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1. General Information

All chemical reagents are obtained from commercial suppliers and used without
further purification. All known compounds are characterized by 'H NMR, 3C NMR ,
and compared with previously reported data. Analytical thin-layer chromatography
are performed on glass plates precoated with silica gel impregnated with a fluorescent
indicator (254 nm), and the plates are visualized by exposure to ultraviolet light. Mass
spectra are taken on a Thermo Scientific ISQ LT GC-MS instrument in the electron
ionization (EI) mode. 'H NMR, 3C NMR and 3'P NMR spectra are recorded on an
AVANCE 500 Bruker spectrometer operating at 500 MHz, 125 MHz and 202 MHz in
CDCl;, respectively, and chemical shifts are reported in ppm. High-resolution mass
spectra data were obtained on Agilent mass spectrometer using ESI-TOF
(electrospray ionization-time of flight).

2. General Procedure

General Procedure for the Synthesis of alkenylphosphine oxides and J-
Ketophosphonates from Alkenyls and H-Phosphonates: A mixture of alkenyls (0.5
mmol), H-phosphonates (2.0 mmol), CuCl (0.05 mmol), FeCl; (0.1 mmol), DTBP(1.0
mmol) and Et;N (0.5 mmol) in DMSO (2.0 mL) under Ar was stirred at 110°C or
90°C for 15 h. After the completion of the reaction, the mixture was cooled to 25 °C
and then EtOAc and H,O were added to it. The organic layer was separated and
washed with brine, dried over Na,SO,. The volatiles were removed under vacuum to
afford the crude product, and analyzed by GC. The crude product was purified by
column chromatography on silica gel and eluted with EtOAc/hexanes (25/75) to
afford the desired pure product.

3. Characterization Data

3aa

(E)-diethyl styrylphosphonate 3aalll, yellow oil. 'H NMR (500 MHz, CDCl3) 8 7.54 — 7.46 (m,
3H), 7.37 (dd, J = 5.0, 1.7 Hz, 3H), 6.25 (t, J = 17.6 Hz, 1H), 4.17 — 4.07 (m, 4H), 1.35 (t, J= 7.1
Hz, 6H). 3C NMR (125 MHz, CDCLy) § 148.92 (s), 135.08 (s), 130.37 (s), 128.98 (s), 127.83 (s),
114.83 (s), 113.31 (s), 62.25 (s), 16.50 (s). MS (EI) m/z: 240 [M*].
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(E)-diethyl 4-methylstyrylphosphonate 3bal'l, yellow oil. '"H NMR (500 MHz, CDCl;) & 7.45 (dd,
J=22.6,17.5 Hz, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.16 (d, J = 7.9 Hz, 2H), 6.17 (t, J = 17.7 Hz, 1H),
4.15 — 4.06 (m, 4H), 2.34 (s, 3H), 1.33 (1, J = 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl;) 5 148.88
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(s), 140.71 (s), 132.34 (s), 132.15 (s), 129.66 (s), 127.80 (s), 113.39 (s), 111.86 (s), 61.91 (s),
21.49 (s), 16.47 (s).
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(E)-diethyl 2,4,6-trimethylstyrylphosphonate 3c¢alll, yellow oil. 'H NMR (500 MHz, CDCl3) &
7.65 (dd, J=123.8, 17.9 Hz, 1H), 6.94 (s, 2H), 5.91 (dd, J = 20.6, 17.9 Hz, 1H), 4.25 — 4.17 (m,

4H), 2.34 (d, J = 16.4 Hz, 9H), 1.42 (t, J = 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl3) § 147.71 (s),
138.28 (s), 136.03 (s), 129.21 (s), 120.91 (s), 119.44 (s), 70.64 (s), 61.95 (s), 21.01 (s), 16.58 (5).
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(E)-diethyl 4-methoxystyrylphosphonate 3dal'l, yellow oil. 'H
NMR (500 MHz, CDCl3) § 7.48 (q, J = 15.9 Hz, 3H), 6.93 (d, J = 8.6 Hz, 2H), 6.12 (t, J = 17.6 Hz,
1H), 4.20 — 4.11 (m, 4H), 3.86 (s, 3H), 1.38 (t, /= 7.1 Hz, 6H). *C NMR (125 MHz, CDCls) 5
161.43 (s), 148.60 (), 129.45 (s), 127.67 (s), 114.36 (s), 111.71 (s), 110.18 (s), 61.86 (s), 55.49 (s),
16.50 (s).
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(E)-diethyl 4-tert-butylstyrylphosphonate 3ea, yellow oil. 'H NMR (500 MHz, CDCl;) § 7.55 — 7.47
(m, 1H), 7.47 — 7.44 (m, 2H), 7.42 (d, J = 8.4 Hz, 2H), 6.22 (t, J = 17.7 Hz, 1H), 4.18 — 4.08 (m, 4H),
136 (t, /= 7.1 Hz, 6H), 1.33 (s, 9H). 3C NMR (125 MHz, CDCLy) § 153.72 (s), 148.81 (s), 127.67
(s), 125.93 (s), 125.58 (s), 113.68 (s), 112.15 (s), 61.91 (s), 35.28 (5), 31.28 (s), 16.49 (s).>'P NMR

