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1. General information
Reagents, substrates, and solvents were purchased from commercial suppliers and used without
purification. Anhydrous toluene uses calcium hydride to remove water, dry, and distill. Analytical
thin-layer chromatography (TLC) was performed using silica gel 60 Fass (Merck).
Chromatography was performed using silica gel 60 (43-63 um) (Merck) and Aluminum oxide 90
neutral (MN). 'H, 3C, *'P, and "F NMR spectra were using CDCl3 on Jeol 400 MHz
spectrometers. Tetramethylsilane (TMS) served as an internal standard for 'H and '*C NMR
analysis. Chemical shifts in "H NMR and '*C NMR spectra are reported as follows: Chloroform-
d (referenced to 7.26 ppm for 1H and 77.0 ppm for '*C). Coupling constants (J) are reported in
hertz and peak multiplicities are reported using the following abbreviations: m = multiplet; s =
singlet; d = doublet; t = triplet; q = quartet, dd = doublet of doublets, dt = doublet of triplets, dq =
doublet of quartets, td = triplet of doublets, tq = triplet of quartets, qd = quartet of doublets, br =
broad signal. Low-Resolution Mass Spectrometry (LRMS) experiments were recorded on an
Agilent Technologies 5977A with Agilent Technologies 7890B. High-Resolution Mass
Spectrometry (HRMS) experiments were recorded on Jeol JMS-HX-110 with EI (Electron
Impact). All the phosphites 1a-d commercially purchased and used without purification and all

the thioketones 2a-g were prepared from known literature methods. !
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2. General procedure for Table 1
In a sealed tube, diphenylmethanethione (2a) (89.2 mg, 0.45 mmol), base (40 mol %) were added
in a glove box with filled nitrogen, pluged the serum plug and removed it out of the glove box,
then diethyl phosphites (1a) (41.4 mg, 0.3 mmol) and solvent (2 mL) were added, and kept in an
oil bath for 6-18 hours at 80 to 100 °C. After completion of the reaction, the reaction mixture was
diluted with ethyl acetate and filtered through a celite pad and concentrated under reduced
pressure. The crude product thus obtained was purified by column chromatography using silica

gel (300-400 mesh) (20-30% ethyl acetate in hexanes) to obtain the pure product of 3a.

Representative example of Table 1

S-Benzhydryl O,0-diethyl phosphorothioate (3a)

Eto. O
~s

EtO

Yield: 87 mg, 86%; Colorless oil; 'TH NMR (400 MHz, CDCls): 6 7.43 (d, J = 7.6 Hz, 4H), 7.31
(t, J = 7.6 Hz, 4H), 7.25-7.20 (m, 2H), 5.64 (d, J = 11.6 Hz, 1H), 4.07-3.96 (m, 2H), 3.91-3.80
(m, 2H), 1.15 (t, J = 7.2 Hz, 6H); *C{H} NMR (100 MHz, CDCl3): 6 141.40 (d, J = 5.0 Hz),
128.5, 128.1, 127.3, 73.1 (d, J = 7.0 Hz), 54.0 (d, J = 3.0 Hz), 28.7 (d, J = 7.0 Hz), 18.5; 3P
NMR (162 MHz, CDCIl3): 6 26.05; HRMS (EI) m/z caled for C17H2103PS [M]" 336.0949; found:
336.0946.

3. General procedure for Table 2
In a sealed tube, thioketones 2a-g (0.45 mmol), cesium carbonate (40 mol %) were added in a
glove box with filled nitrogen, plugged the serum plug and removed it out of the glove box, then
a phosphites 1a-d (0.3 mmol) and ethyl acetate (2 mL) were added, and kept in an oil bath for 12
hours at 80 °C. After completion of the reaction, the reaction mixtures diluted with ethyl acetate
and filtered through a celite pad and concentrated under reduced pressure. The crude products
thus obtained were purified by column chromatography using silica gel (300-400 mesh) (20-30%

ethyl acetate in hexanes) to obtain the pure products 3.
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S-Benzhydryl O,0-diisobutyl phosphorothioate (3b)

Buo. 2
S

iBuG

The title compound was prepared following the general procedure for Table 2, using diisobutyl

phosphonate (1b) (58.3 mg, 0.3 mmol), diphenylmethanethione (2a) (89.2 mg, 0.45 mmol),
providing 3b as a colorless oil. Yield: 104 mg, 88%; 'H NMR (400 MHz, CDCl3): 6 7.44 (d, J =
8.0 Hz, 3H), 7.30 (t, J= 7.6 Hz, 4H), 7.24-7.21 (m, 2H), 5.69 (d, J = 11.6 Hz, 1H), 3.73-3.67 (m,
2H), 3.56-3.50 (m, 2H), 1.84-1.71 (m, 2H), 0.83 (dd, J = 6.8 & 3.6 Hz, 12H); *C{H} NMR (100
MHz, CDClz): 6 141.2 (d, J = 6.0 Hz), 128.4, 128.0, 127.3, 63.3 (d, J = 6.0 Hz), 54.0 (d, /= 3.0
Hz), 15.6 (d, J = 7.0 Hz); 3'P NMR (162 MHz, CDCl3): § 25.99; HRMS (EI) m/z calcd for
C21H2903PS [M]" 392.1575; found: 392.1567.

S-Benzhydryl O0,0-diisopropyl phosphorothioate (3c¢)
i 0]
Pro. P//
s

iPro

The title compound was prepared following the general procedure for Table 2, using diisopropyl

phosphonate (1¢) (50 mg, 0.3 mmol), diphenylmethanethione (2a) (89.2 mg, 0.45 mmol),
providing 3c as a colorless oil. Yield: 83 mg, 76%; 'H NMR (400 MHz, CDCl3): J 7.45-7.42 (m,
4H), 7.33-7.28 (m, 4H), 7.24-7.20 (m, 2H), 5.70 (d, J = 12.0 Hz, 1H), 4.60- 4.48 (m, 2H), 1.22
(d, J = 6.4 Hz, 6H), 1.11 (d, J = 6.4 Hz, 6H); 3C{H} NMR (100 MHz, CDCl3): 6 141.6 (d, J =
6.0 Hz), 128.4, 128.1, 127.2, 72.6 (d, J = 6.0 Hz), 54.2 (d, /= 3.0 Hz), 23.6 (d, J = 4.0 Hz), 23.2
(d, J = 6.0 Hz); 'P NMR (162 MHz, CDCl3): 6 23.69; HRMS (EI) m/z caled for C19H2503PS
[M]" 364.1262; found: 346.1266.

S-Benzhydryl O,0-dibutyl phosphorothioate (3d)
0]
nBUO\ /7

~N

"BuC S

The title compound was prepared following the general procedure for Table 2, using di-n-butyl

phosphonate 1d (58.3 mg, 0.3 mmol), diphenylmethanethione 2a (89.2 mg, 0.45 mmol),

s4



providing 3d as a colorless oil. Yield: 88 mg, 75%; 'H NMR (400 MHz, CDCl3): 6 7.41 (d, J =
7.6 Hz, 4H), 7.27 (t, J= 7.6 Hz, 4H), 7.21-7.17 (m, 2H), 5.64 (d, J = 11.6 Hz, 1H), 3.96-3.88 (m,
2H), 3.78-3.71 (m, 2H), 1.49-1.41 (m, 4H), 1.29-1.20 (m, 4H), 0.83 (t, J = 7.4 Hz, 6H); *C{H}
NMR (100 MHz, CDCls): 0 141.3 (d, J = 6.0 Hz), 128.3, 127.9, 127.2, 66.9 (d, J = 6.0 Hz), 53.9
(d, J=3.0 Hz), 31.7 (d, J = 7.0 Hz), 18.4, 13.3; 'P NMR (162 MHz, CDCl3): § 26.14; HRMS
(ET) m/z calcd for C21H2003PS [M]" 392.1575; found: 392.1573.

0,0-Diethyl S-(phenyl(p-tolyl)methyl) phosphorothioate (3e)

Eto. 2
P<
s

EtO
Me l l

The title compound was prepared following the general procedure for Table 2, using diethyl
phosphonate (1a) (41.4 mg, 0.3 mmol), phenyl(p-tolyl)methanethione (2b) (95.5 mg, 0.45
mmol), providing 3e as a colorless oil. Yield: 70 mg, 67%; '"H NMR (400 MHz, CDCls): § 7.56
(dd, J=7.6 & 1.6 Hz, 1H), 7.43-7.41 (m, 2H), 7.32-7.28 (m, 2H), 7.24 -7.14 (m, 4H), 5.89 (d, J
= 12.0 Hz, 1H), 4.08-3.98 (m, 2H), 3.92-3.82 (m, 2H), 2.39 (s, 3H), 1.19 (td, /= 7.2 & 0.8 Hz,
3H), 1.14 (td, J= 7.2 & 0.8 Hz, 3H); *C{H} NMR (100 MHz, CDCl3): 6 140.7 (d, J = 5.0 Hz),
139.2 (d, J = 5.0 Hz), 135.6, 130.5, 128.6, 128.4 (d, J = 11.0 Hz), 127.3 (d, J = 16.0 Hz), 126.1,
63.4 (d, J = 6.0 Hz), 50.7 (d, J = 3.0 Hz), 19.6, 15.7 (d, J = 6.0 Hz), 15.6 (d, J = 8.0 Hz); *'P
NMR (162 MHz, CDCl3): 6 26.35; HRMS (EI) m/z caled for C1sH2303PS [M]* 350.1106; found:
350.1114.

