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1. General Considerations

1.1 General: For irradiation, blue LED strips (light-emitting diode, Amax = 456 nm, purchased on
superbrightleds.com — 2V LED Tape Light with LC2 Connector — 375 Lumens/ft) were placed 1.5 inches away
from the reaction vials using the setup described in our previous publication.' NMR spectra ('H, ''B, *C, "F {'H
decoupled}) were obtained at 298 K using 400, 500, and 600 MHz spectrometers. Chemical shifts are referenced
to residual, nondeuterated CHCI; (8 7.26 in 'H NMR and 77.3 in *C NMR). Reactions were monitored by GC/MS,
'H NMR, and/or TLC on silica gel plates (60 A porosity, 250 um thickness). TLC analysis was performed using
hexanes/EtOAc as the eluent and visualized using phosphomolybdic acid, ninhydrin, p-anisaldehyde stain, and/or
UV light. Flash chromatography was accomplished using an automated system (CombiFlash®, UV detector, 1 =
254 nm and 280 nm) with RediSep® R silica gel disposable flash columns (60 A porosity, 40-60 um) or RediSep
R¢ Gold® silica gel disposable flash columns (60 A porosity, 20-40 pum). Accurate mass measurement analyses
were conducted using electron ionization (EI-TOF) or electrospray ionization (ESI-TOF). The signals were mass
measured against an internal lock mass reference of perfluorotributylamine (PFTBA) for EI-GCMS, and leucine
enkephalin for ESI-LCMS. The utilized software calibrates the instruments and reports measurements by use of
neutral atomic masses. The mass of the electron is not included. IR spectra were recorded on an FT-IR using either
neat oil or solid products. Melting points (°C) are uncorrected. UV/vis studies were measured in a 1 cm quartz

cuvette using a Genesys 150 UV/vis spectrophotometer from Thermo Scientific.

1.2 Chemicals: Deuterated NMR solvents were purchased and stored over 4A molecular sieves. Dry MeCN and
DMF were obtained from Acros Organics and used as received. THF and CH,Cl, were purchased and dried via a
solvent delivery system. Bulk solvents were purchased from Fisher Scientific. Styrenes and brominated radical
precursors 2a and 2b were purchased from commercial suppliers and used as received. Compound 2¢ was prepared
using reported literature.” Photoredox-catalyzed reactions were performed using 8 mL Chemglass vials (2-dram,

17 x 60 mm, 15-425 Green Open Top Cap, TFE Septa).

! Remeur, C.; Kelly, C. B.; Patel, N. R.; Molander, G. A. ACS Catal. 2017, 7, 6065-6069.
2 Engel-Andreasen, J.; Wellhofer, I.; Wich, K.; Olsen, C. A. J. Org. Chem. 2017, 82, 11613-11619.
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2. List of Styrenes

List of styrenes used in this study. Preparation of styrenes 1p-1u, 1w-z, 1ab is described in Section 3.
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3. Preparation of Styrenes

Method A:

Kl (1.5 equiv) =
O =z KoCO3 (1.5 equiv)
)j\ + cl = O\n/R
OH DMF (0.2 M) S
overnight, rt

R

1 equiv 1.1 equiv
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The styrenes were prepared following the adapted literature procedure:® In a dry round-bottomed flask, the
corresponding carboxylic acid (1 mmol) was placed and DMF (5 mL) was added. Then, K,COs (207.3 mg, 1.5
mmol) and KI (249 mg, 1.5 mmol) were added and stirred. To this stirring suspension, 4-vinylbenzyl chloride
(167.8 mg, 1.1 mmol) was added, and the reaction was allowed to proceed overnight at rt. Upon completion of the
reaction, 10 mL of EtOAc were added, followed by 10 mL of H>O. The reaction mixture was then extracted and
washed three times with H>O (10 mL). The organic layer was washed with satd NaCl soln (20 mL)., dried (Na>SOs),
and the volatiles were removed under reduced pressure. The crude mixture was subjected to purification by

automated flash column chromatography.

Method B:

EDC (2 equiv) y
=z DMAP (10 mol%)
RTOH  * > o_ R
COOH DCM (0.1 M) e
1 equiv 1.2 equiv overnight, rt (@]

The styrenes were prepared following the adapted literature procedure:* In a 25 mL round-bottom flask, 4-ethenyl-
benzoic acid (178 mg, 1.2 mmol), DMAP (12 mg, 0.1 mmol), CH>Cl, (10 mL), N,N'-diisopropylcarbodiimide
(EDC, 383 mg, 2 mmol) and the desired alcohol (1 mmol) were successively added. The mixture was stirred at rt
overnight. The reaction was quenched with H>O (5 mL) and extracted with EtOAc (3 % 30 mL). The organics were
combined, dried (Na»SOs), and the volatiles were removed under reduced pressure. The crude mixture was

subjected to short path silica filtration.

Method C:

PdCl, (0.02 equiv)
PPh3 (0.06 equiv)

Ar —Br + ZOBEK A Ar
Cs,CO03 (3 equiv)
THF/H50 (9:1)
85°C, Ar atm

1 equiv 1 equiv

The styrenes were prepared following the adapted literature procedure:® A stirred soln of potassium
vinyltrifluoroborate (134 mg, 1.00 mmol), PdCL, (3.5 mg, 0.02 mmol), PPh; (16 mg, 0.06 mmol), Cs;CO3 (978 mg,
3.00 mmol), and the desired bromo arene (1.00 mmol) in THF/H,O (9:1) (2 mL) was heated at 85 °C under an Ar
atmosphere in a sealed tube. The reaction mixture was stirred at 85 °C overnight, then cooled to rt and diluted with
H,O (5 mL), followed by extraction with CH>Cl» (3 x 15 mL). The solvent was removed in vacuo, and the crude

product was purified by automated flash column chromatography.

’K.C, S, Dhungana, R. K.; Shrestha, B.; Thapa, S.; Khanal, N.; Basnet, P.; Lebrun, R. W.; Giri, R. J. Am. Chem.
Soc. 2018, 140, 31, 9801-9805.
4 Huang, J.; Ouyang, L.; Li, J.; Zheng, J.; Yan, W.; Wu, W.; Jiang, H. Org. Lett. 2018, 20, 5090-5093.
> Molander, G. A.; Brown, A. R. J. Org. Chem. 2006, 71, 9681-9686.
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((3R,5R,55,85,8R)-2,2,7,7-Tetramethyltetrahydro-5SH-bis(|1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)methyl  4-
Vinylbenzoate (1p)

Prepared according to Method B from 1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (260 mg, 1.0 mmol, 1.0
equiv) and 4-vinylbenzoic acid (178 mg, 1.2 mmol, 2.0 equiv). After filtration through a short plug of silica, the
title compound 1p was obtained as a colorless, viscous oil (301 mg, 0.77 mmol, 77%). "HNMR (400 MHz, CDCl),
o (ppm) = 8.03 (d, J = 8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 6.77 (dd, /= 17.6, 10.9 Hz, 1H), 5.88 (dd, J=17.5,
0.8 Hz, 1H), 5.59 (d, /= 4.9 Hz, 1H), 5.44 — 536 (m, 1H), 4.68 (dd, J="7.9, 2.5 Hz, 1H), 4.55 (dd, J=11.5, 4.8
Hz, 1H), 4.44 (dd, J=11.5, 7.5 Hz, 1H), 4.41 — 4.33 (m, 2H), 4.20 (ddd, J = 7.2, 4.9, 1.9 Hz, 1H), 1.54 (s, 3H),
1.50 (s, 3H), 1.38 (s, 3H), 1.36 (s, 3H). *C NMR (101 MHz, CDCl;), & (ppm) = 166.2, 142.0, 136.1, 130.0 (2C),
129.2, 126.1 (2C), 116.4, 109.7, 108.8, 96.3, 71.2, 70.8, 70.6, 66.2, 63.9, 26.0, 26.0, 25.0, 24.5. FT-IR (cm ', neat,
ATR), ¥ = 3025, 2974, 1671, 1564, 1480, 1210, 1152. HRMS (ESI) calcd for C,;H2s07Na [M+Na]": 413.1576,
found 413.1580.

4-Vinylbenzyl 5-(2,5-Dimethylphenoxy)-2,2-dimethylpentanoate (1q)

Me

Me Me_ Me N
OM(O

0]

Prepared according to Method A from 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoic acid (501 mg, 2.0 mmol,
1.0 equiv) and 1-(chloromethyl)-4-vinylbenzene (336 mg, 2.2 mmol, 1.1 equiv). After purification by automated
flash column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 1q was obtained as a
colorless, viscous oil (460 mg, 1.26 mmol, 63%). '"H NMR (400 MHz, CDCl3), § (ppm) = 7.41 (d, J= 8.2 Hz, 2H),
7.33 (d, J=8.1 Hz, 2H), 7.03 (d, /= 7.4 Hz, 1H), 6.78 — 6.65 (m, 2H), 6.62 (s, 1H), 5.77 (d, J=17.6 Hz, 1H), 5.28
(d,J=10.8 Hz, 1H), 5.12 (s, 2H), 3.91 (t, J = 5.4 Hz, 2H), 2.33 (s, 3H), 2.18 (s, 3H), 1.76 (s, 4H), 1.27 (s, 6H). *C
NMR (101 MHz, CDCl), 6 (ppm) = 177.6, 157.9 137.4, 136.5, 136.4, 135.9, 130.3, 128.2 (2C), 128.1, 126.3 (20),
123.6,120.7, 114.2, 112.0, 67.9, 65.9, 42.2, 37.1, 25.2 (2C), 21.4, 15.8. FT-IR (cm ', neat, ATR), ¥ = 3008, 2986,
1670, 1500, 1468, 1225, 1150. HRMS (ESI) calcd for C2sH30O3Na [M+Na]": 389.2093, found 389.2093.
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4-Vinylbenzyl 2-(4-Chlorophenoxy)-2-methylpropanoate (1r)

Cl
PN
0]
O)QW
0]

Prepared according to Method A from 2-(4-chlorophenoxy)-2-methylpropanoic acid (215 mg, 1.0 mmol, 1.0 equiv)
and 1-(chloromethyl)-4-vinylbenzene (168 mg, 1.2 mmol, 1.2 equiv). After purification by automated flash column
chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 1r was obtained as a colorless,
viscous oil (270 mg, 0.82 mmol, 82%). '"H NMR (400 MHz, CDCl;), & (ppm) = 7.40 (d, J = 8.2 Hz, 2H), 7.26 (d,
J=8.2 Hz, 2H), 7.13 (d, J = 9.0 Hz, 2H), 6.80 — 6.62 (m, 3H), 5.80 (dd, J=17.6, 0.9 Hz, 1H), 5.31 (dd, J=10.9,
0.9 Hz, 1H), 5.21 (s, 2H), 1.62 (s, 6H). *C NMR (101 MHz, CDCl;), § (ppm) = 173.7, 154.0, 137.8, 136.3, 134.7,
129.1 (2C), 128.8 (2C), 127.2, 126.4 (2C), 120.5 (2C), 114.6, 79.6, 67.0, 25.3 (2C). FT-IR (cm ', neat, ATR), ¥ =
3012,2989, 1672, 1496, 1468, 1325, 1220, 1140. HRMS (ESI) calcd for C1oH;9C103Na [M+Na]": 353.0920, found
353.0926.