(202 MHz, CDCl3) § 20.21 (s). HRMS (ESI) Calcd. For 319.1439, C,4H,505P [M-Na]*,
found 319.1435.
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(E)-4-(2-(diethoxyphosphoryl)vinyl)phenyl acetate 3fa, yellow oil. 'H NMR (500 MHz, CDCl;) &
7.53 (d, J= 8.4 Hz, 2H), 7.52 — 7.42 (m, 1H), 7.13 (d, J= 8.5 Hz, 2H), 6.22 (t, /= 17.4 Hz, 1H), 4.14
(tdt, J=10.1, 6.8, 3.2 Hz, 4H), 2.32 (s, 3H), 1.36 (t,J = 7.1 Hz, 6H). *C NMR (125 MHz, CDCl3) 8
169.29 (s), 152.18 (s), 147.83 (s), 128.99 (s), 122.24 (s), 114.99 (s), 113.46 (), 62.06 (s), 21.25 (s),
16.54 (s).3'P NMR (202 MHz, CDCls) § 19.40 (s). HRMS (ESI) Calcd. For 321.0868,
C14H905P [M-Na]", found 321.0861.
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(E)-diethyl 4-fluorostyrylphosphonate 3gal?], yellow oil. 'H NMR (500 MHz, CDCls) & 7.58 —
7.46 (m, 3H), 7.12 (t, J = 8.6 Hz, 2H), 6.22 (t, J = 17.4 Hz, 1H), 4.23 — 4.13 (m, 4H), 1.40 (t, J =
7.1 Hz, 6H). 13C NMR (125 MHz, CDCLy) & 164.99 (s), 162.99 (s), 147.84 (s), 129.74 (s), 116.19
(s), 114.64 (s), 113.11 (s), 62.00 (s), 16.51 ().
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(E)-diethyl 4-chlorostyrylphosphonate 3halll; yellow oil. '"H NMR (500 MHz, CDCl;) § 7.46 (dt, J =
14.3,11.7 Hz, 3H), 7.37 (d, J = 8.5 Hz, 2H), 6.24 (t, J = 17.3 Hz, 1H), 4.20 — 4.10 (m, 4H), 1.37 (t, J =
7.1 Hz, 6H). 13C NMR (125 MHz, CDCly) 8 147.37 (s), 136.29 (s), 129.25 (s), 129.02 (s), 115.63
(s), 114.10 (s), 62.10 (s), 16.51 (s).

X P‘O

Br W\\

3ia

(E)-diethyl 4-bromostyrylphosphonate 3ialll, yellow oil. "H NMR (500 MHz, CDCl3) 6 7.52 (d, J
=8.4 Hz, 2H), 7.43 (dd, J=22.5, 17.5 Hz, 1H), 7.36 (d, J = 8.4 Hz, 2H), 6.25 (t,J=17.3 Hz, 1H),
4.20 — 4.05 (m, 4H), 1.36 (t, J= 7.1 Hz, 6H). 13C NMR (125 MHz, CDCLy) § 147.46 (s), 132.22 (),
129.24 (s), 124.62 (s), 115.77 (s), 114.25 (s), 62.09 (), 16.52 (s).

N P\O
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(E)-diethyl 2-phenylprop-1-enylphosphonate 3jall, yellow oil. 'H NMR (500 MHz, CDCls) & 7.47
(dd, J = 6.6, 2.9 Hz, 2H), 7.39 — 7.34 (m, 3H), 5.91 (d, J = 16.6 Hz, 1H), 4.13 (p, J = 7.3 Hz, 4H), 2.51
(d,J=3.2 Hz, 3H), 1.36 (t, /= 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl3) & 158.30 (s), 129.26 (),
128.59 (s), 126.08 (s), 124.87 (s), 114.34 (s), 112.83 (s), 16.48 (s).

L
Ve

3ka
(E)-diethyl 2-(pyridin-2-yl)vinylphosphonate 3ka, white solid. 'H NMR (500 MHz, CDCl;) 6 8.65
(d, J=4.5Hz, 1H), 7.73 (t,J=7.6 Hz, 1H), 7.54 (dd, J=21.8, 17.1 Hz, 1H), 7.39 (d, J=7.7 Hz, 1H),
7.29 (d, J=4.9 Hz, 1H), 6.95 — 6.84 (m, 1H), 4.20 —4.12 (m, 4H), 1.37 (t, J= 7.1 Hz, 6H). 3C NMR
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(125 MHz, CDCl3) § 152.96 (s), 150.16 (s), 147.44 (s), 137.05 (s), 124.46 (s), 119.60 (s), 118.10
(), 62.14 (s), 16.49 (s).>'P NMR (202 MHz, CDCl;) 5 18.88 (s). HRMS (ESI) Calcd. For
264.0765, C; H;(NOs;P [M-Na]*, found 264.0762.

®
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(E)-diethyl 2-(thiophen-2-yl)vinylphosphonate 31al, yellow oil. 'H NMR (500 MHz, CDCl;) &
7.55 (dd, J=21.9, 17.2 Hz, 1H), 7.32 (d, J = 5.0 Hz, 1H), 7.17 (d, J = 3.4 Hz, 1H), 7.00 (dd, J =
4.8,3.8 Hz, 1H), 5.96 (t,J = 17.0 Hz, 1H), 4.12 — 4.04 (m, 4H), 1.31 (t, J = 7.1 Hz, 6H). 13C NMR

(125 MHz, CDCl3) § 141.38 (s), 140.96 (d, J = 88.3 Hz), 140.40 (s), 130.37 (s), 128.31 (s), 128.12
(s), 113.26 (s), 111.72 (s), 62.00 (s), 16.49 (s).

3ab
(E)-diisopropyl styrylphosphonate 3abl!l, yellow oil. 'H NMR (500 MHz, CDCl;) § 7.54 — 7.48
(m, 3H), 7.38 (dd, J=5.1, 2.0 Hz, 3H), 6.27 (t, J=17.5 Hz, 1H), 4.72 (qd, J=12.4, 6.2 Hz, 2H),
1.35 (dd, J = 24.3, 6.2 Hz, 12H). 3C NMR (125 MHz, CDCLy) § 147.95 (s), 128.98 (t, J = 150.2
Hz), 115.78 (d J=191.2 Hz), 70.67 (s), 24.20 (s).

