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1. General

Commercial reagents and solvents were obtained from the commercial providers and used without further
purification. The products were purified using a commercial flash chromatography system or a regular glass
column. TLC was developed on silica gel 60 F254 glass plates. *H NMR (400 MHz) and *C NMR (100
MHz) spectra were recorded on a Bruker NMR apparatus. The chemical shifts are reported in & (ppm)
values (*H and *C NMR relative to CHCls, & 7.26 ppm for 'H NMR and § 77.0 ppm for 3C NMR). Or
alternatively, *H NMR chemical shifts were referenced to tetramethylsilane signal (0 ppm). Multiplicities
are recorded by s (singlet), d (doublet), t (triplet), g (quartet), p (pentet), h (hextet), m (multiplet) and br
(broad). Coupling constants (J), are reported in Hertz (Hz). GC analyses were performed using a Shimadzu
GC-2010ultragas chromatography—mass spectrometry instrument equipped with a Shimadzu AOC-20s

autosampler.

2.  General procedure for the synthesis of alkynyl ketones 1

Cul (1%) OH _ o)
. DMP (1.5 equiv)
OH (pPh,),PdCl, (0.02 .
s __< (PPh3),PdCl; (0.02 equiv) =~ "R NaHCOj (3 equiv) =~ R
R EtsN, rt, overnight Ar DCM, rt Ar 1

A mixture of aryl iodide (5 mmol), 3-butyn-2-ol or 1-octyne-3-ol (5.5 mmol) and (PPhs),PdCl, (2 mol %)
and EtsN (10 mL) was stirred for ten minutes at the room temperature, then Cul (1 mmol%) was added
slowly. Finally, the reaction was stirred overnight at room temperature under a nitrogen atmosphere. Then
the reaction was concentrated under reduced pressure and the residue was purified by flash chromatography

to give the desired product propargyl alcohol derivatives.

Under stirring, a solution of propargyl alcohol derivatives (1 equiv) in DCM (20 mL) was added DMP (1.5
equiv) and NaHCOs (3 equiv). The reaction vessel was wrapped in aluminum foil to avoid light exposure.
Finally, the reaction was monitored by TLC. Then the reaction was quenched by addition of saturated
Na»SO;3 solution and extracted with DCM. The solvent was removed under reduced pressure and the residue

was purified by flash chromatography to obtain the alkynone derivatives 1.
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0 4-(3-Oxobut-1-yn-1-yl)benzonitrile (1b). White solid. *H NMR (400 MHz, CDCls)
8 7.66 (q, J = 8.2 Hz, 4H), 2.46 (s, 3H). *C NMR (100 MHz, CDCls) & 183.90,
133.20, 132.22, 124.68, 117.82, 113.96, 90.54, 86.81, 32.68. HRMS (ESI*) calcd.
for C11HsNO2[M+H]*: 170.0606, found:170.0600.

§7.93 (d, J = 8.2 Hz, 2H), 7.62 (d, J = 8.2 Hz, 2H), 2.59 (s, 3H), 2.44 (s, 3H). °C
NMR (100 MHz, CDCls) § 196.97, 184.19, 138.02, 132.99, 128.28, 124.46, 89.97,
88.29, 32.72, 32.68, 26.64. HRMS (ESI*) calcd. for C1oH1:0.[M+H]*:187.0759, found:187.0753.

O
Methyl 3-(3-oxobut-1-yn-1-yl)benzoate (1f). White solid. *H NMR (400 MHz,
Z CDCls) 6 8.22 (s, 1H), 8.12 — 8.00 (m, 1H), 7.79 — 7.64 (m, 1H), 7.46 (t, J=7.9
Hz, 1H), 3.92 (s, 3H), 2.44 (s, 3H).*C NMR (100 MHz, CDCls) § 184.24, 165.75,

CO,Me 136.83, 134.02, 131.50, 130.79, 128.81, 120.39, 88.59, 88.52, 52.40, 32.69. HRMS
(ESI*) calcd. for C12H1:03[M+H]*: 203.0708, found:203.0720.

O
P 3-(3-Oxobut-1-yn-1-yl)phenyl methanesulfonate (1g). White solid. *H NMR (400
~ MHz, CDCls) 8§ 7.57 — 7.34 (m, 4H), 3.17 (s, 3H), 2.44 (s, 3H). **C NMR (100
MHz, CDCl3) 6 184.13, 148.84, 131.79, 130.36, 126.15, 124.58, 121.97, 88.85,
OMs

87.58, 37.74, 32.68. HRMS (ESI*) calcd. for Ci:H1:SO4M+H]*: 239.0378,

/@/‘\
NC
O
/@/‘\ 4-(4-Acetylphenyl)but-3-yn-2-one (1e). White solid. *H NMR (400 MHz, CDCls)
Z
Ac

found:239.0371.
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3. General procedure for the synthesis of alkynyl esters 4

]
o Cul (1 mol%) /j\
PPh3),PdCl, (2 | % OEt
Ar/l . = /< (PPh3), 2 (2 mol %) N =
O—\ K,CO3 (3 equiv) 4

THF, 75 °C, overnight

To a mixture of aryl iodide (5 mmol), ethyl propiolate (6 mmol) and (PPhs).PdCl, (2 mol %) in THF (20
mL), K.COsz (15 mmol) was added. The reaction was stirred for 10 min at the room temperature, then Cul
(1 mmol%) was added slowly. Finally, the reaction was stirred overnight at 75 °C under a nitrogen
atmosphere. Then the solution was filtered, the filtrate was concentrated under deduced pressure and the

residue was purified by flash silica gel chromatography to give the pure product 4.

Ethyl 3-(4-(trifluoromethoxy)phenyl)propiolate (4e). Pale yellow oil. 'H NMR
(400 MHz, CDCls) 8 7.66 — 7.58 (m, 2H), 7.22 (d, J = 8.1 Hz, 2H), 4.30 (9, J =
7.1 Hz, 2H), 1.36 (t, J = 7.1 Hz, 3H). F NMR (376 MHz, CDCls) & -57.75. 13C
NMR (100 MHz, CDCls) 6 153.77, 150.58, 135.67 — 133.74 (m), 120.24 (q, J =
258.8 Hz, 1H). 120.83 (d, J = 18.5 Hz), 118.24, 84.25, 81.30, 62.23, 14.01. HRMS (ESI*) calcd. for
C12HgF303[M+H]*: 259.0582, found:259.0576.

OEt

F4CO

0 Methyl 3-(3-oxobut-1-yn-1-yl)benzoate (4f). White solid. *H NMR (400 MHz,
CDCls) 6 8.25 (s, 1H), 8.10 (d, J = 7.8 Hz, 1H), 7.74 (d, J = 7.6 Hz, 1H), 7.46
(t, J = 7.8 Hz, 1H), 4.30 (d, J = 7.1 Hz, 2H), 3.92 (s, 3H), 1.35 (t, J = 7.1 Hz,
3H). 3C NMR (100 MHz, CDCls) 8 165.77, 153.73, 136.78, 134.02, 131.44,

COyMe 130.76, 128.75, 120.15, 84.54, 81.24, 62.20, 52.38, 14.04. HRMS (ESI") calcd.
for C13H1204 [M+H]*: 233.0814, found:233.0807.

é OEt
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O
= OEt Ethyl 3-(3-((4-methylphenyl)sulfonamido)phenyl)propiolate (4g). Pale red solid. *H
NMR (400 MHz, CDCls) & 7.66 (dd, J = 8.4, 2.0 Hz, 2H), 7.25 (ddt, J = 17.2, 8.9,
2.5Hz, 6H), 4.28 (q, J =7.1 Hz, 2H), 2.37 (s, 3H), 1.34 (t, J = 7.1 Hz, 2H). 3C NMR
(100 MHz, CDCls) 6 153.90, 144.24, 137.17, 135.66, 129.80, 129.43, 127.23,
124.73, 123.20, 120.64, 85.01, 80.95, 76.71, 62.26, 14.03. HRMS (ESI") calcd. for C1gH1sNSOs[M+H]*:
344.0957, found:344.0949.

NHTs

= OEt Ethyl 3-(3-(benzyloxy)phenyl)propiola (4h). White solid. *H NMR (400 MHz,

CDCl3) 6 7.57 — 7.24 (m, 6H), 7.19 (d, J = 8.1 Hz, 2H), 7.06 (d, J = 7.6 Hz, 1H),

5.05 (s, 2H), 4.29 (d, J = 7.0 Hz, 2H), 1.35 (t, J = 7.0 Hz, 3H). **C NMR (100 MHz,

OBn CDCl3) 6 158.51, 153.99, 136.32, 129.69, 128.62, 128.12, 127.41, 125.76, 120.60,

118.39, 118.28, 85.88, 80.43, 70.13, 62.08, 14.06. HRMS (ESI*) calcd. for CigH1703[M+H]*: 281.1178,
found:281.1171.

4-(4-Fluoro-3-methylphenyl)but-3-yn-2-one (4i). Pale yellow oil. *H NMR (400
MHz, CDCl3) 6 7.64 — 7.32 (m, 2H), 6.99 (t, J = 8.9 Hz, 1H), 4.28 (d, J = 7.1 Hz,
2H), 2.26 (s, 3H), 1.34 (t, J = 7.1 Hz, 3H).°F NMR (376 MHz, CDCls) § -110.97.
13C NMR (100 MHz, CDCls) 162.57 (d, J = 252.1 Hz), 154.01.136.39 (d, J = 14.7
Hz), 132.57 (d, J = 12.7 Hz), 125.81 (d, J = 18.3 Hz), 115.62 (d, J = 23.5 Hz),
115.30 (d, J = 3.9 Hz), 62.05, 14.25, 14.07. HRMS (ESI*) calcd. for C12H12FO, [M+H]*: 207.0821,
found:207.0815.