4-Vinylbenzyl 4-([1,1'-Biphenyl]-4-yl)-4-oxobutanoate (1s)

ta
oY
Ph ©
Prepared according to Method A from 4-([1,1'-biphenyl]-4-yl)-4-oxobutanoic acid (254 mg, 1.0 mmol, 1.0 equiv)
and 1-(chloromethyl)-4-vinylbenzene (168 mg, 1.1 mmol, 1.1 equiv). After purification by automated flash column
chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 1s was obtained as a colorless,
viscous oil (305 mg, 0.82 mmol, 82%). '"H NMR (500 MHz, CDCl;), & (ppm) = 8.06 (d, J = 7.2 Hz, 2H), 7.72 —
7.67 (m, 2H), 7.64 (d, J = 7.5 Hz, 2H), 7.48 (t,J="7.5 Hz, 2H), 7.40 (m, 3H), 7.33 (d, /= 7.8 Hz, 2H), 6.72 (dd, J
=17.6,10.9 Hz, 1H), 5.74 (s, 1H), 5.27 (d, J= 11.8 Hz, 1H), 5.15 (s, 2H), 3.37 (d, /= 6.9 Hz, 2H), 2.85 (t, /= 6.5
Hz, 2H). *C NMR (126 MHz, CDCl3), & (ppm) = 197.7, 172.9, 146.1, 140.0, 137.7, 136.5, 135.5, 135.4, 129.1
(20), 128.8 (2C), 128.6, 128.4, 127.4 (2C), 127.4, 126.5 (2C), 114.4, 66.4, 33.5, 28.5. FT-IR (cm ', neat, ATR), ¥

=3010, 2984, 1672, 1496, 1468, 1312, 1226, 1185, 1140. HRMS (ESI) calcd for C,sH,,03;Na [M+Na]": 393.1467,
found 393.1467.
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4-Vinylbenzyl 2-(2-Fluoro-[1,1'-biphenyl]-4-yl)propanoate (1t)

Prepared according to Method A from 2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoic acid (244 mg, 1.0 mmol, 1.0
equiv) and 1-(chloromethyl)-4-vinylbenzene (168 mg, 1.1 mmol, 1.1 equiv). After purification by automated flash
column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 1t was obtained as a
colorless, viscous oil (250 mg, 0.69 mmol, 69%). '"H NMR (600 MHz, CDCL), & (ppm) = 7.63 — 7.53 (m, 2H),
7.47 (dd, J= 8.4, 6.9 Hz, 2H), 7.40 (d, /= 8.0 Hz, 4H), 7.26 (d, /= 7.9 Hz, 2H), 7.18 — 7.10 (m, 2H), 6.73 (dd, J
=17.6,10.9 Hz, 1H), 5.77 (d, J=17.6 Hz, 1H), 5.28 (d, /= 10.9 Hz, 1H), 5.16 (q, /= 7.2 Hz, 2H), 3.83 (q, J="7.2
Hz, 1H), 1.58 (d, /= 7.1 Hz, 3H). ’F NMR (376 MHz, CDCl3), § (ppm) = - 117.2. *C NMR (151 MHz, CDCl;),
0 (ppm) = 173.8, 159.7 (d, Jc.r =248.5 Hz), 141.6 (d, Jc.r = 7.7 Hz), 137.6, 136.3, 135.5, 135.3, 130.8 (d, Jc.r =
3.9 Hz), 128.9 (d, Jc.r = 2.8 Hz), 128.4, 128.3, 127.9 (d, Jc.r = 13.6 Hz), 127.7, 126.3, 123.6 (d, Jc.r = 3.3 Hz),
115.3 (d, Jor = 23.7 Hz), 114.4, 66.5, 45.0, 18.3. FT-IR (cm', neat, ATR), ¥ = 2983, 1736, 1484, 1419, 1375,
1174, 1085. HRMS (ESI) calcd for Co4H2 FO,Na [M+Na]": 383.1423, found 383.1419.

(1R,28,5R)-2-Isopropyl-5-methylcyclohexyl 4-Vinylbenzoate (1u)

X
(@)
Me (0]
U Me

Prepared according to Method B from (1R,2S,5R)-2-isopropyl-5-methylcyclohexan-1-ol (313 mg, 2.0 mmol, 1.0
equiv) and 4-vinylbenzoic acid (356 mg, 2.4 mmol, 2.0 equiv). After filtration through a short plug of silica, the
title compound 1u was obtained as a colorless, viscous oil (405 mg, 1.41 mmol, 71%). '"HNMR (400 MHz, CDCl),
d (ppm) = 8.02 (d, J = 8.3 Hz, 2H), 7.48 (d, J= 8.3 Hz, 2H), 6.78 (dd, J=17.6, 10.9 Hz, 1H), 5.88 (d, /= 17.6 Hz,
1H), 5.40 (d, /= 10.9 Hz, 1H), 4.95 (td, /= 10.9, 4.4 Hz, 1H), 2.23 — 2.11 (m, 2H), 1.99 (dt, J= 7.0, 3.5 Hz, 1H),
1.76 (dq, J = 14.9, 3.2 Hz, 2H), 1.67 — 1.45 (m, 2H), 1.24 — 1.09 (m, 2H), 0.98 — 0.92 (m, 6H), 0.82 (d, /= 7.0 Hz,
3H). ®C NMR (101 MHz, CDCl;), & (ppm) = 165.9, 141.8, 136.1, 130.0, 129.9 (2C), 126.1 (2C), 116.3, 74.8, 47.3,
41.0,34.4,31.5, 26.6, 23.7, 22.1, 20.8, 16.6. FT-IR (cm ', neat, ATR), ¥ = 2914, 1670, 1481, 1251, 1126, 1100.
HRMS (ESI) calcd for Ci19H260,Na [M+Na]™: 309.1830, found 308.1829.
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5-Vinylbenzo[b]thiophene (1w)

a9
S
Prepared according to Method C from 5-bromobenzo[b]thiophene (213 mg, 1.0 mmol, 1.0 equiv). The spectral data

matches those previously reported. 'TH NMR (500 MHz, CDCls), & (ppm) = 7.85 — 7.76 (m, 2H), 7.47 (dd, J = 8.4,
1.7 Hz, 1H), 7.44 (d, J= 5.4 Hz, 1H), 7.32 (d, /= 5.5 Hz, 1H), 5.28 (dd, /= 10.8, 0.9 Hz, 1H).

5-Vinylbenzofuran (1x)

agh

0o

Prepared according to Method C from 5-bromobenzofuran (197 mg, 1.0 mmol, 1.0 equiv). The spectral data
matches those previously reported.” "H NMR (500 MHz, CDCl3), § (ppm) = 7.62 (dd, J = 4.7, 2.0 Hz, 2H), 7.46

(d, J=8.6 Hz, 1H), 7.40 (dd, J = 8.6, 1.8 Hz, 1H), 6.83 (dd, J = 17.6, 10.8 Hz, 1H), 6.76 (dd, J=2.2, 1.0 Hz, 1H),
5.74 (dd, J= 17.5, 0.9 Hz, 1H), 5.23 (dd, J= 10.9, 0.9 Hz, 1H).

6-Vinylbenzo[b]thiophene (1y)

Prepared according to Method C from 6-bromobenzo[b]thiophene (213 mg, 1.0 mmol, 1.0 equiv). The spectral data
matches those previously reported.* '"H NMR (500 MHz, CDCl;), & (ppm) = 7.87 (d, J = 4.1 Hz, 2H), 7.77 (d, J =
8.3 Hz, 1H), 7.48 (dd, J= 8.4, 1.6 Hz, 2H), 7.42 (d, J= 5.4 Hz, 1H), 7.31 (d, /= 5.2 Hz, 2H), 6.83 (ddd, J = 20.3,
10.8, 4.2 Hz, 2H), 5.82 (d, J=17.5 Hz, 1H), 5.29 (d, /= 10.8 Hz, 1H).

Ethyl 4-Vinylpicolinate (1z)

6 Cooper, P.; Crisenza, G. E. M.; Feron, L. J.; Bower, J. F. Angew. Chem. Int. Ed. 2018, 57, 14198—14202.
" Zhou,Y.; Bandar, J. S.; Buchwald, S. L. J. Am. Chem. Soc. 2017, 139, 8126-8129.
8 Molloy, J. J.; Seath, C. P.; West, M. J.; McLaughlin, C.; Fazakerley, N. J.; Kennedy, A. R.; Nelson, D. J.; Watson,
A.J.B.J Am. Chem. Soc. 2018, 140, 126—130.
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Prepared according to Method C from ethyl 4-bromopicolinate (70 mg, 0.3 mmol, 1.0 equiv). After purification by
automated flash column chromatography (from hexanes to 25% EtOAc in hexanes), the title compound 1z was
obtained as a yellow, viscous oil (44.4 mg, 0.25 mmol, 83%). '"H NMR (500 MHz, CDCl;), § (ppm) = § 8.68 (dd,
J=5.1,2.6 Hz, 1H), 8.11 (d, /= 2.6 Hz, 1H), 7.41 (d, /= 5.1 Hz, 1H), 6.71 (dd, J=17.6, 10.8 Hz, 1H), 6.05 (d, J
=17.6 Hz, 1H), 5.56 (d, J = 10.8 Hz, 1H), 4.48 (q, J = 7.2 Hz, 2H), 1.44 (t,J = 7.2 Hz, 3H). *C NMR (126 MHz,
CDCl3), § (ppm) *C NMR (126 MHz, CDCls) § 165.5, 150.3, 148.9, 146.2, 134.2, 123.9, 122.3, 120.1, 62.1, 14.5.
FT-IR (cm', neat, ATR), ¥ = 2968, 1680, 1485, 1351, 1292, 1250, 1128, 1095. HRMS (ESI) calcd for C1oH;2NO»
[M+H]": 178.0868, found 178.0860.

1-(tert-Butyl)-2-(4-vinylbenzyl) (R)-Pyrrolidine-1,2-dicarboxylate (1ab)
NBoc X
0]
@]

Prepared according to Method A from (tert-butoxycarbonyl)-D-proline (215 mg, 1.0 mmol, 1.0 equiv) and 1-
(chloromethyl)-4-vinylbenzene (168 mg, 1.1 mmol, 1.1 equiv). After purification by automated flash column
chromatography (from hexanes to 15% EtOAc in hexanes), the title compound 1ab was obtained as a colorless,
viscous oil (215 mg, 0.65 mmol, 65%). "H NMR (400 MHz, CDCl;), & (ppm) = mixture of rotamers: 7.41 (dd, J =
7.2,5.2 Hz, 2H), 7.37 - 7.31 (m, 2H), 6.73 (dd, /= 17.6, 10.9 Hz, 1H), 5.78 (d, /= 17.7 Hz, 1H), 5.32 — 5.05 (m,
3H), 4.34 (m, 1H), 3.62 — 3.41 (m, 2H), 2.36 — 2.21 (m, 1H), 2.03 — 1.85 (m, 3H), 1.43 (s, 9H). *C NMR (101
MHz, CDCls), 8 (ppm) = mixture of rotamers: 173.0, 172.8, 153.8, 137.7, 137.4, 136.4, 136.3, 135.4, 135.1, 128.5,
128.3, 126.4, 126.3, 114.4, 114.2, 79.9, 66.3, 59.2, 58.9, 46.5, 46.3, 31.5, 30.9, 29.0, 28.5, 28.3, 24.3, 23.6, 22.7.
FT-IR (cm', neat, ATR), ¥ = 2965, 1685, 1489, 1354, 1290, 1251, 1128, 1095. HRMS (ESI) calcd for
C19H2sNOsNa [M+Na]": 354.1681, found 354.1680.
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4. Synthesis of Fluorinated Benzyl Bromides: Reaction Workflow and Compound Characterization

A. Reaction Workflow:

All photoredox reactions were performed with blue LED strips (light-emitting diode, Amax = 456 nm). The LEDs
were placed 1.5 inches away from the reaction vials within a ventilated fume hood. A typical reaction setup is

shown below.

Figure S1. Reaction setup for the photoinduced formation of fluorinated benzyl bromides

B. General Procedure:

o Br K Ry
+ Br>%kR Ir(ppy)s (0.1 mol %) ° R,
2
F R, MeCN (0.1 M), rt o
Ar, 24 h
Blue LEDs

To a flame-dried 8 mL vial equipped with a magnetic stir bar, if solid, styrene 1 (0.5 mmol, 1.0 equiv) was added,
and the vial was subjected to 3 cycles of vacuum/argon degassing. Subsequently, 5 mL of a Ir(ppy)s stock solution
in dry MeCN (1000 ppm/mL) were added under inert atmosphere. Subsequently, the a-bromocarbonyl compound
was added via syringe (1.0 mmol, 2 equiv), and if liquid, styrene 1 (0.5 mmol, 1.0 equiv). The reaction mixture
was irradiated (24 h) with blue LED strips (light-emitting diode, Amax = 456 nm) as described in the “Workflow”
section, with analysis by TLC. The temperature of the reaction was maintained at approximately 25 °C via a fan.
Upon completion, the solvent was removed under reduced pressure. The crude mixture was subjected to short path
silica filtration or purification by automated flash column chromatography using hexanes/EtOAc mixtures.
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C. Characterization Data:

Ethyl 4-(4-Acetoxyphenyl)-4-bromo-2,2-difluorobutanoate (3a)

Br R F
OEt

AcO °

Prepared according to the General Procedure from the corresponding styrene 1a (81.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3a was obtained as a colorless oil (166 mg, 0.45 mmol, 91%). "H NMR (400 MHz,
CDCl), 8 (ppm) = 7.44 (d, J = 8.6 Hz, 2H), 7.10 (d, J = 8.7 Hz, 2H), 5.18 (dd, J=7.5, 6.1 Hz, 1H), 4.14 (q, J =
7.2,2H), 3.25 - 3.05 (m, 2H), 2.32 (s, 3H), 1.30 (t, /= 7.1 Hz, 3H)."’F NMR (376 MHz, CDCl5), & (ppm) = -104.1
(d, J =266.2 Hz), -104.7 (d, J = 266.2 Hz). *C NMR (101 MHz, CDCl;), § (ppm) = 169.1, 163.3 (d, Jer = 32.3
Hz), 150.9, 137.8, 128.6 (2C), 122.0 (2C), 114.1 (t, Jc.r = 253.5 Hz), 63.3, 44.7 (t, Jc.r = 24.0 Hz), 43.5 (t, Jer =
5.8 Hz), 21.1, 13.8. FT-IR (cm ', neat, ATR), ¥ = 2998, 1760, 1680, 1421, 1377, 1325, 1250, 1221, 1161, 1110.
HRMS (EI) calcd for Ci4H;sF2,04 [M-Br]: 285.0938, found 285.0941.