©/\/P\O/\/\

3ac
(E)-dibutyl styrylphosphonate 3acll, yellow oil. 'H NMR (500 MHz, CDCl3) 8 7.57 — 7.49 (m,
3H), 7.47 — 7.44 (m, 1H), 7.39 (dd, J = 5.0, 1.9 Hz, 2H), 6.26 (t, J = 17.6 Hz, 1H), 4.07 (hd, J =
10.1, 6.7 Hz, 4H), 1.71 — 1.66 (m, 4H), 1.48 — 1.37 (m, 4H), 0.94 (t, J = 7.4 Hz, 6H). 3C NMR
(125 MHz, CDCly) 5 148.84 (s), 130.33 (s), 129.31 (s), 128.98 (s), 127.83 (s), 113.29 (s), 65.75 (s),
32.67 (), 18.89 (s), 13.73 (s).

3ad

(E)-dimethyl styrylphosphonate 3ad[®, yellow oil. '"H NMR (500 MHz, CDCl) & 7.56 — 7.49 (m,
3H), 7.41 — 7.39 (m, 2H), 7.30 (d, J = 4.5 Hz, 1H), 6.23 (t, /= 17.7 Hz, 1H), 3.77 (t, J = 10.6 Hz,
6H). 13C NMR (125 MHz, CDCl3) § 130.55 (s), 129.03 (s), 127.89 (s), 127.47 (s), 113.28 (s),
111.52 (s), 52.61 (s).



Page 6 of 42

3af

(E)-diphenyl styrylphosphonate 3aft!], yellow oil. 'H NMR (500 MHz, CDCl;) 8 7.85 —7.78 (m,
4H), 7.59 (dt, J = 6.0, 4.7 Hz, 4H), 7.57 — 7.51 (m, 5H), 7.44 (dd, J = 5.1, 1.9 Hz, 3H), 6.90 (dd, .J
=223, 17.4 Hz, 1H). 3C NMR (125 MHz, CDCly)  147.73 (s), 132.02 (s), 131.54 (d, J = 9.3 Hz),
130.25 (s), 129.00 (s), 128.77 (d, J= 11.7 Hz), 127.92 (), 119.78 (s), 118.95 (s).

-0

W 4aa

diethyl 2-ox0-2-phenylethylphosphonate 4aalfl, light yellow oil. "H NMR (500 MHz,
CDCl;) 6 8.01 (d, J=7.2 Hz, 2H), 7.58 (t,J= 7.4 Hz, 1H), 7.47 (t,J= 7.7 Hz, 2H), 4.17 — 4.10
(m, 4H), 3.63 (d, J=22.7 Hz, 2H), 1.27 (t, J = 7.1 Hz, 6H). 13C NMR (125 MHz, CDCl3) 5 192.11
(s), 133.80 (s), 128.96 (d, J = 55.1 Hz), 62.84 (s), 39.12 (s), 38.09 (s), 16.38 (s). MS (EI) m/z: 256
[M'].
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diethyl 2-oxo0-2-p-tolylethylphosphonate 4bal®), light yellow oil. '"H NMR (500 MHz, CDCls) &
7.84 (d, J = 8.2 Hz, 2H), 7.20 (d, J = 7.9 Hz, 2H), 4.10 — 4.03 (m, 4H), 3.53 (d, J = 22.7 Hz, 2H),
235 (s, 3H), 1.21 (t, J = 7.1 Hz, 6H). 3C NMR (125 MHz, CDCL;) & 191.63 (s), 144.80 (s),
134.21 (s), 129.38 (d, J = 11.6 Hz), 62.73 (s), 39.02 (5), 37.99 (s), 21.64 (s), 16.37 (5).
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diethyl 2-mesityl-2-oxoethylphosphonate 4ca, yellow oil. 'H NMR (500 MHz, CDCl;) 6 6.85 (s, 2H),
4.19 — 4.09 (m, 4H), 3.44 (d, J = 21.7 Hz, 2H), 2.28 (s, 9H), 1.30 (t, /= 7.1 Hz, 6H). '3C NMR (125
MHz, CDCl3) 6 200.88 (s), 139.21 (s), 138.59 (s), 133.62 (s), 130.32 (s), 128.97 (s), 62.55 (s),
44.27 (s), 43.23 (s), 22.27 (s), 20.95 (d, J= 61.2 Hz), 19.71 (s), 16.36 (s). *'P NMR (202 MHz,
CDCl;) § 19.84 (s). HRMS (ESI) Caled. For 321.1232, C;5H,304P [M-Na]*, found
321.1229.
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diethyl 2-(4-methoxyphenyl)-2-oxoethylphosphonate 4dal®l, light yellow oil. '"H NMR
(500 MHz, CDCl3) 8 7.94 (d, J = 7.0 Hz, 2H), 6.8 (d, J = 8.9 Hz, 2H), 4.07 (p, J = 7.1 Hz, 4H),
3.81 (s, 3H), 3.51 (d,J = 22.7 Hz, 2H), 1.22 (t, J= 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl3)
190.21 (s), 164.18 (s), 131.54 (s), 129.82 — 129.66 (m), 113.67 (s), 62.80 (s), 55.56 (s), 1631 (s).
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diethyl 2-(4-tert-butylphenyl)-2-oxoethylphosphonate 4ealf], yellow oil. 'H NMR (500 MHz,
CDCly) § 7.96 (d, J = 8.5 Hz, 2H), 7.49 (d, J = 8.5 Hz, 2H), 4.18 — 4.11 (m, 4H), 3.62 (d, J=22.7 Hz,
2H), 1.35 (s, 9H), 1.29 (t, J= 7.1 Hz, 6H). '*C NMR (125 MHz, CDCl3) § 191.62 (s), 134.23 (s),
129.17 (s), 125.69 (s), 62.72 (s), 39.02 (s), 37.99 (s), 32.35 (5), 31.35 (d, J = 49.7 Hz), 16.34 (s).
3P NMR (202 MHz, CDCl3) § 20.38 (s). HRMS (ESI) Calcd. For 335.1388, CcH,504P [M-
Na]*, found 335.1385.
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4-(2-(diethoxyphosphoryl)acetyl)phenyl acetate 4fa, yellow oil. 'H NMR (500 MHz, CDCl;) &
8.05 (d, J =8.6 Hz, 2H), 7.21 (d, J = 8.6 Hz, 2H), 4.17 — 4.10 (m, 4H), 3.60 (d, ] = 22.7 Hz, 2H),
2.32 (s, 3H), 1.28 (t,J =7.1 Hz, 6H). 3C NMR (125 MHz, CDCl;) & 190.82 (s), 168.83 (s),
154.95 (s), 134.20 (s), 130.89 (s), 121.93 (s), 62.92 (s), 39.21 (s), 38.18 (s), 21.27 (s), 16.38 (s).
3P NMR (202 MHz, CDCl3) § 19.59 (s). HRMS (ESI) Calcd. For 337.0817, C4H9O¢P [M-
Na]*, found 337.0813.
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diethyl 2-(4-fluorophenyl)-2-oxoethylphosphonate 4gal®l, brown oil. 'H NMR (500
MHz, CDCl3) § 7.99 (dd, J = 8.9, 5.4 Hz, 2H), 7.08 (t, J = 8.6 Hz, 2H), 4.11 — 4.03 (m, 4H), 3.53

