

-50

50

100

S-36



P—Ph
Ph

3v

Ph

P~ [~ [~ [ [~ [~ [~ [~ [~ [~ [~ [~ [~

[

EEETL
SLe
60F L
LEF L
ESFTL
88¥F L
To%°L
oLy L
gLF L
6BF L
L6F L

\\ //

n
1

w

'
w0
~

SN

2ESTL
mmu.h
oLe L
mwm.w
TL8 L
888°L
906"
€26°L

S

0.0 ppm

=5

g

.0

0

g.0

"

2
P—Ph

3v

Ph

TE0° 28—
SLLER—

0F6 0ET

69E"S0T—

899°C0T—

806" 6TT—
g6 6TT—

Fr9t82T—
6LL"BET— -

0Fe 0CT—
TGO TET—

662 TET——
LCEVCET—

CER"ZET—

LS ZET~_

-
S

S99 2ET—

Hmo.JMHW.
B6Z7CET
Leeget
ZEFEZET
LFSEZET
g9g gLl
LFS"EET

ppm
0 ppm

=)
40 30 20 10

50

60

ppm
70
S-37

80

131
90

ppm
100

132.4
20 116

132.6

3

140




Ph

3v

P—Ph
Ph

.865

8

150

T
100

S-38



	Copper-Mediated Oxidative Decarboxylative Coupling of Arylpropiolic Acids with Dialkyl H-Phosphonates in Water