Ethyl 4-Bromo-4-(4-(tert-butyl)phenyl)-2,2-difluorobutanoate (3b)

Br R F
OEt

@)

Prepared according to the General Procedure from the corresponding styrene 1b (80 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3b was obtained as a colorless
oil (134 mg, 0.37 mmol, 74%). "H NMR (500 MHz, CDCls), § (ppm) 7.34 (m, 4H), 5.16 (t,J = 7.3 Hz, 1H), 4.05
(q,J=17.2,2H), 3.28 — 3.00 (m, 2H), 1.31 (s, 9H), 1.26 (t, J = 7.1 Hz, 3H). YF NMR (376 MHz, CDCl;), § (ppm)
-103.8 (d, J = 266.5 Hz), -104.6 (d, J = 266.5 Hz). *C NMR (101 MHz, CDCl3), 8 (ppm) 163.2 (t, Jor = 32.1 Hz),
152.1, 137.3, 127.1 (2C), 125.7 (2C), 114.2 (t, Jc.r = 252.2 Hz), 63.0, 45.0 — 44.3 (m), 34.7, 31.2 (3C), 13.8. FT-
IR (cm™', neat, ATR), ¥ = 2964, 1761, 1466, 1417, 1395, 1373, 1337, 1299, 1268, 1212, 1187. HRMS (EI) calcd
for C1sH1sBrF,0O, [M-CHzs]: 347.0458 found 347.0446.
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Ethyl 4-Bromo-2,2-difluoro-4-phenylbutanoate (3c)

Br F F

OEt
O

Prepared according to the General Procedure from the corresponding styrene 1c¢ (52 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3¢ was obtained as a colorless oil (140 mg, 0.46 mmol, 92%). '"H NMR (400 MHz,
CDCly), 8 (ppm) 7.55 — 7.35 (m, SH), 5.19 (t,J = 7.3 Hz, 1H), 4.13 (q, /= 7.2 Hz, 2H), 3.17 (m, 2H), 1.31 (t, J =
7.2 Hz, 3H). F NMR (376 MHz, CDCl;), & (ppm) -103.9 (d, J = 266.4 Hz), -104.7 (d, Jr.r = 266.4 Hz). *C NMR
(101 MHz, CDCl), 6 (ppm) 163.2 (t, Jc.r = 32.0 Hz), 140.4, 129.0, 128.8 (2C), 127.4 (2C), 114.4 (t, Jc.r =
256.5Hz), 63.1, 44.5 (m), 44.4 (m), 13.8. FT-IR (cm ', neat, ATR), ¥ = 3032, 2985, 1760, 1495, 1455, 1374, 1338,
1301, 1181, 1068. HRMS (EI) calcd for Ci2H13F20, [M-Br]: 227.0884, found 227.0889.

Ethyl 4-Bromo-2,2-difluoro-4-(4-(trifluoromethyl)phenyl)butanoate (3d)

Br R F
WOE
o]
FaC

Prepared according to the General Procedure from the corresponding styrene 1d (86.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3d was obtained as a colorless oil (165 mg, 0.44 mmol, 88%). '"H NMR (400 MHz,
CDCls), & (ppm) = 7.64 (d, J = 8.2 Hz, 2H), 7.56 (d, J = 8.2 Hz, 2H), 5.21 (dd, J = 8.0, 6.6 Hz, 1H), 4.18 (q, J =
7.1 Hz, 2H), 3.42 — 2.89 (m, 2H), 1.31 (t,J = 7.2 Hz, 3H)."’F NMR (376 MHz, CDCls), § (ppm) = -62.9 (s), -103.8
(d, J=267.3 Hz), -104.91 (d, J = 267.3 Hz). *C NMR (101 MHz, CDCl3), § (ppm) = 163.0 (t, Jer = 31.9 Hz),
144.3,131.0 (q, Jer = 32.8 Hz), 127.8 (2C), 125.9 (q, Jc.r = 3.7 Hz, 2C), 123.7 (q, Jc.r = 272.4 Hz), 114.0 (t, Jor
=253.0 Hz), 63.3, 44.2 (t, Jr = 23.8 Hz), 42.7 (t, Jcr = 5.3 Hz), 13.8. FT-IR (cm ', neat, ATR), ¥ = 2998, 1759,
1423, 1377, 1325, 1221, 1161, 1117. HRMS (EI) calcd for Ci3H2BrF4O3 [M-F]: 354.9957, found 354.9960.
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Ethyl 4-Bromo-4-(4-cyanophenyl)-2,2-difluorobutanoate (3e¢)

Br £ F
OEt

NC °

Prepared according to the General Procedure from the corresponding styrene 1e (64.6 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3e was obtained as a colorless oil (151 mg, 0.44 mmol, 91%). '"H NMR (400 MHz,
CDCl), 8 (ppm) = 7.68 (d, J = 8.5 Hz, 2H), 7.55 (d, J = 8.4 Hz, 2H), 5.19 (dd, J = 8.2, 6.4 Hz, 1H), 4.24 (q, J =
7.1 Hz, 2H), 3.51 —2.69 (m, 2H), 1.34 (t, J = 7.2 Hz, 3H). ’F NMR (376 MHz, CDCl;), & (ppm) =-103.4 (d, J =
267.5 Hz), -105.4 (d, J=267.5 Hz). “C NMR (101 MHz, CDCls), § (ppm) = 163.0 (t, Jc.-= 31.8 Hz), 145.5, 132.7
(2C), 128.2 (2C), 118.1, 113.9 (t, Je.r = 253.2 Hz), 112.7, 63.4, 44.0 (t, Jc.r = 23.6 Hz), 42.4 (Jc.r, J = 5.0 Hz),
13.8. FT-IR (cm', neat, ATR), ¥ = 2986, 2230, 1760, 1608, 1505, 1418, 1374, 1338, 1302, 1180, 1081. HRMS
(EI) calcd for Ci3H2FoaNO, [M-Br]: 252.0836, found 252.0846.

Methyl 4-(1-Bromo-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoate (3f)

Br F F
WOE‘
(0]
MeO,C

Prepared according to the General Procedure from the corresponding styrene 1f (81.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3f was obtained as a colorless
oil (144 mg, 0.39 mmol, 79%). '"H NMR (400 MHz, CDCls), § (ppm) = 8.04 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4
Hz, 2H), 5.21 (t,J = 7.3 Hz, 1H), 4.18 (q, J = 7.1 Hz, 2H), 3.94 (s, 3H), 3.21 (m, 2H), 1.32 (t, /= 7.2 Hz, 3H). F
NMR (376 MHz, CDCls), § (ppm) = -103.7 (d, J = 266.5 Hz), -105.1 (d, J = 266.5 Hz). *C NMR (101 MHz,
CDCly), 6 (ppm) = 166.3, 163.1 (t, Jc.r=31.8 Hz), 145.1, 130.6, 130.1 (2C), 127.4 (2C), 114.1 (t, Jc.r = 252.8 Hz),
63.3 52.3,44.2 (t, Jor = 23.8 Hz), 43.1 (t, Jc.r = 5.3 Hz), 13.8. FT-IR (cm ', neat, ATR), ¥ = 1761, 1720, 1611,
1435, 1419, 1374, 1337, 1277, 1180, 1109, 1080. HRMS (EI) calcd for Ci4H;sF204 [M-Br]: 285.0938, found
285.0945.
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4-(1-Bromo-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoic Acid (3g)

Br £ F
@WOB
O
HO,C

Prepared according to the General Procedure from the corresponding styrene 1g (74.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 406 mg, 2.0 mmol, 4.0 equiv). After filtration through a short plug of
silica, the title compound 3g was obtained as a yellowish solid (168 mg, 0.48 mmol, 96%). mp 66-69 °C. 'H NMR
(600 MHz, CDCls), & (ppm) =9.29 (s, 1H), 8.03 (d, /= 8.0 Hz, 2H), 7.45 (d, /= 7.9 Hz, 2H), 5.13 (t, /= 7.2 Hz,
1H), 4.10 (q,J = 7.2 Hz, 2H), 3.13 — 3.05 (m, 2H), 1.24 (t,J= 7.2 Hz, 3H). Y’F NMR (376 MHz, CDCl;), § (ppm)
=103.6 (d, J = 266.8 Hz), -105.1 (d, J = 266.8 Hz). *C NMR (151 MHz, CDCl;), & (ppm) = 171.1, 163.1 (t, Jc.r
=31.9 Hz), 146.2, 130.8 (2C), 129.6, 127.6 (2C), 114.1 (t, Jc.r = 252.9 Hz), 63.4, 44.1 (t, Jo.r = 23.7 Hz), 43.0 (t,
Jer=15.1Hz), 13.8. FT-IR (cm ', neat, ATR), ¥ = 3285, 2988, 1766, 1691, 1610, 1426, 1316, 1284, 1247, 1216,
118, 1083. HRMS (EI) calcd for Ci3H3BrF,04 [M]: 349.9965, found 349.9959.

Ethyl 4-Bromo-4-(4-chlorophenyl)-2,2-difluorobutanoate (3h)

Br R F
OEt

Cl

Prepared according to the General Procedure from the corresponding styrene 1h (69.3 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3h was obtained as a colorless oil (144 mg, 0.42 mmol, 84%). '"H NMR (400 MHz,
CDCl), 8 (ppm) = 7.29 — 7.23 (m, 4H), 5.07 (dd, J = 8.1, 6.6 Hz, 1H), 4.09 (q, J = 7.1 Hz, 2H), 3.15 — 2.87 (m,
2H), 1.23 (t,J=7.1 Hz, 3H)."’F NMR (376 MHz, CDCl;), § (ppm) = -103.8 (d, J=266.7 Hz), -104.8 (d, J = 266.7
Hz). ®C NMR (101 MHz, CDCl;), § (ppm) = 163.1 (t, Je.r = 31.9 Hz), 139.0, 134.8, 129.0 (2C), 128.8 (2C), 114.1
(t, Jor=252.7Hz), 63.3, 44.4 (t, Jo.r = 23.8 Hz), 43.3 (t, Jo.r = 5.4 Hz), 13.8. FT-IR (cm ', neat, ATR), ¥ = 1760,
1476, 1444,1374, 1338, 1302, 1237, 1180. HRMS (EI) calcd for C12H2CIF,0, [M-Br]: 261.0494, found 261.0493.

S14



Ethyl 4-Bromo-4-(4-bromophenyl)-2,2-difluorobutanoate (3i)

Br R F
OEt

Br °

Prepared according to the General Procedure from the corresponding styrene 1i (91.5 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3i was obtained as a colorless oil (165 mg, 0.43 mmol, 86%). '"H NMR (400 MHz,
CDCl), 8 (ppm) = 7.51 (d, J= 8.5 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 5.15 (dd, J = 8.0, 6.6 Hz, 1H), 4.18 (q, J =
7.1 Hz, 2H), 3.30 — 2.85 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H).”’F NMR (376 MHz, CDCl3), § (ppm) = -103.8 (d, J =
266.5 Hz), -104.8 (d, J = 266.5 Hz). “C NMR (101 MHz, CDCl3), § (ppm) = 163.1 (t, Jc.r = 32.0 Hz), 139.5, 132.0
(20), 129.0 (2C), 122.9, 114.1 (t, Jc.r =252.8 Hz), 63.3, 44.4 (t, Jc.r = 23.8 Hz), 43.3 (t, Jc.r = 5.4 Hz), 13.8. FT-
IR (cm, neat, ATR), ¥ = 1759, 1472, 1440, 1374, 1337, 1301, 1236, 1178, 1130. HRMS (EI) calcd for
Ci2H12BrF,0, [M-Br]: 304.9989, found 304.9989.