(d, J=22.8 Hz, 2H), 1.22 (t, J = 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl3) 5 190.46 (s), 133.09
(s), 132.01 (d, J = 9.0 Hz), 115.99 (s), 115.81 (), 62.89 (s), 39.28 (s), 38.25 (s), 16.41 (s).
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diethyl 2-(4-chlorophenyl)-2-oxoethylphosphonate 4hal®l, yellow green oil. '"H NMR
(500 MHz, CDCl3) 8 7.90 (d, J = 8.6 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 4.12 — 4.02 (m, 4H), 3.53
(d, J=22.8 Hz, 2H), 1.22 (t, /= 7.1 Hz, 6H). 3C NMR (125 MHz, CDCls) 3 190.84 (s), 140.32
(s), 134.75 (s), 128.84 (5), 62.79 (s), 39.18 (s), 38.17 (s), 16.31 (5).
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Diethyl 2-(4-bromophenyl)-2-oxoethylphosphonate 4ial®l, yellow oil. '"H NMR (500 MHz,
CDCly) §7.82 (d, J = 8.7 Hz, 2H), 7.55 (d, J = 8.7 Hz, 2H), 4.10 — 4.04 (m, 4H), 3.53 (d, J = 22.8 Hz,
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2H), 1.22 (t, J = 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl3) § 191.12 (s), 135.35 (s), 132.08 (s),
130.72 (s), 129.24 (s), 62.90 (s), 38.76 (d, J = 129.5 Hz), 16.40 (s).

SN
S
W 4la
diethyl 2-oxo0-2-(thiophen-2-yl)ethylphosphonate 41al®!, yellow oil. '"H NMR (500 MHz,
CDCl3) 5 7.81 (d, J= 3.8 Hz, 1H), 7.68 (d, J = 4.9 Hz, 1H), 7.17 — 7.12 (m, 1H), 4.16 — 4.11 (m,

4H), 3.54 (d, J = 22.5 Hz, 2H), 1.28 (t, J = 7.1 Hz, 6H). 3C NMR (125 MHz, CDCl;) § 184.36 (s),
144.05 (s), 135.24 (s), 134.32 (s), 128.47 (), 62.95 (s), 40.01 (s), 38.97 (s), 16.38 (s).

R<
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W 4ma

diethyl (1-oxo-1-phenylpropan-2-yl)phosphonate 4ma, yellow oil. 'H NMR (500 MHz,
CDCl5) § 8.05 — 7.98 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H), 4.21 (q, J = 7.0 Hz,
1H), 4.16 — 4.04 (m, 4H), 1.54 (dd, J = 18.0, 7.0 Hz, 3H), 1.25 (dt, J = 42.3, 7.1 Hz, 6H). 3C NMR
(125 MHz, CDCl3) 5 135.89 (s), 132.38 (s), 127.89 (5), 127.54 (s), 61.80 (5), 39.84 (s), 15.53 (s), 11.29
().
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diisopropyl 2-oxo-2-phenylethylphosphonate 4abl6], light yellow oil. 'TH NMR (500 MHz,
CDCly) § 8.03 (d, J = 8.1 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H), 4.73 (dq, J = 12.9,
6.3 Hz, 2H), 3.60 (d, J = 22.9 Hz, 2H), 1.28 (dd, J= 6.0, 3.9 Hz, 12H). 3C NMR (125 MHz, CDCl;)
§192.23 (s), 136.80 (s), 133.63 (s), 129.28 (s), 128.94 (d, J = 80.1 Hz), 71.60 (s), 40.36 (s), 39.32
(s), 24.08 (s).
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dibutyl 2-o0x0-2-phenylethylphosphonate 4acl®l, yellow oil. '"H NMR (500 MHz, CDCls) &
8.02 (d, J=7.7 Hz, 2H), 7.59 (t, J= 7.3 Hz, 1H), 7.48 (t,J= 7.7 Hz, 2H), 4.13 — 4.02 (m, 4H),
3.64 (d, J=22.8 Hz, 2H), 1.67 — 1.55 (m, 4H), 1.33 (dq, /= 14.8, 7.4 Hz, 4H), 0.89 (t, /= 7.4 Hz,
6H). *C NMR (125 MHz, CDCl3) 8 192.08 (s), 140.00 (s), 133.74 (s), 129.70 — 129.32 (m),
128.95 (d, J=59.4 Hz), 66.45 (s), 39.32 (s), 37.98 (s), 32.48 (s), 18.74 (s), 13.67 (5).
o 9
P~o—
N
4ad