é OEt
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4.  General procedure for fluorination of 1 or 4

A polypropylene vial was charged with alkynone 1 or alkynoate 4 (0.2 mmol, 1 equiv), 2,6-dibromopyridine
N-oxide 2d (0.28 mmol, 70 mg), and HF-pyridine (HF content 70 wt/wt%, 0.8 mmol, 27 mg, 4 equiv) and
PhCF; (0.4 mL). The reaction was commenced by the addition of JohnPhosAuUNTf, (5 mol%, 7.75 mg) and
the reaction mixture was heated to 40 °C, the progress of the reaction was monitored by TLC. The reaction
typically took 4 h or overnight to complete. Upon completion, the mixture was quenched with saturated
sodium bicarbonate. The mixture was extracted with DCM and washed with 1N HCI. The organic layers
were collected, dried over anhydrous MgSQ, and filtered. The solvent was removed under reduced pressure
and the residue was subjected to flash column chromatography purification (eluent: hexanes / ethyl acetate)
to give 2-fluoro-1,3-dicarbonyl compounds 3 or 5.

O O OH O
A
F + F

3a (maijor) 3a' (minor)

Colorless oil, 79% yield (28.4 mg), 3a/3a’ = 3.5/1%. *H NMR (400 MHz, CDCls) & 13.74 (d, J = 3.5 Hz,
1H-minor), 8.04 (d, J = 7.8 Hz, 2H-major), 7.98 (d, J = 7.4 Hz, 1H-minor), 7.67 (t, J = 7.4 Hz, 1H-major),
7.53 (t, J = 7.7 Hz, 2H-major), 7.49 (d, J = 6.8 Hz, 1H-minor), 5.97 (d, J = 50.1 Hz, 1H-major), 2.38 (s,
3H-minor), 2.37 (d, J = 4.1 Hz, 3H-major). *®F NMR (377 MHz, CDCl3) 5 -170.10 (p, J = 4.3 Hz,1F-minor),
-189.58 (dg, J = 50.4, 4.8 Hz,1F-major).

OH O O O
oY O
+
F F
NC NC
3b (major) 3b' (minor)

White solid, 80% yield (32.8 mg), 3b/3b’ = 6.5/1. *H NMR (400 MHz, CDCl3) 6 13.36 (s, 1H-major), 8.09
(d, J = 8.0 Hz, 2H-minor), 8.02 (d, J = 8.7 Hz, 2H-major), 7.79 (d, J = 8.6 Hz, 2H-minor), 7.74 (d, J = 8.4
Hz, 2H-major), 5.92 (d, J = 49.8 Hz, 1H-minor), 2.38 (d, J = 4.2 Hz, 3H-major), 2.35 (d, J = 4.1 Hz, 3H-
minor).*F NMR (376 MHz, CDCls) 6 -167.71 (d, J = 4.3 Hz, 1F-major), -189.96 (dqg, J=49.9, 4.2 Hz, 1F-
minor). *C NMR (100 MHz, CDCls) & 193.46 (d, J = 29.5 Hz, major), 159.88 (d, J = 19.8 Hz, major),
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143.80 (d, J = 236.9 Hz, major), 135.46 (d, J = 5.2 Hz, minor), 132.49(major), 132.13(major), 130.05 (d, J
= 3.4 Hz, minor), 129.08(major), 128.99(major), 118.05(major), 114.88(minor), 96.57 (d, J = 200.0 Hz),
26.10 (minor), 23.30 (major). HRMS (ESI) calcd. for C11HoFNO, [M+H]*: 206.0617, found:206.0612.

O O OH O
MeO MeO NS
+
F F
3c (major) 3c' (minor)

Pale yellow solid, 78% yield (32.7mg), 3b/3b’> = 2/1. *H NMR (400 MHz, CDCl3) § 13.71 (s, 1H-minor),
7.59 (d, J = 7.3 Hz, 1H-major), 7.54 (d, J = 7.8 Hz, 1H-minor), 7.51 (s, 1H-major), 7.46 (s, L1H-minor), 7.44
—7.35 (m, 1H-major), 7.40 — 7.31 (m, 1H-monor), 7.17 (d, J = 8.3 Hz, 1H-major), 7.05 (d, J = 8.9 Hz, 1H-
monor), 5.90 (d, J = 50.1 Hz, 1H-major), 3.85 (s, 3H-major), 3.84 (s, 3H-minor), 2.33 (d, J = 4.1 Hz, 3H-
major), 2.32 (d, J = 2.1 Hz, 3H-minor). **F NMR (376 MHz, CDCls) § -169.51(s, 1F-minor), -189.31 (dq,
J=50.0, 4.3 Hz, 1F-major). *C NMR (100 MHz, CDCls) § 200.45 (d, J = 24.2 Hz, major), 190.22 (minor),
190.01 (d, J = 18.2 Hz, major), 165.23 (d, J = 19.5 Hz), 159.83(minor), 159.50(minor), 143.71 (d, J = 232.7
Hz, minor), 134.65(major), 132.92 (d, J = 5.1 Hz, minor), 129.80(major), 129.47(minor), 122.46 (d, J = 3.5
Hz, major), 121.42(major), 121.36(minor), 121.25(minor), 118.21(major), 113.33(major), 96.49 (d, J =
198.1 Hz, major), 55.47(major), 55.36, 25.92(major), 22.39(minor). HRMS (ESI*) calcd. for C11H12FO3
[M+H]*: 211.0770, found:211.0766.

OH O O O
oY o
+

F F
Br Br
3d (maijor) 3d' (minor)

Pale yellow solid, 84% yield (43.2 mg), 3d/3d’ = 7/1. '"H NMR (400 MHz, CDCls) 13.60 (s, 1H-major),
7.87 (d, J = 8.3 Hz, 2H-minor), 7.81 (d, J = 8.8 Hz, 2H-major), 7.64 (d, J = 8.3 Hz, 2H-minor), 7.59 (d, J
= 8.5 Hz, 2H-major), 5.88 (d, J = 50.2 Hz, 1H-minor), 2.44 (d, J = 1.2 Hz, 3H-minor), 2.34 (d, J = 4.1 Hz,
3H-major). *F NMR (376 MHz, CDCls) & -169.32 (s, 1F-major), -189.53 (dd, J = 49.7, 4.3 Hz, 1F-minor).
13C NMR (100 MHz, CDCls) 6 200.19 (d, J = 23.8 Hz, minor), 190.55 (d, J = 29.0 Hz, major), 163.79 (d,
J=19.5Hz, major), 143.65 (d, J = 233.1 Hz, major), 134.26(minor), 132.18(minor), 131.79 (major), 131.06

(d, J = 3.3 Hz, minor), 130.53 (d, J = 5.2 Hz, minor), 130.20(major), 130.11(major), 126.75(major), 96.56
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(d, J = 194.9 Hz, minor), 25.94(minor), 22.49(major). HRMS (ESI*) calcd. for CioHsBrFO;[M+H]":
258.9770, found:258.9764.

OH O O O
w W
+
Ac F Ac F

3e (major) 3e' (minor)

White solid, 92% yield (40.8 mg), 3e/3¢’ = 16/1. 'H NMR (400 MHz, CDCls) § 13.46 (s, 1H-major), 8.00
(s, 4H-major), 5.94 (d, J = 49.9 Hz, 1H-minor), 2.62 (s, 3H), 2.36 (d, J = 4.2 Hz, 4H). **F NMR (376 MHz,
CDCls) 5 -168.37 (s, 1F-major), -189.87 (dg, J = 50.6, 4.2 Hz, 1F-minor). *C NMR (100 MHz, CDCl5) for
3e major & 197.34, 192.69 (d, J = 29.2 Hz), 161.60 (d, J = 19.9 Hz), 143.81 (d, J = 235.4 Hz), 138.94,
135.47 (d, J = 5.3 Hz), 128.79 (d, J = 8.9 Hz), 128.19, 26.75, 23.10. HRMS (ESI*) calcd. for C1,H1,FO3
[M+H]*: 223.0770, found:233.0765.

o o OH O
F * F
3f (major) 3f' (minor)

Pale yellow oil, 88% yield (41.8mg), 3f/3f> = 10/9. *H NMR (400 MHz, CDCls) & 13.57 (s, 1H-minor),
8.63 (s, 1H-minor), 8.58 (s, 1H-major), 8.28 (d, J = 7.5 Hz, 1H-minor), 8.17 (t, J = 7.7 Hz, 2H-minor), 8.10
(d, J = 7.3 Hz, 1H-major), 7.56 (dt, J = 16.0, 7.8 Hz, 2H-major), 5.97 (d, J = 49.9 Hz, 1H-major), 3.94 (d,
J = 1.3 Hz 3H-minor), 3.93 (d, J = 1.4 Hz 3H-major), 2.36 (s, 3H-minor), 2.35 (s, 3H-major). *F NMR
(376 MHz, CDCls) 6 -169.50(s, 1F-minor), -190.05 (dd, J =50.0, 4.4 Hz s, 1F-major). *C NMR (100 MHz,
CDCls3) 6 200.30 (d, J = 24.2 Hz, major), 190.96 (d, J = 29.1 Hz), 189.62 (d, J = 19.3 Hz, major),
166.25(major), 165.76(minor), 163.54 (d, J = 19.9 Hz, minor), 143.68 (d, J = 233.6 Hz, minor),
135.16(major), 133.74(minor), 133.60 (d, J = 3.3 Hz, major), 132.76(minor), 132.64(major), 130.98(minor),
130.72 (d, J = 3.1 Hz, minor), 130.59(major), 129.81 (d, J = 9.0 Hz, minor), 129.04(minor), 128.66(major),
96.28 (d, J = 199.0 Hz), 52.50, 52.35(major), 26.06(minor), 22.59(major). HRMS (EI*) calcd. for
C12H10FO4 [M-H*]: 237.0567, found: 237.0558.
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3g (maijor) 3g' (minor)

Pale yellow solid, 81% yield (44.3 mg), 3g/3g’ = 10/3. *H NMR (400 MHz, CDCls3) & 13.49 (s, 1H-minor),
7.98 (d, J = 4.4 Hz, 1H-major), 7.92 (s, 1H-minor), 7.90 (s, 1H-major), 7.83 (s, 1H-minor), 7.61 — 7.52 (m,
2H-major), 7.51 (d, J = 7.9 Hz, 1H-minor), 7.44 (d, J = 8.2 Hz, 1H-minor), 5.91 (d, J = 49.9 Hz, 4H), 3.20
(s, 3H-major), 3.17 (s, 3H-minor), 2.36 (d, J = 4.0 Hz, 3H-minor), 2.34 (d, J = 4.2 Hz, 3H-major). *F NMR
(376 MHz, CDCls) & -168.83(s,1F-minor), -189.83 (dd, J = 49.8, 4.1 Hz,1F-major). *C NMR (100 MHz,
CDCls) 6 200.12 (d, J = 23.7 Hz, major), 191.62 (d, J = 29.3 Hz), 188.80 (d, J = 19.5 Hz, major), 162.06
(d, J=19.6 Hz), 149.24(major), 149.11(minor), 143.67 (d, J = 235.1 Hz, minor), 135.09(major), 133.64 (d,
J =4.7 Hz, minor), 130.57(major), 130.17(minor), 128.56 (d, J = 3.7 Hz, major), 128.36(major), 127.52 (d,
J = 9.3 Hz, minor), 126.80 (minor), 125.41(major), 122.97 (d, J = 3.2 Hz, major), 122.11 (d, J = 9.1 Hz,
minor), 121.36(minor), 96.56 (d, J = 199.4 Hz, major), 37.77(major), 37.61(minor), 26.04 (major),
22.77(minor). HRMS (ESI") calcd. for C11H12FSOs[M+H]*: 275.0389, found: 275.0384.