Ethyl 4-Bromo-2,2-difluoro-4-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)butanoate (3j)

Br R F

@MWOB
(e}
°

(e}

Prepared according to the General Procedure from the corresponding styrene 1j (64.6 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 406 mg, 1.0 mmol, 4.0 equiv). After filtration through a short plug of
silica, the title compound 3j was obtained as a colorless oil (185 mg, 0.43 mmol, 86%). '"H NMR (400 MHz,
CDCl), 6 (ppm) = 7.82 (d, J=7.6 Hz, 2H), 7.42 (d, J=7.7 Hz, 2H), 5.19 (t, J = 7.2 Hz, 1H), 4.17 (q, J = 7.1 Hz,
2H), 3.16 (m, 2H), 1.36 (s, 12H), 1.31 (t, J = 7.1 Hz, 3H). ’F NMR (376 MHz, CDCl;), § (ppm) = -104.0 (d, J =
267.5 Hz), -105.0 (d, J = 267.5 Hz). "B NMR (128 MHz, CDCl;), § (ppm) = 30.8. *C NMR (101 MHz, CDCl;),
o (ppm) = 163.2 (t, Jer = 32.0 Hz), 143.2, 135.3 (2C), 127.7, 126.6 (2C), 114.2 (t, Jc.r = 252.5 Hz), 84.0, 63.2
(2C), 44.0 —44.1 (m, 2C), 24.9 (2C), 24.9 (2C), 13.8. FT-IR (cm ', neat, ATR), ¥ = 2979, 1760, 1611, 1398, 1358,
1324, 1271, 1211, 1167, 1142, 1087, 1020. HRMS (EI) calcd for CisH»3BF,04 [M-HBr]: 352.1657, found
352.1664.
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Ethyl 4-Bromo-2,2-difluoro-4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)butanoate (3k)

Br R F
OEt

Prepared according to the General Procedure from the corresponding styrene 1k (115 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3k was obtained as a colorless
oil (169 mg, 0.39 mmol, 78%). '"H NMR (400 MHz, CDCl3), § (ppm) = 7.74 (d, J=2.2 Hz, 1H), 7.67 (d, J= 7.4
Hz, 1H), 7.43 (dt,J=17.9, 1.6 Hz, 1H), 7.29 (t, /= 7.6 Hz, 1H), 5.11 (t,J = 7.2 Hz, 1H), 4.05 (q, /= 7.3 Hz, 2H),
3.18 —2.99 (m, 2H), 1.28 (d, J= 2.4 Hz, 12H), 1.22 (t,J = 7.1 Hz, 3H). ’F NMR (376 MHz, CDCl5), § (ppm) = -
104.1 (d, J = 266.5 Hz), -104.9 (d, J = 266.5 Hz). "B NMR (128 MHz, CDCl;), & (ppm) = 30.4. *C NMR (101
MHz, CDCl;), 6 (ppm) = 163.2 (t, Jc.r = 32.1 Hz), 139.8, 135.4, 133.4, 132.5, 130.2, 128.3, 113.4 (t, Je.r = 252.1
Hz), 84.0 (2C), 63.1, 44.8 — 43.8 (m, 2C), 24.9 (2C), 24.9 (2C), 13.8. FT-IR (cm ', neat, ATR), ¥ = 2979, 1762,
1431, 1371, 1356, 1321, 1272, 1199, 1142, 1076. HRMS (EI) calcd for CisH23BF.04 [M-HBr]: 352.1657, found
352.1664.

Ethyl 4-Bromo-2,2-difluoro-4-(3-(trifluoromethyl)phenyl)butanoate (31)

Br R F
OEt

O
CF3

Prepared according to the General Procedure from the corresponding styrene 11 (86.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 31 was obtained as a colorless oil (178 mg, 0.47 mmol, 95%). '"H NMR (400 MHz,
CDCl), 6 (ppm)=7.69 (d, J= 1.9 Hz, 1H), 7.66 — 7.58 (m, 2H), 7.51 (t,J= 7.8 Hz, 1H), 5.23 (dd, J= 8.0, 6.7 Hz,
1H), 4.50 — 4.12 (m, 2H), 3.17 (m, 2H), 1.32 (t,J = 7.2 Hz, 3H). ’F NMR (376 MHz, CDCl;), § (ppm) = -62.8 (s),
-103.7 (d, J = 266.5 Hz), -104.9 (d, J = 267.5 Hz). *C NMR (101 MHz, CDCl3), § (ppm) = 163.0 (t, Je.r = 32.0
Hz), 141.5, 131.3 (q, Jc.r = 32.6 Hz), 130.8, 129.5, 125.7 (q, Jc.r = 3.8 Hz), 124.2 (q, Jc.r = 3.6 Hz), 123.7 (t, Jcr
=272.7 Hz), 114.0 (t, Je.r = 252.9 Hz), 63.3, 44.3 (t, Jo.r = 23.8 Hz), 42.9 (t, Jo.r = 5.4 Hz), 13.7. FT-IR (cm ',
neat, ATR), V=2988, 1761, 1452, 1375, 1327, 1165, 1124, 1106, 1073, 1035. HRMS (EI) calcd for C,3H2BrF40;
[M-F]: 354.9957, found 354.9959.
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Ethyl 4-Bromo-4-(2-chlorophenyl)-2,2-difluorobutanoate (3m)

Br R F
OEt

Cl ©

Prepared according to the General Procedure from the corresponding styrene 1m (69.3 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 3m was obtained as a colorless oil (178 mg, 0.47 mmol, 94%). "H NMR (400 MHz,
CDCl), 6 (ppm) =7.59 (dd, /=17.8, 1.8 Hz, 1H), 7.40 (dd, /= 7.9, 1.5 Hz, 1H), 7.33 (td, /J=7.6, 1.5 Hz, 1H), 7.30
—7.23 (m, 1H), 5.73 (dd, J=7.2, 6.7 Hz, 1H), 4.23 (q, J=7.1, 2H), 3.44 — 2.98 (m, 2H), 1.35 (t, /= 7.1 Hz, 3H).
YF NMR (376 MHz, CDCl;), & (ppm) = -103.2 (d, J = 266.3 Hz), -105.4 (d, J = 266.4 Hz). *C NMR (101 MHz,
CDCl), & (ppm) = 163.2 (t, Jc.r = 32.0 Hz), 137.8, 132.7, 130.0, 129.9, 129.0, 127.5, 114.1 (t, Jc.r = 272.7 Hz),
63.3, 43.4 (t, Jor = 24.0 Hz), 39.6 (t, Jcr = 5.2 Hz), 13.8. FT-IR (cm ', neat, ATR), ¥ = 1760, 1476, 1444, 1374,
1338, 1302, 1237, 1180. HRMS (EI) calcd for C10H7BrCIF,O [M-OC:Hs]: 294.9337, found 294.9343.

Ethyl 4-Bromo-4-(2-bromophenyl)-2,2-difluorobutanoate (3n)

Br £ F
OEt

O
Br

Prepared according to the General Procedure from the corresponding styrene 1n (91.5 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3n was obtained as a colorless
oil (168 mg, 0.44 mmol, 88%). '"H NMR (400 MHz, CDCls), & (ppm) = 7.94 — 7.51 (m, 2H), 7.38 (td, /= 7.6, 1.3
Hz, 1H), 7.19 (td, J = 7.7, 1.6 Hz, 1H), 5.72 (dd, J = 7.2, 6.4 Hz, 1H), 4.23 (q, J = 7.2 Hz, 2H), 3.68 — 2.86 (m,
2H), 1.35 (t, J = 7.2 Hz, 3H). ¥YF NMR (376 MHz, CDCl3), § (ppm) = -103.0 (d, J = 266.7 Hz), -105.3 (d, J =
265.4 Hz). “C NMR (101 MHz, CDCl3), § (ppm) = 163.2 (t, Jer = 32.1 Hz), 139.4, 133.3, 130.2, 129.1, 128.2,
123.0, 114.1 (t, Jor = 272.7 Hz), 63.3, 43.5 (t, Jo.r= 24.1 Hz), 42.5 (t, Jcr = 5.5 Hz), 13.8. FT-IR (cm', neat,
ATR),v=1761, 1477, 1440, 1374, 1338, 1302, 1237, 1183. HRMS (EI) calcd for Ci,H2BrF,0, [M-Br]: 304.9989,
found 304.9984.
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Ethyl 4-Bromo-2,2-difluoro-4-(perfluorophenyl)butanoate (30)

F Br F F
F OEt

0]

Prepared according to the General Procedure from the corresponding styrene 10 (97.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 104 mg, 0.5 mmol, 2.0 equiv). After filtration through a short plug of
silica, the title compound 30 was obtained as a colorless oil (196 mg, 0.49 mmol, 99%). "H NMR (400 MHz,
CDCls), 8 (ppm) 5.52 (dd, J =9.6, 5.8 Hz, 1H), 4.34 (q, J = 7.1 Hz, 2H), 3.44 — 3.03 (m, 2H), 1.38 (t, /= 7.1 Hz,
3H). F NMR (376 MHz, CDCl5), § (ppm) -104.7 (d, J = 267.5 Hz), -107.2 (d, J = 267.6 Hz), -140.7 (bs), -151.4
—-153.8 (m), -159.9 — -161.6 (m). *C NMR (151 MHz, CDCl3), § (ppm) 162.7 (t, Jc.r = 31.8 Hz), 144.8 (d, Jc.r
=251.4 Hz), 142.86 — 139.88 (m, 2C), 139.29 — 135.55 (m, 2C), 114.5 (td, Jor = 14.4, 4.3 Hz), 113.9 (t, Je.r =
253.4 Hz), 63.6, 41.7 (t, Jc.r = 23.0 Hz), 28.7, 13.8. FT-IR (cm ', neat, ATR), ¥ = 1761, 1654, 1523, 1504, 1426,
1301, 1240, 1223, 1185, 1152, 1133. HRMS (EI) calcd for Ci,HsF;0, [M-Br]: 317.0413, found 317.0416.

((3R,5R,55,85,8R)-2,2,7,7-Tetramethyltetrahydro-5H-bis(|1,3]dioxolo)[4,5-b:4',5'-d|pyran-5-yl)methyl 4-(1-
bromo-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoate (3p)

O‘% Br £ F

o, o OEt
><O\“ O O O

Prepared according to the General Procedure from the corresponding styrene 1p (100 mg, 0.25 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 104 mg, 0.5 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 25% EtOAc in hexanes), the title compound 3p was obtained as a
colorless oil (131 mg, 0.21 mmol, 86%). '"H NMR (500 MHz, CDCls), & (ppm) 8.03 (d, J= 8.4 Hz, 2H), 7.47 (d, J
= 8.4 Hz, 2H), 5.56 (d,J=4.9 Hz, 1H), 5.18 (t, /= 7.2 Hz, 1H), 4.65 (dd, J=7.9, 2.5 Hz, 1H), 4.52 (ddd, J=11.6,
4.7,2.1 Hz, 1H), 4.46 — 4.40 (m, 1H), 4.38 — 4.29 (m, 2H), 4.16 (m, 3H), 3.13 (m, 2H), 1.51 (s, 3H), 1.48 (s, 3H),
1.36 (s, 3H), 1.33 (s, 3H), 1.30 (t, /= 7.2 Hz, 3H). YF NMR (376 MHz, CDCl;), & (ppm) -103.6 (d, J = 260.8 Hz),
-105.0 (d, J = 260.8 Hz). *C NMR (101 MHz, CDCl3), § (ppm) 165.7, 163.1 (t, Jor = 32.1 Hz), 145.2, 130.5,
130.2 (2C), 127.4 (2C), 114.1 (t, Jc.r = 252.9 Hz), 109.7, 108.8, 96.3, 71.1, 70.8, 70.5, 66.1, 64.1, 63.3, 44.1 (t, Jc
r=23.8 Hz), 43.1 (t, Jor = 5.3 Hz), 26.0, 26.0, 25.0, 24.5, 13.8. FT-IR (cm ', neat, ATR), ¥ = 2987, 1761, 1717,
1611, 1420, 1373, 1274, 1255, 1209, 1176, 1066. HRMS (EI) calcd for CysH31F209 [M-Br]: 513.1936, found
513.1939.
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Ethyl 4-Bromo-4-(4-(((4-(2,5-dimethylphenoxy)-2,2-dimethylbutanoyl)oxy)methyl)phenyl)-2,2-
difluorobutanoate (3q)

Br R F
OEt

\@Mo 5

o

Prepared according to the General Procedure from the corresponding styrene 1q (183 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 15% EtOAc in hexanes), the title compound 3q was obtained as a
colorless oil (202 mg, 0.39 mmol, 78%). '"H NMR (400 MHz, CDCL;), & (ppm) 7.42 (d, J= 8.3 Hz, 2H), 7.35 (d, J
=8.3 Hz, 2H), 7.03 (d, /= 7.4 Hz, 1H), 6.69 (d, J= 8.3 Hz, 1H), 6.63 (d, /= 1.6 Hz, 1H), 5.19 (t, /J=7.3 Hz, 1H),
5.12 (s, 2H), 4.16 (q, /= 7.1 Hz, 2H), 3.93 (t, /= 5.5 Hz, 2H), 3.39 — 2.97 (m, 2H), 2.33 (s, 3H), 2.19 (s, 3H), 1.90
—1.74 (m, 4H), 1.32 (t,J = 7.2 Hz, 3H), 1.28 (s, 6H). YF NMR (376 MHz, CDCl5), & (ppm) = -103.7 (d, J = 266.4
Hz), -104.9 (d, J = 265.5 Hz). ®C NMR (101 MHz, CDCL3), § (ppm) = 177.5, 163.2 (t, Jcr = 32.0 Hz), 157.0,
140.2, 137.3,136.5, 130.3, 128.2 (2C), 127.6 (2C), 123.6, 120.8, 116.7, 114.3 (t, Jc.r =252.5 Hz), 112.0 67.9, 65.5,
63.2, 44.4 (t, Jor = 23.8 Hz), 44.0 (t, Jor = 5.5 Hz), 42.2, 37.2, 25.2 (2C), 21.4, 15.8, 13.8. FT-IR (cm ', neat,
ATR), ¥ =2950, 1768, 1727, 1508, 1473, 1390, 1374, 1337, 1306, 1284, 1263, 1188, 1156, 1129. HRMS (ESI)
calcd for CosH3sBrF,OsNa [M+Na]™: 591.1534, found 591.1534.