0,0-Diisobutyl S-(phenyl(p-tolyl)methyl) phosphorothioate (3f)

iBuo. L
2

iBuO
Me l l

The title compound was prepared following the general procedure for Table 2, using diisobutyl
phosphonate (1b) (58.3 mg, 0.3 mmol), phenyl(p-tolyl)methanethione (2b) (95.5 mg, 0.45
mmol), providing 3f as a colorless oil. Yield: 90 mg, 74%; 'H NMR (400 MHz, CDCls): § 7.56
(d, J=17.6 Hz, 1H), 7.42-7.39 (m, 2H), 7.30-7.24 (m, 2H), 7.22-7.13 (m, 4H), 5.92 (d, J = 12.0
Hz, 1H), 3.72-3.66 (m, 2H), 3.60-3.48 (m, 2H), 2.38 (s, 3H), 1.81-1.72 (m, 2H), 0.85-0.80 (m,
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12H); BC{H} NMR (100 MHz, CDCI3): § 140.7 (d, J = 6.0 Hz), 139.2 (d, J = 4.0 Hz), 135.6,
130.5, 128.6, 128.3 (d, /=4.0 Hz), 127.3 (d, /= 16.0 Hz), 126.1, 73.1 (d, /= 7.0 Hz), 50.7 (d, J
=3.0 Hz), 28.7 (d, J = 6.0 Hz), 28.6 (d, J = 6.0 Hz), 19.5, 18.5; 3'P NMR (162 MHz, CDCl;): 6
26.48; HRMS (EI) m/z calcd for C22H3103PS [M]" 406.1732; found: 406.1738.

0,0-Diisopropyl S-(phenyl(p-tolyl)methyl) phosphorothioate (3g)

ipro. 2
s

. / ~
'PrO
Me l l

The title compound was prepared following the general procedure for Table 2, using diisopropyl
phosphonate (1¢) (50.0 mg, 0.3 mmol), phenyl(p-tolyl)methanethione (2b) (95.5 mg, 0.45
mmol), providing 3g as a colorless oil. Yield: 93 mg, 82%; 'H NMR (400 MHz, CDCl3): 6 7.44
(d, J=17.2 Hz, 2H), 7.36-7.28 (m, 4H), 7.23-7.19 (m, 1H), 7.11 (d, J = 8.0 Hz, 2H), 5.68 (d, J =
12.0 Hz, 1H), 4.60-4.49 (m, 2H), 2.30 (s, 3H), 1.25-1.22 (m, 6H), 1.12 (d, J = 6.4 Hz, 6H);
BC{H} NMR (100 MHz, CDCl3): 6 141.7 (d, J = 6.0 Hz), 138.5 (d, J = 6.0 Hz), 136.9, 129.0,
128.3, 128.0, 127.8, 127.1, 72.6 (d, J = 4.0 Hz), 72.5 (d, J = 4.0 Hz), 54.0 (d, J = 3.0 Hz), 23.6
(d, J= 6.0 Hz), 23.5 (d, J = 4.0 Hz), 23.2 (d, J = 7.0 Hz), 20.9; *'P NMR (162 MHz, CDCl3): §
23.87; HRMS (EI) m/z calcd for C20H2703PS [M]" 378.1419; found: 378.1423.

0,0-Dibutyl S-(phenyl(p-tolyl)methyl) phosphorothioate (3h)

nBuo. L
P<
s

"BuC
Me l l

The title compound was prepared following the general procedure for Table 2, using dibutyl

phosphonate 1d (58.3 mg, 0.3 mmol), phenyl(p-tolyl)methanethione 2b (95.5 mg, 0.45 mmol),
providing 3h as a colorless oil. Yield: 99 mg, 81%; 'H NMR (400 MHz, CDCl3): 6 7.43 (d, J =
7.2 Hz, 2H), 7.33-7.29 (m, 4H), 7.25-7.20 (m, 1H), 7.12 (d, J = 7.6 Hz, 2H), 5.62 (d, J = 11.6
Hz, 1H), 3.97-3.89 (m, 2H), 3.81-3.73 (m, 2H), 2.31 (s, 3H), 1.50-1.43 (m, 4H), 1.30-1.24 (m,
4H), 0.86 (t, J= 7.2 Hz, 6H); >*C{H} NMR (100 MHz, CDCl3): 6 141.6 (d, J= 5.0 Hz), 138.4 (d,
J=16.0 Hz), 137.0, 129.1, 128.4, 128.0, 127.9, 127.2, 67.0 (d, J = 6.0 Hz), 53.9 (d, J = 4.0 Hz),
31.8 (d, J = 8.0 Hz), 20.9, 18.5, 13.5; 3'P NMR (162 MHz, CDCls): § 26.33; HRMS (EI) m/z
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calcd for C2oH3103PS [M]" 406.1732; found: 406.1725.
0,0-Diethyl S-((4-fluorophenyl)(phenyl)methyl) phosphorothioate (3i)

Eto. 2
P<
s

EtO

The title compound was prepared following the general procedure for Table 2, using diethyl

phosphonate (1a) (41.4 mg, 0.3 mmol), (4-fluorophenyl)(phenyl)methanethione (2¢) (97.3 mg,
0.45 mmol), providing 3i as a colorless oil. Yield: 97 mg, 91%; '"H NMR (400 MHz, CDCls): 6
7.42-7.39 (m, 4H), 7.32 (t, /= 7.6 Hz, 2H), 7.30-7.24 (m, 1H), 7.00 (t, /= 8.6 Hz, 2H), 5.64 (d, J
= 11.6 Hz, 1H), 4.06-3.99 (m, 2H), 3.90-3.83 (m, 2H), 1.20-1.15 (m, 6H); *C{H} NMR (100
MHz, CDCl3): 6 161.8 (d, J=245.0 Hz), 141.0 (d, /= 6.0 Hz), 137.2 (d, /= 6.0 Hz), 129.8 (d, J
=9.0 Hz), 128.6, 128.0, 127.5, 115.3 (d, J = 22.0 Hz), 63.5 (d, J = 5.0 Hz), 53.3 (d, J = 3.0 Hz),
15.7 (d, J = 7.0 Hz); 3'P NMR (162 MHz, CDCl5): ¢ 25.67; '°F NMR (376 MHz, CDCl3): 6 -
114.58; HRMS (EI) m/z caled for C17H20FO3PS [M]" 354.0855; found: 354.0864.
S-((4-Fluorophenyl)(phenyl)methyl) O,0-diisobutyl phosphorothioate (3j)

iBuo. L
S

BuG

The title compound was prepared following the general procedure for Table 2, using diisobutyl

phosphonate (1b) (58.3 mg, 0.3 mmol), (4-fluorophenyl)(phenyl)methanethione (2¢) (97.3 mg,
0.45 mmol), providing 3j as a colorless oil. Yield: 105 mg, 85%; 'H NMR (400 MHz, CDCl5): 6
7.41-7.38 (m, 4H), 7.30 (t, /= 7.6 Hz, 2H), 7.28-7.17 (m, 1H), 6.98 (t, /= 8.6 Hz, 2H), 5.67 (d, J
=11.6 Hz, 1H), 3.73-3.66 (m, 2H), 3.56-3.50 (m, 2H), 1.82-1.72 (m, 2H), 0.82 (dd, J = 6.8, 2.6
Hz, 12H); BC{H} NMR (100 MHz, CDCl3): 6 161.8 (d, J = 245.0 Hz), 141.1 (d, J = 6.0 Hz),
137.3 (d, J=5.0 Hz) &137.2 (d, /= 5.0 Hz), 129.8 (d, J = 8.0 Hz), 128.5, 128.0, 127.4, 115.2 (d,
J=21.0Hz), 73.2 (d, J=17.0 Hz), 53.3 (d, J = 3.0 Hz), 28.7 (d, J = 8.0 Hz), 18.4; *'P NMR (162
MHz, CDCl3): § 25.76; ’F NMR (376 MHz, CDCls): 6 -114.69; HRMS (EI) m/z caled for
C21H2sFO3PS [M]" 410.1481; found: 410.1487.
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S-((4-Fluorophenyl)(phenyl)methyl) O,O-diisopropyl phosphorothioate (3k)

ipro. 9
S

iPro

The title compound was prepared following the general procedure for Table 2, using diisopropyl

phosphonate (1¢) (50.0 mg, 0.3 mmol), (4-fluorophenyl)(phenyl)methanethione (2¢) (97.3 mg,
0.45 mmol), providing 3k as a colorless oil. Yield: 87 mg, 76%; '"H NMR (400 MHz, CDCl3): ¢
7.42-7.39 (m, 4H), 7.34-7.30 (m, 2H), 7.26-7.24 (m, 1H), 7.00 (t, J = 8.6 Hz, 2H), 5.69 (d, J =
11.6 Hz, 1H), 4.59-4.50 (m, 2H), 1.23 (d, J = 6.0 Hz, 6H), 1.13 (d, J = 6.0 Hz, 6H); *C{H}
NMR (100 MHz, CDCls): 6 161.8 (d, J = 245.0 Hz), 141.4 (d, J= 6.0 Hz), 137.6 (d, J = 6.0 Hz),
129.9 (d, J = 8.0 Hz), 128.6, 128.1, 127.5, 115.3 (d, /= 21.0 Hz), 72.8 (d, /= 6.0 Hz), 72.7 (d, J
= 6.0 Hz), 53.6 (d, J = 3.0 Hz), 23.7 (d, J = 4.0 Hz), 23.3 (d, J = 6.0 Hz); *'P NMR (162 MHz,
CDCl;): 6 23.39; F NMR (376 MHz, CDCls): 6 -114.91; HRMS (EI) m/z calcd for
C19H24FO3PS [M]" 382.1168; found: 382.1171.

