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General Methods/I nstrument Details

All reactions and manipulations were performed in a nitrogen-filled glovebox or using standard
Schlenk techniques, unless otherwise noted. Solvents were dried with standard procedures and
degassed with N,. Column chromatography was performed using 200-400 mesh silica gel
supplied by Sorbent technologies. Deuterated solvents were purchased from Aldrich Chemical
Company. Thin layer chromatography (TLC) was performed on EM Reagents 0.25- mm silica
60-F plates. *H, **C, and *'P NMR spectra were recorded on Varian Mercury 400 MHz FT-NMR
spectrometer or Varian Mercury 500 MHz FT-NMR spectrometer. All chemical shifts are
reported in ppm. HRM S spectra were recorded on a KRATOS M S 9/50 mass spectrometer. GC
analysis was carried out on a Hewlett-Packard 6890 gas chromatograph using capillary columns.
Chlorodipyrrolylphosphine was prepared according to the literature procedure. *
Hydroformylation reactions were repeated several times to ensure reproducibility.

3,3, 5, 5’ -Tetramethylbiphenyl-2, 2’ 6, 6 -tetraol was prepared according to the litterature
procedures.?

General Procedure for Synthesisof 3, 3', 5, 5'-tetrachloro tetraol 4b. To a 250 mL Schlenk
flask was added 3, 3, 5, 5 -tetrachloro-2, 2, 6, 6'-tetramethoxybiphenyl 3b (1.7 g, 4.1 mmol).
The flask was degassed and charged with nitrogen. To the flask was added CH,Cl, (20 mL). The
resulting solution was cooled to -78 °C in a dry ice/acetone bath. To the cooled solution was
added boron tribromide (1.5 mL, 18.0 mmol) dropwise. The reaction mixture was allowed to
warm to room temperature and stirred for 5 h. After cooled to 0 °C, water (50 mL) was added
dropwise to quench the reaction. The organic phase was separated and the aqueous phase was
extracted with ethyl acetate (3 x 25 mL). The combined organic layers was dried over NaxSO,
and concentrated under reduced pressure. The crude product was purified by recrystallization
from hexanes to give the titled compound 4b (1.35 g, 92%). *H NMR (500 MHz, acetone) § 7.38
(s, 2 H); IR (film): v 3525, 3503, 1596, 1449, 1423, 1300, 1281, 1172, 783 cm™; **C NMR (126
MHz, acetone) 6 152.2, 130.20, 130.18, 112.6, 110.6; IR (film): v 3523, 1596, 1457, 1145, 1036
cm™; HRMS (ES") caled for C1oHsCl,O4 [M-H]™ 352.8942, found 352.8965.

General Procedure for Synthesis of Ligand 1. 3, 3, 5, 5-Tetrachlorobiphenyl-2, 2' 6, 6'-
tetrakis-(dipyrrolylphosphoramidite) (5b). To a solution of chlorodipyrrolylphosphine (55
mmol, 10.9 g) in THF (50 mL) was added dropwise triethylamine (13 mL) and a solution of 3, 3,
5, 5'-tetrachloro tetraol (10 mmol, 3.6 g) in THF (100 mL) a room temperature. The
triethylamine-HCI salts were formed immediately after the addition. The reaction mixture was
stirred for 6 h at room temperature. The triethylamine-HC| salts were then filtered off, and the
solvent was removed under vacuum. The crude product was purified by recrystalization from
hexanes three times to afford the pure ligand 5b (2.2 g, 22%) as an air-stable colorless solid: *H
NMR (400 MHz, CDCl3) & 7.26 (s, 2 H), 6.65 (brs, 16 H), 6.21 (t, J = 2.2 Hz, 16 H); *C NMR
(100 MHz, CDCl3) 6 147.6, 131.9, 123.0, 121.40, 121,39, 121.33, 121.22, 121.15, 113.7, 113.6,
112.5, 112.4, 112.38, 112.28; 'P NMR (161 MHz, CDCl3) § 109.0; IR (film): v 1462, 1188,
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1063, 1057, 1031, 731 cm™; HRMS (ES") calcd for CagHasClaNsO4Ps [M+H]* 1003.0486, found
1003.0463.
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Cl Cl
3, 3, 5, 5-Tetrachloro-2, 22 6, 6'-Tetramethoxybiphenyl (3b). A solution of 5 mL (62.5
mmol) of SO,Cl, in 5 mL of CHCI3; was added dropwise to a solution of 2.8 g (10 mmol) of 2, 2’
6, 6 -tetramethoxybiphenyl 1 in 20 mL of CHCI3; a room temperature. The solution was sittired
and monitored by TLC plate. After 30 min, saturated NaCl solution was added carefully to the
reaction mixture and the organic layer was separated. The water layer was extracted three times
with chloroform (20 mL) and the organic layer was combined and dried over anhydrous
magnesium sulfate. After filtration, the solvent was evaporated and the residue was passed
through a short silica gel plug. The solvent was evaporated and 3.8 g of white solid was obtained
in 91% yield. 'H NMR (500 MHz, CDCl3) § 7.51 (s, 2 H), 3.67 (s, 12 H); *C NMR (126 MHz,