dimethyl 2-oxo0-2-phenylethylphosphonate 4ad[6), colorless and transparent oil. "H NMR (500
MHz, CDCls) 6 8.00 (d, J = 8.0 Hz, 2H), 7.60 (t, J= 7.4 Hz, 1H), 7.49 (t, J=7.7 Hz, 2H), 3.78 (d,
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J=11.2 Hz, 6H), 3.64 (d, J = 22.6 Hz, 2H). 3C NMR (125 MHz, CDCl;) & 191.90 (s), 136.54 (s),
133.94 (s), 128.98 (d, J = 33.7 Hz), 53.29 (s), 38.14 (s), 37.09 (s).

[1] Q. Gui, L. Hu, X. Chen, J. Liu, Z. Tan, Chem. Commun., 2015, 51, 13922—13924.

[2] G. W. Kabalka, S. K. Guchhait, Org. Lett., 2003,5, 729-731.

[3]J. Xue, S. Zhou, Y. Liu, X. Pan, J. Zou, O. T. Asekun, Org. Biomol. Chem., 2015, 13, 4896—
4902.

[4] G. Evano, K. Tadiparthi, F. Couty, Chem. Comm., 2011, 47, 179-181

[5] H. Lebel, M. Davi, Adv. Synth. Catal. 2008, 350, 2352 — 2358

[6] N.Yi, R.Wang, H. Zou, W. He . J. Org. Chem. 2015, 80, 5023-5029.

4. NMR Spectra of All Products

T OO DOND now OO D - MN~Mm
MOV ONMNO QW0 LWOTOON—~OO® O oM
WHIIIINGROM NN bbbl S aH®
Ll o o o Ml o e o w0 OO ST T T T b el ool
; Sl v

3.041
3.
6.004 “EE

" iy L
38 8 3
. on <
8 7 6 4 3 2 0
(ppm)

'H NMR 3aa



Page 10 of 42

Fe09

40

60

0591 — W
L O
o~
PLE | M
8ze'L > =
Zre'L’
Zpe7— L =61°¢g
52Z9—
w 6.0t
1807
€60
Z0L'Y :
et 90

<
A
Lo
o0
£ a7
8 =
=
~ Z L
& 5 O ek
Gt e 9e1 Y’ 7
(o]
4 [ .mu onR|0\I
Vi
LEEL~
€87~
j=}
-
- LEL9y
£LL9 MM Foo'L
£94ZL~ 802'9
86'9ZL;
LE°0EL7
80°GEL 551°Lq
LS LAV ,,ﬁ
- 99€° Ly e
Nmm.i,f wmm
s riy L~ .
z6'8yl o if 90'L
65v'L
v6L’

160

(ppm)

'"H NMR 3ba




Page 11 of 42

Pir9l—
€6r'Le—

L06'L9—

€98° L1~
Z6E°ELL

SBL'LZI

099'6ZL

pSLZE L,
e zEL

pLLOYL—

cegerl-

40

100

120

140

(ppm)

13C NMR 3ba

€0F LA
LIFLF
Ley L’

TANAN

L9g°e-

9€6'9—

9092
2y Lol
9L
069'L

5

Erl9

=8v'6

=50v

Foo'L

%mm.w

Foe

(ppm)

'H NMR 3ca



Page 12 of 42

€85'91—
800'k2—

S¥6'1L9—

EV90L—

LEVBLL~
016021~

S0g6ZL—

92091~
9LC8EL—

OLLL¥L—

40

80
(ppm)

120

140

I3C NMR 3ca

S9E'L

i

BLE'L
€6€'L

v98'€
ZEL'T|
6EL1
L1
£51Y
boLyd
91!

080'9,
9L’
15197

k09

J

R [N

=€0'€

EFly

MeO

oo

i

rie

Feoe

Fr~

(ppm)

'H NMR 3da



Page 13 of 42

L0S91L—

PSS —

8G8'L9—

MeO

LIV 0L~
cLL—

8SEVLL

899°LZ 1~
LSv6el—

96S'8¥ 1 —

GEV'LOL—

WMWWWWWWMWMW

80

100

120

140

160

(ppm)

3C NMR 3da

001t
80L't
1%
4484
62t
9€L ¥~
EvL'y
LS
LSy
SOy
WL

L8L'9
.:N.QW
259

Ly Ly

L2 LA
LS¥'Ly
29v'L

89%'L

96¥'L
9052
WeL-

€L'6
Amo.w

—— Y0P

—= Foo'L

202

J €02

86°0

(ppm)

'"H NMR 3ea



Page 14 of 42

= M~ ooy @ o
R €58 o< z s 8
[ - -] B~ 0w ™ @ N N <
0 < NN P - w0 - 0
= e b F -F © 3 of -
[ At N/ | |
b
~0
‘oj\\
S (W P S
160 140 120 100 80 60 40 20 0
(ppm)
I3C NMR 3ea
©
&
[=]
«
g
‘o‘%\|
40 30 20 10 0 -10 -20 -30 -40
(ppm)