O O OH O
MeOzC MeOzC ™
F F
3h (maijor) 3h' (minor)

Colorless oil, 78% vyield (34.6 mg), 3h/3h’> = 1.3/1. Major product 3h: *H NMR (400 MHz, Chloroform-d)
5 8.64 (s, 1H), 8.11-8.22 (m, 2H), 7.51-7.58 (m, 2H), 6.02 (d, J = 49.1 Hz, 1H), 3.94 (s, 3H), 2.99 (t, J =
6.8 Hz, 2H), 1.18 — 1.75 (m, 6H), 0.91 - 0.94 (m, 3H). *°®F NMR (376 MHz, Chloroform-d) & -171.07 (s)
(s,2F-minor), -192.05 (d, J = 49.1 Hz, 1F-major). HRMS (ESI*) calcd. for Ci6H20FO4[M+H]*: 295.1346,
found: 259.1340.

@*H*@N*

(major) 3i' (minor)
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Colorless oil, 78% yield (34.6 mg), 3i/3i> = 5/1. Major product: *H NMR (400 MHz, Chloroform-d) & 8.01
(d, J=8.4Hz, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.49 (t, J = 7.4 Hz, 2H), 6.14 (dd, J = 49.1 Hz, 1H), 1.24 (s,
9H). F NMR (376 MHz, Chloroform-d) & -167.60, (s,1F-minor), -187.14 (d, J = 49.0 Hz, 1F-major). It is

spectroscopic data is consistent with literature report.>

O O OH O
NS
/@)‘\(U\ + /@)\(U\
F
Cl F Cl
3j (major) 3j'(minor)

Pale yellow solid, 81% yield (34.6 mg), 3j/3j’ = 2/1.*H NMR (500 MHz, Chloroform-d) § 13.65 (s, 1H-
minor), 7.97 (d, J = 8.3 Hz, 2H-major), 7.91 (d, J = 8.4 Hz, 2H-minor), 7.49 (d, J = 8.4 Hz, 2H-major), 7.45
(d, J = 8.5 Hz, 2H-minor), 5.91 (d, J = 50.1 Hz, 1H-major), 2.35 (s, 3H-major), 2.35 (s, 3H-minor). °F
NMR (376 MHz, Chloroform-d) § -169.43(s,1F-minor), -189.53 (d, J = 50.2 Hz,1F-major). It is

spectroscopic data is consistent with literature report.®

O O OH O
F F
3k (maijor) 3k' (minor)

Colorless oil, 63% yield (21.9 mg), 3k/3k’ = 5/2. *H NMR (400 MHz, Chloroform-d) & 12.88 (s, 0.4H-
minor), 5.23 (d, J = 50.7 Hz, 1H-major), 2.72 — 2.39 (m, 2H-major,0.8H-minor), 2.29 (d, J = 4.0 Hz, 3H-
major), 2.16 (d, J = 3.8 Hz, 1.2H-minor), 1.68 — 1.55 (m, 2H-major,0.8H-minor), 1.38 — 1.25 (m, 4H-
major,1.6 H-minor), 0.96 — 0.75 (m, 3H-major,1.2H-minor). **®F NMR (376 MHz, Chloroform-d) § -
174.63(s,1F-minor), -193.08 (d, J = 50.6 Hz, 1F-major). It is spectroscopic data is consistent with literature

report. 2

O O Ethyl 2-fluoro-3-oxo0-3-phenylpropanoate® (5a). Colorless oil, 81% yield (34 mg).

WOH H NMR (400 MHz, CDCls) & 8.28 — 7.86 (m, 2H), 7.69 — 7.54 (m, 1H), 7.54 — 7.43
F

S10



(m, 2H), 5.85 (dd, J = 48.8, 1.7 Hz, 1H), 4.29 (qt, J = 9.2, 2.6 Hz, 2H), 1.37 — 1.15 (m, 3H). **F NMR (376
MHz, CDCls) § -190.36 (d, J = 48.8 Hz).

ethyl 2-fluoro-3-oxo-3-(p-tolyl)propanoate* (5b). Colorless oil, 80% yield (36.2

o o
MOB mg). 'H NMR (400 MHz, CDCls) § 8.05 — 7.73 (m, 2H), 7.29 (d, J = 7.9 Hz, 2H),
F 5.83 (d, J = 48.9 Hz, 1H), 4.29 (dt, J = 7.1, 3.4 Hz, 2H), 2.42 (s, 3H), 1.25 (t, J =

7.0 Hz, 3H). °F NMR (376 MHz, CDCls) & -190.26 (d, J = 48.6 Hz).

O O
oet Ethyl 2-fluoro-3-(4-nitrophenyl)-3-oxopropanoate (5c). Pale yellow oil, 77%
O.N F yield (39.2 mg). *H NMR (400 MHz, CDCls) 6 8.51 —8.27 (m, 2H), 8.29 - 8.10
2
(m, 2H), 5.84 (dd, J = 48.7, 0.8 Hz, 1H), 4.46 — 4.11 (m, 2H), 1.28 (td, J = 7.1,
0.7 Hz, 3H). F NMR (376 MHz, CDCls) 6 -190.19 (d, J = 48.9 Hz). °C NMR (100 MHz, CDCl5) & 188.52

(d, J=21.7 Hz), 164.17 (d, J = 24.1 Hz), 150.92, 137.62, 130.66, 123.92, 90.49 (d, J = 196.5 Hz), 63.17,
13.93. HRMS (ESI") calcd. for C1:H1:FNOs [M+H]*: 256.0621, found:256.0615.

Ethyl 3-(4-chlorophenyl)-2-fluoro-3-oxopropanoate* (5d). Pale yellow oil, 87%

o o
woa yield (42.4 mg). *H NMR (400 MHz, CDCls) & 8.26 — 7.77 (m, 2H), 7.62 — 7.26
- F (m, 2H), 5.80 (d, J = 48.9 Hz, 1H), 4.29 (dd, J = 7.0, 2.9 Hz, 2H), 1.25 (t, J =

7.1 Hz, 3H). *°F NMR (376 MHz, CDCls) & -190.01 (d, J = 48.8 Hz).

o o Ethyl 2-fluoro-3-0xo0-3-(4-(trifluoromethoxy)phenyl)propanoate (5e). Pale
woa yellow oil, 80% yield (47 mg). *H NMR (400 MHz, CDCls) & 8.10 (d, J =

F 8.8 Hz, 2H), 7.31 (d, J = 8.3 Hz, 2H), 5.80 (d, J = 48.8 Hz, 1H), 4.30 (dd, J

FaCO =7.0,3.1 Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H).'°F NMR (376 MHz, CDCls) 5 -
57.65, -189.93 (d, J = 49.0 Hz). 3C NMR (100 MHz, CDCl3) & 188.13 (d, J = 20.8 Hz), 164.61 (d, J = 24.1

Hz), 153.54, 131.72 (d, J = 4.0 Hz), 131.37, 120.34, 120.18 (q, J = 259.5 Hz). 90.30 (d, J = 198.3 Hz),
62.84, 13.89. HRMS (ESI*) calcd. for CioH11F404 [M+H]*: 294.0593, found:259.05888.

S11



O O Methyl 3-(3-ethoxy-2-fluoro-3-oxopropanoyl)benzoate (5f). Colorless oil,
Me020\©)J\(U\OEt 85% yield (45 mg). *H NMR (400 MHz, CDCls) § 8.66 (s, 1H), 8.28 (d, J
F =6.6 Hz, 1H), 8.21 (d, J= 7.7 Hz, 1H), 7.59 (t, J = 7.8 Hz, 1H), 5.90 (d, J

=48.6 Hz, 1H), 4.29 (g, J = 4.9, 4.3 Hz, 2H), 3.94 (s, 3H), 1.55 - 0.89 (m, 3H). **F NMR (376 MHz, CDCls)
8 -190.89 (d, J = 48.7 Hz). *C NMR (100 MHz, CDCls) 6 188.90 (d, J = 20.6 Hz), 165.78, 164.51 (d, J =

23.9 Hz), 135.11, 133.62, 133.44 (d, J = 3.7 Hz), 131.00, 130.54 (d, J = 3.2 Hz), 129.07, 89.88 (d, J = 198.0
Hz), 62.81, 52.49, 13.89. HRMS (ESI*) calcd. for C13H14FOs [M+H]": 269.0825, found:269.0819

O O Ethyl 2-fluoro-3-(3-((4-methylphenyl)sulfonamido)phenyl)-3-oxopropanoate (5g).

oet Pale yellow solid, 91% yield (68.9 mg). *H NMR (400 MHz, CDCls) § 7.72 (dd, J

F =14.1, 8.0 Hz, 4H), 7.45 (d, J = 8.0 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.30 — 7.16

NHTs (m, 2H), 5.78 (d, J = 48.7 Hz, 1H), 4.27 (q, J = 7.1 Hz, 2H), 2.36 (s, 3H), 1.23 (t, J

= 7.1 Hz, 3H). F NMR (376 MHz, CDCls) & -190.31 (d, J = 48.6 Hz). 3C NMR (100 MHz, CDCl3) &

188.91 (d, J = 20.5 Hz), 164.67 (d, J = 24.0 Hz), 144.26, 135.76, 134.28, 129.80, 127.27, 126.54, 125.84

(d, J = 3.8 Hz), 121.18 (d, J = 3.3 Hz), 89.91 (d, J = 196.1 Hz), 62.83, 21.51, 13.89. HRMS (ESI*) calcd.
for C1sH19NSFOs [M+H]*: 380.0968, found: 380.0962.