Ethyl 4-Bromo-4-(4-(((2-(4-chlorophenoxy)-2-methylpropanoyl)oxy)methyl)phenyl)-2,2-difluorobutanoate
@3r)

Br R F

(0] 0]
O>§(

)

Prepared according to the General Procedure from the corresponding styrene 1r (165.4 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 3r was obtained as a
colorless oil (195 mg, 0.37 mmol, 74%). "H NMR (400 MHz, CDCl;), § (ppm) = 7.39 (d, J = 7.8 Hz, 2H), 7.30 —
7.25 (m, 2H), 7.15 (d, J = 8.7 Hz, 2H), 6.71 (d, J = 6.6 Hz, 2H), 5.19 (m, 3H), 4.17 (q, J = 7.7 Hz, 2H), 3.15 (m,
2H), 1.61 (s, 6H), 1.32 (t, J = 7.7 Hz, 3H). YF NMR (376 MHz, CDCls), § (ppm) = -103.0 (d, J = 266.7 Hz), -
105.3 (d, J = 265.4 Hz). *C NMR (101 MHz, CDCl3), § (ppm) = 173.7, 163.1 (t, J.r = 32.0 Hz), 153.9, 140.7,
136.0, 129.1 (2C), 128.8 (2C), 127.6 (2C), 127.3, 120.3 (2C), 114.1 (t, Jc.r = 252.6 Hz), 79.5, 66.5, 63.2, 44.3 (4,

Jor=23.7 Hz), 43.8 (t, Je.r = 5.4 Hz), 25.3 (2C), 13.8. FT-IR (cm ', neat, ATR), ¥ = 1736, 1488, 1467, 1385,
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1374, 1338, 1280, 1236, 1204, 1171, 1131, 1085. HRMS (EI) calcd for C,3H»3CIF205 [M-HBr]: 452.1202, found
452.1216.

Ethyl 4-Bromo-2,2-difluoro-4-(4-(((4-oxo-4-phenylbutanoyl)oxy)methyl)phenyl)butanoate (3s)

Br R F

OEt
O
Q)WOM
(@]
Ph

Prepared according to the General Procedure from the corresponding styrene 1s (185 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 3s was obtained as a
colorless oil (204 mg, 0.39 mmol, 78%). '"H NMR (600 MHz, CDCl;), § (ppm) 8.08 (d, J = 8.3 Hz, 2H), 7.75 —
7.70 (m, 2H), 7.66 (d, J=7.4 Hz, 2H), 7.50 (t, /= 7.6 Hz, 2H), 7.44 — 7.41 (m, 3H), 7.38 (d, /= 8.1 Hz, 2H), 5.21
—5.14 (m, 3H), 4.16 (q, J = 7.2 Hz, 2H), 3.40 (t, /= 6.5 Hz, 2H), 3.16 (m, 2H), 2.88 (t, /= 6.4 Hz, 2H), 1.31 (¢, J
= 7.1 Hz, 3H). “F NMR (376 MHz, CDCl5), & (ppm) = -103.0 (d, J = 266.7 Hz), -105.3 (d, J = 265.4 Hz). *C
NMR (151 MHz, CDCl), 6 (ppm) = 197.5, 172.7, 163.2 (t,J = 32.1 Hz), 146.0, 140.4, 139.8, 136.8, 135.2, 129.0
(20), 128.7 (2C), 128.5 (2C), 128.3, 127.6 (2C), 127.3 (2C), 127.3 (20C), 114.2 (t, J=252.4 Hz), 65.8, 63.2, 44.4
(t,J=23.9 Hz),43.9 (t,J= 5.5 Hz), 33.4, 28.3, 13.8. FT-IR (cm ', neat, ATR), ¥ = 1764, 1747, 1736, 1677, 1326,
1307, 1272, 1215, 1203, 1173, 1143, 1083, 1015. HRMS (ESI) calcd for C2oH»7BrF,0sNa [M+Na]™: 595.0908,
found 595.0911.

Ethyl 4-Bromo-2,2-difluoro-4-(4-(((2-(2-fluoro-[1,1'-biphenyl]-4-yl)propanoyl)oxy)methyl)phenyl)
butanoate (3t)
Br R F
OEt
F o) (0]
o)
Ph

Prepared according to the General Procedure from the corresponding styrene 1t (72.1 mg, 0.20 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 81 mg, 0.4 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 3t was obtained as a
colorless oil (79 mg, 0.14 mmol, 70%). '"H NMR (600 MHz, CDCl;), & (ppm) = 7.46 (d, J = 8.3, 2H), 7.39 — 7.22
(m, 6H), 7.22 — 7.13 (m, 2H), 7.11 — 7.00 (m, 2H), 5.10 — 4.98 (m, 3H), 4.09 — 4.00 (m, 2H), 3.73 (q, /= 7.1 Hz,
1H), 3.14 — 2.94 (m, 2H), 1.48 (d, J= 7.2 Hz, 3H), 1.19 (t, J= 7.2 Hz, 3H). F NMR (376 MHz, CDCl;), § (ppm)

= -103.8 (d, J = 266.7 Hz), -104.9 (d, J = 265.4 Hz), -117.5 (s). *C NMR (151 MHz, CDCl;), § (ppm) = 173.8,
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163.1 (t, Jo.r = 32.0 Hz), 159.7 (d, Jc.r = 248.6 Hz), 141.5 (d, Jo.r = 7.8 Hz), 140.4, 136.7, 135.5, 130.9 (d, Jer =
3.9 Hz), 129.0 (d, Jc.r = 2.8 Hz), 128.5 (2C), 128.3 (2C), 128.0 (d, Jc.r = 13.6 Hz) 127.7 (2C), 127.6 (2C), 123.6
(m), 115.3 (d, Je.r = 23.6 Hz), 114.2 (t, Jor = 252.9 Hz), 66.0, 63.2, 45.0, 44.4 (t, Jc.r = 23.9 Hz), 43.9 (t, Jor =
5.4 Hz), 18.3, 13.8. FT-IR (cm ', neat, ATR), ¥ = 2982, 1766, 1736, 1624, 1582, 1516, 1484, 1450, 1419, 1375,
1335, 1173. HRMS (EI) calcd for Co3H26F304 [M-Br]: 483.1783, found 483.1778.

(1R,28,5R)-2-Isopropyl-5-methylcyclohexyl 4-(1-bromo-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoate (3u)

Br R F
OEt

0) 0]

Prepared according to the General Procedure from the corresponding styrene 1s (82 mg, 0.25 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 102 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 3u was obtained as a
colorless oil (80 mg, 0.16 mmol, 66%). "H NMR (600 MHz, CDCl;), § (ppm) = 7.95 (d, J = 8.4 Hz, 2H), 7.40 (d,
J=28.3Hz, 2H), 5.12 (dd, J=17.8, 6.6 Hz, 1H), 4.86 (td, /= 10.9, 4.5 Hz, 1H), 4.14 — 4.06 (m, 2H), 3.19 —2.95 (m,
2H), 2.08 — 1.96 (m, 1H), 1.86 (ddd, /= 10.3, 6.8, 3.2 Hz, 1H), 1.70 — 1.62 (m, 2H), 1.54 — 1.44 (m, 2H), 1.22 (t,
J=17.1Hz, 3H), 1.11 - 0.98 (m, 2H), 0.85 (dd, J = 9.6, 6.8 Hz, 7H), 0.72 (d, /= 6.9 Hz, 3H). ’F NMR (376 MHz,
CDCl;s), 8 (ppm) = -103.6 (d, J = 261.9 Hz), -105.7 (d, J = 261.9 Hz). ®C NMR (151 MHz, CDCl;), § (ppm) =
165.3, 163.1 (t, Jc.r = 31.8 Hz), 144.9 (d, Jc.r = 3.3 Hz), 131.3, 130.1 (2C), 127.3 (2C), 114.1 (t, Jc.r = 253.1 Hz),
75.1,63.3,47.3,44.2 (t, Jc.r = 23.7 Hz), 43.2 (q, Jc.r = 4.9 Hz), 40.9, 34.3, 26.5 (d, Jc.r = 4.8 Hz), 23.6 (d, Jc.r =
4.2 Hz), 22.0,20.8 (d, Je.r= 1.9 Hz), 16.5 (2C), 13.8. FT-IR (cm ', neat, ATR), ¥ = 2956, 1760, 1714, 1275, 1085,
1055. HRMS (EI) calcd for Ca3H31F204 [M-Br]: 409.2190, found 409.2184.

(£)Ethyl 2-(1-Bromo-2,3-dihydro-1H-inden-2-yl)-2,2-difluoroacetate (3v)

Br
C
F
o
o
0]

Prepared according to the General Procedure from the corresponding styrene 1w (58 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash

column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3v was obtained as a colorless
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oil (155 mg, 0.48 mmol, 97%). "H NMR (600 MHz, CDCl;), § (ppm) = 7.35 — 7.31 (m, 1H), 7.21 — 7.18 (m, 2H),
7.15-7.12 (m, 1H), 5.57 (d, J = 4.6 Hz, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.55 — 3.41 (m, 1H), 3.28 (dd, J= 16.6, 9.0
Hz, 1H), 3.10 (dd, J = 16.6, 5.4 Hz, 1H), 1.23 (t, J= 7.1 Hz, 3H). "’F NMR (376 MHz, CDCl;), § (ppm) =-110.2
(d, J = 256.4 Hz), -112.0 (d, J = 256.4 Hz). *C NMR (151 MHz, CDCl3), § (ppm) = 163.2 (t, Jcr = 32.4 Hz),
141.7, 140.0, 129.3, 127.9, 125.8, 124.6, 115.3 (t, Jor = 253.7 Hz), 63.3, 54.2 (t, Je.r = 23.1 Hz), 49.3 (t, Jer = 4.5
Hz), 31.1 (t, Je.r = 3.9 Hz), 13.9. FT-IR (cm!, neat, ATR), ¥ = 1762, 1462, 1444, 1374, 1308, 1216, 1193, 1172,
1124, 1091. HRMS (EI) calcd for C13H;3F>0, [M-Br]: 239.0884, found 239.0900.

Ethyl 4-(Benzo[b]thiophen-5-yl)-4-bromo-2,2-difluorobutanoate (3w)

Br R F
OEt
2
S o}

Prepared according to the General Procedure from the corresponding styrene 1w (80.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3w was obtained as a
colorless oil jointly with a small amount of the dehydrobrominated compound (75 mg, 0.21 mmol, 40%). '"H NMR
(600 MHz, CDCls), & (ppm) = 7.90 (s, 1H), 7.81 (d, /= 8.3 Hz, 1H), 7.50 (dd, J= 5.4, 2.3 Hz, 1H), 7.43 (dd, J =
8.5,1.9 Hz, 1H), 7.37 - 7.30 (m, 1H), 5.32 (t, /= 7.5 Hz, 1H), 4.03 (q, /= 7.2 Hz, 2H), 3.28 — 3.18 (m, 2H), 1.22
(t,J=7.2 Hz, 3H). F NMR (376 MHz, CDCl;), § (ppm) = -103.9 (d, J = 256.4 Hz), -104.5 (d, J = 256.4 Hz). *C
NMR (151 MHz, CDCls), 6 (ppm) = 163.2 (t, Jo.r = 32.0 Hz), 140.0, 139.8, 136.4, 128.1, 124.0, 123.8, 123.6,
121.3,114.2 (t, Jc.r = 252.6 Hz), 63.2, 45.0 — 44.8 (m), 44.7 — 44.6 (m), 13.7. HRMS (ESI) calcd for C14H12F20,S
[M-HBr]: 282.0526, found 282.0546.