3P NMR 3ea



Page 15 of 42

6vE"L
POE"L-
w.‘.m.r\

[445%A

No:?_
80L't
Sy
4484
621
el
L2404
ZS1v]
8511
MLy
€LY

€819
w_.N..wW
€529

[ZAWAN
[NV
yStL
mmﬁ/
661'L
1esL]
8eg°2”

»

AU

|

=109

=€£0'¢

Feoy

koo’

Feoz

20°)
Wm_..m

4
(pPm)

'H NMR 3fa

00S9L—
ose'Le—

€2029—

AcQ’

EOVELL~
886'vLL"

LETTTL—

§86'821—

L28° Lyl —
p8LesL—

982691 —

60

80

120

140

160

180

(ppm)

3C NMR 3fa



Page 16 of 42

AcO

L6E'6L—

0 -10 -20 -30
(ppm)

10

20

40

3P NMR 3fa

68€" L~

€0¥' L~
Ly

9819\
0zz9;
mmm.@\

2012
vzL L\
RV
(VI RN
90G°L
91572
v2g L
SESL
LS L]
zsgL’

i

909

Fe6'e

ool

®00¢

Fooe

(ppm)

'H NMR 3ga



Page 17 of 42

6¥59L—

2029

VL€
659 L —
16191

089'6Z1—

028yl —

€66'C91~
886'V91—

60

(ppm)

100

120

140

160

3C NMR 3ga

mmm,—/

69€°}L
mmm,_\.\

Ly
Ly
vzl v
LEL P
8EL 7|
Lol
£SLY
L1
L9117
RS
8Ly
L8LY

0Le9
mvw.mw
08297

v9€ L
18E 'Ly
Sz Ly
9er'L

€57 L

09v'L|
0Lt L]
506°2/

Cl

— 'l

»20°T
Ro0e

4
(ppm)

'"H NMR 3ha



Page 18 of 42

PIS9L—

101’29

660" VLI~
SCoSHL

Y2062 1~
yseeTt’
L9G'EEL—
882'9EL~

SOE° LYl —

e

100

120

140

160

(ppm)

3C NMR 3ha

LPE L~

GGE' L7
69¢€°L~

€01
oLy
LI
vzl
ZELP
8EL'Y

Lol
esly

09t¥

RS

Sle9
omm.ww
¥82'9

§5€'21
zLE1y
v6E'L ,«#
B2y Lt
6L
v:..L
01521
1250

Br

Foo9

Fese

oo

4
(pPm)

'"H NMR 3ia



Page 19 of 42

916 9L—

§8029—

8ve vl
69L°GLL

9L9veL-"
SvTell~
€2TTEL~

LSV LVL—

.
L

Br

(ppm)

100

120

140

160

3C NMR 3ia

9re’L
omm.vw
SLEL

vos'e
_._.m.wv.

pOL7
6111
mm:...w
8Ly
zoL 't

168G~
v26's”

LOE'Ly

G9E°L
2.e'1
SLEL

€8€°L
99F'L
0L4¥'L]
LIyl

serL’

o}
X P\\O

o] \ﬂ

+60'9

=70t

o0y

Foor

=20
=802

4

(ppm)

'H NMR 3ja



Page 20 of 42

BLP9L— r~
FR zse)
99¢'L
08€’1L

=109

€Lt
8ELY

=
—
14488
-
(314 :
g6t ‘IL =00'%

891°%
€LY
081'H

62824~
VeI
. 958'9
24821 i
LL09Z b= v%.mw oL |
685821 geg? \
652621 896z'L 7960
vee'L W
g %m.hw Rgok
- 96" Rg0')
0ES°L _,,_, L e
ovs'L] 1
zer !
059'8 .
£0E'8G L — 6098 5 Lol

160

9
*-P-o
o\
3
120 100 80
(ppm)
3C NMR 3ja
2
| /\N N Plo\%j
6 5

(ppm)

'"H NMR 3ka



Page 21 of 42

N TN [{e] N
M~ <t < [R=N-] r~ ~
e S Sec L] S
Hes = Sow o =
81 T e T T
| -
PN
N P-O
‘071
160 140 120 100 80 60 40 20 0
(ppm)
13C NMR 3ka
o
&
@
g
RS 0.
[e)
SN
40 30 20 10 0 -10 -20 -30 -40

(ppm)

3P NMR 3ka



Page 22 of 42

S8rol—

80€°L 7 =619
€ze'L’ J

[Ah4
80y

20

40

60

SOy 100'¢S
co0'
890t

9.0
8201 & o b
2801 Rl

2607
860t
E0LY
0L
FAN e 4 Fw
8Ly’

(Ppm)
'"H NMR 3la

A
2e6S
966G 1 —= Wl o
066' = .

V2L bbb~
6869 # Yoz el
166'9
666'91
9002 |
TN a Fhh 611821
0LL'L £0°L eLEBZL

il A

SIEL- ¥60 igoel”
mwmh\, 660

105°2
eys'Le 86€°07 1y
L o 0190V L

16521
zierL’

5892’

80
(ppm)

3C NMR 3la

100

120

140




Page 23 of 42

12€°1
€E€°L~

0LeL T
zeeL’

6891
1047y
(k2
LY

9zLy

6.1
v
ySL

8E2'9
£L29
g0g'9”

8LEL

18€’L
18€°L
26€° L

S8Y'L
S61'L-
661'L)
6052
pLGL
0€g°L°

E6LTL

=00t

o ©
e Roc)

e

4
(ppm)

'H NMR 3ab

Log've—

129°0L—

20

40

60

LIOGLL~
L8G9

261121
£56'821—
Z8L0ELY

€56°LF1—

120 100 80
(ppm)
13C NMR 3ab

140

160




Page 24 of 42

8260
£v6°0

4669
Lev LN
9et'L
151
8591
ZL9'L
1891
202}
1L

2207
SEO'Y
(A48 4
6V0'Y
§50'v
€90
0L0%]
LL0Y
€80°%
060t
160t
oLy

zzT'9
._.mmmw
£62°9
18€°L
26eL
86€°L
Lov'L
6EVL
€52
892
£05°2
205°L
€LSL
zes'L
LEGL
ovs'L
8rG L’