O O Ethyl 3-(3-(benzyloxy)phenyl)-2-fluoro-3-oxopropanoate (5h). Pale yellow oil, 88%
oet Yield (55.6 mg). *H NMR (400 MHz, CDCls) § 8.20 — 7.52 (m, 2H), 7.55 — 7.29 (m,
F 6H), 5.83 (d, J = 48.8 Hz, 1H), 5.11 (s, 2H), 4.29 (q, J = 7.1 Hz, 2H), 1.25 (t, J =
OBn 7.2 Hz, 3H). °F NMR (376 MHz, CDCl3) 6 -190.09 (d, J = 48.7 Hz). 3C NMR (100
MHz, CDCls) 6 189.21 (d, J = 20.1 Hz), 164.85 (d, J = 24.2 Hz), 159.01, 136.23, 134.58, 129.87, 128.64,
128.18, 127.55, 122.41 (d, J = 4.0 Hz), 122.05, 114.39 (d, J = 2.9 Hz), 89.99 (d, J = 197.6 Hz), 70.23, 62.68,
13.94. HRMS (ESI") calcd. for CigH1sFO4 [M+H]*: 317.1189, found:317.1182.

O O Ethyl 3-(4-fluoro-3-methylphenyl)propiolate (5i). Colorless oil, 87% yield (42.1

oEt Mg). *H NMR (400 MHz, CDCls) § 7.91 (t, J = 7.2 Hz, 2H), 7.10 (t, J = 8.8 Hz,

F F 1H), 5.80 (d, J = 48.9 Hz, 1H), 4.35 - 4.21 (m, 2H), 2.32 (s, 3H), 1.26 (t, J = 7.1
Hz, 3H). °F NMR (376 MHz, CDCls) & -106.01, -189.69 (d, J = 48.9 Hz). **C NMR (100 MHz, CDCls) &
188.16 (d, J = 20.4 Hz), 164.85 (d, J = 24.1 Hz), 165.16 (d, J = 256.4 Hz), 133.39 (d, J = 3.5 Hz), 129.76
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(d, J=5.8 Hz), 129.45, 125.99 (d, J = 18.0 Hz), 115.60 (d, J = 23.3 Hz), 62.70, 14.50, 13.92. HRMS (ESI*)
calcd. for CioHisF205 [M+H]*: 242.0833, found:243.0826.

o o Ethyl 3-(3-chlorophenyl)-2-fluoro-3-oxopropanoate (5j). Colorless oil, 83%
CIWOH yield (40.5 mg). 'H NMR (400 MHz, CDCly) § 8.00 (s, 1H), 7.92 (d, J = 7.5 Hz,
b 1H), 7.60 (d, J = 7.2 Hz, 1H), 7.44 (t, ] = 7.9 Hz, 1H), 5.81 (d, J = 48.7 Hz, 1H),

4.30 (dd, J = 7.1, 2.9 Hz, 2H), 1.27 (t, J = 7.0 Hz, 3H). °F NMR (376 MHz, CDCl5) 5 -190.36 (d, J = 49.0
Hz). *C NMR (100 MHz, CDCls) § 188.45 (d, J = 20.8 Hz), 164.48 (d, J = 23.9 Hz), 135.21, 134.77, 134.42,

130.11, 129.40 (d, J = 3.5 Hz), 127.62 (d, J = 4.2 Hz), 90.07 (d, J = 199.7 Hz), 62.87, 13.92. HRMS (ESI"*)
calcd. for C11H11CIFO3 [M+H]*: 245.0381, found:245.0375.

Ch 0O O Ethyl 3-(2-chlorophenyl)-2-fluoro-3-oxopropanoate (5k). Colorless oil, 35% yield

ot (17 mg). *H NMR (400 MHz, CDCl3) & 7.53 (d, J = 7.4 Hz, 1H), 7.54 — 7.41 (m,

F 2H), 7.40 — 7.30 (m, 1H), 5.94 (d, J = 48.2 Hz, 1H), 4.49 — 3.90 (m, 2H), 1.24 (t, J

= 7.1 Hz, 3H). °F NMR (376 MHz, CDCl3) & -192.38 (d, J = 48.3 Hz). 3C NMR (100 MHz, CDCl3) §

192.48 (d, J = 23.0 Hz), 163.96 (d, J = 24.2 Hz), 134.96, 133.04, 131.95, 130.60, 130.05 (d, J = 2.8 Hz),

126.92, 90.43 (d, J = 199.2 Hz), 62.70, 13.88. HRMS (ESI*) calcd. for C1:H11:CIFO3; [M+H]*: 245.0381,
found:245.0374.

O O Ethyl 2-fluoro-3-oxo-3-(thiophen-2-yl)propanoate* (51). Colorless oil, 84% vyield
S ] oet (36.2mg). 'H NMR (400 MHz, CDCls) § 8.01 (s, 1H), 7.78 (d, J = 4.9 Hz, 1H), 7.18
\ F (d, J = 4.8 Hz, 1H), 5.68 (d, J = 48.9 Hz, 1H), 457 — 3.77 (m, 2H), 1.27 (1, J = 7.1

Hz, 3H). °F NMR (376 MHz, CDCls) § -189.23 (d, J = 48.4 Hz). 3C NMR (100 MHz, CDCls) 5 182.32 (d,
J=21.8 Hz), 164.55 (d, J = 24.4 Hz), 139.53, 136.21, 135.33 (d, J = 6.9 Hz), 128.66, 90.52 (d, J = 198.8
Hz), 62.77, 13.94.

O O Methyl 2-fluoro-3-oxooctanoate (5m). Colorless oil, 86% yield (37.4 mg). *H

/\/\)J\Hko/ NMR (400 MHz, CDCl3) § 5.20 (d, J = 49.4 Hz, 1H), 3.84 (s, 3H), 2.65 (qd, J

F = 7.2, 3.0 Hz, 2H), 1.58-1.62 (m, 2H), 1.26-1.28 (m, 4H), 0.88 (t, = 6.7 Hz,
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3H). °F NMR (376 MHz, CDCls) § -194.92 (d, J = 49.6 Hz).*C NMR (100 MHz, CDCl3) § 201.30 (d, J =
23.0 Hz), 164.62 (d, J = 24.2 Hz), 91.26 (d, J = 198.5 Hz), 53.13, 38.39, 31.04, 22.30 (d, J = 3.8 Hz), 13.79.

F (2)-hex-3-en-1-yl 2-fluoro-3-oxononanoate (5n). Colorless oil, 68%
L/\/O yield (37 mg). *H NMR (500 MHz, CDCl3) 6 5.71 — 5.43 (m, 1H),
O O 5.29 (ddqg, J = 8.9, 3.3, 1.6 Hz, 1H), 5.20 (d, J = 49.5 Hz, 1H), 4.24
(t, J=7.0 Hz, 2H), 2.80 — 2.57 (m, 2H), 2.55 — 2.30 (m, 2H), 2.06 (td, J = 7.5, 1.7 Hz, 2H), 1.61 (q, J = 7.3
Hz, 2H), 1.29 (q, J = 2.9, 2.4 Hz, 4H), 0.98 (t, J = 7.5 Hz, 3H), 0.89 (t, J = 6.9 Hz, 3H).°F NMR (376 MHz,
CDCl3) 6 -194.70 (d, J = 49.7 Hz).*C NMR (100 MHz, CDCls) & 201.24 (d, J = 22.6 Hz), 164.20 (d, J =

24.0 Hz), 122.63 (d, J = 12.9 Hz), 91.23 (d, J = 197.1 Hz), 65.88, 38.43, 31.43, 28.59, 26.47, 22.52 (d, J =
21.4 Hz), 20.58, 13.99. HRMS (ESI*) calcd. for C15H26FO3: 273.1866, found:273.1860.

o o OMe 4-Methoxyphenyl 2-fluoro-3-oxo-3-phenylpropanoate (50). Colorless
/©/ oil, 90% vield (51.8 mg). *H NMR (400 MHz, CDCls) § 8.09 (d, J = 7.7
wo Hz, 1H), 7.66 (t, J = 6.8 Hz, 1H), 7.53 (t, J = 7.9 Hz, 2H), 6.99 (d, J =
8.9 Hz, 2H), 6.85 (d, J = 9.0 Hz, 2H), 6.09 (d, J = 48.6 Hz, 1H), 3.77 (s,

2H). ®F NMR (376 MHz, CDCls) & -189.89 (d, J = 48.5 Hz). **C NMR (100 MHz, CDCl3) § 189.15 (d, J

=20.1 Hz), 163.93 (d, J = 24.7 Hz), 157.77, 143.23, 134.71, 133.34, 128.95, 121.77, 114.55, 89.74 (d, J =
196.2 Hz), 55.55. HRMS (ESI") calcd. for C1sH1sFO4s[M+H]": 289.0876, found:289.0870.
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5.  Copies of NMR Spectra for compounds 3 and 5.

a 8 2R 3 =8 - .
g BH % 53
,O//U\ | Wl 11 | |-1z0
o
NC b Lo
&3
-
lLea
-~
o
30
il
-3
=16
| | 1l
| il ]
e . N L
10

T T T  E— T T
230 230 i L] 200 150 180 170 { 11:] 150 g 130 120

S15



8500
[-B0:00

= 7500

- 7ona

3500

2500

[~1500

£
G £ o
g
8 e

1b

MC

E |

=00k

f1 {ppm]

S16



3500

3000

2500

2000

1500

500

W
BG I

Ia .__“Jlfr
ET L
o £
L

Y

AL

et |

=£TE

Foor |

=50T

f1 {ppm]

S17



=7

=50

=30

=10

a1

P E—

BT IE
LI

6L B~
FLoN 0 S

Ll
BD BIl——
b CET—
Eo gEl—

Bl ¥RT—

O MGT—

1@

10

T v T ’ T L
124 11a 1
f1 {ppm})

T
140

T
160

T
210

S18



2400

2300

2200

=2100

—2000

=13200

—1800

1700

1600

—1500

=1400

—1300

=1200

—1100

—=1000

300

=700

—G00

500

400
300
200
100

—100
200

i

IeE—

L
ap'L
P
SR
[LEAFS
LFAF
T84
[
[
ELL
L0ra
as
aoe
ana
ora
ore
[

W

.