CDCls) § 153.4, 130.1, 125.1, 123.5, 60.9; IR (film): v 1467,1419, 1284, 1102, 1017, 882 cm™;
HRMS (ES") calcd for CgH1sNCl,O4 [M+H] " 427.9990, found 427.9985.
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3, 3, 5 5-Tetramethylbiphenyl-2, 2° 6, 6 -tetrakis-(dipyrrolylphosphoramidite) (5c).
Ligand 5c was prepared according to the general procedure using chlorodipyrrolylphosphine (1.7
g, 83 mmoal) and 3, 3, 5, 5 -tetramethylbiphenyl-2, 2', 6, 6 -tetraol 4c (0.5 g, 1.9 mmol).
Purification by recrystalization from hexanes gave 5¢ as a white solid in 34% yield (0.6 g). *H
NMR (400 MHz, CDCl3) § 7.23 (brs, 16 H), 6.72 (s, 2 H), 6.20 (t, J = 2.2 Hz, 16 H), 1.67 (s, 12
H); *C NMR (100 MHz, CDCls) & 149.0, 134.1, 126.6, 121.31, 121,25, 121.21, 121.13, 113.2,
113.1, 112.0, 111.9, 111.8, 111.7, 16.3; *'P NMR (161 MHz, CDCl3) § 105.6; IR (film): v 1453,
1190, 1179, 1056, 1037, 729 cm™; HRMS (ES") calcd for CagHazNgO4P, [M+H]" 923.2671,
found 923.2651.
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3, 3,5, 5-Tetraiodo-2, 2' 6, 6'-Tetramethoxybiphenyl (2). A 200-ml., three-necked flask is
charged with 13.8 g. (50.0 mmoal) of 2, 2' 6, 6'-Tetramethoxybiphenyl 1, 9.1 g. (40.0 mmol) of
periodic acid dihydrate, and 20.4 g. (80.0 mmol) of iodine. A solution of 3 mL of concentrated
sulfuric acid and 20 mL of water in 100 mL of glacial acetic acid is added to this mixture. The
resulting purple solution is heated at 80° with stirring for approximately 10 hours until the color
of iodine disappears. The reaction mixture is diluted with approximately 250 mL of water, and
the white-yellow solid that separates is collected on a Buichner funnel and washed three times
with 100-mL portions of water. The product is recrystallized from boiling acetone as colorless,
fine needles (31.8 g, 82%). *H NMR (500 MHz, CDCl3) § 8.28 (s, 2 H), 3.59 (s, 12 H); *C NMR
(126 MHz, CDCl3) 6 158.9, 147.6, 124.8, 86.7, 61.0; IR (film): v 1641, 1450, 1397, 1250, 1154,
1059, 921 cm™; HRMS (ES") calcd for CigH1sN1404 [M+NH,4]* 795.7415, found 795.7441.
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3, 3,5, 5-Tetraethyl-2, 2’ 6, 6'-Tetramethoxybiphenyl (3d). 3, 3, 5, 5 -Tetraiodo-2, 2’ 6, 6 -
Tetramethoxybiphenyl 2 (7.8 g, 10 mmol) and ethynyltrimethylsilane (8.2 mL g, 58.0 mmol) in a
mixture of triethylamine (100 mL) and piperidine (30 mL) was treated with PdCl,(PhCN),, (0.4
mg, 1.0 mmoal), triphenyl phosphine (275 mg, 1.0 mmol), and Cul (80 mg). The originally yellow
solution turned to green and then brown. After 3 h at room temperature it was heated at 80 °C for
24 h. The precipitate was filted and the filtration was passed through a short silica gel plug. The
obtained solution was evaporated and treated with a solution of KOH (6.0 g, 108.0 mmol) in
methanol (40 mL). The reaction solution was stirred at room temperature for 2 h until TLC
analysis indicated that the reaction was complete. Ether-water workup and the obtained yellow
liquid was dissolved in 200 mL of mixture of ethyl acetate and methanol and combined with 5
wt% Pd/C (0.5 g) in an autoclave under a 200 psi of hydrogen atmosphere. The reaction was
stirred at room temperature for 2 h until no hydrogen absorption was observed. Filtration and
flash chromatography afford 2.9 g of white solid in 73% vyield. *H NMR (500 MHz, CDCl3) &
7.09 (s, 2 H), 3.53 (s, 12 H), 2.69 (q, J = 7.5 Hz, 8 H), 1.27 (t, J = 7.5 Hz, 12 H); **C NMR (126
MHz, CDCl3) & 154.6, 132.2, 128.8, 123.3, 60.4, 22.9, 15.0; IR (film): v 1468, 1425, 1058 cm™;
HRMS (ES") calcd for CosH3s04 [M+H] " 387.2535, found 387.2526.
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3,3, 5, 5-Tetraethylbiphenyl-2, 2’ 6, 6'-tetranol (4d). Tetranol was prepared according to the
genera procedure using 3, 3', 5, 5'-Tetraethyl-2, 2' 6, 6 -Tetramethoxybiphenyl 3d (2.9 g, 7.3
mmol) and boron tribromide (3.0 mL, 36.0 mmol). Purification by recrystalization from hexanes
gave 4d as awhite solid in 92% yield (2.2 g). *H NMR (500 MHz, acetone) & 6.92 (s, 2 H), 6.55
(s, 4 H), 259 (g, J = 7.5 Hz, 8 H), 1.18 (t, J = 7.5 Hz, 12 H); **C NMR (126 MHz, acetone) &