Ethyl 4-(Benzofuran-5-yl)-4-bromo-2,2-difluorobutanoate (3x)

Br £ F
OEt
2
o ¢]

Prepared according to the General Procedure from the corresponding styrene 1x (72 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3x was obtained as a colorless
oil jointly with a small amount of the dehydrobrominated compound (80 mg, 0.21 mmol, 45%). "H NMR (600
MHz, CDCL), ¢ (ppm) = 7.58 (dd, J = 7.1, 2.1 Hz, 2H), 7.41 (d, J = 8.7 Hz, 1H), 7.30 (dd, J = 8.6, 2.0 Hz, 1H),
6.69 (dd, J=12.3, 0.9 Hz, 1H), 5.24 (dd, J=17.9, 6.7 Hz, 1H), 3.98 (q, /= 7.1 Hz, 2H), 3.14 (m, 2H), 1.16 (t, J =
7.2 Hz, 3H). F NMR (376 MHz, CDCl;), § (ppm) = -103.8 (d, J=256.4 Hz), -104.2 (d, J= 256.4 Hz). “C NMR
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(151 MHz, CDCl), 8 (ppm) = 163.2 (t, Jer = 32.0 Hz), 154.8, 146.2, 135.1, 127.6, 123.9, 120.2, 114.2 (t, Jer =
252.4Hz), 111.8,106.7, 63.1,45.2 — 44.8 (m, 2C), 13.7. HRMS (EI) calcd for C1sH;3BrF205 [M]: 346.0016, found
346.0023.

Ethyl 4-(Benzo[b]|thiophen-6-yl)-4-bromo-2,2-difluorobutanoate (3y)

Br £ F
S OEt

\ 0

Prepared according to the General Procedure from the corresponding styrene 1y (80.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3y was obtained as a colorless
oil (91 mg, 0.25 mmol, 50%). '"H NMR (600 MHz, CDCls), & (ppm) = 7.79 (d, J = 8.3 Hz, 1H), 7.76 (d, J = 1.8
Hz, 1H), 7.42 (d, J= 5.4 Hz, 1H), 7.34 (dd, J= 8.4, 1.8 Hz, 1H), 7.25 (d, /= 0.9 Hz, 1H), 5.25 (t,J= 7.3 Hz, 1H),
3.95(q,J=7.1 Hz, 2H), 3.19 — 3.11 (ddt, J = 22.9, 15.8, 7.3 Hz, 2H), 1.14 (J= 7.3 Hz, 3H). Y’F NMR (376 MHz,
CDCls), 8 (ppm) = -103.9 (d, J = 256.4 Hz), -104.5 (d, J = 256.4 Hz). ®C NMR (151 MHz, CDCl;), § (ppm) =
163.2 (t, Je.r = 31.9 Hz), 140.2, 139.6, 136.5, 127.8, 123.8, 123.5, 123.0, 122.3, 114.2 (t, Jc.r = 252.6 Hz), 63.1,
45.0 — 44.6 (m, 2C), 13.7. FT-IR (cm ', neat, ATR), ¥ = 2983, 1740, 1610, 1513, 1442, 1248, 1210. HRMS (EI)
caled for Ci4H2F20,S [M-HBr]: 282.0526, found 282.0546.

Ethyl 4-(1-Bromo-4-ethoxy-3,3-difluoro-4-oxobutyl)picolinate (3z)

Br R F
_ | OEt
N o]
0~ "OEt

Prepared according to the General Procedure from the corresponding styrene 1z (44.3 mg, 0.25 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 102 mg, 0.5 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3z was obtained as a colorless
oil (55 mg, 0.14 mmol, 58%). 'H NMR (500 MHz, CDCls), & (ppm) = 8.75 (d, J= 5.0 Hz, 1H), 8.16 (d, /= 1.8
Hz, 1H), 7.48 (dd, J=5.0, 1.8 Hz, 1H), 5.15 (t,J= 8.0 Hz, 1H), 4.50 (q, /= 7.1 Hz, 2H), 4.24 (q, /= 7.1 Hz, 2H),
3.17 (d, J = 8.3 Hz, 2H), 1.46 (t, J= 7.1 Hz, 3H), 1.33 (t, J = 7.2 Hz, 3H). YF NMR (376 MHz, CDCl;), § (ppm)
=-103.1 (d, J=267.7 Hz), -105.5 (d, J = 267.7 Hz). ®C NMR (101 MHz, CDCl;), § (ppm) = 164.7, 162.9 (t, Jc.r
=31.7 Hz), 150.6, 150.5, 149.2, 124.9, 123.3, 113.9 (t, Jc.r = 253.6 Hz), 63.5, 62.3, 43.5 (t, Jc.r = 23.7 Hz), 40.8
(t,Jer=4.9 Hz), 14.3, 13.8. FT-IR (cm ', neat, ATR), ¥ = 2983, 1741, 1665, 1610, 1575, 1513, 1448, 1368, 1355,
1250. HRMS (ESI) calced for Ci4Hi7BrF.NO,4 [M+H]™: 380.0309, found 380.0311.
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Ethyl 4-Bromo-2,2-difluoro-6-phenylhexanoate (3aa)

Br £ F
OEt

O

Prepared according to the General Procedure from the corresponding styrene 1aa (66.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-N,N-diethyl-2,2-difluoroacetamide (1a, 203 mg, 1.0 mmol, 1.1 equiv). After purification by
automated flash column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3z was
obtained as a colorless oil (158 mg, 0.35 mmol, 70%). The spectroscopic data matches with the reported literature.’
'"H NMR (500 MHz, CDCls), & (ppm) = 7.30 (t, J = 7.4 Hz, 2H), 7.21 (t, J= 7.7 Hz, 3H), 4.32 (q, J = 7.2 Hz, 2H),
4.15 — 4.10 (m, 1H), 2.94 — 2.62 (m, 4H), 2.24 — 2.12 (m, 2H), 1.34 (t, J = 7.2 Hz, 3H). *C NMR (126 MHz,
CDCl), 6 (ppm) = 163.6 (t, J = 32.2 Hz), 140.3, 128.7 (2C), 128.7 (2C), 126.5, 114.9 (t, J=253.7 Hz), 63.4, 45.6
(t,J=5.8Hz),43.9 (t,J=23.6 Hz), 40.8, 33.5, 14.0.

4-(1-Bromo-4-(diethylamino)-3,3-difluoro-4-oxobutyl)phenyl Acetate (4a)

Br R F
NEt,

AcO °

Prepared according to the General Procedure from the corresponding styrene 1a (81.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-N,N-diethyl-2,2-difluoroacetamide (2b, 127 mg, 0.55 mmol, 1.1 equiv). After purification by
automated flash column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 3a was
obtained as a colorless oil (168 mg, 0.43 mmol, 86%). '"H NMR (500 MHz, CDCls), § (ppm) = 7.44 (d, J= 8.4 Hz,
2H), 7.09 — 7.02 (m, 2H), 5.35 (t, /= 6.9 Hz, 1H), 3.45 — 3.43 (m, 2H), 3.35 — 3.33 (m, 2H), 3.28 — 3.14 (m, 2H),
2.29 (s, 3H), 1.16 — 1.12 (m, 6H). ’F NMR (376 MHz, CDCl;), § (ppm) = -98.1 (d, J = 278.2 Hz), -99.0 (d, J =
278.2 Hz). *C NMR (101 MHz, CDCls), § (ppm) = 169.1, 161.9 (t, Jc.r = 28.2 Hz), 150.5, 139.3, 128.4 (2C),
127.0, 122.5, 121.8 (2C), 117.9 (t, Jc.r = 258.1 Hz), 45.05 — 44.05 (m), 41.8 (t, Jc.r = 15.6 Hz), 21.1, 14.2, 12.3.
FT-IR (cm ', neat, ATR), ¥ = 2983, 1740, 1668, 1611, 1596, 1513, 1444, 1387, 1361, 1259, 1210, 1172. HRMS
(EI) calcd for CisH20F2NO3 [M-Br]: 312.1411, found 312.1418.

° Riente, P.; Pericas, M. A. ChemSusChem 2015, 8, 1481—1844.
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2-(4-(1-Bromo-4-(diethylamino)-3,3-difluoro-4-oxobutyl)benzyl) 1-(tert-Butyl)(2R)-pyrrolidine-1,2-
dicarboxylate (4b)

Br R F

NEt,
NBoc
O\(o !
0]

Prepared according to the General Procedure from the corresponding styrene 1ab (68 mg, 0.20 mmol, 1.0 equiv)
and ethyl 2-bromo-N,N-diethyl-2,2-difluoroacetamide (2b, 63 mg, 0.28 mmol, 1.1 equiv). After purification by
automated flash column chromatography (from hexanes to 10% EtOAc in hexanes), the title compound 4b was
obtained as a colorless oil (96 mg, 0.17 mmol, 85%). '"H NMR (500 MHz, CDCl;), § (ppm) mixture of rotamers:
7.42 (m, 2H), 7.32 (m, 2H), 5.35 (t,J=7.0 Hz, 1H), 5.26 — 5.03 (m, 2H), 4.39 — 4.21 (m, 1H), 3.59 — 3.07 (m, 8H),
2.31-2.16 (m, 1H), 2.00 — 1.81 (m, 3H), 1.46 — 1.33 (s, 9H), 1.20 — 1.08 (m, 6H)."’F NMR (376 MHz, CDCl;),
(ppm) mixture of rotamers: -98.6 (m), -98.8 (m). *C NMR (101 MHz, CDCls), § (ppm) mixture of rotamers: 173.0,
173.0,172.8, 161.9 (t, Je.r = 29.1 Hz), 154.4, 153.8, 153.7, 142.0, 141.7, 137.6, 137.3, 136.4, 136.3, 136.0, 129.0,
128.6, 128.6, 128.2, 127.5, 127.4, 126.0, 125.9, 118.0 (t, Jc.r = 258.0 Hz), 79.9, 79.9, 79.8, 79.8, 66.0, 65.8, 59.1,
58.9, 58.9, 46.6, 46.4, 44.9 (t, Jc.r = 32.1 Hz), 44.5 (t, Jc.r = 22.6 Hz), 42.3, 41.8 (t, Jc.r = 7.0 Hz), 47.1, 39.9 (4,
Jer=21.5Hz),30.9,29.9,28.4,28.2,24.4,24.3,23.6,14.2,12.3, 11.2. FT-IR (cm ', neat, ATR), ¥ = 2974, 1811,
1745, 1692, 1464, 1393, 1367, 1322, 1249, 1226, 1158, 1123, 1081. HRMS (ESI) calcd for C»sH3sBrF2N>OsNa
[M+Na]": 583.1595, found 583.1592.

Ethyl 4-(4-Acetoxyphenyl)-4-bromo-2-fluorobutanoate (5a)

Br F
OEt

AcO

Prepared according to the General Procedure from the corresponding styrene 1a (81.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2-fluoroacetate (2¢, 185 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash column
chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 5a was obtained as a colorless oil
(140 mg, 0.40 mmol, 81%). dr: 1:1. "H NMR (600 MHz, CDCls), § (ppm) = 7.48 — 7.44 (m, 2H), 7.24 — 6.96 (m,
2H), 5.37 — 4.54 (m, 2H), 4.38 — 4.19 (m, 2H), 2.94 — 2.47 (m, 2H), 2.33 (bs, 3H), 1.46 — 1.25 (m, 3H). ’F NMR
(376 MHz, CDCl;), & (ppm) = -193.8 — -195.0 (m). *C NMR (151 MHz, CDCl3), § (ppm) = 169.9 — 168.3 (m),
150.9, 150.8, 129.5, 128.7, 128.5, 122.2, 122.0, 121.8, 88.1 (d, Jc.r = 185.9 Hz), 86.0 (d, Jc.r = 185.9 Hz), 61.9,
48.9 (d, Jer = 3.5 Hz), 46.9 (d, Jc.r = 3.5 Hz), 42.8 (d, Jor = 20.9 Hz), 42.6 (d, Jcr = 20.9 Hz), 21.1, 21.1, 14.1.
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FT-IR (cm ', neat, ATR), ¥ = 1760, 1739, 1681, 1451, 1373, 1325, 1296, 1193, 1164, 1123. HRMS (EI) calcd for
C14H16FO4 [M-Br]: 267.1033, found 267.1044.