Fess

ELLE
=8E'Y

Fuoe

Foot

7602
7660
86

Loss:

-

(ppm)

'H NMR 3ac

LELEL—
6881 —

0£92E—

1GL'69—

£6C° €L~
899 LI

628'LZ1,
L16°82L—
sze0sL’

cresrl—

-

1)

80
(ppm)

20

40

60

100

120

140

160

I3C NMR 3ac



Page 25 of 42

2621y
10€°L
GBE'L
LoF'L
80¥' L
861 L
20572~
Z1g'L
6152
925°L ]
€EG°L
€VSLe
646727

009

Eo

SHO'L
~02Z
zog

(ppm)

'"H NMR 3ad

609'¢S—

20

40

60

L2S L~
€8ZELL

TV LTI
068221~
0062177
185°0€1/

LEO'0SL—

120 100 80
(pPm)
I3C NMR 3ad

140

160




Page 26 of 42

20

40

60

|l
o
™
4
i p I
o
o &
0=d-3
P
Fwn
oy
J <
o
= &
| oE
o5 M
=%
9589 3 Z
168'9
1069t 00'L | .lH
9¢6'9” )
62y L =
ZEV'L- 20'S
B6EV'L M Mwo.v
EvyL 9V |
ves'L
125°L
9€5°L
s L ¥S6'8LE~
z65°L ro 082611~
865°L 9L8'LZ 1y
2962 LZLBT A,
LIS, v18'8ZL]
1852 l o 566'82 1
685°L = 1LSZ0EL
16672 10S'LE L
1092 SiS1EL
919/ L20°ZEL
MMM_M M= 9L LYL—
608°L
919°L
6182 Lo
€€8L -

¢
80
(ppm)

120 100
13C NMR 3af

140

160




Page 27 of 42

3 TR

LT
L1821

909'€~
789'€””
E0LY
LLLpA
ﬁm;w
8Ly
zoLy!

6S¥' Ly
vL Ly
061
0452~
G586 L7
00927
666L,
r108”

=119

—— L'z

Feoy

F o~
102
001
Fooz [

(ppm)

'H NMR 4aa

9.E91—

880'8E~
1Z1'6e"

8€8'¢o—

LELBZ I
si1ezL
962°€E 1L~

80L¢6L—

|

160 140 120 100 80
(ppm)

180

200

I3C NMR 4aa



Page 28 of 42

961°L

0LZ'L—r
ve L’

HSE~
156°€
ZEO0P
L0'p
290
9.0t
060t

S61°L,
gL’

0€9'L~,
8L

o o

P<o

=109

90°€

=l0¢

=y

=8c¢C

00T

r<

(ppm)

'"H NMR 4ba

L9€°9L—
SeE9'le—

066'LE~
£20'6E"

62L¢9—

9ec'6l
62v'6e _.W.
ELTYeEL

LBLYYL—

0€E9°L6L—

o o

il

P~o

—

drinir

o

ok

W

v

180 160 140 120 100 80 60 40 20
(ppm)

200

13C NMR 4ba



Page 29 of 42

— ro
| 89E9 1
' SLL6L
AN ) (- 102025
1621 Fe0'9 veriz!
el i
L 9ZTEP~,
Ay ol
€827 2 +€0'6
85'Z9—
]
gev e~ .
99r'e” ik S
6011 <+
8L o
vELY -+ § DMn
ovL'y : =
oI ——=t_ 0L 4
IR
LIRS e
891 1|
RS
L9682
o £2€05 1~
£29°EEL—
— 065'8€ 1~
od J0zeeL
o=
(o]
-0
8vg'9— —— 202
F~
Z89'002—
- 0

_JL,,.J ol Jl“

100
(ppm)

I3C NMR 4ca

Lol 1\

150

200




Page 30 of 42

L¥8'6L

o]
i

o]

-30

-20

-10

20

(ppm)

3P NMR 4ca

vom._)r
8LZ'L—r
Nmm._‘\

048'9~,
18897

o

o

3

P~
|

.

MeO

shis.

A

826~
6 Ls

=91'9

Hzmo.m
¥ol'e
H\.m_..v

=002

Feoz

o

(ppm)

'H NMR 4da



Page 31 of 42

S0E9L-

899°LE~
2268~

229'65—

G6L¢C9

SO9°ELL—

LEL'BE L~
9L9LEL

S8yl

SL2061—

ol

]
P~
|

[

MeQ

140 120 100 80
(ppm)

160

180

3C NMR 4da

LIT' 1A
162 1

S0E° L
Gve Lt

S6SE~
ovr9e”
8LLhy
ZELP|
Ly
091
vLLY

98F° L~
£05°L7

616°L,
996'L7

P~o

<809
106

== F0e

I'J =Gl

€02

J =002

4
(ppm)

-

'H NMR 4ea



Page 32 of 42

EVE9L—

esh'LE

Wil A

S LES
586'2E~-
6L0'6E7

6LL29—

069521 —
LiLeel—
PETYEL—

Rro~
Ov

o o

LV LSL—

029161 —

VD] S

ro

Lo

w
<
D
<

L 8% m

8 2
S
a

xm §.€°02

[=]

o

™~

o]

o

\\W

]
Po
O.