152.3, 130.7, 122.8, 107.0, 23.8, 15.1; IR (film): v 3530, 3503, 1472, 1173, 1092 cm'l; HRMS
(ES+) cacd for CyoH2704 [M+H]+ 331.1909, found 331.1905.
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3, 3, 5, 5-Tetraethylbiphenyl-2, 2’ 6, 6 -tetrakis-(dipyrrolylphosphoramidite) (5d). Ligand
5d was prepared according to the general procedure using 3, 3, 5, 5 -Tetraethylbiphenyl-2, 2’ 6,
6 -tetranol 4d (2.0 g, 6.0 mmol) and chlorodipyrrolylphosphine (5.2 g, 25.4 mmol). Purification
by recrystalization from hexanes gave 5d as a white solid in 28% vyield (1.6 g). '"H NMR (400
MHz, CDCls) § 6.77 (brs, 18 H), 6.21 (t, J = 2.2 Hz, 16 H), 2.01 (g, J = 7.6 Hz, 8 H), 0.90 (t, J =
7.6 Hz, 12 H); *C NMR (100 MHz, CDCl3) & 148.9, 132.3, 130.7, 121.1, 118.9, 111.8, 22.8,
14.3; *'P NMR (161 MHz, CDCl3) & 105.6; IR (film): v 1453, 1174, 1083, 1044, 1025, 729 cm™;
HRMS (ES+) cacd for C52H55N804P4 [M+H]+ 979.3297, found 979.3257.
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3, 3, 5 5-Tetraphenyl-2, 2° 6, 6'-Tetramethoxybiphenyl (3¢€). A mixture of phenylboronic
acid (14.6 g, 120.0 mmal), 3, 3', 5, 5'-Tetraiodo-2, 2' 6, 6 -Tetramethoxybiphenyl 2 (7.8 g, 10
mmol), palladium tetraki striphenylphosphine (1.0 g), and potassium carbonate (24 g, 160 mmol)
in dry dioxane (150 mL) was stirred under nitrogen for 24 h at 85 °C. The resulting mixture was
cooled and poured into a solution of ice with concentrated hydrochloric acid (3:1) and the
organic phase was extracted twice with dichloromethane, dried over magnesium sulfate. After

evaporation of the solvent, the mixture was subjected to flash chromatography to give 4.5 g
(78%) of 3, 3', 5, 5'-Tetraphenyl-2, 2' 6, 6'-Tetramethoxybiphenyl 3e as a white solid. '"H NMR
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(500 MHz, CDCl3) 6 7.66 (d, J=7.5Hz,8H), 7.44 (d, J=75Hz, 8H), 7.42 (s, 2 H), 7.36 (t, J
= 7.5 Hz, 4 H), 3.42 (s, 12 H); *C NMR (126 MHz, CDCl3) § 155.7, 138.7, 132.6, 130.4, 129.0,
128.3, 126.9, 124.1, 60.4; IR (film): v 1459, 1410, 1215, 1068, 929, 738 cm™; HRMS (ES")
calcd for CsoH3504 [M+H]+ 579.2535, found 579.2529.
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3, 3,5, 5-Tetraphenylbiphenyl-2, 2' 6, 6 -tetranol(4€).Tetranol 4e was prepared according to
the general procedure using 3, 3', 5, 5'-Tetraphenyl-2, 2 6, 6'-Tetramethoxybiphenyl 3e (4.5 g,
8.0 mmol) and boron tribromide (3.5 mL, 42.0 mmol). Purification by recrystalization from
hexanes gave 4e as a white solid in 89% yield (3.7 g). *H NMR (500 MHz, acetone) & 7.69 (d, J
=75Hz,8H),752 (s, 4H),7.40(t,J=75Hz,8H), 7.32(s,2H), 7.28 (t, J=7.5Hz, 4 H); IR
(film): v 3523, 1456, 1154, 1033 cm™’; *C NMR (126 MHz, acetone) § 154.1, 140.0, 133.7,

130.3, 129.0, 127. 2, 122.5,108.1; HRMS (ES") calcd for CasH204 [M+H]" 523.1909, found
523.1914.
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3 3 , 5, 5 -Tetraphenylbiphenyl-2, 2° 6, 6 -tetrakis-(dipyrrolylphosphoramidite) (5e).
Ligand 5e was prepared according to the general procedure using 3, 3, 5 5-
Tetraphenylbiphenyl-2, 2’ 6, 6' -tetranol 4e (2.6 g, 5.0 mmol) and chlorodipyrrolylphosphine (4.8
0, 24.3 mmol). Purification by recrystalization from hexanes gave 5e as a white solid in 26%
yield (1.5 g). *H NMR (400 MHz, CDCl3) § 7.26 (s, 2 H), 7.24 (m, 4 H), 7.20 (m, 8 H), 7.12 (m,
8 H), 6.49 (brs, 16 H), 6.07 (t, J = 2.0 Hz, 16 H); **C NMR (100 MHz, CDCl3) § 149.42, 149.40,
136.7, 135.1, 131.2, 129.5, 128.3, 127.5, 121.0, 120.9, 118.93, 120.86, 120.79, 120.77, 120.0,
111.8; *'P NMR (161 MHz, CDCl3) & 106.5; IR (film): v 1451, 1419, 1178, 1054, 1036, 730 cmv
1 HRMS (ES") calcd for CegHssNgOaPs [M+H]* 1171.3297, found 1171.3259.