0,0-Dibutyl S-((4-fluorophenyl)(phenyl)methyl) phosphorothioate (31)

nBuo. 2
S

"BuG

The title compound was prepared following the general procedure for Table 2, dibutyl

phosphonate (1d) (58.3 mg, 0.3 mmol), (4-fluorophenyl)(phenyl)methanethione (2¢) (97.3 mg,
0.45 mmol), providing 31 as a colorless oil. Yield: 84 mg, 68%; 'H NMR (400 MHz, CDCls): &
7.43-7.39 (m, 4H), 7.31 (t, J= 7.6 Hz, 2H), 7.26-7.22 (m, 1H), 6.98 (t, J = 8.6 Hz, 2H), 5.66 (d, J
= 11.6 Hz, 1H), 3.97-3.91 (m, 2H), 3.84-3.77 (m, 2H), 1.53-1.45 (m, 4H), 1.32-1.23 (m, 4H),
0.86 (t, J = 7.4 Hz, 6H); 3C{H} NMR (100 MHz, CDCl3): § 161.7 (d, J = 246.0 Hz), 141.0 (d, J
=5.0 Hz), 137.3 (d, J=5.0 Hz), 137.2 (d, /= 5.0 Hz), 129.8 (d, /= 8.0 Hz), 128.4, 127.9, 127.4,
115.2 (d, J=21.0 Hz), 67.1 (d,J=7.0 Hz), 67.0 (d, /= 7.0 Hz), 53.2 (d, /= 3.0 Hz), 31.7 (d, J =
7.0 Hz), 18.4, 13.3; *'P NMR (162 MHz, CDCls): & 25.86; '’F NMR (376 MHz, CDCl;): 6 -
114.65; HRMS (EI) m/z calcd for C21H23FO3PS [M]" 410.1481; found: 410.1484.

S8



S-((4-Chlorophenyl)(phenyl)methyl) O,0-diethyl phosphorothioate (3m)

Eto. L
S

EtO
cl” ‘ ‘

The title compound was prepared following the general procedure for Table 2, using diethyl

phosphonate (1a) (41.4 mg, 0.3 mmol), (4-chlorophenyl)(phenyl)methanamine (2d) (104.7 mg,
0.45 mmol), providing 3m as a colorless oil. Yield: 58 mg, 52%; 'H NMR (400 MHz, CDCl3): 6
7.40-7.34 (m, 5H), 7.32-7.24 (m, 4H), 5.65 (d, J = 11.6 Hz, 1H), 4.07-3.97 (m, 2H), 3.92-3.82
(m, 2H), 1.18 (td, J = 7.0 & 0.9 Hz, 6H); 1*C{H} NMR (100 MHz, CDCl3): 6 141.0 (d, J = 6.0
Hz), 140.2 (d, J = 5.0 Hz), 133.4, 129.7, 128.8, 128.2, 127.8, 63.7 (d, J = 6.0 Hz), 53.6 (d, J =
3.0 Hz), 15.9 (d, J = 7.0 Hz); *'P NMR (162 MHz, CDCl3): § 25.52; HRMS (EI) m/z calcd for
C17H20CIOsPS [M]* 370.0559; found: 370.0551.

S-((4-Chlorophenyl)(phenyl)methyl) O,0-diisobutyl phosphorothioate (3n)

iBuo. O
2

iBuG
Cl I I

The title compound was prepared following the general procedure for Table 2, using diisobutyl

phosphonate (1b) (58.3 mg, 0.3 mmol), (4-chlorophenyl)(phenyl)methanamine (2d) (104.7 mg,
0.45 mmol), providing 3n as a yellow oil. Yield: 82 mg, 64%; 'H NMR (400 MHz, CDCls): 6
7.40-7.35 (m, 4H), 7.34-7.23 (m, 5H), 5.65 (d, J = 11.6 Hz, 1H), 3.73-3.67 (m, 2H), 3.58-3.51
(m, 2H), 1.83-1.73 (m, 2H), 0.85-0.82 (m, 12H); *C{H} NMR (100 MHz, CDCl3): § 141.0 (d, J
= 6.0 Hz), 140.2 (d, J = 6.0 Hz), 133.3, 129.6, 128.7, 128.0, 127.6, 73.3 (d, J = 7.0 Hz), 53.4 (d,
J=3.0 Hz), 28.8 (d, J = 8. Hz), 18.5; *'P NMR (162 MHz, CDCls): § 25.61; HRMS (EI) m/z
caled for C21H23CIO3PS [M]" 426.1185; found: 426.1176.

S-((4-Bromophenyl)(phenyl)methyl) O,0-diethyl phosphorothioate (30)

Eto. 2
P
S

EtO
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The title compound was prepared following the general procedure for Table 2, using diethyl
phosphonate 1a (41.4 mg, 0.3 mmol), (4-bromophenyl)(phenyl)methanethione 2e (124.7 mg,
0.45 mmol), providing 30 as a yellow oil. Yield: 79 mg, 63%; 'H NMR (400 MHz, CDCls): ¢
7.45-7.43 (m, 2H), 7.40-7.37 (m, 2H), 7.34-7.28 (m, 4H), 7.27-7.23 (m, 1H), 5.60 (d, J = 11.2
Hz, 1H), 4.07-4.02 (m, 2H), 3.92-3.82 (m, 2H), 1.18 (td, J = 7.0, 0.8 Hz, 6H); *C{H} NMR (100
MHz, CDCls): 6 140.8 (d, J = 6.0 Hz), 140.5 (d, J = 6.0 Hz), 131.6, 129.9, 128.7, 128.0, 127.7,
121.4, 63.6 (d, J = 6.0 Hz), 53.5 (d, J = 3.0 Hz), 15.8 (d, J = 8.0 Hz); *'P NMR (162 MHz,
CDCl3): 6 25.49; HRMS (EI) m/z calcd for C17H20BrOsPS [M]" 414.0054; found: 414.0059.
S-((4-Bromophenyl)(phenyl)methyl) O,O-diisobutyl phosphorothioate (3p)

iBuo. O
P

~N

iBug S
BOAS

The title compound was prepared following the general procedure for Table 2, using diisobutyl

phosphonate (1b) (58.3 mg, 0.3 mmol), (4-bromophenyl)(phenyl)methanethione (2¢) (124.7 mg,
0.45 mmol), providing 3p as a white solid, M.P: 86-87 °C. Yield: 93 mg, 66%; 'H NMR (400
MHz, CDCl3): 6 7.46-7.42 (m, 2H), 7.40-7.37 (m, 2H), 7.34-7.30 (m, 4H), 7.27-7.22 (m, 1H),
5.64 (d, J = 11.6 Hz, 1H), 3.73-3.66 (m, 2H), 3.58-3.51 (m, 2H), 1.83-1.73 (m, 2H), 0.85-0.83
(m, 12H); *C{H} NMR (100 MHz, CDCls): 6 140.9 (d, J = 6.0 Hz), 140.7 (d, J = 5.0 Hz),
131.6, 130.0, 128.7, 128.0, 127.6, 121.4, 73.3 (d, J = 7.0 Hz), 53.5 (d, /= 3.0 Hz), 28.8 (d, J =
7.0 Hz), 18.6; *'P NMR (162 MHz, CDCl3): § 25.57; HRMS (EI) m/z calcd for C21H23BrOsPS
[M]"470.0680; found: 470.0682.

Crystal data and structure refinement for 3p

Crystal data for 3p Empirical formula, C21H28BrOsPS; formula weight, 471.37; crystal color,

habit: white, block; crystal dimensions, 0.450 x 0.360 x 0.050 mm3; crystal system, monoclinic;
lattice type, primitive; lattice parameters, a = 6.0891(13) A, b = 9.1440(19) A, ¢ = 39.857(9) A;
a = 90.00; B = 93.360(6)°; y = 90.00; V = 2215.4(8) A3; space group, P 21/n; Z = 4; Dcaled =
1.413 Mg/m3; F000 = 976; A(Mo-Ka) = 0.71073 A; R (I>261) = 0.0848, wR2 = 0.2083. Detailed

X-ray crystallographic data is available from the Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK (for compound 3p CCDC # 2183574).
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S-((4-Bromophenyl)(phenyl)methyl) O,0-diisopropyl phosphorothioate (3q)

Pro. 0
P
S

Pro
POASG

The title compound was prepared following the general procedure for Table 2, using diisopropyl

phosphonate (1¢) (50.0 mg, 0.3 mmol), (4-bromophenyl)(phenyl)methanethione (2¢) (124.7 mg,
0.45 mmol), providing 3q as a colorless oil. Yield: 113 mg, 85%; '"H NMR (400 MHz, CDCl3): 6
7.43 (d, J=8.4 Hz, 2H), 7.39 (d, /= 7.6 Hz, 2H), 7.33-7.30 (m, 4H), 7.26-7.22 (m, 1H), 5.65 (d,
J=11.6 Hz, 1H), 4.57-4.51 (m, 2H), 1.23 (dd, J = 6.8 & 4.8 Hz, 6H), 1.13 (d, J = 6.0 Hz, 6H);
B3C{H} NMR (100 MHz, CDCls): § 141.0 (d, J = 6.0 Hz), 140.8 (d, J = 6.0 Hz), 131.6, 130.0,
128.6, 128.1, 127.6, 121.3, 72.8 (d, J = 6.0 Hz), 53.6 (d, J = 3.0 Hz), 23.7 (d, J = 4.0 Hz), 23.3
(d, J = 6.0 Hz); *'P NMR (162 MHz, CDCls): ¢ 23.21; HRMS (EI) m/z calcd for C19H24BrO;PS
[M]"442.0367; found: 442.0358.