COMe

1f

=

Fore

Feore

it
Farn

a1
=or1

35 30 25 2.0 1.z 1.0 0.5 0.0

4.0

3.5 3.0 B.5 5.0 7.5 7.0 55 &0 5.5 5.0 4.5
f1 (ppm)

10.0

S19



—120

=110

—100

=30

—B0

=70

60

=50

—40

—30

20
10

—10

69 ZE—

0 25—

o588
G588

LEDIT—

TaaI
mm.amﬁw

05 TEN-"
Z0bEl~
egacr~

5597 —

FIbel—

B

CO,Me

1f

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S20



-5000

4500

4000

3500

-3000

2500

[-2000

1500

-1000

[~ 500

-0

LV E—

Fi
BE'S
BE' S
s
[ -
o' £
B S
05 s
154
54
£S5

W

g

OMs

Fooe

Feae

f&.m

1.0 105 100 95 2.0 B.5 2.0 7.5 7.0 &5 e.;:[ 5}.5 50 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm

115

S21



360
=340
320

300

280
2840
-—Hn
-—azﬂ
-

-1ed

=1dd

120

=100

B E—
kL E—

855 fB=~_
S5

oIl
05 $ZT,
st ari—

9K BET—
B TET="

o —

El" ¥AT—

1g

OMe

10

T v T ’ T L
124 11a 1
f1 {ppm})

T
140

——
160

T
210

S22



2 2 g

= g 3 3 :: 2 2 g g g o 5

1 1 1 1 1 1 1 1 1 1 1 1

680

;.GW. B — - Fae

E6'D

5T R .

am.H\ I - me.m

ST _ )
- arg

ZT - =

PET

a9t

PoE

ma.mv _— —— T

89

B E— — S - e

iy -

e o _ )
i — =
[y —— - w0
o
s — _ =D
ee . 60

o

W

1h

COzMe

3
f1 (ppm)

11 10

12

S23



-1600

1500

1400

1300

1200

=1100

1000

[~ 500

800

700

[~ 600

400

300

=200

o

~-100

LORET—

SEEE
S£EET

Trie—

B G—

T525—

5188~
8,88

95 0ET—

BET~
LEOET
1 TET~
;.mﬂl.ﬁ
£6°9ET

bl 59—

S6°SBT—

A\

CO;Me

1h

-10

10

180 170 160 150 140 130 120 110 100
f1 (ppm)

210 150

230

S24



GEAR
'I_‘_'q; 11000

O
7 a6
F 61
26
723
F
33
31
29
w

|
Y
§

137

OEt

B

10000
F4C0 de
‘ | 5000

‘| L eot0

=000
5006
3004

2000

200 —
&

Ll

192
88—

T d T d T ¥ T . T . T ¥ T d T

&
f1 {ppm})

S25



F4C0

W

4e

o

55009

=50000

45000

30000

25000

206008

15000

10000

[-50:00

T T

L =50
f1 {ppm)

T
=104

110

T
120

T
130

T
=140

T
~150

T
160

T
=170

T
180

T
=130

T
20

S26



i

550

500

I-350

300

250

~20:0

154

50
o

LT e =

0 [—
SEpE—

OEt

W

F5CO

|

10

T T T T T
124 11a 1
f1 {ppm})

T
140

——
160

T
210

S27



3400
3200

[-3000

=280

2400

=220

2000

1600

1400

1200

% 8 4

EE'T
wﬂnw
KT

b =

e/

OEt

W

C Oy Me

af

FoTe |

e

Fme

Fmm
Faen

60
1]

S28



550

(=500

450
"
;350
300
250
200
150
100

50

PO T

BE E5—

0z Za—

FoTa—
o be—

ST 0ET—

56821
gz _“_mHM
B TET
20 bET
8 oet

ELEST—

L& 59T—

OEt

—

Af

C DzMe

-10

10

220 210 200 190 180 170 160 150 140 130 120 110 100
f1{ppm}

230

S29



LUy

—2400

2200

2000

=1800

=1600

—1400

1200

—1000

—G00

200

—200

cET
.vm.ﬁv
9t

LfEE—

5%
LTF
bt
1%

0E A
121
121
T
£Te
PTiA
e
9z i
mwh)f
LT ]
BTE
BEE
BEE
s
nes )
5o s
594
994
{98
B¢

OEt

iy

NHTs

Fere

eI

Forg

Fra

oEt

3
f1 (ppm)

10

11

13

S30



=350

—300

250

=200

—150

=100

50
-

—-50

E0PT—

9z I —

| FaCTE
56’ 08—
1068~ _

vanzl
ﬁ_m.muﬁ
ELbET—
Ezia—
EF 6l
0861

ATGET -
..:...Hmﬁ.\u

LA S

OEST—

OEt

49

W

NHTs

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S31



2100

2000

FiTog

[=1E00

1500

1400

1300

1200

1100

7.

=100
I-=200

EE'T
wﬂﬁw.
T

S £
1
B £
0T £

i &
EE £
5E £
e &
BE £
o

OEt

W

OBn

th

i T

=051

il iF g

- 8E0
=1

EH]

f1 {ppm]

S32



340

=320

300

280

=260

240

=220

200

=180

iy

=140

120

o Rl —

El'0E—

B pa—

BE Bl
BE BLT
0w aZr—

LA Sy
=

_"....__“..”._"\\_1

B AR

B EST——
[5G 85—

DEt

W

DBn

4h

—

S33



—1200

~1100

1000

—&00

=700

500

—300

200

=100

100

EET
.vm.ﬁv
9T

9E—

L2
BE -.V|

fA]

mm.mM
e

STL
L
EF L
b
SF L
St

OEt

W

4

—

Eogg

Fue

it

oot

Eret

10

i1

f1 (ppm)

S34



W

4i

OEt

=110.97

11000

=10000

—3000

—E000

—7000

—6000

5000

=4000

3000

2000

—1000

- 1000

-80
fl (p

T
-50
prn}

T
-100

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-130

T
-200

S35



=300

=280

260

—240

—220

=200

=180

—160

—140

-120

=100

B0

60

'l

—20
-

=20

L0 FT
SZFT

500 29—

ar'na—
Th 58—

8I°STT
ZE'GTT
15511
tEGTT
Z46ET
LT §
T5'ZET
FOZET
ZE'OET
I 9ET

TOgET —

CETIT—
EREIT

OEt

4i

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S36



28000

26000

— 24000

—22000

20000

—12000

—16000

14000

12000

10000

—&000

=6000

—4000

2000

=-2000

1971

9’z
8g’ wv.
8E'L

L
A
[T
L
05 £
154
EQ' L
554

59°&
£ hw
B9 £
PO
8BRS
08
5078

FLET
tLET

3a {major)

-

GI'E
Iﬁvv._“_

oot

Hﬁmv.n_
H.rnﬂm

950
ﬂ”mmﬁ

R T

10

i1

14

15

16

f1 (ppm)

S37



4500

—4000

3500

3000

2500

—2000

1500

1000

—=500

LABAT-
RN
LN
EoGaT-
ESBAT-
£5'hET-
T56BAT-
b BAT-
(AN
Trnsa-
orns-
LOTOET-
BOrosT-

OH

3a' (minor)

3a (major)

-50 -70 -80 -30 -100 -110 120 -130  -140  -150 -160 170 -180 -130 -200  -240
f1 (ppm)

-50

-10

10

S38



—400

=350

=300

250

200

=150

—100

=50

SE'E
L
fE'E
BE'E
GE' T

98 G0
BE' 5

S0 L
ELE
544
B
ng hHM.-
ma
AL}
208
ore

9E'E

MEC

3b' {minor)

3b (major)

IIJ
PR

Kﬂvm_“_

ERE

Feeo

GlE
.Hm.v._“_
e
Wmﬂv._“_

oot

3
f1 (ppm)

10

11

13

S39



4000

3500

—3000

2500

=2000

~1500

—1000

—500

FO0GT-
EOQaT-
ZrnatT-
TroeT-
TH'BAT-
0 GaT-
GEGAT-
8F6aT-

£L491-
ah.hmﬁ.v-

NC

3b' (minor)

3b (major)

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S40



—400

~350

—300

250

—200

=150

—100

=50

0g EE—
oreg—

L5 Gh———
95" L=

aEFTT
m_“_.m:#:

BE'BIT
B0reIT
EOET
LOOET
ET'ZET
b ZET
P SET
bESET

CTEPT—
1N o

BI64T
LHBST

TEEGRT
09ERT

NC

NC

3b' {minar)

3b (major)

10

40

70

200 130 180 170 160 150 140 130 120 110 100
f1 (ppm)

210

S41



—1000

—700

=500

300

=200

=100

188
[Ars
EE NV
PE'L

+EE
SEE

8 G
B 5=
LU
an &
s
ars
T
PE L
9€' L
e L
BE' L
BE' L
i
9 L
15°&
£ L
554
85 s
09 &

TLET—

e

hled

3c' (minor)

3c (major)

- art
M FiE

art

FE

|

=150
u 050

650
T
- Bg0

= BT

50
1t
ogn
£0T

IJ =050

10

i1

f1 (ppm)

S42



=4.500

—3000

—3500

3000

2500

2000

1500

1000

=500

=500

GEGBT-
BE'BAT-
LEBBT-
QEBAT-
9T GaT-
SZBAT-
FORET-
£ BAT-

T5697-—

OH

MeO

MeD

3¢’ (minor)

3c (major)

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S43



—200
—1%0

—1E0

=170

=160

=150

—-140

—130

—120

=110

—100

90

—B0

70

o0

=50

—40

—30
—20
=10

—10

—20

BE ZE—
oy 52—

9g' 55
55

15 56—
Bk e

EEETT
ﬁm.m:/
51T
QETIT
[ A
FFILT
Bl
FA A
LEA A
BEEZET
mm.vmﬁ\..