3, 3,5 5-Tetratolyl-2, 2 6, 6'-Tetramethoxybiphenyl (3f). 3, 3, 5, 5’ -Tetratolyl-2, 2’ 6, 6'-
Tetramethoxybiphenyl 3f was prepared according to the general procedure for synthesis of 3, 37,
5, 5'-tetraphenyl-2, 2' 6, 6'-tetramethoxybiphenyl 3e by using tolylboronic acid (24.5 g, 180.0
mmoal), 3, 3, 5, 5'-tetraiodo-2, 2' 6, 6 -tetramethoxybiphenyl 2 (11.9 g, 15.2 mmol). Purification
by flash chromatography gave 3f as a white solid in 72% vyield (6.9 g). *H NMR (500 MHz,
CDCl3) 6 7.57 (d,J=7.5Hz,8H), 7.44 (s, 2H), 7.26 (d, = 7.5 Hz, 8 H), 3.44 (s, 12 H), 2.44 (s,
12 H); *C NMR (126 MHz, CDCls) & 155.5, 136.5, 135.9, 132.3, 130.2, 128.97, 128.88, 124.2,
60.3, 21.2; IR (film): v 1457, 1413, 1054 cm™; HRMS (ES") calcd for CauHs0s [M+H]
635.3161, found 635.3133.

3, 3, 5, 5-Tetratolylbiphenyl-2, 2° 6, 6 -tetranol (4f). Tetranol 4f was prepared according to
the general procedure using 3, 3, 5, 5'-Tetratolyl-2, 2’ 6, 6'-Tetramethoxybiphenyl (5.7 g, 9.0
mmol) and boron tribromide (3.9 mL, 46.8 mmol). Purification by recrystalization from hexanes
gave 4f as awhite solid in 89% yield (4.6 g). *H NMR (500 MHz, acetone) § 7.56 (d, J = 7.5 Hz,
8H), 7.36 (s, 4 H), 7.28 (s, 2 H), 7.21 (d, J = 7.5 Hz, 8 H); **C NMR (126 MHz, acetone) & 153.8,
137.0, 136.5, 133.4, 130.2, 129.6, 122.3, 108.1, 21.2; IR (film): v 3520, 1593, 1455, 1155, 1024
cm™; HRMS (ES") caled for CoHss0,4 [M+H]* 579.2535, found 579.2532.
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3,3, 5, 5-Tetratolylphenyl-2, 2 6, 6'-tetrakis-(dipyrrolylphosphoramidite) (5f). Ligand 5f
was prepared according to the general procedure using 3, 3, 5, 5'-Tetratolylbiphenyl-2, 2’ 6, 6'-
tetranol 4f (2.8 g, 45 mmol) and chlorodipyrrolylphosphine (3.9 g@). Purification by
recrystalization from hexanes gave 5f as a white solid in 21% vield (1.2 g). *H NMR (400 MHz,
CDCl3) 6 7.20 (s, 2 H), 7.00 (d, J= 2.0 Hz, 8 H), 6.95 (d, J = 2.0 Hz, 8 H), 6.49 (brs, 16 H), 6.05
(t, J= 2.0 Hz, 16 H), 2.34 (s, 12 H); *C NMR (100 MHz, CDCl3) § 149.3, 137.2, 134.8, 133.7,
131.1, 129.4, 129.0, 120.92, 120.88, 120.85, 120.78, 111.6, 21.2; IR (film): v 1449, 1178, 1073,
1054, 1037, 730 cm™; 3P NMR (161 MHz, CDCls) & 106.8; HRMS (ES") calcd for
C72HeaNgO4P4 [M+H] ™ 1227.3923, found 1227.3933.

3, 3,5, 5'-Tetra(4-fluorophenyl)-2, 2' 6, 6'-Tetramethoxybiphenyl (3g). 3, 3', 5, 5’ -Tetra(4-
fluorophenyl)-2, 2° 6, 6 -Tetramethoxybiphenyl 3g was prepared according to the generd
procedure for synthesis of 3, 3', 5, 5'-tetraphenyl-2, 2’ 6, 6 -tetramethoxybiphenyl 3e by using 4-
fluorophenylboronic acid (228 g, 163.0 mmol), 3, 3, 5 5-tetraodo-2, 22 6, 6-
tetramethoxybiphenyl 2 (10.6 g, 13.6 mmol). Purification by flash chromatography gave 3g as a
white solid in 80% yield (7.1 g). *H NMR (400 MHz, CDCl3) & 7.65-7.60 (m, 8 H), 7.38 (s, 2 H),
7.17-7.11 (m, 8 H), 3.40 (s, 12 H); F NMR (376 MHz, CDCl5) § 115.9; *C NMR (100 MHz,
CDCl3) 6 163.3, 160.9, 155.6, 134.40, 134.38, 132.3, 130.63, 130.54, 129.6, 124.2, 115.4, 115.1,
60.3; IR (film): v 1586, 1461, 1420, 1055 cm™; HRMS (ES') calcd for CaHs1F4Os [M+H]*
651.2158, found 651.2186.