S-((4-Bromophenyl)(phenyl)methyl) O,0-dibutyl phosphorothioate (3r)

”BuO\P//O
S

"BuC
BOAS

The title compound was prepared following the general procedure for Table 2, using dibutyl

phosphonate (1d) (58.3 mg, 0.3 mmol), (4-bromophenyl)(phenyl)methanethione (2¢) (124.7 mg,
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0.45 mmol), providing 3r as a colorless oil. Yield: 109 mg, 77%; 'H NMR (400 MHz, CDCl3): 6
7.45-7.42 (m, 2H), 7.40-7.36 (m, 2H), 7.34-7.30 (m, 4H), 7.27-7.23 (m, 1H), 5.61 (d, J = 11.2
Hz, 1H), 3.98-3.90 (m, 2H), 3.83-3.75 (m, 2H), 1.52-1.43 (m, 4H), 1.32-1.22 (m, 4H), 0.87 (td, J
=7.6 & 2.0 Hz, 6H); *C{H} NMR (100 MHz, CDCl5): 6 140.8 (d, J = 6.0 Hz), 140.6 (d, J = 5.0
Hz), 131.6, 129.9, 128.6, 128.0, 127.6, 121.4, 67.3 (d, J=6.0 Hz), 53.4 (d, J=3.0 Hz), 31.9(d, J
= 8.0 Hz), 18.5, 13.5; 3'P NMR (162 MHz, CDCl): § 25.69; HRMS (EI) m/z caled for
C21H2sBrO3PS [M]" 470.0680; found: 470.0688.

S-((2-Chlorophenyl)(phenyl)methyl) O,0-diethyl phosphorothioate (3s)

EtO\P/p
~s  Cl

EtO

The title compound was prepared following the general procedure for Table 2, using diethyl

phosphonate (1a) (41.4 mg, 0.3 mmol), (2-chlorophenyl)(phenyl)methanethione (2f) (104.7 mg,
0.45 mmol), providing 3s as a colorless oil. Yield: 82 mg, 74%; '"H NMR (400 MHz, CDCls): §
7.67 (dd, J = 8.0, 2.4 Hz, 1H), 7.45-7.42 (m, 2H), 7.37-7.18 (m, 6H), 6.08 (d, J = 12.0 Hz, 1H),
4.10-4.03 (m, 2H), 3.94-3.87 (m, 2H), 1.22-1.15 (m, 6H); 3C{H} NMR (100 MHz, CDCls): 6
140.1 (d, J = 5.0 Hz), 138.8 (d, J = 5.0 Hz), 133.1, 130.1, 129.8, 128.7, 128.6, 128.2, 127.6,
127.1, 63.5 (d, J = 9.0 Hz), 50.2 (d, J = 3.0 Hz), 15.8 (d, J = 3.0 Hz), 15.7 (d, J = 3.0 Hz); 'P
NMR (162 MHz, CDCl3): 6 25.35; HRMS (EI) m/z calcd for Ci17H20CIO3PS [M]" 370.0559;
found: 370.0549.

S$-((2-Chlorophenyl)(phenyl)methyl) O,O-diisobutyl phosphorothioate (3t)

'BuO\P//O
Cl

iBUO 9

The title compound was prepared following the general procedure for Table 2, using diisobutyl

phosphonate 1b (58.3 mg, 0.3 mmol), (2-chlorophenyl)(phenyl)methanethione 2f (104.7 mg,
0.45 mmol), providing 3t as a colorless oil. Yield: 111 mg, 87%; 'H NMR (400 MHz, CDCl;): 6
7.69 (dd, J=7.6 & 1.6 Hz, 1H), 7.44-7.41 (m, 2H), 7.36-7.20 (m, 6H), 6.12 (d, J = 12.0 Hz, 1H),
3.80-3.71 (m, 2H), 3.65-3.61 (m, 1H), 3.56-3.52 (m, 1H), 1.84-1.73 (m, 2H), 0.88-0.80 (m,
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12H); BC{H} NMR (100 MHz, CDCl3): § 140.2 (d, J = 6.0 Hz), 138.9 (d, J = 5.0 Hz), 133.2,
130.1, 129.8, 128.7, 128.6, 128.2, 127.5, 127.0, 73.3 (d, J = 6.0 Hz), 73.2 (d, J = 7.0 Hz), 50.2
(d, J=3.0 Hz), 28.8 (d, J = 7.0 Hz), 28.7 (d, J = 8.0 Hz), 18.6 (d, /= 3.0 Hz), 18.5 (d, /= 5.0
Hz); *'P NMR (162 MHz, CDCl3): 6 25.43; HRMS (EI) m/z calcd for C21H2sCIO3PS [M]*
426.1158; found: 426.1183.

S-((2-Chlorophenyl)(phenyl)methyl) O,0-diisopropyl phosphorothioate (3u)

iPro. /2
P<
S ClI

Pro

The title compound was prepared following the general procedure for Table 2, using diisopropyl

phosphonate (1¢) (50.0 mg, 0.3 mmol), (2-chlorophenyl)(phenyl)methanethione (2f) (104.7 mg,
0.45 mmol), providing 3u as a colorless oil. Yield: 101 mg, 85%; 'H NMR (400 MHz, CDCl5): §
7.71 (dd, J=17.8 & 1.8 Hz, 1H), 7.44-7.41 (m, 2H), 7.32-7.13 (m, 6H), 6.15 (d, J = 12.0 Hz, 1H),
4.70-4.50 (m, 2H), 1.27 (d, J = 6.2 Hz, 3H), 1.22 (d, J = 6.3 Hz, 3H), 1.16 (d, J = 6.3 Hz, 3H),
1.09 (d, J= 6.3 Hz, 3H); 3C{H} NMR (100 MHz, CDCls): 6 140.1 (d, J = 6.0 Hz), 138.7 (d, J =
5.0 Hz), 132.8, 130.0, 129.4, 128.4, 128.3, 128.0, 127.2, 126.8, 72.6 (d, J = 6.0 Hz), 50.2 (d, J =
3.0 Hz), 23.5 (d, J= 7.0 Hz), 23.4 (d, J = 7.0 Hz), 23.1 (d, J = 9.0 Hz), 23.0 (d, J = 9.0 Hz); *'P
NMR (162 MHz, CDCl3): § 23.03; HRMS (EI) m/z calcd for CioH24CIO3PS [M]" 398.0872,
found: 398.0880.

0,0-Dibutyl S-((2-chlorophenyl)(phenyl)methyl) phosphorothioate (3v)

”BuO\P//O
S Cl

"BuC

The title compound was prepared following the general procedure for Table 2, using di-n-butyl

phosphonate (1d) (58.3 mg, 0.3 mmol), (2-chlorophenyl)(phenyl)methanethione (2f) (104.7 mg,
0.45 mmol), providing 3v as a colorless oil. Yield: 99 mg, 77%; 'H NMR (400 MHz, CDCl5): 6
7.67 (d, J=8.0 Hz, 1H), 7.42 (d, J = 7.6 Hz, 2H), 7.34-7.17 (m, 6H), 6.11 (d, J= 12.4 Hz, 1H),
4.01-3.96 (m, 2H), 3.88-3.79 (m, 2H), 1.54-1.47 (m, 4H), 1.33-1.23 (m, 4H), 0.88-0.83 (m, 4H);
BC{H} NMR (100 MHz, CDCls): 6 140.0 (d, J = 5.0 Hz), 138.7 (d, J = 5.0 Hz), 132.9, 129.9,
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129.6, 128.5, 128.4, 128.0, 127.4, 126.9, 67.0 (d, J = 6.0 Hz), 66.9 (d, J = 6.0 Hz), 50.0 (d, J =
3.0 Hz), 31.7 (d, J = 7.0 Hz), 31.6 (d, J = 7.0 Hz), 18.4 (d, J = 5.0 Hz), 13.4; 3'P NMR (162
MHz, CDCl3): 6 25.57, HRMS (EI) m/z caled for C,1HasCIOsPS [M]" 426.1185; found:
426.1176.

0,0-Diethyl S-(9H-fluoren-9-yl) phosphorothioate (3w)

EtO\P//O
~s

EtC

The title compound was prepared following the general procedure for Table 2, using diethyl
phosphonate (1a) (41.4 mg, 0.3 mmol), 9H-fluorene-9-thione (2g) (88.3 mg, 0.45 mmol),
providing 3w as a yellow oil. Yield: 84 mg, 84%; 'H NMR (400 MHz, CDCls): 6 7.80 (d, J = 7.6
Hz, 2H), 7.71 (d, J = 7.2 Hz, 2H), 7.42-7.33 (m, 4H), 5.47 (d, J = 15.6 Hz, 1H), 4.34-4.17 (m,
4H), 1.40 (t, J = 7.0 Hz, 6H); *C{H} NMR (100 MHz, CDCl3): § 144.2 (d, J = 5.0 Hz), 140.3,
128.5, 127.7, 125.9, 120.0, 64.0 (d, J = 7.0 Hz), 48.4 (d, J = 4.0 Hz), 16.0 (d, J = 7.0 Hz); *'P
NMR (162 MHz, CDCl3): 6§ 27.23; HRMS (EI) m/z caled for C17H1903PS [M]" 334.0793; found:
334.0802.