SEEPT—
LEPPT

05 65T
E86aT
ETS59T
EESIT

Zh'ear
_“:._“_mﬁv
£Z'0et

ZE0nE
L5002

Mel

MeO

3¢’ (minar)

3c (major)

————

—

=

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S44



= = = = = =
§ 8 B & 8 s s 8 8 8 8 8§ 8 _ &8
] | 1 1 ] T T b 1 T T T 1 i |
FE'L
SEE —_— =—GHI'E
|32 - — =110
'
185 - — ==;00
i 65— : T T
[T
a5
09 s
194 B
E9° 4 are
59 == - “M 520
08 ¢ - = - vie
o8 570
a8 &
a8y
o
w5
=
© £
=]
oy
s}
+
= =
o
w2
T /4 =
o E
=)
iy
s}
O9ET— ——

J =00t

3
f1 (ppm)

10

11

13

S45



(=] (=] (= (=] (=] (= (=] (=] (= (=] (=] (=] (=] =]
2 = 2 F = 7 2 = 2 F = I 2 2 2
T f T T T T T T 7 7 7 T T T |
09 GET-
G5 GBET-
L5 GET-
PN
SFGET-
+H ORI
CEGIT=-— -
o
S
=
o £
-
(1]
fiv]
© =
2
H (1]
o { E
=
m
M

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S46



550
—500

—400

=350

=300

—250

—200

—150

—100

=50
=0

=50

o I —
i SE—

O &4 =

b5 Gh——
ES SR

S£9ET
LFBET
9LBET
TTOET
OEZ'0ET
05'0ET
SS'0ET
SOTET
8O0TET
GLTET
8TZET
IEFET
GF ZFT —
T8FFT—

GYEIT
GEEIT

T# 06T
006t

L0°00E
TEQDE

Br

Br

3d' (minar)

3d (majar)

i -

o —

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S47



(=] (=] (=] (=] (=] (= (=] =]
i 8 § 8§ § 8 8 2 g 5 3 8§ 8 g
1 | 1 ] ] | 1 T 1 T T T ] i |
4
987 . —
fEE J 80E
79 z~" - — =1EE
88 5— - —£00
o 95— 1 TE
mg— - — = =0t
(]

=

“ %

(] E

T

W

]

+

o <

=1

r /v

= E

o

3]

IET— —_

|J oot

3
f1 (ppm)

10

11

13

S48



3000

—E000

—7000

—5000

5000

—3000

3000

2000

1000

ELE:
SE'GEI-
EB'GEI-
ZE'GaI-
ZEGar-
18'681-
08'681-
GLGET-

LE'BOT-—

Ao

Je' (minor)

3e (major)

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S49



—340

=320

300

—280
260

=240

220

=200

—180

—160

=140

-120

—100

=50

60

—40
=20
_0

—-20

65—
a9 —

SE IS
0525

6E G
LA
99BLT
FOGRLIT
LEGBET
IFGLIT
GEOET
0L0ET
FLOOET
8E'0ET
BE'TET
FOZET
FOZET
9LZET
B5'EET
TOEET
FLOEET
9T'SET
Z5TFT—
FEPFT—

FEEIT
PAEDT
94591
5£°991

C568T
£ 681
CE06T
Triet
aronoz
£k 00z

hie0,C

MeO,C

3f' (minar)

3f {major)

J

ey

[
"

-10

10

20

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S50



—1000

—300

—700

=500

=300

S51

200
=100

FEL
S5E°C
SEC
9 ¢

LT Em
0z e~

L

Ms0

M=0

3g' {minar)

3g (majar)

0.0

0.5

L0

2.0

—_— TEE
LED

25

L =
_ 3 2801 "

T£E

4.0 35

4.5

50

/Y =Rl

&.0

(%

7.0
f1 (ppm)

B w0
5D
- ST

[}

= = %Hm.n_
€0
oEon

&0 7.5

8.5

9.5

2o 115 110

T
125

= = [

135




%000

—4500

—3000

—3500

3000

—2500

2000

=1500

=1000

=500

=500

0&'Gar-
GEGEI-
LLGET-
9L68T-

EFBIT-—

MsO

hsO

3g' (minor)

3g (major)

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S52



300

280

—2E0

—240

=220

—200

=180

160

=140

120

~-100

~E0

&0

—40

20
Lo

20

LETE—
F0 9T

19 L8
LLE

£556

56 £6
9ETZL
90zzr
51221
SH'ZZT
86'ZZT
AR Tad
089zt
Tt
95421
9£'8z1
PSBTI
85871
LTOET
£G0ET
TOEET
99EET
BOSET
05 ZHT~_
PEPPT—
16T
PTHET

L'Tar
arzar

TiBar
L3
B TET
LOTRT
Toong
FZo0ng

OH

MsO

MsO

39" (minor)

3g (major)

-10

10

40

50

220 20 200 130 180 170 160 450 140 130 120 110 100 30
f (ppm}

230

S53



400
350
300

250
200
150
100
50

€8
g8 "
98"
88"
68"
06"
16"
26"
Ve
Ve
92"
63"
0g "
ce
se”
9¢€ "
9¢ "
8¢ "
8¢ "
(U
LG
69"
1L
eL”
SL°

792
S9°
99"
L9°2
L9°
69"
L6
66 °C
10°
6 '€
76"
G6 '€

6"
G0 ¢

Gg
1<
€g
SS
9¢
8¢
60
I
[
er
gt
1as
Gr
91
LT
61
61
1
12
(49
L3

63"
63"
LS
8¢
8¢ "
68"
79"

PROTON_O1

momomaddadNNNNN N

0 M//J

30" (minor)

o

OH

MeO,C

MeO,C

2h (major)

EREN

T» z

J MI@ 0

10

11

12

1 (ppm)

S54



FLUORINE_O1

.98

-191
192.

11

—171.07

<
T
-
©
S
)

oQ oH O 1800

Mel,C MWeQ,C . L1700
F F L 1600

2h {major) 3h' {minaor)

—— T ~— T 1 ‘*~ T "~ T "~ T "~ T "~ T "~ T "~ T "~ T "~ T "~ T "~ T "~ T T T "~ T T~ T " T T T T T T T 1
30 20 10 0 -10 —-20 -30 —40 -50 —-60 =70 -80 -90 -100 -110 -120 -130 —140 -150 -160 -170 -180 -190 -200
£1 (ppm)

S55



CARBON 01
- 1000

MEOQC MEOQC i

3h 3h' L 800

300

200

100

--100

T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

S56



(=] (=] (= (=] (=] (=] (=] =]
2 ] g =1 & 2 2 a2 2 2 2 2 2 2 a8 a8 ]
R S S S L P . S SR L SN SRV U S R S
P 1— =T
809 - _— ==8F 0
0z 9 - - Toso
&
m:w.
154 . - =aTE
Y p— - L0
29
£9¢ — =161
o8
'8
=~
o e
L
s E
n
+
=~
O =
m
(N
E
O e
=
PEET— - =z

7
fi (ppm)

i1 10

12

14

1%

S57



2 =a -1100
™ M
= =
=1000
0 0 OH O
=
+
F F =300
31 (majoy) 31 (minor) o0
—700
—&00
—500
=400
=300
—200
—100
|
_o
— 100
T T T T T T T L T T T T T T T T T T T T T T T
20 10 [i] -10 =20 -30 -40 -50 -6 =0 -5 -100 -110 -120 -130 -140 -150 -180 =170 -180 -150 =200

-80
f1 (ppm)

S58



g g 2 8 g 2 g g 8

T T ? T i T T T T i

SE'¢ :
ey = - (21
NM_ M....w —_ =
o

o £

8 hw [ o EET
(120 E0E
05 £ . =

15 ..HV. — - ﬂmmw

EL] h\.
BE S

SYET—

3j" {(minor)

3j (major)

Eo50

7
f1 (ppm)

11 10

12

14

S59



—4000

3500

—3000

2500

2000

—1500

—1000

m o o
= = o
3 S
v
0 OH O
+ e
F F
Cl Ccl
3j (major) 3j" (minor)
|
T T T T T T T T T T T T T T T L T T T T T T T
30 10 1] -10 -0 -30 -40 -50 -&0 =70 -B:_J ( -}90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -120 -200
1 (ppm

—500

S60



550

—500

450

350

—300

—250

200

—150

—100

—50

50

BFIT—

OH

3k (minor)

3k (major)

— —

—

0%
Fika

—BEE

i |
TULET
LrETE

=80
=050

=aen

130 125 120 115 110 105 100 95 %0 &5 &0 75 ?.-:Jf[e:..s}s.-:n 55 50 45 40 35 30 25 0 15 LO 05 OO0 -O.5
1 (ppm

13.5

S61



=

m —
= Q-
= oo
N
o} OH O
)'\I)'I\/\/\ + T
F
3k (major) 3k' (minor)
T T T T T T T T T T T T T T T T T T T T T T T
30 10 0 -10 -0 30 -40 -50 -&0 70 —3}:( ;m -100 -110 120 -130 140 -150  -160 -1 -180 -130 200
1 (ppm

S62



3400
=3200
—3000
=2800
—2e00
—2400
=2200
—2000
1800

—1600
—1400
1200
—1000
600
200

—-200

ETT
LA
ST —_—
az'l
LT

5%
9y
LA
B
B
B
bt

o
TE%
CEd
ZEY
bL5
SR
165
[
L
SV
154
154
194
194
EYS
EYS
EFS
L
59/
59/

[
Era
rora
rora

NSRRIy R A e
[
p
|

OEt

0
fa

Fire

et

oot

sEt
s

ot

55 &0 S 50 45 4D 35 30 25 20 1.5 10 05 0D
f1 (ppm)

7.0

7.5

8.0

125 120 115 iL0 105 10.0 9.5 3.0 B85

13.0

S63



3000

—&000

7000

G000

=5000

—4000

=3000

2000

1000

ZF 0BT
LE0eT-

OEt

Sa

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S64



—-200

. e e o © e e o @ e ©°o o o o
H 8 8 & & R B & % ® &8 8 8 g8 B8 g 8 8 2 =2 S
1 1 1 1 1 1 [ 1 1 1 I I 1 1 1 ] I l L 1

ET'T

MMH _ . —— FEE

a9t

i i— — ||I|L Tﬁm.w

)

28k

LE't R ‘Taﬁ.m

LE't

0ed

L85 — -

05— e T Fom

BEY _ - .