3, 3, 5, 5 -Tetra(4-fluorophenyl)biphenyl-2, 2’ 6, 6 -tetranol (4g).Tetranol 4g was prepared
according to the general procedure using 3, 3, 5, 5-Tetra(4-fluorophenyl)-2, 2° 6, 6'-
Tetramethoxybiphenyl (6.6 g, 10.2 mmol) 3g and boron triboromide (7.7 mL, 81.0 mmol).
Purification by recrystalization from hexanes gave 4g as a white solid in 98% yield (6.0 g). *H
NMR (400 MHz, acetone) § 7.71 (td, J; = 7.5 Hz, J, = 1.2 Hz, 8 H), 7.66 (s, 4 H), 7.31 (s, 2 H),
7.16 (td, J; = 7.5 Hz, J, = 1.2 Hz, 8 H); **F NMR (376 MHz, acetone) § 113.5; **C NMR (100



MHz, acetone) & 163.0, 160.6, 153.5, 135.40, 135.37, 132.85, 132.80, 131.50, 131.43, 131.41,
120.8, 114.9, 114.7, 107.2; IR (film): v 3526, 1593, 1458, 1157, 1018 cm*; HRMS (ES") calcd
for CaeHasF404 [M+H]" 595.1532, found 595.1545.

3, 3, 5, 5-Tetra(4-fluorophenyl)biphenyl-2, 2' 6, 6 -tetrakis-(dipyrrolylphosphoramidite)
(50).Ligand 5g was prepared according to the genera procedure using 3, 3, 5, 5-Tetra(4-
fluorophenyl)biphenyl-2, 2" 6, 6 -tetranol 4g (5.0 g, 8.4 mmol) and chlorodipyrrolylphosphine
(7.5 g, 37.0 mmol). Purification by recrystalization from hexanes gave 5g as awhite solid in 31%
yield (3.2 g). *H NMR (400 MHz, CDCl3) § 7.11 (s, 2 H), 7.09-6.97 (m, 8 H), 6.87-6.76 (m, 8 H),
6.54 (brs, 16 H), 6.11 (t, J = 1.5 Hz, 16 H); *>F NMR (470 MHz, CDCls) § 118.6; *C NMR
(100 MHz, CDCl3) 6 163.6, 161.2, 149.59, 149.52, 134.9, 132.17, 132.14, 131.13, 131.05, 130.7,
120.76, 120.71, 120.68, 115.2, 115.0, 112.0; IR (film): v 1453, 1152, 1011 cm™*; 3P NMR (162
MHz, CDC|3) 0 106.6; HRMS (ES+) cacd for CegH51F4Ngo4P4 [M+H]+ 1243.2920, found
1243.2955.

General Procedure for the Regioseective |somerization-Hydroformylation of Internal
Olefins with Ligand 5a. A 2-mL via with a magnetic stirring bar was charged with ligand 5a (3
umol, 2.6 mg) and Rh(acac)(CO), (1 umol, 0.1 mL of 10 mM solution in toluene). The mixture
was stirred for 5 min. 2-Octene (10 mmol, 1.56 mL) was then added, followed by decane (0.1
mL) as internal standard. The reaction mixture was transferred to an autoclave. The autoclave
was purged with nitrogen three times and subsequently charged with CO (5 atm) and H, (5 atm).
The autoclave was then heated to 100 °C (the pressure was 11.3 atm). After 1 h, the autoclave
was cooled in icy water, and the pressure (9.4 atm) was carefully released in a well-ventilated
hood. The reaction mixture was immediately analyzed by GC to determine the turnover number
and regioselectivity.
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158.884

File: Carbon
Pulse Sequence: s2pul

Solwent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 1.300 sec

OBSERVE C13 125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

147565

124.789

86.669

77.251
77.000
76.746

£1-005
61000
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8.282
7.270

File: Proton
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 2.049 sec

OBSERVE H1 499.7691208 MHz
Power 40 db

| O |
MeO OMe
MeO O OMe

1p.00
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— 7.514
7.270

File: Proton
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 “nmr500”

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 2.049 sec

OBSERVE H1 499.7691208 MHz
Power 40 db

78

MeO OMe
MeO. ! OMe
Cl Cl

(3 Y] -+
- r~
[{n] o
& ke
12.00

=
|

VN B 3




File: Carbon
Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acqg. time 1.300 sec

OBSERVE C13125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

153.364

130.899

125147

123515

Cl

MeO

Cl

MeO |]lii

3b

Cl

OMe
OMe

Cl

77.256
77.000
76.751

60.894

150

S13
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206.991
206.985

File: Carb

206.977
206.969

on

Pulse Sequence: s2pul

Solvent: acetone
Temp. 25.0 C/298.1 k

Operator:

VNMRS-500

shichao
"nmr500"

Relax. delay 1.000 sec.