S-(9H-Fluoren-9-yl) O0,0-diisobutyl phosphorothioate (3x)

iBuO. 2
P
S

iBuG

The title compound was prepared following the general procedure for Table 2, using diisobutyl
phosphonate (1b) (58.3 mg, 0.3 mmol), 9H-fluorene-9-thione (2g) (88.3 mg, 0.45 mmol),
providing 3x as a yellow oil. Yield: 89 mg, 76%; 'H NMR (400 MHz, CDCl3): § 7.82 (d, J= 7.6
Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 7.42-7.33 (m, 4H), 5.51 (d, J = 14.8 Hz, 1H), 4.04-3.91 (m,
4H), 2.10-1.99 (m, 2H), 1.00 (d, J = 6.8 Hz, 12H); 1*C{H} NMR (100 MHz, CDCl3): 6 144.2 (d,
J=5.0Hz), 140.2, 128.5, 127.7, 125.9, 119.9, 73.8 (d, /= 7.0 Hz), 48.1 (d, J = 4.0 Hz), 28.9 (d,
J=17.0 Hz), 18.7; 3'P NMR (162 MHz, CDCls): 6 27.31; HRMS (EI) m/z calcd for C21H2703PS
[M]"390.1419; found: 390.1423.
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S-(9H-Fluoren-9-yl) O0,0-diisopropyl phosphorothioate (3y)

ipro. 2
S

iPrO

The title compound was prepared following the general procedure for Table 2, using diisopropyl
phosphonate (1¢) (50.0 mg, 0.3 mmol), 9H-fluorene-9-thione (2g) (88.3 mg, 0.45 mmol),
providing 3x as an orange oil. Yield: 84 mg, 77%; 'H NMR (400 MHz, CDCls): 6 7.86 (d, J =
7.6 Hz, 2H), 7.69 (d, J = 6.4 Hz, 2H), 7.41-7.33 (m, 4H), 5.52 (d, J = 14.4 Hz, 1H), 4.95-4.84
(m, 2H), 1.44 (d, J = 6.4 Hz, 6H), 1.42 (d, J = 6.4 Hz, 6H); *C{H} NMR (100 MHz, CDCl3): 6
1443 (d, J = 5.0 Hz), 140.1, 128.4, 127.5, 125.97, 119.8, 73.2 (d, J = 7.0 Hz), 48.2 (d, J = 4.0
Hz), 23.7 (d, J = 4.0 Hz), 23.6 (d, J = 6.0 Hz); *'P NMR (162 MHz, CDCls): 6 25.22; HRMS
(EI) m/z calcd for C19H2303PS [M]" 362.1106; found: 362.1111.

4. Computational Details

All calculations were performed using the Gaussian 16 Rev. B.01.> The hybrid gradient
generalization approximation (hybrid GGA) functional B3LYP,® along with 6-31 basis sets,
diffuse functions* and polarization functions® and the integration grid consisted of 99 radial
shells and 590 angular points are employed. Geometry optimizations are performed at B3LYP/6-
31G(d) level of theory. Following frequency calculations, ground states and transition states were
identified by zero or one imaginary frequency, respectively. Intrinsic reaction coordinate (IRC)
calculations are carried out for further verification of transition states. The single energy values
of all species, solvated by ethyl acetate in integral equation formalism model (IEFPCM)>, are

further refined at the higher B3LYP/6-31++G(d,p) level of theory.
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Figure 1. Single point energies under B3LYP(IEFPCM, EA)/6-31++G(d,p)/SDD || B3LYP/6-
31G(d)/SDD, numbers in kcal/mol.
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Figure 2. Single point energies under B3LYP(IEFPCM, EA)/6-31++G(d,p)/SDD || B3LYP/6-
31G(d)/SDD, numbers in kcal/mol.

Supporting Information
Cartesian coordinates and single point energy of all species on B3LYP(IEFPCM, EA)/6-
31++G(d,p)| | B3LYP/6-31G(d) level of theory
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6. 'H, 13C, 3'P and F NMR spectra of compounds 3

mﬂ.ﬁ

S6LE
€18°€
028'€
0€8°€
pEs's
868°€
8
818'€
u$8'E
cS8'E
098°€
0L8'E
€8
8LR'E
56867
096'€1
6L6'E
$86°€Y
166'€4
$00°t
910+
o'y
xe.@

o'y
650'F

879°S~,
189's”

32
SN.L
01Z'L

61T'L

STT Ly
1€ L
65T LN
€T L
LvT L
09Z'L
98T'L
S0€'L
VTE'L
oTv'L
6EVL

=319

oot

»00T
=601
Rpry

1000 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
ppm

1.5

6V 81—

£9'8C
on.mmv

107
vo,vmv

SO'€EL
CIeEL
89°9L
ooﬁhw
TeLL

LTl
wc.wﬂW
SP8TI

8EIPI
mw.:Av

EQ P;/\
EtO

3a

40 30 20 10

50

190 180 170 160 150 140 130 120 110 100 90 80 70
ppm

0

S25



6¥0°9T—

P

EtO\F;

ot

EtO

3a

-2

-200

-150

-100

-50

50

100

150

200

50

ppm

€L9°S~.
woLs”

S0T'L7
817LA
2T L]
62T LA
6£T' LA
VT LA
9T L
0927
$8T'L
SO€°L
vzeL
9t'L]
optL

N\

2

BUO

P
S
J, O

BuO..

=0Tl

F 107

001

EEL
283
< -

100 95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 45
ppm

1.5

S26



—_— %6 = ] R ERCE:N v 9
= Q4g- EEle B8 28 wa
N ~ VY N2
BuO. 4
.
'BuO
‘ 3b ‘
100 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
pPpm
o©
N
[}
v
N
iBuo.
_ /P\S
'BuO
‘ 3b ‘
50 200 150 100 50 0 -50 -100 -150 -200 -2!
ppm

S27



o1’ T
0TI'l
91T'1
[AxA

801
8611
€157
02517
8TS' 1
SESPN
PrS b
1557
6551
995"t
85t
16§+
189'S~
viLs”
L6T'Ly
00T L7
0T L
€1T°L
61T L7
YTT LA
VET LY
LET' LA
ovT L]
09T LF
LT L]
€8¢ L
L8TL]
367'L]
£0¢'L]
9rE’L
0Z€'L
€TE°L
STE'L
ozTv'L
oTH'L
6Tv'L
€EV'L
WL
ovb'LA
ost'L

Pro

. O

Pro. °

LV
619

o6t

=001

2 00T
Iy
Ry

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

10.0

0T €T
9TET
6S°€T

€9°€T

mm,vm
ST vmv.

8¢'TL
oL
89°9L
cos\‘w
TELL

vTLTl
mo.wm_./
1¥7'8T1

12244
09°1v1

Pro.

2
a

\j
~

3c

-10

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

190

S28



€69'€T—

Pro.
.r P\S
Pro

. O

-200

-150

-100

-50

50

100

150

200

250

ppm

(2% —\14
0£8°01
68701
00211
81T 1+
9€T 1
$ST'14
VLT 14 ﬁ
€671

9T T
wa.jw
6611

oY 1
[Sa&
SYas
L1971
Wyt
814
06117
9TL €1
0€L €
RINZ
7L €
LbL €A
TSL €
YA
£9L°¢
89L '€
TLL e
88L ¢
8L8°¢
$68°¢
£06°¢ ]
£16°¢
026¢ ]
0¢6'¢ 4
856

$S6° m;
¥2o's
£69°C

VLT'L
981°L
wol'L
L6T'L
L0T'L
01TL
viTL
€6T'L
ELTL
16T°L
L6E'L
9L

=

P

n /,
BuO\P

-

(.0

"BuO

E€T9

Fizv
Fssv

Fere

Fire

Foo't

yeot
or'y
250h

9.5 9.0 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 2.0 15 1.0 0.5 0.0 -0
ppm

10.0

S29



—— 0~ NS Y R = ~ 9 e,
- < ol ~~YO VYO oo —— o0 o0
—— — -~ O O v oo — -
v Sl ] N v ' {1
"Bu0.
"guo  °
O 3d O
J I =
T T T T T T T T T T T T T T T T T T T T T T
100 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
ppm
v
=
0
ol
%)
"BuO. 4
/P‘S
"BuO
O 3d O
|
T T T T T T T T T 1
200 150 100 50 0 -50 -100 -150 -200 -2

ppm

S30



61T
wry
LET'TH
6£T11
SSI 1Y
LST' T
69T 14
LT
L8T'TA
6811~
0T 14
L0T _\
68€T,
818€y
128°€]
6€8°€1
V8¢
868°¢
198'€
088'€1
€881
106'¢
$06 '€
£26'¢
6L6'€7
966 €
366 €~
1001
900
910+
120+
€20t
6201
6£0°1]
170+
90
L8'S
_omm%
£VTLy
9rILy
6vTLT
79T L
991" L
961'LA
10T LA
PIT L
07T L
seT Ly
8¢7 L
1wz L
8LT L
8T L]
€6T L]
L6T L]
£0€'L
s1eLd
81€ L]
€0V'L
Lov'L
1L
STH'L
€56L
LSS'L
US'L
9ULS'L

Me

FLUE

oot

Wg.v
€0°C
e
001

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 0
ppm

10.0

€9°61
_Em_W
6L°S1

mm.m_\.