0
(ppm)

20

40

3P NMR 4ea



Page 33 of 42

1921 €8E91L—
#mm.rﬂr *=90'9 vize—
S6¢’L

18L'8E~
[N vIZ6E"

AL

50

518

(Ppm)
'"H NMR 4fa

pes’LZL—

988°0€ 1~
66L¥EL—

0S6¥S1L—

AcO

LE8'89 1 —

6612~
gL’

L18°061—
0r0'8~, [
1508~
8528~

BLET =00'€
72629—
r o™
185°E~. 2
929e" Fe0e
€01 'Hy
8L P -
ZEVYF 5T
avlv)

100
(ppm)

3C NMR 4fa

AcO

150

200




Page 34 of 42

AcO

98561

0 -10 -20 -30
(ppm)

10

20

40

3P NMR 4fa

€0CL

Lie)
[AxAY

B0S'E~
vss'e
007
2507
800t}
180/
660

€907
ﬁwo.hW
860°L

162
58627
26617
£00'8

T

Fere

|I|I"LJ 801 | bl

3 F~

(ppm)

'H NMR 4ga



Page 35 of 42

S0r'9L—

28T'8E~
182'6€"

18829~

20

0ee’lL-

40

60

ZI8'GLL
nmm.mi.v.

vI6'IE L
9W0ZEL w
L80EEL

SOr'061L—

80

100
(ppm)

140 120
3C NMR 4ga

160

180

200

902"

vez'1/

1058~
Zs8e”
0v0'H
Al
8907}
z80v
660

61E L~
966

688'L,
906,

(ppm)

'"H NMR 4ha

Cl




Page 36 of 42

B ]
ro
0LE9L—
L O
o PO b [
8Lz L =109
zez'L
19186~
08168~ e [
d
L9
w0
06L29— —_—

g % -
055'€ el
6€0°%
1S0'% T

L9 €507
< L9017
= 00
- 180+
T o~ ¥80F Fw
& 5601
F82 W 860"
@]
o
- il F©
g e n
i =n=0
O=0c
oveszL— o F~
oLLogl’
0S2¥ELS & SPGLA
LLEOV L~ n_u.‘ rs 2961~ =00'¢
N L08°L~ a =66'L
o=° veg L Ho
o]
(=]
- O
o - o
Q
F®
" L2
0v8'061—
L8

(ppm)

'"H NMR 4ia



Page 37 of 42

86E91—

GPZ'8E~
SLT6E”

968'29—

FAXATARN
0ZL08 1~
080'2¢ Q
pSe'sel

LLLLBL—

Br

100
(ppm)

150

200

3C NMR 4ia

69¢°L X

€821
L6217

1ZS'E,
995°e~"
LZ4by
AR
ga
LShvd
(IR

0ELL
6ELL-
sy’
619°L
689 L~
0182~
tm.h\

i

=00t

Foo'l
=004

(ppm)

'"H NMR 4la



Page 38 of 42

c8e9l—

896'8E~
L00°0%"

0S6'¢9—

89¥'8Z 1 —
BLEVE L
vz sel—

050ty L —

95E V81—

160 140 120 100 80 60 40
(ppm)

180

200

3C NMR 4la

06117
021
812 I
A
882 1
€0e’ L
028"
VeS|
9551
045}

S

L

—

S0
090
Y90t
vL0Y
080
601
001
PLLY
TS
LELY
SELY
0SLY
asly
88l¥
VA
9Lzt
L€y

19724
z8¥ Ly
wmw.Tﬂ
ziS'L
Emsw
209°2
Z00'8
v00'9
61087

o o0

31

R

HM k619

FL0€

-
Sl

4
(ppm)

'H NMR 4ma



Page 39 of 42

062 —
L2861—

GEQ'BE,
16807

€08'L9—

L

il

6€S°LT 1,
ve8 Lzl
GEETELY
168GE L

Y0861 —

e e

100
(ppm)

13C NMR 4ma

150

200

ZLT
0821

8Tl \
z6z' L

185~
129"

1041
vLLby
121
ovLY
€527
99s %!

SOV’ Ly
08%'L
G6Y' LA
(7R
685 L7
€092/
6108~
Se0'8”

=912t

A.AJJ\__,UL_A;LI;
1 0

Ilm F 00T

s
oo
<3<
—

F00C

(ppm)

'H NMR 4ab



Page 40 of 42

SL0ve—

E2E6E~
6SE0Y"

665'LL—

02982 1~
1526217
629°€E 1~
008'95 1~

92e'e6lL—

40

100
(ppm)

160 140 120

180

13C NMR 4ab

€180
888°0~

£06°0
AR
p0E'L
6L
peeL-
BYEL
e L]
995°L
085"k
S6S°L
609'}
€29'L’

SLOE~
199'e~
Zr0'P
550
190t
890+
vL0Y
180'%
880t

992
1824
961 L
Em.hﬂ
mmm.hv
809'L

6008~
52087

=609

14
Feiy

Fue

Feoy

-

r<

(ppm)

'H NMR 4ac



Page 41 of 42

909°€ |1 —
PrL8L—

SepZE—
9L6°LE
£2€'6E—

Ly 99—

LLLBZLT
€8L°621,
9gL'eEL”
¥00°0Y b~

LL0C6L—

| O B A

T

160 140 120 100 80 60 40 20
(ppm)

180

200

I3C NMR 4ac

229
L99°€~

0LL°€-
26.'¢’

WM
18%° Ly
Nom.lf
¥8G'L
mmm.hv
1927
£66°L~,
60087

80°Z
00'9

vo'e
004

(ppm)

'"H NMR 4ad



Page 42 of 42

£60°2E~
9e1'8E”

€6C°€5—

SYE'8Z I,
ezl
9€6'EE L
eYS9eL~

698'L61—

BN B S

20

40

120 100
(ppm)

140

160

13C NMR 4ad