Pulse 45.
Acq. time
OBSERV|
DECOUP
Power 40

0 degrees

1.300 sec

F C13125.6675738 MHz
LE H1499.7742166 MHz
db

152.125

130.197

130.182

112.619
110.568

Cl

HO
HO

Cl

4b

Cl

OH
OH

Cl

30.326
30.232
30.172
30.075
30.017
29.923
29.769
29612

S14



File: Proton
Pulse Sequence: s2pul

Solvent: acetone
Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 2.049 sec

OBSERVE H1499.7717213 MHz
Power 40 db

7.381

Cl O Cl
HO OH
HO O OH
Cl Cl

2.059

2.054
2.050
2.046
2.041

S15
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File: Carbon
Pulse Sequence: s2pul
Solwent: CDCI3
Temp. 25.0 C/298.1 k I N\ @
Operator: shichao cl CN
VNMRS-400 "nmr400" SN O ) @

\_NPro o N
Relax. delay 1.000 sec.
Pulse 45.0 degrees @"p/o O\p/'\@
Acqg. time 1.300 sec =\ N
OBSERVE  C13 100.5717377 MHz <\ /7 cl cl @
DECOUPLE H1 399.9689190 MHz
Power 40 db
5b
T T T T T T T T T T T T T T T T T T T
140 120 100 80 60 40 20 PPM

S16



File: Phosphorus
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 1.600 sec

Width 37878.8 Hz

OBSERVE P31 161.9093958 MHz
DECOUPLE H1 399.9689190 MHz
Power 40 db

LI A A A I R AN
200 150

108.989

100

50

S17
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File: Proton
Pulse Sequence: s2pul
Solvent: CDCI3
Temp. 25.0 C/298.1 k i \ 7\
Operator: shichao Cl
VNMRS-400 "nmr400" N Cl N° =
AN \
Relax. delay 1.000 sec. \ NG P\O O/P\N g
Pulse 45.0 degrees
Acq. time 2.049 sec N. _O O N
Width 6410.3 Hz @ p~ ~poN N
OBSERVE  H1 399.7717213 MHz = | I =
Power 40 db N Cl Cl <Nj
1{.32 @ \ /
ij.oo B¢
04
| 4
T T T T T T T T T T T T T T T T T T T T T T T T
8 7 4 3 2 PPM
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File: Phosphorus
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.600 sec

Width 37878.8 Hz

OBSERVE P31 161.9093958 MHz
DECOUPLE H1 399.9689190 MHz
Power 40 db

105.648

5¢c

o it g e et adund

T
180
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File: Proton
Pulse Sequence: s2pul
Solvent: CDCI3
Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"
Relax. delay 1.000 sec. D @
Pulse‘45.0 degrees N N
Acq. time 2.049 sec ® | P /
Width 6410.3 Hz v Po g N
OBSERVE H1399.7717213 MHz
Power 40 db @L p/o O\p/ ®

= | I =
N N
W) W
5C
1hes 16.00
2.03
B {31 P 4
\

S20
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149.016

File: Carbon
Pulse Sequence: s2pul

Sohent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.300 sec

OBSERVE C13100.5717377 MHz
DECOUPLE H1 399.9689190 MHz
Power 40 db

134.161

126.590
121.308
121.250
121.214
121.126
113.180
113.066
111.775

77.309

—~—77.000

76.683
16.255

21



File: Carbon
Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.300 sec

OBSERVE C13125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

154637

132.182
128.802

123.274

MeO
MeQO

OMe
OMe

77.250
77.000
76.746

60.388

22921

1400
47960

S22



7.270
7.086

File: Carbon
Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 “nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.300 sec

OBSERVE C13 125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

do1

MeO OMe

MeO O OMe

3d

3.529

b .00

2.717

= 2702

2.687
2672

.12

1.284

==—"" 1269

1.254

S23



206.229
206.223

File: Carbon
Pulse Sequen)|

Solwent: acetd
Temp. 25.0 Ci
Operator: shig
VNMRS-500

Relax. delay 1
Pulse 45.0 de
Acq. time 1.3
OBSERVE
DECOUPLE
Power 40 db

206.214
206.206

Ce: s2pul

Ine

298.1 k
hao
"nmr500"

.000 sec.

rees

0 sec

13 125.6675738 MHz
H1 499.7742166 MHz

152.293

130.680

122.798

107.037

30.389
30.235
30.081
29.923
29.771
29.618
29.461
23.831
15.056

S24
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2.582
2.566
2.050
2.046
2.041
1.195
1.180

6.919
6.548
2.611
2.059
2.054

File: Proton
Pulse Sequence: s2pul

Solwent: acetone

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 “nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 2.049 sec

OBSERVE H1 499.7717213 MHz

Power 40 db HO OH
HO OH

4d 00

2.85
.76

7 6 5 4 3 2 1 PPM
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File: Phosphorus
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 1.600 sec

Width 37878.8 Hz

OBSERVE P31 161.9093958 MHz
DECOUPLE H1 399.9689190 MHz
Power 40 db

i Lo bbbl L b

150

105.645

Ll

LERL L b L Ui b L Lt L

S26
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7.270
6.769
6.176
6.170
6.165

File: Proton
Pulse Sequence: s2pul

Solwent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.
Pulse 45.0 degrees
Acqg. time 2.049 sec
Width 6410.3 Hz
OBSERVE H1 399.7717213 MHz
Power 40 db