TLos
SLOS

£€°€9
mmAmwv.

89°9L
oc.RW
TELL

01'9T1
STLTT
I¥'LTI
6T'8TI
0F'8TI1
§§°8T1
PSOET
wm.mm_\
PT6€ET
61°6€1
w9ort
L90¥1

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

190

S31



e 9T—

EtO

Me‘:ﬁe‘

eto. °

-200

-150

-100

-50

50

100

150

200

50

ppm

96L°0
0180
€18°0
LT80
628°0
€80
or8°0
6V8°0
6IL'T
9EL’1
TSL'T
PLL'T
T6L°1
808°1

18€°T
8V
16°€ 1

805 '€
9ZS €1
05§°¢
LSS'€A
LS €A
165°€
£99°€
789°€~
689°¢
769
10L°€
SoL €
30L°¢ ]
€1L°¢]
TTLe
sTLe]
6L €]
06°S
T€6'S
STILY
LTUL]
T€1°L
£VT°LA
LYTLA
LLTLY
181°L7
¥81°LA
P61 'L
661°L~
v0z'L
€1T°L
LT
07T L]
65TLA
6ST'L
€97 ]
Lz
8LzL]
€8T'L
96T'L
66TL
P6E'L
L6S'L
10p°L
vIvL
6IV'L
8YS'L
995°L

—— i p—

s

1 7
QuO\,P
'BuO
Me I 3f I

Foou

MI S0T

g e
&

it
g8
o=

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -0
ppm

10.0

S32



-10

LY8I~
rs61-" E

19'8C
mo,wNW —————"

20

69'8C
€L8C

40

1L08 L
vL0S

50

€0°EL
0T'€EL

89°'9L »
co.PW o
zELL

BUO

i -
BuO\P\
Me l 3f l
80

90
ppm

T
100

LY 9T—

§0°9T1
8T'LTI
VELTT

1€'821

SE'8T1 M B
LS'8TI

0S°0€T _

i

09°S€1

€T6€1 =
LT6ET
0L0F1
9L0¥1

130

140

S33

-100 -150 -200

-50

BuO.
5 P\S
'BuO
Me I 3f I

ppm

50

100

150

200

250



600°0—

80T'T
et

vt
cmw._w
wT'l
00€'T—

L8t'F
€05t
605
8ISt
STST
PESHY
oFS ¥y
0SSt
95511
$95 v
LS
185"t
88511
<00t
T99°6~,
6957
01°L
wrL
1L
S0T'L
11T LA
91T LA
97T LA
67T LN
€67 L
09T L
8LT LY
78T L
6T L]
86T'L
£0€°L
60S'L
9TE'L
STEL
6T€'L
SE€'L
9€h'L
vSy'L

I

FSL9
B89

FLEE

Tnc.n

Mloo._

#61T
50T
Rgep

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

10.0

86°€S
1vs

LY'TL
1§°TL
€6°CL
LS'TL

89°9L
00°LL
ELL

et
887471
108z
€821
0621/
689€1
05'8€1
95'8€1
oiz\
oL THI

|

L7

P
S

iPro
Me l 3g l

Pro .

1

-10

20 10

30

180 170 160 150 140 130 120 110 100 90 80 70 60 50
ppm

190

S34



£18°0
e C980
088°0
Wl
SKTT
09C'1
€9T'1
1871
86T'1
10€°1
6571 Focy
wvw.“ Fsty
i
971
YoV 1
991°1
€LVl _— I
sl
61
6611
01€'T
TEL'E
6vL'€
wLE
LSL €
9oL ¢F U Forz
-3 %:; Frue
_ yLL €]
LLLE]
$8L°¢]
06L ¢4
6L €]
018°¢]
868°€ O
L06'€] -
S16°€
vZ6's
T€6'€ ﬂ
W6'€
6v6'€
866'€
996'€
7L6'€]
8@.4
[ & oS’ 0T
S 0L m €0l
911" L] 384
STI L Ayoz
1€1°L]
80T'L
LeeL
L 8 z€T L
= e L
ST L]
SYTL
L3TL
16T°L
86T L
€0€°L
LOE'L
0z¢e' L
STE'L
05€°L
vy L1
- 'L

T
-200

E8T9

T
-150

T
-100

S

P
AT U

7

98 €C—

"BuO

== 001

"BuO.

PrO .
iPro
Me I 3g l

0

S35

0.0

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5
ppm

10.0




W ET—
6V 8I~
60T~

8LIE
ow,—mv

£8°ES
L8'ES

aa.om
mc.\.cv.
89°9L
ooN»W
TELL

9T'LTl
£6°LT1
08Tl

'8eli—
et /
LOLEL
hm‘wﬂ/
€78¢l
mm.:._\
8¢l

W

80

40 30 20 10

50

70

190 180 170 160 150 140 130 120 110 100 90

0

ppm

"BuO

n
BuO.

8TE9T—

-250

-200

-150

-100

-50

50

100

150

200

ppm

S36



STl
SST'T
LST'TH
6ST'T
0LT'TH
€LTT
SLT'TH
LLUTH
881
061°T+

€611~
ma—g\

£68°€
LE8°€1
8'€
Sp8E
1$8°€
ss8'€
858'€
98¢
L98°€
€181
9L8°€
088°¢ |
88°€
68°€
868'€

06°t—

186°€
¥66°¢]
100+
00
L00°F
110
Y10+
610
120
v20°+ ]
620t
€0+
9£0°% 1
650
ot
6101
9501
79’

159°s-
$86'9
900°L
370,
seT L
€STL
65TL]
89T'L
1LTL
sLTLd
80€°L]
8TE'L]
oEL
98€°L
Y6E L
86€°L
80b°L1
SIP'L

—

ozv'L?

EtO

EtO.

Froz
Froz

=00'T

0T

€0°1
mho.m
60'F

0.0

0.5

1.5 1.0

2.0

25

3.0

35

4.0

45

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

9.0

9.5

ppm

69°S1
9L'S1

1€°€S
rees

SP'E9
6¥'€9

899L
00°LL
Nmﬁw\.

1Telt
£V STl
ySLTT
96'LT1
8¢8T1
YL'6T1
€8°6T1

ST'LEL
ﬂ.wmﬁw
YTLET
oo._:\

90°I¥1

19°091~
90°€91—

3i

140

-10

20 10

30

120 110 100 90 80 70 60 50
ppm

130

190 180 170 160 150

00

S37



—25.670

50 200 150 100 50 0 -50 -100 -150 -200
ppm
&
=
EtO\F;p
Eo °
F ‘ 3i ‘
)0 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240 -260 -280 -3

ppm

S38



118°0
818°0
8780
ve80
LILT
0TL'T
vEL'T
LEL'T
(U2
vEL'T
L1
OLL'T
¥8L'1
L8L°T
0081
708'1
JAL
LOS°E
STS'E
1es°e
we'e
6vS'E
99¢°¢
¥99°€
w9t
089°¢
889'¢
L69'€
SOL'E
CILE
IcLe
6TL'E

i) (R el

LS9°S~.
989'¢"
LS6'9

QEL
000°L
£0T'L
90T'L
LT LA
Piean |
62T L
65T L
WL
T L]
0921
787 L
10¢°L 4
0ze'L]
SLE L
L8¢€°L
L6€°L1]
1Ov" L]
o1

L

iBuO.
BuO
X
= 3,

F

E09Cl

ol )4

P
%
=3

10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0 -0
ppm

10.5

e8I —

98¢
0L'8T

LTES
0€'€S

(AR YA
0TeL
89°9L
oc.E.W
ELL

E€TCII
PESII
vr'LTT
96'LT1
1$°8C1
sL6Tl
£8°6C1
LTLEL
0E'LET
TeLET
SELET
OT'IvI
IT'IVI

8S°091~
€0°€91—

o
: .
'BuO

F‘?'J'O

BuO

20 10 0 -10

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
ppm

00

S39



—25.761

? (0]
i 2
BuO\P

Buo S

F§3j‘

50 200 150 100 50 0 -50 -100 -150 -200 -2
ppm
[=.)
2
=
iBuO. 2
. /P\S
‘BuO
F O 3] O
R Ll B L B AL L Il il l - iEi
0 8 60 40 20 0 20 40  -60  -80  -100 -120 -140 -160 -180 200 220 240 260  -280 -3
ppm

S40



000°0-—

sTrt
ov_._/.
€T

sTTl
8ET1
orTl

108°%
LOS't
LISt
[345%
675t
TESHA
€511
14498
815 b
PSSH
095 -]
€95
0LS ]
9LS 1
S35t
165+
6L9° S~
80L'S”
SL69
96691
810°L7
T LA
orT Ly
evﬂpgﬁ
SST'LA

8STL
9T L
S9T' LY
86T'L]
0L
PIE L]
81¢L]
1561
SEEL
8€€°L
obE LT
63€°L
Y6EL
96€°L
ov'L
80¥'L
L
8I¥'L
sTyL

’PrO\ID/?
o S

Fee1

=001

F€0T
60°1
L0T

Iy

ppm

0€°€T
9¢€°€T
99'¢€T
0L'€T

9¢°€S
avzmwv.