4-(1-Bromo-4-ethoxy-3-fluoro-4-oxobutyl)benzyl 5-(2,5-Dimethylphenoxy)-2,2-dimethylpentanoate (Sb)

Br F

OFt

Me Me

Me ONK[(O 0
jOS:

Me

Prepared according to the General Procedure from the corresponding styrene 1q (50 mg, 0.15 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 50 mg, 0.30 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound Sb was obtained as a colorless
oil (64 mg, 0.12 mmol, 85%). dr: 1:1. "H NMR (600 MHz, CDCL3), § (ppm) = 7.45 — 7.31 (m, 3H), 7.29 — 7.15
(m, 1H), 7.00 (d, J = 7.4 Hz, 1H), 6.66 (d, J= 7.4 Hz, 1H), 6.60 (d, / =4.9 Hz, 1H), 5.39 — 4.53 (m, 4H), 4.30 —
4.19 (m, 2H), 3.90 (td, J = 6.1, 2.8 Hz, 2H), 2.88 — 2.43 (m, 2H), 2.31 (s, 3H), 2.16 (s, 3H), 1.75 — 1.67 (m, 4H),
1.35 - 1.29 (m, 3H), 1.25 (t, J = 5.2 Hz, 6H). ’F NMR (376 MHz, CDCl;), § (ppm) = -194.7, -195.9. *C NMR
(151 MHz, CDCls), 6 (ppm) = 177.9 — 177.7 (m), 170.0 (d, Jc.r = 23.4 Hz), 169.3 (d, Jc.r = 22.9 Hz), 168.9 (d, Jc.
r=23.4Hz), 157.2,157.2,140.9, 140.3, 139.7, 137.5, 137.4, 136.7, 134.7, 130.6, 128.9, 128.6, 128.5, 128.4, 128.0,
127.7,123.8, 121.0, 112.2, 88.3 (d, Jc.r = 184.7 Hz), 87.4 (d, Jc.r = 185.8 Hz), 68.1, 66.2, 65.85, 62.2, 61.8, 49.6
(d, Jer=2.7Hz), 47.5 (d, Jc.r = 3.8 Hz), 42.9 (d, Jc.r = 21.3 Hz), 42.5 — 42.4 (m), 34.2 (d, Jc.r = 20.7 Hz), 30.8
(d, Jer=3.3Hz),25.4,21.7,16.0, 14.4. FT-IR (cm ', neat, ATR), ¥ =2951, 1761, 1728, 1508, 1472, 1415, 1390,
1373, 1263, 1211, 1190. HRMS (ESI) calcd for C2sH37BrFs [M+H]": 551.1808, found 551.1801.

Ethyl 4-Bromo-2-fluoro-4-(3-(trifluoromethyl)phenyl)butanoate (5c¢)

Br F

FsC OEt
0

Prepared according to the General Procedure from the corresponding styrene 11 (68.9 mg, 0.40 mmol, 1.0 equiv)
and ethyl 2-bromo-2-fluoroacetate (2¢, 148 mg, 0.8 mmol, 2.0 equiv). After purification by automated flash column
chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 5¢ was obtained as a colorless oil
(115 mg, 0.32 mmol, 80%). dr: 1:1. "H NMR (600 MHz, CDCls), § (ppm) = 7.69 — 7.66 (m, 1H), 7.65 — 7.56 (m,
2H), 7.55 — 7.38 (m, 1H), 5.35 — 4.54 (m, 2H), 4.33 — 4.16 (m, 2H), 2.94 — 2.17 (m, 2H), 1.31 (m, 3H).”’F NMR
(564 MHz, CDCl;), § (ppm) = -62.7 — -62.9 (m), -193.1 — -195.3 (m). *C NMR (151 MHz, CDCl3), § (ppm) =
169.8 (d, Je.r = 23.4 Hz), 169.1 (d, Jc.r = 22.9 Hz), 168.7 (d, Jc.r = 23.4 Hz), 142.1, 141.4, 141.2, 132.2, 131.6 (d,

Jor=32.7Hz), 131.0, 129.9, 129.8, 129.3, 126.0 (q, Jcr = 3.5 Hz), 125.9 (q, Jc.r = 3.8 Hz), 125.5 (q, Jc.r = 3.8
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Hz), 124.6 (q, Jer = 3.8 Hz), 124.4 (q, Jor = 3.8 Hz), 123.7 (q, Jer = 271.2 Hz), 123.5 (t, Jor = 6.5 Hz Hz), 88.3
(d, Jer=186.4 Hz), 88.1 (d, Je.r = 186.4 Hz), 87.3 (d, Jo.r = 186.4 Hz), 86.7 (d, Jor = 186.4 Hz), 62.3, 61.9, 48.4
(d, Jer = 3.3 Hz), 46.4 (d, Jor = 3.8 Hz), 42.8 (d, Jer = 20.7 Hz), 42.4 (d, Jer = 20.7 Hz), 34.0 (d, Jer = 21.3 Hz),
30.6 (d, Jer = 3.8 Hz), 14.3. FT-IR (cm ™}, neat, ATR), ¥ = 1760, 1739, 1451, 1373, 1325, 1296, 1193, 1164, 1123.
HRMS (EI) caled for CisHi3BrF;0, [M-F]: 337.0051, found 337.0049.

Ethyl 4-Bromo-2-fluoro-4-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)butanoate (5d)

Me

Me
Me>2\(? Br F
B OEt

Me” o~

Prepared according to the General Procedure from the corresponding styrene 1k (57.5 mg, 0.25 mmol, 1.0 equiv)
and ethyl 2-bromo-2-fluoroacetate (2¢, 185 mg, 1.0 mmol, 4.0 equiv). After purification by automated flash column
chromatography (from hexanes to 5% EtOAc in hexanes), the title compound Sd was obtained as a colorless oil
(80 mg, 0.19 mmol, 77%). dr: 1:1. '"H NMR (600 MHz, CDCl;), & (ppm) = 7.80 — 7.57 (m, 2H), 7.50 — 7.21 (m,
2H), 5.28 — 4.47 (m, 2H), 4.24 — 4.12 (m, 2H), 2.84 — 2.07 (m, 2H), 1.31 — 1.26 (m, 12H), 1.27 — 1.19 (m, 3H). “F
NMR (376 MHz, CDCl;), § (ppm) =-193.0 —-195.0 (m). "'B NMR (128 MHz, CDCl;), & (ppm) = 30.8. *C NMR
(151 MHz, CDCls), é (ppm) = 169.9 (d, Je.r = 23.5 Hz), 169.2 (d, Jc.r = 22.9 Hz), 140.2, 139.5, 139.1, 1354,
135.3, 134.8, 133.8, 133.3, 132.8, 131.5, 130.3, 128.5, 128.4, 128.0, 88.3 (d, Jc.r = 128.6 Hz), 87.5, 86.7 (d, J =
185.8 Hz), 86.7, 84.1, 83.8, 61.9, 61.5, 50.0 (d, Jc.r = 2.8 Hz), 47.8 (d, Jc.r = 3.8 Hz), 42.6 (d, Jc.r = 21.0 Hz), 42.2
(d, Je.r=20.5 Hz), 34.2 (d, Je.r = 20.9 Hz), 30.5 (d, Jor = 3.3 Hz), 24.9, 24.9, 14.2, 14.1, 14.1. FT-IR (cm ', neat,
ATR), ¥=2979, 1762, 1740, 1605, 1431, 1358, 1317, 1275, 1212, 1166, 1144. HRMS (EI) calcd for CisH2sBFO4
[M-Br]: 335.1830, found 335.1825.

(1R,28,5R)-2-Isopropyl-5-methylcyclohexyl 4-(1-Bromo-4-ethoxy-3-fluoro-4-oxobutyl)benzoate (5e)

OEt

Me o
U/ rMe
Me
Prepared according to the General Procedure from the corresponding styrene 1u (50 mg, 0.17 mmol, 1.0 equiv)

and ethyl 2-bromo-2,2-difluoroacetate (2a, 65 mg, 0.35 mmol, 2.0 equiv). After purification by automated flash

column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 5e was obtained as a colorless
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oil (72 mg, 0.15 mmol, 87%). dr: 1:1. "H NMR (600 MHz, CDCls), § (ppm) = 8.05 (d, J = 8.2 Hz, 2H), 7.51 (d, J
= 8.3 Hz, 2H), 5.37 — 4.48 (m, 3H), 4.32 — 4.13 (m, 2H), 2.93 — 2.43 (m, 2H), 2.11 (dd, J = 10.3, 5.9 Hz, 1H), 1.94
(dt,J=7.1,3.4 Hz, 1H), 1.81 — 1.69 (m, 2H), 1.63 — 1.49 (m, 2H), 1.31 (t, /= 7.1 Hz, 3H), 1.19 — 1.05 (m, 2H),
0.92 (d,J= 7.1 Hz, 6H), 0.79 (dd, J = 7.0, 3.0 Hz, 3H). ’F NMR (376 MHz, CDCl;),  (ppm) = -194.7, -195.8 13C
NMR (151 MHz, CDCls), § (ppm) =169.2 (d, Je.r = 22.9 Hz), 168.7 (d, Jer = 22.9 Hz), 165.6, 145.6, 144.6, 131.7,
131.5, 130.6, 130.5, 127.8, 127.6, 86.9 (d, Je.r = 186.4 Hz), 86.7 (d, J = 186.4 Hz), 75.4 (d, Je.r = 3.3 Hz), 62.3 (d,
Jer=3.8 Hz), 49.1 — 48.4 (m), 47.5, 47.0 — 46.5 (m), 42.7 (d, Jer = 7.6 Hz), 42.1 (d, Jer = 6.0 Hz), 41.2, 34.6,
31.7, 26.8 (d, Jer = 2.7 Hz), 23.9 — 23.8 (m), 22.3, 21.0 (d, Jer = 4.4 Hz), 16.8 — 16.7 (m), 14.4. FT-IR (cm ',
neat, ATR), ¥ = 2954, 2928, 1763, 1740, 1712, 1455, 1418, 1371, 1272, 1214. HRMS (ESI) calcd for
C3H3.BrFO,Na [M+Na]': 493.1366, found 493.1343.

Synthesis of Ethyl 4-(4-Acetoxyphenyl)-4-azido-2,2-difluorobutanoate (6)

N3 R F
OEt

AcO

The bromide was prepared according to the General Procedure from the corresponding styrene 1a (81.1 mg, 0.50
mmol, 1.0 equiv) and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through
a short plug of silica and solvent evaporation, the crude was dissolved in 5 mL of dry DMSO in the presence of
NaN3; (49 mg, 0.75 mmol, 1.5 equiv). The reaction was stirred overnight at rt. Upon completion, the reaction was
poured into H>O (10 mL) and the mixture was extracted with EtOAc (3 x 10 mL). The organic phase was washed
with H>O (20 mL), and satd aq NaCl (20 mL), and the layers were separated. The organic phase was dried with
Na,SO4 anh. After solvent removal, the crude was subjected to purification by automated flash column
chromatography (from hexanes to 10% EtOAc in hexanes), yielding the title compound 6 as a colorless oil (95 mg,
0.30 mmol, 58%). '"H NMR (600 MHz, CDCls), § (ppm) = 7.27 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 4.69
(dd, J=9.5, 4.4 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 2.68 — 2.32 (m, 2H), 2.23 (s, 3H), 1.28 (t,J = 7.2 Hz, 3H). “F
NMR (376 MHz, CDCls), § (ppm) = -102.7 (d, J = 264.6 Hz), -106.8 (d, J = 265.2 Hz). *C NMR (151 MHz,
CDCl), 6 (ppm) = 169.2, 163.5 (t, Jc.-=32.1 Hz), 151.0, 135.5, 127.9 (2C), 122.3 (2C), 114.4 (t, Jc.r = 255.4 Hz),
63.2, 59.5 (m), 41.2 (t, Jor = 23.8 Hz), 21.1, 13.9. FT-IR (cm ', neat, ATR), ¥ = 2985, 2105, 1760, 1508, 1425,
1371, 1340, 1303, 1189, 1167, 1085. HRMS (EI) calcd for Ci4H;5F204 [M-N3]: 285.0938, found 285.0988.
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Ethyl (E)-4-(4-Acetoxyphenyl)-2,2-difluorobut-3-enoate (7)

F F
(0]
AcO

The bromide was prepared according to the General Procedure from the corresponding styrene 1a (81.1 mg, 0.50
mmol, 1.0 equiv) and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through
a short plug of silica and solvent evaporation, the crude was dissolved in 5 mL of dry EtOH in the presence of
EtONa (170 mg, 2.5 mmol, 5.0 equiv). The reaction was stirred overnight at rt. Upon completion, the reaction was
poured in H>O (10 mL) and the mixture was extracted with EtOAc (3 x 10 mL). The organics were washed with
H,0 and dried over Na,SO4 anh. After solvent removal, the crude was subjected to purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), yielding the title compound 8 as a colorless oil
(72 mg, 0.26 mmol, 51%). '"H NMR (600 MHz, CDCls), § (ppm) = 7.38 (d, J = 8.6 Hz, 2H), 7.03 (d, J = 8.6 Hz,
2H), 6.98 (dt, J=16.1, 2.5 Hz, 1H), 6.18 (dt, J=16.2, 11.3 Hz, 1H), 4.27 (q,J= 7.1 Hz, 2H), 2.23 (s, 3H), 1.28 (t,
J=17.1 Hz, 3H). F NMR (376 MHz, CDCl;), § (ppm) = -103.3 (s). *C NMR (151 MHz, CDCl;), § (ppm) =
169.2, 163.8 (t, Jc.r = 34.9 Hz), 151.6, 135.8 (t, Jc.r = 9.5 Hz), 131.8, 128.6 (2C), 122.1 (2C), 119.1 (t, Jc.r = 25.0
Hz), 112.6 (t, Jor=248.7 Hz), 63.2, 21.1, 14.0. FT-IR (cm ', neat, ATR), ¥ = 1761, 1656, 1604, 1508, 1418, 1371,
1299, 1268, 1195, 1167, 1075. HRMS (ESI) calcd for Ci4HisF204 [M+H]": 285.0938, found 285.0938.