WI5.98

2.041

=— 2.023

2.004
1.985

0.923

0.885

S27
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File: Carbon

Pulse Sequence: s2pul

Solwent: CDCI3

Temp. 25.0 C/298.1 k

Operator: shichao \ / \

VNMRS-400 "nmr400" ’

N N Et: Et |\‘j =

Relax. delay 1.000 sec. \ /|':>\ RSN/

Pulse 45.0 degrees N O O

Acqg. time 1.300 sec / N. .0 O N\

OBSERVE C13 100.5717377 MHz <; P Pl

DECOUPLE H1 399.9689190 MHz N E N

Power 40 db \ t Et S )

5d
T T T T T T T T T T T T T T T T T T T
160 140 120 100 80 60 40 20 PPM
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155.701

File: Carbon
Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 1.300 sec

OBSERVE (13 125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

138.723

132578

130.380

——129.046

128272

126.888
124.145

77.254
77.000
76.745

Ph O Ph

MeO OMe

MeO O OMe

Ph Ph

3e

60.423

S29



7.675
7.672
7.659
7.656
7.452
7.440
7.424
7.372
7.370
7.367
7.358
7.355

e

Pulse Sequence: s2pul

File: Proton

Solwent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 2.049 sec

OBSERVE H1 499.7691208 MHz
Power 40 db

7.340
7.270

s

_M

1031
—— 211

L e e e

7.70 7.65 7.60

7.55 7.50 7.45 7.40 7.35

T

9. 52U

.00

PhPh

MeO OMe

S30
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File: Carbon

Pulse Sequence: s2pul

Solvent: acetone

Temp. 25.0 £/298.1 k

Operator: shichao Ph Ph

VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees HO OH

Acg. time 1.300 sec HO. OH

OBSERVE | C13125.6675738 MHz

DECOUPLE| H1 499.7742166 MHz

Power 40 di Ph Ph

4e
T T T T T T T T T T T T T T T T T T
200 150 100 50 PPM
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File: Proton
Pulse Sequence: s2pul ﬁ E E Q é
§ B ORRRR
Solwent: acetone \ / | \ | / | \ //
Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"
Relax. delay 1.000 sec.
Pulse 45.0 degrees
Acq. time 2.049 sec 29 .8
OBSERVE H1 499.7717213MHz 7o 4 .00
Power 40 db -7
Ph Ph
T o T O
HO OH
g29) g8 HO l OH
Ph Ph
3j79| j4l0o de
2147
SN UL
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 T T T T T T T T T T T T T T T T T
8 7 6 5 4 3 2 1 PPM

S32



149421
149.398
136.675
135.140
131.157

129519

128.291

AR

File: Carbon
Pulse Sequence: s2pul

Solwent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acqg. time 1.300 sec

OBSERVE C13125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

127547

121.018
120.932
120.863
120.792
120.770
120.006

T T——111.787

77.252

——77.000

76.747

I
160

S33
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7.270
7.258
7.241
7.236
7.202
7.198
7.187
7.183
7.169
7.165
7.147
7.143
7.140
7.127
7.122
7.118
6.491
6.071
6.066
6.061

e

File: Proton
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.
Pulse 45.0 degrees
Acqg. time 2.049 sec
Width 6410.3 Hz
OBSERVE H1399.7717213 MHz
Power 40 db

1544

S34



File: Phosphorus
Pulse Sequence: s2pul

Solwent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.600 sec

Width 37878.8 Hz

OBSERVE P31 161.9093958 MHz
DECOUPLE H1 399.9689190 MHz
Power 40 db

106.502

S35
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155.492

File: Carbon
Pulse Sequence: s2pul

Solent: cdcl3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.300 sec

OBSERVE C13 125.6670513 MHz
DECOUPLE H1 499.7716228 MHz
Power 40 db

136.458
135.889

132349

128970
128.883

124.167

___—130.239

™
re}
N
~
~

77.000
76.744

60.327

21.194

180 160

S36
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7.436

—— 7.268

7.252

File: Proton
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 2.049 sec

OBSERVE H1499.7691208 MHz
Power 40 db

11

3f

S.H3T

2436

2.00

S37
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File: Proton

Pulse Sequence: s2pul

Solvent: acetone

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 “"nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 2.049 sec

OBSERVE H1 499.7717213 MHz
Power 40 db

/.88 7/-04

4f

aAarg
O0Z

00

2.050

S38
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206.248
206.240

206.233

153.799

136.524

133352

+36-193

129.633
122336
108.075

30232

30074

29.923

29.769

29,614

29.462

21228

137022

File: Carbon

Pulse Sequence: s2pul

Solwent: acetone

Temp. 25.0 C/298.1 k
Operator: shighao
VNMRS-500 |"nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acqg. time 1.300 sec

OBSERVE (13 125.6675738 MHz
DECOUPLE H1 499.7742166 MHz
Power 40 db

I T
100 50 0 PPM

S39



File: Phosphorus
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 “nmr500"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.600 sec