SLTL
LLTL
18Tl
£€8°TL

89°9L
00°LL
CELL

61°CII
[ 298
SFLTI
80°8T1
8$'8T1
98'6C1
¥6'6T1
SSLET
09°LET
8E T
laatat

§9°091~
oreor—

e

T T T T T
110 100 90 80 0
ppm

T
120

T
130

T
180

19




—23.388

iPrO\FD//O

iPro

[~
=3
-
S
8
5
S
=

ppm

-114.906

ipro_ °
Pro

F 3k

S0 40 30 20 10 0 -10 -20 -30 40 -50 60 -70 -80 -90 -100 -110 -120 130 -140 -150 ~160 -170 -130 -190 -200 -210 -220 -230 -240 -250 -260 -270 -280 -200 -3

ppm

S42



g0
09801
6.8°01
0€T T
8T
L9T' 1
98714
S0ETH ﬁ
€281
Nﬁ.:ﬁ
SSH I
89F T
NS‘L
81 14
06+'1
y6t 1
£0S°1
80511
1
szetd
ELLEY
9LL €A
18L°¢
¥8L '€
06L €
£6L°€
96L'¢
86L ¢
108°¢
08¢
018°¢
ase]
P8¢
818°€
128°€
se8°e ]
w6'E
0£6'€
8€6'€
or6's
8+6'¢
¥S6'€
LS6'E
§96'¢
€L6'€]F
8Y9°S
LLY'S
8969
68691
0L
S1z7'L
YET L]
6€TL
SyT L]
sTL
SSTL
16TL
€L
6T€L
$8E°L
v6€° L]
86€'L
Lov'L
YivL
ozyL

P

"BuO
"BuO

s

3l

F

FL19

Fsry
ey

001

P

001
mho.w
ST'v

7.0

75

ppm

1€€1—
8€81—

oL'1E
LLig

wes
STES
00°L9
0L
LO'L9
60°L9
89°9L
oo.tv
TELL

90°¢11
LTST1
LELTL
98'LT1
P¥8T1
99'6T1
vn.mN—V.

T LEL
VNA\.m_W
LTLEL
3;3\

90 T¥1

1€°091~
L6'T91—

/

"BuO. -
"BuO

3l

F

-10

Fo

ppm

543



—25.861

O
"BuO.._«
=l
mue S
BuO
E 3l
1
T T T T T T T T T T T T T 7
0 300 250 200 150 100 50 0 -50 -100 -150 200 250 -300 3
ppm
=)
=
9
=
i
O
"BuO. 4
/P\S
"BuO
E 3l
BB A a5 A s AR AAY A A A AR S AR LR 5SS RS B A LA B R LA s A LASS LA S AALOE R ARSY AL LASSS AARS AR SRS Y AR ASSE VAR AARAAARSA RARSALASSS RARSA AARSL MRS
0 9% 80 70 60 50 40 30 20 10 0 -10 20 -30 40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 220 -230 -240 -250 -260 -270 -280 -290 -3I

ppm

S44



(-2
€9T'
SLI'T
1811
96T'T1
86111
we's
L8'€
0s8°€
098°€
v98'€
£98°€
us'€q
L€
788°€
$88°€
688°€
006 '€
£06'€
L06°€
066€7
£66'€1
866'€1
300°t1
60017
110°t4
910'p+
6101
820'+
€600
$€0°v
9€0" 4
90t

!

]

150°+1
€50t

109'S
€69 mV

6VT LA
§ST'LA
YT L
0LT L
€LT LY
LLT LY
78T LA
V6T LA
66T L
S0€°L]
12€°L
STE L]
eveLd
SYeL]
9511
19¢°L
VLEL
6LEL
€L
v6¢ L
00v'L1

w

oy

O
/

EtO. B

g

EtO

3m

ro'c
90°C

oot

vy
LY

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm

10.0

68°S1
96°¢1

LS'ES
09°€s

69°€9
SL'E9

€8°9L
ﬂ.nrv

LL

08'LTl
wﬁwﬁ/
08'8TI~

L6zt
PrEET
sTropl
oz orl
86°0¥1 \
PO 1H1

O

ElO. =

/
<

EtO

cl O 3m

-10

o

T
10

T
70

T
80

T
90

ppm

S45



SIS6T—

P

EtO: P/
EtO

3m

Cl

T
-200

T
-150

T

-100

T
-50

T
100

150

N
200

50

ppm

)
=N
o
~

\

WL

B A

F @%

FpRp
=
o

e

001

e
<

0.0

0.5

9.5 9.0 85 8.0 75 7.0 6.5 6.0 S5 5.0 45 4.0 35 3.0 235 2.0 15 1.0

10.0

ppm

S46



P81 —

¥L'8T
8'8C

1ves
Py Es

6T°€EL
9E°EL
89°9L
coﬁhw
TELL

S.E
Smm_/
o871+
196217
Lresr”
Frort

0z0b1

Nme:\

86°0¢1

10

20

Y 0 60 0 A 30

80

—
'BuO

cl ‘ 3n ‘
ppm

Buo.

120

T
130

TI9sT—

P\

2/
'BUO

0|l3n!

BuO.

T
-150

T
-50

=3

S47

ppm



6ST'1
19111
€911
LLTT
6LTTH
1811
S61°14
L6114
661'14
148°¢q ﬁ
Pr8Eq
658°€ |
198'¢
£98°€
998°€
698°€ 1
188°¢
#88°¢
988'€
888°¢ 1
168'€
906'¢ |
606 '€+
066 '€
T66°€
LO0"bA
010~
S10°+
L10H
ST0'H
LZ0t
260t
ﬁ,oi
£50°F
L8S'S
:f.%
€57 L
§9T'L
89T°L1
1LT L
SLT LA
S6TL1
10€°L7
YOE LA
LOE LA
€L
LIELF
£2€°L
szTEL
8T¢'L
9£€'L
oveL]
€€ L]
LLE L]
6LE L]
£3€°L1
26¢°L1
L6E'L
10¥L
vov L]
9T L1
€€V L
8Eh'L
6vvL
pstL)

S T—

O]
A

P

EtO

~S

EtO

3o

Br

F1z9

Feoz
Froz

001

mr
Iy
LT
10T

ppm

€LST
1861

Ir'ES
6V°€S

§S°E9
19°¢9

wwAS.
ocﬁhv
TELL

6€°1T1
S9LTI ./
NkoNT/
99°8T1~
886717
oo.;—\
1S°0v1
LSO¥I
£L0V1
6L0%1

O
/

EtO\F;

EtO

30

Br

-10

=

F&

re

[=

ppm

S48



98t ST—

3o

Br

-200

T
50

ppm

9780
6780
1£8°0
L£3°0
W0
S¥8°0
8¥8°0
£68°0
LvL1
£9L1
08L'1
L6L'1
P81
£15°€
615€
1£5°¢4
LES €
€75 €
815 €
PSSE
095°¢
TLS €
8LS €
999°€+
089°€~
£89'¢
069°¢
969°¢)
00L ¢
oL
LoL €]
€IL°€
0TL €1
yTL €
LeLed
7T9's
%o.mV
€T Ly
6¥T L1
SSTLA
£9T LA
89T LA
1LT L
10€°Ly
90€"LA
9TE LA
61€ L
zTeL
62¢L
TeeLd
LeeL]
ore L]
YLE L]
6LE L]
78¢°L
98¢°L]
s6¢°L]
00F'L
Yov'L
L
6TH L
YEVL
ShL
os¥'L
LSYL

’BuO\FDf/(\)
iBuo S

WL

3p

Br

=€9°T1

F 6oz

E 001

or't
% ory

N ot

ppm

S49



SE81—

9L'8T
€8'8T

L¥'ES
cwzmmv

1€°€L
8EEL

89'9L
ooshw
TELL

Fo

T
60

T
70

T
80

2
S
BOAS

BUO.
BUO

ppm

-200

e

S50

ppm

/

BuO

Br 3p
00

P

= 0LSST—

Buo

o&._m_
vo'LTI /.
mkoN_/
L9'8TI~E
L6'6T1;
—o._m_\
oL ovl
SLOPL
8 0F1
06 0¥1

T
200




100°0-—

STt
o:.gk.
0zl

6TT’1
PETT
W'l

SIS
14394
6ESF
ey
6VS'
95SH
18y

6£9°S~,
899'¢~"

12TL
STT'LA
WTL
SYT'LY
LSTL
79T°LY
$6TLA
70€°L
L0€°L
S1EL
vze L
£€e°L]
18€°L]
00t'L]
€Ty L]
oL

5
O
Br .

Pro.
Pro

859
Bie

Fost

00T

or't
Ly
Lot
wT

00 -0

05

ppm

T
13

80

T
85

T
90

95

T
10.0

15

r

0€°€T
9E'ET
LIET
IL'€T

Vv9'€s
LY'ES

€8'TL
68'TL
89'9L
oo.t.w
TELL

9T'ITI

SSLTT
wo.ww—/
€9°8TI~E

R.mm_\
P.._:\
T8°0p1
88°0¥1
101¥1
LO'THT

2t
=g
[l
Br 4

i
F->rO\P
Pro

-10

o

S51

ppm



01T €T—

O
/

i /,
PrO\P

/

Pro

3q

Br

T
-200

-100

-50

L
100

T
150

T
200

50

ppm

6¥8°0
#$8°0
L98°0
L8
$88°0
1680
Tt

Rt

¥8T1

£0€'1

et

05t 1
23%
Lov 14

oLy 1
sy
9811
61 1
€051

6051

951
wuLe
SLL'E
08L'E
8Le
$8L°¢
6L ¢
v6L €
L6L°€
66L°¢ 1
208°¢ 4
608°€
€18'€
918°€
618°¢
L16€
LT6'E
veGe *
16°€