Ch's

Ch's /,I||||./ e ;TV@A

Pos

|
[
]
O in

4.0 35 3.0 25 2.0 j B3 1.0 0.5 0.0

.0 4.5
f1 (ppm)

9.5 5.0 ;35 8.0 7.5 7.0 6.5 &.0 55

10.0

S65



12000
—18000

17000

16000

— 15000

=14000

—13000

— 12000

=11000

—10000

—9000

=E000

—7000

—&000

5000

—4000

~3000

2000

—1000

— 100D

CENAT-
GI'0eT-

OEt

Sb

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S66



=4 500

4000

—3500

—3000

2500

— 2000

1500

=1000

—=500

a9t
LT
8’1
:F
ne'r
ne't

0E+
e
1E%
1E%
e
EEF
EEF
FER
FER
SE
9

L85
mh.muur
0w's
0w's

18
o8
ECR
£oe
ECR
EER
rER
ag'a

Et

ac

Do

E=Ire

e

oot

Foare
oz

10.0 3.5 3.0 8.5 5.0 7.5 7.0 &5 &0 5.5 5.0 4.5 4.0 kR 30 2.5 20 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.5

S67



=&000

—7500

—7000

G500

—6000

—5500

5000

—4500

=4000

—3500

3000

2500

— 2000

—=1500

1000

—S00

=500

9z neT-
EToeT-

Et

Sc

02N

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S68



Do

T &8 & 8 % 8§ & 8 8 % 8§ 8 =2 s e = 2
T T T I i i T ] 1 | 1 1 F hd T T T i
£ el — R
4
3
B
1Ea— —
15 68— —
9 Th— —
ZHE— |\|L
ag'0El — L
29 LE1— ——
26051 — ——
TR o
Bl
b 28l __
£aasl
|
]
[V
] o
Lo

-10

10

20

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S69



cl

(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] =] =]
g R B & 8 & &8 R 8 & ¥ R ®& 8 2 8 8 8 2 g8 8 B8 s 3
AT WP WA ! WP MR S M M S M R S M MR AR P T AR A M R
#TT
521 .
521 =ETE
Fra
ETa
BEt — .
nEk — IJ Farg
0Ed
PG — -
oo . T/ Fam
ap s
?AW. —_—— Feoe
Ela
LB
mm.hw. E— oz
6L

i

[
[

L

o B

3
f1 (ppm)

10

11

13

S70



G000

5500

%000

4500

—3000

3500

—3000

2500

2000

1500

=1000

=500

500

aoroeT-
SH'BAT-

DEt

&d

cl

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S71



—200

(=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (=] (= (= =]
A & & 8 & & RE 8 & § & A& S8 g8 &8 B g8 8 B =
~l Il Il -l - - - - -t =1 - - - [ ._D ) " i~ =1 |
1 1 1 | 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1
PTT
QEW. —_— EGTE
LT
Bif
T4 o
am.vwv e
4
PLG—
agg— oot
nEd - .
44 Eorg
a0e — .
e =TT

(L

o
[

L

o ]

FsCO

3
f1 (ppm)

10

11

13

S72



FsCO

=Tz}

DEt

=57 65

-189.86
-189.949

<

-2 5000

24000

=23000

22000

21000

=20000

—12000

~18000

17000

—16000

15000

14000

—13000

12000

11000

— 10000

—3000

—E000

— 7000

G000

5000

—4000

=3000

2000

—1000

1000

-80
fl (p

T
-50
prn}

T
-100

T
-110

T
-120

T
-130

T
-140

T
-150

T
-160

T
-170

T
-180

T
-130

T
-200

—-2000

S73



—750

=700

650

550

=500

=350

300

250

=200

—150
—100

=50
L0

50

BEET—

e I9—

TE 68—
BE Th—

19Tt
mm.m:.,/r

PEDIT—
STE
agpzr

LETEL
n_h.ﬁmﬁw-
PLOTET

PEEST—

GFFIT
ESROT

EEst
EZRET

DEt

=Tz}

FsCO

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S74



= =] =] [=] =] =] [=] =] =]
= 2 & g = & S S g 2 a a 2 2 2 S
s T T T T T T T T T T T T i T T |
ETT
mEW. —_— - Fp0E
£T1
PEE
itk —— - |J Fanz
BEb
ﬁ_m.,qv " = Fa
ey

FE G~
A5

54
mm.mv
oy
noe
[
hw.mx
[EFA]

mm.m.\\

OEt

MeO,C

&f

oot

oot

LED
TE0

=oen

3
f1 (ppm)

10

11

13

S75



o o0 s
heQLC g 13000
DEt "/
F
5f 11000
~10000
5000
5000
=7000
—5000
5000
4000
~3000
~2000
1
~1000
. 0
— 1000
T T T T T T T T T T T T T T T T T T T T T T T T
30 20 10 o -10 -20 -30 -40 -50 -0 70 -0 100 -110  -120  -130  -140 -150 -180  -170 -180  -130 200

50
f1 (ppm)

S76



=700

500

—400

300

=200

=100

BEET—

o I5—

e e—

L 88—
98 06—

LGET
£50ET
S5°0ET
owrrer
ZFEET
9 EET
ZTEET
TT'5ET

0F+ 9T
ETROT
84591 v

neast
0rastr

OEt

Me0,C

af

——

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S77



[=] [=] [=] [=] [=] (=] = = (=] (=] (=] = = (=] (=] =] I=)
g /& B @ 8 ® & B & & F /8 A 5 B8 g8 B8 =2 8 8 = 2 8
L W WP U M P PR P M TP P M R P N T A AR M P SR B |
121
mEV E— _ — =pOE
LT
9g'z— —_— — FE0E
PTb
agy —_—
mmfv - = ez
ey
TLG— -— - =050
PEG— o |U —F0
124
ET L
1AM
€Y _— = F-arz
LEL — - = EOT
[ —_— — =860
3...@‘“
af £ e — . —= .
BOs I = Fose
144
s
LT -
L
(]
L
{=1]
o w0
=
I
=

35 30 25 2.0 15 10 0.5 0.0

4.0

4.5
f1 (ppm)

85 8.0 7.5 7.0 6.5 .0 55 50

3.0

S78



5000

=4 500

4000

3500

—3000

—2500

2000

1500

=1000

=500

=500

LEDGT-
06T

Et

MNHT=

b

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S79



~1500

—1400

—1300

=1200

—1100

=1000

200

—&00

=700

500

300

=200
—100

=100

BEET—

15 1e—

8 I9—

o BE——
BE 06—

arter
n_m.;ﬁ#.
zEsel

mm.muﬂ.
pEoz =
LTETI
agea

BTRET -
mm.mmﬁ\u

FALET
QPR —

55091
[EFA L]

TEast
[y

NHTs

5g

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S80



[=] [=] [=] [=] [=] (=] = = (=] (=] (=] = = (=] (=] =] I=)
g /& B @ 8 ® & B & & F /8 A 5 B8 g8 B8 =2 8 8 = 2 8
L W WP U M P PR P M TP P M R P N T A AR M P SR B |
121
mEV E— _ — =pOE
LT
9g'z— —_— — FE0E
PTb
agy —_—
mmfv - = ez
ey
TLG— -— - =050
PEG— o |U —F0
124
ET L
1AM
€Y _— = F-arz
LEL — - = EOT
[ —_— — =860
3...@‘“
af £ e — . —= .
BOs I = Fose
144
s
LT -
L
(]
L
{=1]
o w0
=
I
=

35 30 25 2.0 15 10 0.5 0.0

4.0

4.5
f1 (ppm)

85 8.0 7.5 7.0 6.5 .0 55 50

3.0

S81



=3800
3600

3400

~3200

3000

2800

2600

=2400

2200

=2000

1800

—1600

—1400

—1200

1000

200

200

FIT
mw.ﬁ./r
L2

ai'y
8t
0Ed
T1E+

rs—

LL5—
GEE—

524
EEL
PEL
5874
587/
LB
2EL
BES
0F L
T
EF L
S5t
[ 2
EYS
EYL
59/

Et

Sh

OBn

—

F50E

Fre

=0rz

oot

v

=i

4.0 35 3.0 25 20 1.5 1.0 0.5 0.0 -0.5

3.5 3.0 5.5 B0 7.5 7.0 55 &0 51 5.0 4.5
f1 (ppm)

10.0

S82



—7500

—=7000

6500

—G000

5500

—Z000

=4 500

—4000

3500

—3000

2500

2000

1500

1000

—500

500

arner-
ENDGT-

Et

Sh

0Bn

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S83



L
=2600

=2400

2200

2000

—1800

—1600

—1400

—1200

— 1000

—&00

—400

—200

—200

PoET—

89—

T DL—

10 68—~
BE' 06—

BEFRIT
TEEIT

SECT
mm.wwﬁw
EFELT

5581 —F
-1 = TA )

PaRIT
LRGIT
B5FET
EZOET

TOGEST—
E4F9T
LEFOT

Z1'aa1
TEGET

Sh

0Bn

-

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S84



[T

(=] (= (=] (= (=] (= (=] =]
8§ 8 § § 8§ &8 & - g g 8 3 g
1 1 1 1 1 | 1 T T ] T T 1 T |
FTT
QEW. — — - FEOE
8Ll
er— — - |L Eore
LTk
Bif - - .
ﬁ_mfw B et
1%
PLE— — |U
amg— — - oo
v
EAW fu - = Fem
i
g
BE S — .
;.._HV — Hlmqm
s