Width 52083.3 Hz

OBSERVE P31 202.3105438 MHz
DECOUPLE H1 499.7729072 MHz
Power 40 db

Ludidd] X

I
200

T
150

106.759

b Lt Lt L L G b

100

p-MePh

0
P.
— |

N

\W

p-MePh

340

@l}l O
N ~o
° O

5f

Ll

p-MePh

T
PPM
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File: Proton
Pulse Sequence: s2pul
Solwent: CDCI3
Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr5p0"
Relax. delay 1.000 sc.
Pulse 45.0 degrees s 1%.07 .30
Acqg. time 2.049 sec -86
OBSERVE  H1 499.7691208 MHz i
Power 40 db
A
— —r 7T T
7.2 6.8 6.6 6.4 6.2
p-MePh p-MePh
D )
N N" &=
1%.07 14,30 NS Pey_
\__ /P~ P~
slis N™ O o 12,00
J vy N. O O L NN
86 @ IF\," E -~
298 ) W
p-MePh p-MePh
J ) J LA L L
T T T T T T T T T T T T T T T T T T T T T T
8 7 6 5 4 PPM

A1
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File: Carbon
Pulse Sequence: s2pul
Solvent: cdcl3
Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-500 "nmr500" p-MePh p-MePh
Relax. delay 1.000 sec. @ @
Pulse 45.0 degrees @ N O \ //
Acg. time 1.300 sec \ N ’P\O O/P‘N
OBSERVE C13 125.6670513 MHz N o o N
DECOUPLE H1 499.7716228 MHz 4 PT “p- N
— ) 1 =
Power 40 db N N
W J
p-MePh p-MePh
uJW
T T T T T T T T T T T T T T T I T T T T T T T
160 140 120 100 80 60 40 20 PPM

342



7.649
7.642
7.637
7.628
7.620
7612
7.606
7.599
7.384
7.270
7.165
7.158
7.152
7.140
7.136
7.119
7.113

File: Proton
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acg. time 2.049 sec

Width 6410.3 Hz

OBSERVE H1 399.8814759 MHz
Power 40 db

D.0IY

1.293

43

PPM



File: Fluorine
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 30.0 degrees

Acqg. time 1.133 sec

Width 78125.0 Hz

OBSERVE F19 376.2646829 MHz

N© T OO
O NN M
© © © o &
616 16 0 W0
e
I

~115.847
~115.853

~115.861

~115.876

T
-60

-100

S44
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163.318
160.873

File: Carbon
Pulse Sequence: s2pul

Solwent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.300 sec

OBSERVE C13 100.5502553 MHz
DECOUPLE H1 399.8834926 MHz
Power 40 db

155.619

134.404
134.375
132.304
130.626
130.537
129.600

124214

=

115.359
115.143

™
~
«®
~
~

o
S
S)
~
~

76.683

60.347

T
200

T
150

T
100

345
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Solvent: acgtone
Temp. 25.0C/298|1 k

H1 399.8835781 MHz
Power 40 @b

46
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File: Fluorine
Pulse Sequence: s2pul
Solvent: acetone
Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"
Relax. delay 1.000 sec.
Pulse 30.0 degrees
Acqg. time 1.133 sec
Width 78125.0 Hz
OBSERVE F19 376.2646829 MHz
49
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 T T
-60 -80 -100 -120 -140 -160 -180 PPM
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205.607

File: Carb

on

Pulse Sequence: s2pul

Solent: af
Temp. 25,
Operator:

VNMRS-400

Relax. del
Pulse 45.
Acg. time
OBSERV
DECOUP
Power 40

Cetone

D C/298.1 k
shichao
"nmr400"

Ay 1.000 sec.

degrees

1.300 sec
£ C13 100.5502553 MHz
|E H1 399.8834926 MHz
db

163.043
160.624

153.502

135.398
135.366
132.845
132.800
131.500
131.426
131.344
131.314

120.791

W

114.948
114.728

107.206

29.778
29.585
29.393
29.200
29.007
28.815
28.622

I
100

348

T
PPM
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File: Fluorine
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 30.0 degrees

Acq. time 1.133 sec

Width 78125.0 Hz

OBSERVE F19 376.2656499 MH

T T I T I
-60 -100 -120 -140 -180 PPM

349



163.629
161.168

File: Carbon
Pulse Sequence: s2pul

Solwent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.300 sec

OBSERVE C13 100.5506233 MHz
DECOUPLE H1 399.9689190 MHz
Power 40 db

149597
149522

134.906

132171
132.141
131.129
131.050
130.654
120.762
120.718
120.680
115.247
115.031
112.018

e

o
I
«®
~
~

77.000
76.685

200

S50

PPM



File: Phosphorus
Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 “nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 1.600 sec

Width 37878.8 Hz

OBSERVE P31 161.8748148 MHz
DECOUPLE H1 399.8834926 MHz
Power 40 db

106.593

200

150

351

PPM
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File: Proton

Pulse Sequence: s2pul

Solvent: CDCI3

Temp. 25.0 C/298.1 k
Operator: shichao
VNMRS-400 "nmr400"

Relax. delay 1.000 sec.

Pulse 45.0 degrees

Acq. time 2.049 sec

Width 6410.3 Hz

OBSERVE H1 399.8814928 MHz
Power 40 db

6.972

= 6.868

6.850
6.842

N SO AN 0N [ee)
M NOOMN~NOT - O n
0 0 QN Iy Mg o o 0
© © © © OV VO O oo -
15.33 116.00

L A

Sh2
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