SH6'E
156°€
656'€
296'€
696°€
965°S
¥Zo's
omﬂ\w

997'LY
69T'L]
00€L]
soe'L
91IE'L
12€L]
STE'L
LESL
ovs'L
SLEL
8LELT
€L
S6E°L
665°L
oYL
SEVL
9prL
IS¥L

(@)
/

P

"BuO
"BuO

s

3r

Br

879

Feev
Focv

Wm:
S1'T

Foot

't
6I'Y
80T
LT

9.5

T
100

ppm

S52



0§ €l—
P81 —

P81E
[0 §3

res
SY'Es

YTL9
0€°L9
89°9L
00°LL
TELL /

LEITI
_o.ru_/
oo.wm_k
9871~k
06'62177
nm;mT\
09°0r1
ISV

SLovT
18°0v1

s

”BuO\P//O
"BuO
Br O 3r O

T T T
20 10

30

T
40

170 160 150 10 130 120 10 100 )

T
180

ppm

069'sT—

®)
G

i)

¢

"BuO.

"BuO

Br03’0

T
200

T
-150

-100

-50

Fe

T
200

ppm

S53



Cl

o

EtO\F;

'S

EtO

3s

6L

00T

Ta.w
&4
- €01

-0

T
0.0

035

T T
9.0 85

95

T
100

o3

ppm

st
a».r._v
98'¢1

910§
61°0¢

6F'€9
wm.mcv

wo.or
oo.rnv
TELL

EtO- g
EtO

S
= 3s

L

-10

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

)

r
X

ppm

S54



oreEST—

T T T
-150 =200

-100

T
-50

T
100

T
200

0

ppm

$08°0
078°0
£28°0
0r8°0
£68°0
198°0
0L8°0
880
LEL'T
psLl
Lt
908'1
£78'1
08’1
31§°€
§TS°E
SE5°E
TWS'E
655°€
£19°¢
079°¢ |
LEOE
759°€7
01L€Y
LTLEA
YEL'E
L€
1sLe4
19L°€
8LLE]
¢8L¢]
qﬂ.&
08¢

Y0197
PET'97
L61'L

107L

91TL

0zTL

yeTL

ST LA
£97'L
697'L
€LT LY
$8T LA
T6T LA
£0€'L]
Log L
eLd
vze L
LzeL]
65€°L

e L]
65€°L

8L

UvL

PIv'L

STHL
81t'L

EV'L

oYL

£89°L

L89°L
ToLL

90L°L

Eoo0Tt

Hl 09’

66°0
001
£0'T

E 6870

W 6’
96'1

v §60

00 -0

0.5

9.5

T
100

vy

ppm

S55



€681
ww.m—W.
19'81

€£L°8T
6L'8T
18'8C

98'8T

0T08
£T0S

8T°€EL
mN.m\.W
1€€L
89°9L
oo.tN
TELL

0Ll
€512l
€782
ss'8zl
L8zl
wgﬁ\.
£T0€T
8T'€ET
68851
PESET
9T ovI
T ot

Z
b
OMe

BuO..
BUO

I

o

K=}
=

R

]
o~
S

_ P
'BuO

ppm

BuO

T
-200

-150

=

S56

ppm



£80°1

6601

st

LoT'1
At s
(ZT19
65T 14
LT
SIS
oSty
L1494
9¢sY
4 e
1L8°Y
LLSY
L3S
€65
865
809
Y19y
0zt
629t
SE9P
SHOt
1591
099'41
999t
11284
ELT'Y:
8TI'L
TETL
Lyr'L
1sTL
ML
ILLE
061°L
S0TL
60TL
TITL
9€T LY
66TL
1STLA
SST LA
65T
LT LA

LT LN
LLT L

¥8T'L
687 L4
16T°L]
66T L]
£0¢°L
61
€zs'L]
L
£1PL
fatan
81t'L
LTl
I€v'L
SevL
669'L
co0LL
81LL

Cl

i :
PI'O\P/\S

Pro
3u

€L

oT's
Wa_.m

YI'E
0€'€

Fest

o001

T.Nm.o

Ryrz

m\.vo.ﬁ

ppm

00°€T
90°€T
60°€T
ST'ET
1°€T
SYET
8¥'€T
TeeT

1708
¥T08

T
8S°TL
89°9L~
00°LL
TELL

LLott
0T'LTl
96'LT1
ST8TI
0¥'8T1
om.@ﬁ\
66'6C1
08'zcel
0L°8€ET
SL'8ET
€0°0v1
60°0¥1

Fe

T
10

S57

ppm



€€0°€T—

=200

100

=

ppm

LT80

€480

9801
680
798°07
$98°07
188°04
€Tt
1sT1
oLT1
887’1
LOE'1/
9ze'1d
Tiat
Lsv 19
£9%°14
sty
08¥'1

€611

L6V 1
10811
01§'1

€15°1

6151

6751
96517
06L¢
018°¢
098¢
088'¢]
966'¢
€L6°¢]
086'€

L66'€

-

r10'%-
8609
6T1°9
LoT'L
ILTL
981°L1
161°L
S61°LA
€1T LA
L1TLY
1€T LA
PET L
SYT L
09T'L
9T L4
89T°L
wTL
6LTL]
€8T L1
88T'L
T6TL
90€°L
60€°L
12811
YTEL]
orE’L
preL
LIVL
96t L1
899°L

889°L

Cl

S

(@)

/7

o

"BuO..
"BuO

3v

For9

Feev
Firy

LT
81T

00T

TV.E
hyrz
Ol

"

ppm

S58



SEEI~
9¢'81
1#81

L91E
cL1E
yL1E
6L'1€E

008
wo.Omv

8699
0Ly
¥0°L9
80°L9
89'9L
oo.\.hv
TELL

o9zt
se'Lz1
00°821
se'8z1
bs'8T1
32_\
06621
06°TET
99'8€1
1861
96651
10041

S Cl
3v

41]1“ Il[ll

"BUO\F;/O
"BuO

F<

T
30

T
40

160 150 140

T
170

ppm

69$°€T—

Cl
3v

"BUO\F;?

"BuO

B3]

=

2

L2

ppm

S59



el
66€°1
LIVl
PLTbY
61h
S61°F1
60T +1
€1Th
LITH
12T h
1€TH
vETY
65T
ST
95T
09T 1
LLTH
18TH7
SSTH

86T
€0E P
90€'v]

9IIEY
£LEY
8404

ISt's~
06t

09717
LT€'L
1€€°L7
9bE'LA
6bE'Ly
$9€°LA

89€°LN
T8¢'L]

$8¢€°L
104,
YOvL
12hL]
00L L]
81L°L
06L°L

—_—

608°L”

-

ppm

1091
8091

sy
978t

66'€9
90v9

wo.or
oc.t.v
eLL

S6'611~
68'ST1

SOLTI
£5'871—

STOPI~
[a844¢
ST'HPI

Fo

=
=

S60

ppm



6TTLT—

T
-150

=

=

p

0

ppm

$66°0
N_oév

766’1
600'T
$T0'T
woT
650°C
SLOT
60T

116°¢
8T6'¢
SE6'€
Sve'e
£66'¢
0L6'€
¥86'¢
100
800°F
810V
S0y
o't

067 S~
Vs el

097 L1
8T€L
1€€° L7
o€ LA
05€°L
S9€LA
89€°L
08€°L
¥8€°LY
66€°L
zov L]
61t
L69°L
L]
N:i
1€8°L

T

e

=00°T1

F s02z

F oss0

E vy

F L6T
£ 96°'1

ppm

S61



-10

1L81— [

20

96'8C
£0°6T

1081
ST8Y -

50

8LEL .
S8EL
wo.ﬁw —_—

70

00°LL
TELL

‘BuO.. Q
Buio S
L1
100 9 8
ppm

80€°LT—

06611~ P— L
£6'ST1
YOLTI: —_—

6V'8C1— -

120

130

1T0vI~ B
6I'vvl
Yoyl

140

180 170

T
190

S62

-200

-150

’BUO\F;
BuO

ppm




vl
0Er'l
8EV'L
123

NMQVJf

9z€ L
62€ L
YrE LY
V€ Ly
T9€ Ly
99€°L
0LE L
yLE LY
owmpkﬁ

=T

T6€'L
L0V L]
v
989'L1
2LL]
aqwh%
898'L

’PrO\P//O
Pro 8
3y

b

66'S
X 609

Eign

EL80

Feor

=061
=881

0.0

0.5

9.5 9.0 85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0

10.0

ppm

09°€T
99°€T
LL'ET

18°¢T

818y
178

YUEL
1TEL
89°9L
oc.ﬁw
eLL

08'6TT~
L6'STI

LT
8€'8TI—

yrovi~.
9T ¥
1€vrT

O
PrO\/P/\S
Pro
I 3y

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
ppm

)0

S63



25.219

ppm

T
-100

T
200

S64