1]

[
[}

[T

o s}

4.0 3.5 30 25 2.0 Lz 10 0.5 0.0

4.5
f1 (ppm)

5.0 B85 &0 75 7.0 6.5 .0 5.5 50

9.5

S85



3000

=&000
—7000

—G000

—Z000

—4000

=3000

— 2000

—1000

9L BAT-
ETBAT-

Toraor-—

DEt

&i

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S86



—1100

—1000

=900

—&00

—700

500

=300

=200
—100

100

o O
05 b1 ="

0 za—

P BB —
crre—

GESTT
COSTT

06521
G
mvmé/
BO6ET

ELBET
LR A

ERGIT
BE'EET
THEET

8FEIT
4491 ./.
LEFOT
a9l

anesr
LE°881

Et

5i

—

[

=

10

20

180 150 140 130 120 110 100 30 g0
f1 (ppm)

170

130

200

S87



(=] (=] (=] (= (=] (=] (=] (=] (= (=] (=] =]
& & & B §&§ & §& & § & =8 & & & & & =2 B8 g
Y. r.r.+r. T, T, . T . T, T AT AP LR AP PR A L o !
5T1
ag'1 -_— - o
iTT 8TE
8zl
6T
0E R .
2% — —-— gl
ZEF
§&G— -
{BG— - o Fom
i
¢¢mW
e ——— it
654 — 101
19 ot
T6s — - £
mmhkﬁ 5D
ors
]
o
o
L
o i&

Cl

4.0 XS 30 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

4.5

6.5 &0 51 5.0
f1 (ppm)

7.0

11.0 10.5 10.0 9.5 3.0 8.5 8.0 75

115

S88



5500

=%000

4500

—4000

—3500

3000

2500

=2000

—1500

—1000

—500

—500

ZF 0BT
LE0eT-

Cl

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S89



=380

=360

—340

—320

=300

280

260

=240

=220

—200

—180

=160

=140

-1

—100

=50

-50
40
20
o

—-20

—-40

2 ET—

£ I9—

B0 68—
L TE=

[ kA
vm.hmﬁ/
mm.mmﬁuun

ZFBEIT
:._“_mﬁL._ﬁ

ZFFET
LEFET
TEZ'5ET

9EF9T
0991

SE'BET
mm.mmﬁv

DEt

Cl

10 -10

30

40

150 150 140 130 120 110 100 30 50
f1 (ppm)

170

210 200 150

220

S90



550

=500

—450

350

=300

=250

200

=150

—100

50

[
vw.ﬁV
az'l

9
9t
LIt
0ed

BES—
ora—

524
PEL
587
LI
BES
BES
oL
ap'L
FAFS
254
FEL

Cl

Et

5k

=

—_ F

— F

= £

fFE

e

ooy

1t
56T
k0

-0.5

3.0 25 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
f1 (ppm)

8.5 &.0 7.5 70 8.5 &0 55 50

3.0

S91



3400

=3200

3000

2800

2600

~2400

—2200

—2000

=1800

—1600

1400

=1200

1000

400

200

=200

SFZEI-
ZE'ZEl-

Cl

Et

Sk

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S92



=350

=300

=250

=200

—150

—100

=

BEET—

08 Z9—

L e
ok Th="

29T

.v_“_._“_mﬁ,/r
h_“_._“_mﬁMF
09nEr—2
mm.ﬁmﬁ..\\\
.v_“_.mmﬁ\_\‘

aERET

FREIT
80kt

LETEET
LS E6T

Et

Cl

5k

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S93



(=] (=] (=] (=] (=] (=] (=] (= (= (= (= (= (=] (=] =] =]
R 5 88§88 E 8888 88 8z 28823 :8s8:s §§
T i i i 1 ] | | | | | 1 1 1 7 T F ] T T T ] I i i
521 - L
5 —_— - 65T
e
BTb
mmf.\. /J|I||||-,, |......_A Mlaﬂ
1%
195 )
195 —
£45 J,Il; U w_“_n:
#ES
FAl
E.hW. —_ == o
6L
L —_— Foso
8L
Tes— I— - a0

i
o

L

=] 3]

—

4.0 35 30 25 2.0 j B3 1.0 0.5 0.0

4.5
f1 (ppm)

5.0 8.5 &0 7.5 7.0 6.5 6.0 55 50

9.5

S94



—9000

—E000

—7000

—G000

=%000

=4000

3000

—2000

—1000

L BAT-
ar'GaT-

Et

5 |

5l

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S95



3 & 2 & a8 R a8 o

T T T i 7 I T T T
P ET— —_

-

L9 —

ES B8~ S —

19 6= -
awEII— -
OE'SET
LEGET - =
TZ9Er L\u -
ESRET
[ ]
P L)
Tzel .
EF 281

o
O
w
o [T+
wm, -

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S96



~=2000

—1300

1800

1700

1600

1500

—1400

—=1300

~1200

—1100

=1000

900

—300
=200
—100

—-100

a0
0&'n
FIT
ETA
LT
L2
LET
a1
GE'T
0E'T
ZE'T
L5~
65T
ooy
o
T
oz
E9L
oL
roL
59Z
99’z
oL
8wz

FEE—

Frs—
95—

am

-3

Frare

oy

=ore

1

g

ot

4.0 3.5 3.0 25 2.0 j B3 Lo 0.5 0.0

10.0 3.5 3.0 55 2.0 7.5 7.0 £.5 &0 S .0 4.5
f1 (ppm)

10.5

S97



—3400
=3200

3000

—2800

2600

2400

=2200

2000

—1800

1600

—1400

1200

1000

—&00

600

—400

=200

—-200

GEET=
QEPET-

am

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S98



—320
=300
=280
—260
—240
—220
=200
=180
—180
—140
120
=100

—~E0
50
40
=20
o

—-20

b ET— -

a8z
[

W

ML

O TE— =

BEBE—

k

ETES— -

L2 0= Iu

5726 -
05kl ]
(4T

*
BT T0E o
-
10z ©
L
o
E
Lo

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S99



300

=280

—260

=240

—220

=200

—1ED

=160

—140

=120

—100

—B0

60

—40

—=20
0

=20

8577

F0e
a0z
ELrs
L0
L0
(A2
ER'E
FEE
Sk
Sk’
9k’
aF'z

79z
2oz
£92
£92
bz
59z
59z

£9'2
L4929
89'2
29'Z4
692
69

0&e

T&E

&L

ET'F

FiE

9k

515
525
9E'5
95
L5
L5
85
85
805
G5
65
0E'S
0E'S
0E'S
TE'S
TE'S
CLE'S
155
155
155
£5'5
£5'5
£5'5
E5'5
£5'5
P55
F5'5
55'5
55'5
95'5
95'5

9557

=1

I

E-G0E
~TEE

=ick
Farz
ooz

Fozz
Foat

et

10,0 9.5 2.0 85 8.0 7.5 7.0 5.5 5.0 s 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)

10.5

S100



=194.64
=194.77

—2300

2200

2100

2000

=1200

1800

1700

—1600

—1500

—1400

—1300

1200

~1100

=1000

=300

F
an
T T T T T T T T T T T T T T T T T T T T T T T
30 10 0 -10 -0 E] -40 -50 -&0 =70 —3}:[ —;m -100  -110 120 -130 -140 -150 18D -170 -180  -130 200
1 (ppm

S101



1300

=1200

—1100

—1000

—700

=600

—500

=300

—200

—100

28 59—

FE 0~
T Ze=—"

LSELCT
0sger

SC5ET—

a0kar
CEROL

ETTOE
9ET0L

il

—

-10

10

40

50

20 M0 200 130 180 170 160 150 140 130 120 110 100 30
f1 (ppm)

230

S102



=] =] =] =] =] =] =] =] =] =] =
® § B 8§ 8§ 8 8 B 8 8 g g 8 8 8 8 8 8 8 _ &8
1 ] ] | 1 1 ] | 1 1 i T ] T T 7 1 T i
LLE— - I|L =are
E0G-— —
59— I O Fmm
+89
L= — —== =FrE
a5 9—F _— -= Epoz
oos
.—m.hw
£S5 S . Eor

) - are
ELE —_— 0T
s
a9 s
aos I — ooz
aoas
ors

/

)

] o

)
('
[

1.5 110 105 100 9.5 2.0 B.S 2.0 7.5 7.0 e.sf[s.u} 5.5 50 45 4.0 3.5 3.0 5 2.0 1.5 1.0 0.5 0.0
1 (ppm

2.0

S103



3400

—3200

—3000

—2800

2600

2400

=2200

=2000

1800

1600

—1400

1200

—1000

=400

=200

—200

ELE:
EB'GEI-

S0

-80 -20 -100 -110 -120 -130 -140 -150 -16D -170 -180 -130 -200

-70

-30 -40 -

-10

10

f1 (ppm)

S104



=750

—700

550

=500

450

350

—300

=250

200

—150
~100
—50

50

5555 —

94 88—
14806

S5PTT—

Lo —
56821
E.mu/.
FERET
¢mmmﬁmm
12RET

ETEFT—

LLL5T—
03'E9r
S0E9T

SO'GET
SZ°68T

5o

-10

10

40

50

20 M0 20 10 180 170 10 150 140 130 120 110 100 30
f1 (ppm)

230

S105



o

A

References

Kitamura, T.; Kuriki, S.; Morshed, M. H.; Hori, Y. Org. Lett. 2011, 13, 2392-2394.

Yoshida, M.; Fujikawa, K.; Sato, S.; Hara, S. Arkivoc 2003, 36-42.

Hussain, I.; Yawer, M. A.; Lau, M.; Pundt, T.; Fischer, C.; Gorls, H.; Langer, P. Eur. J. Org. Chem. 2008, 2008, 503-518.
Han, X.; Kwiatkowski, J.; Xue, F.; Huang, K.-W.; Lu, Y. Angew. Chem. Int. Ed. 2009, 48, 7604-7607.

S106