Ethyl 4-Acetoxy-4-(4-acetoxyphenyl)-2,2-difluorobutanoate (8)

AcO F F
OEt

AcO ©
The bromide was prepared according to the General Procedure from the corresponding styrene 1a (81.1 mg, 0.50
mmol, 1.0 equiv) and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After filtration through
a short plug of silica, AgOAc (83 mg, 0.5 mmol, 1.0 equiv) was added, and the mixture was heated at 50 °C for 4
h. Upon completion, the reaction was poured into H,O (10 mL) and the mixture was extracted with EtOAc (3 x 10
mL). The organics were washed with HO and dried over Na,SO4 anh. After solvent removal, the crude was
subjected to purification by automated flash column chromatography (from hexanes to 10% EtOAc in hexanes),
yielding the title compound 8 as a colorless oil (100 mg, 0.29 mmol, 59%). "H NMR (500 MHz, CDCl;), § (ppm)
="H NMR (500 MHz, CDCl3) & 7.36 (d, J = 8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 6.04 (dd, /= 9.7, 3.9 Hz, 1H),
4.27(q,J=17.1,2H), 2.82 (m, 1H), 2.51 (m, 1H), 2.29 (s, 3H), 2.03 (s, 3H), 1.35 (t, /= 7.1 Hz, 3H)."’F NMR (376
MHz, CDCl;), § (ppm) = -103.6 (d, J = 266.5 Hz), -105.7 (d, J = 267.4 Hz). *C NMR (101 MHz, CDCl;), § (ppm)
=169.4,169.3, 163.5 (t, J=32.3 Hz), 150.7, 136.5, 127.7 (2C), 121.9 (2C), 117.5 114.2 (t, Jc.r = 252.6 Hz), 69.2

(t, Jer = 5.1 Hz), 63.01, 40.9 (t, J = 23.4 Hz), 21.1, 20.9, 13.9. FT-IR (cm ', neat, ATR), ¥ = 1761, 1659, 1656,
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1600, 1501, 1418, 1371, 1300, 1268, 1195, 1165. HRMS (ESI) calcd for Ci6H;3sF20sNa [M+Na]': 367.0969, found
367.0962.

Ethyl 2,2-Difluoro-2-(2,3,4,5-tetrahydro-[1,1'-biphenyl]|-2-yl)acetate (9)

Ph R F

OEt
)

Prepared according to the General Procedure from the corresponding styrene 1ac (79.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 9 was obtained as a colorless
oil (57 mg, 0.20 mmol, 41%). '"H NMR (600 MHz, CDCls), § (ppm) = 7.30 — 7.04 (m, 5H), 6.00 (t, J = 6.0 Hz,
3H), 3.74 — 3.58 (m, 2H), 3.55 — 3.41 (m, 1H), 2.33 — 2.06 (m, 4H), 1.96 — 1.56 (m, 4H), 1.07 (t, /= 7.2 Hz, 3H).
YF NMR (376 MHz, CDCl;), & (ppm) = -105.4 (d, J = 250.5 Hz), -108.4 (d, J = 250.1 Hz). *C NMR (151 MHz,
CDCly), 6 (ppm) = 164.4 (t, Jc.r = 32.6 Hz), 142.1, 133.2, 128.0 (2C), 127.0 (2C), 116.5 (t, Jc.r =257.8 Hz), 62.5,
39.9 (dd, Jor=23.1, 21.0 Hz), 25.3, 22.4 (2C), 18.1 (2C), 13.6. FT-IR (cm ', neat, ATR), ¥ = 3025, 2941, 1759,
1492, 1445, 1372, 1295, 1265, 1207, 1185, 1145, 1109. HRMS (ESI) calcd for Ci¢HisF20.Na [M+Na]™: 303.1173,
found 303.1171.

Ethyl 2,2-Difluoro-4-phenylpent-4-enoate (10)

I RF
Ph/I\)S(OE‘

0]

Prepared according to the General Procedure from the corresponding styrene 1ad (59.1 mg, 0.50 mmol, 1.0 equiv)
and ethyl 2-bromo-2,2-difluoroacetate (2a, 203 mg, 1.0 mmol, 2.0 equiv). After purification by automated flash
column chromatography (from hexanes to 5% EtOAc in hexanes), the title compound 10 was obtained as a colorless
oil (38 mg, 0.16 mmol, 32%). '"H NMR (600 MHz, CDCls), § (ppm) = 7.33 — 7.21 (m, 5H), 5.43 (bs, 1H), 5.24 (bs,
1H), 3.99 (q,J= 7.1 Hz, 2H), 3.23 (td, J= 15.6, 1.0 Hz, 2H), 1.14 (t,J= 7.2 Hz, 3H). YF NMR (376 MHz, CDCl;),
S (ppm) = -103.3 (s). ®C NMR (151 MHz, CDCl;), § (ppm) = 163.8 (t, Jor = 32.5 Hz), 140.2, 128.4 (2C), 128.2,
127.9, 126.4 (2C), 119.3, 115.1 (t, Jor = 252.3 Hz), 62.8, 40.3, 13.8. FT-IR (cm ', neat, ATR), ¥ = 3041, 2990,
1760, 1495, 1446, 1374, 1335, 1292, 1221, 1183, 1116, 1074. HRMS (ESI) calcd for Ci3H14F,0-Na [M+Na]":
263.0860, found 263.0852.
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S. Mechanistic Investigations
A. Quantum yield
The quantum yield of the reaction was determined using the procedure reported previously:'® Styrene 1a and ethyl

bromodifluoroacetate 2a were used as model substrates to determinate the quantum yield of this transformation,

using 1,3,5-trimethoxybenzene as internal standard in a proportion 1:1 with 1a.

0 Br £ F
/@/\ . Br% Ir(ppy)s (0.2 mol %) /@M(OEt
OEt
AcO F F MeCN (0.2 M), rt ACO o)
1a 2a Ar,1h 3a
Blue LEDs

The quantum yield of the reaction is defined as:

®(reacti £ 456 nm) = mol of formed product 1
reactiona = mol of photon flux - t - f 1)

where @ is the quantum yield of the reaction, t is the time of the reaction (s), and f is the incident light absorbed by
the Ir(ppy)s photocatalyst at 456 nm. The photon flux is calculated by standard ferrioxalate actinometry'' (see
Section A4.3).

A. 1. Incident light absorbed by Ir(ppy)s

The fraction of light, f, absorbed was determined according to equation 2:
F=1-10"% 2

Where A is the absorbance of the Ir(ppy); in MeCN at 456 nm. The wavelength of 458 nm was chosen based on
the known absolute ®(Fe*?) value. The absorbance of the reaction components (1a: 0.2 M, 2a: 0.4 M and Ir(ppy)s:
0.2 mM) in MeCN (1 mL) to a cuvette equipped with a Teflon-coated magnetic stir bar and stirred for 30 seconds.
The absorbance was recorded. The absorbance (A) at 458 nm was determined to be 1.067 (Figure S2), thus

indicating the fraction of light absorbed is 0.91 according to equation 2.

!0 El Khatib, M.; Serafim, R. A. M.; Molander, G. A. Angew. Chem. Int. Ed. 2016, 55, 254.
' Demas, J. N.; Bowman, W. D.; Zalewski, E. F.; Velapoidl, R. J. Phys. Chem. 1981, 85, 2766.
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Figure S$2. UV-Vis spectra of all reaction components (1a: 0.2 M, 2a: 0.4 M and Ir(ppy)s: 0.2 mM) in MeCN

A.2. The photoredox reaction
The photoredox transformation was developed using the general procedure for 60 min. Afterwards, 1,3,5-
trimethoxybenzene was added as internal standard, and the solvent was evaporated. The yield of the reaction was

determined by 'H NMR (Figure S3), where 0.024 mmols (12%) of the desired compound were obtained.

@ © =0 TN N Oc DO OW YN
< @00 mEnne h s e e NN
© RNt TITTE @ OO0 OBo - = -

~ N e ~N

OMe Br £ F

/©/\ OEt
AcO (0}
MeO OMe AcO

T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

Figure S3. '"H NMR (500 MHz, CDCl;) of the reaction after 60 min in the presence of 1,3,5-trimethoxybenzene
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A.3. Photon flux at 458 nm
Standard ferrioxalate actinometry was used to determine the photon flux of the spectrophotometer using equations

3 and 4. For the ferrioxalate actinometer, the production of iron(II) ions proceeds by the following reactions:*

light

[Fe(C0,)n]*32m Fe*? +(n-1)(Cy04)% + C04

[Fe(C,04)n*32M + C,0, ——> Fe*? + n(C,04)7? + 2CO,

The moles of Fe formed are determined spectrophotometrically by development with 1,10-phenanthroline (phen)

to form the red [Fe(phen)s]** moiety (A = 510 nm).’ The photon flux is defined as shown in equation 3:

mol Fet?
Photon flux = m (3)
where @ is the quantum yield for the ferrioxalate actinometer (0.84 at A = 458 nm), t is the time (s), f ~1, and the

mol of Fe'? are calculated according to equation 4.

V- AA
* €

mol (Fet?) =

(4)

where V is the total volume of the solution, AA is the difference in absorbance between irradiated and nonirradiated

solutions, 1 is the path length (1.0 cm), and ¢ is the molar absorptivity at 510 nm (11110 L mol™ cm™).?

B.4. Experimental
The following solutions were prepared in the dark (flasks were wrapped in aluminum foil) and stored in the dark

at room temperature:

— Ferrioxalate solution (0.15 M): Potassium ferrioxalate hydrate (1.312 g) was added to a flask wrapped in
aluminum foil containing H.SO4 (20 mL, 0.05 M). The flask was stirred for complete solvation of the green solid

in complete darkness. It is noteworthy that the solution should not be exposed to any incident light.

— Developer solution: 1,10-Phenanthroline (50 mg) and NaOAc (11.25 g) was added to a flask containing H,SO4
(50 mL, 0.5 M) and sonicated until completely solvated.

The absorbance of the non-irradiated sample. The buffered solution of phen (350 puL) was added to a ferrioxalate

solution (2.0 mL) in a vial that had been covered with aluminum foil and with the lights of the laboratory switched
off. The vial was capped and allowed to rest for 1 h and then transferred to a cuvette. The absorbance of the non-

irradiated solution was measured at 510 nm to be 0.32 (average of two determinations, see Figure S4).
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The absorbance of the irradiated sample. In a cuvette equipped with a stir bar was added the ferrioxalate solution

(2.0 mL), and the stirred solution was irradiated for 90 s at A = 458 nm with an excitation slit width = 10.0 nm.
After irradiation, the buffered phen solution (350 pL) was added to the cuvette and allowed to rest for 1 h in the
dark to allow the ferrous ions to coordinate completely to phen. The absorbance was measured at 510 nm to be

1.80 (average of two determinations, Figure S4).

Dark 1
3,0 - —— Dark 2
28]
2,6
24 ]
22 ]
2,0
1,8
1,6 -
1,4
1,2 ]
1,0
0,8
0,6
0,4 ]
0,2
0,0 4

Absorbance (AU)

T T T T T T T T T T T T T T T T T
440 460 480 500 520 540 560 580 600
Wavelength (nm)

Figure S4. Absorption spectra for irradiated and non-irradiated samples of red [Fe(phen)s;]
Photon flux sample calculation. Sample calculation:

V- AA

mol (Fe*?) = e

(4)

0.00235L-1.48

1 (Fe*?) = = 3.13x10""mol
mol (Fe™) = T3 em - 11100 L - mol-iem—1 X240 mo
mol Fe*2
Photon flux = m (3)
3.13x107"mol o . . 1
Photon flux = ——— = 4.14x107° einstein s~

0.84-90s-1

A.5. Quantum yield of the photoinduced transformation

Therefore, the quantum yield of the reaction was determined to be:
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product

®(reaction at 458 nm) = mol of formed (D

mol of photon flux - t - f

2.4x107° mol

& tion at 458 = -
(reactiona M) = 4 4%10-9 einstein s 1 - 3600 5 - 0.91

1.8

The quantum yield studies indicate that this is a radical-chain process as evidenced by the @ value. In other words,
the quantum yield value indicated that 1.8 equivalents of product are formed for every photon absorbed, which is

a result that could only be consistent with a radical chain mechanism.

B.  Light-off experiment

To determine the necessity of constant light irradiation with the optimized conditions, a reaction mixture was
irradiated for 10 min, and then the light source was removed. The reaction was allowed to proceed overnight, after
which a 'H NMR crude analysis showed only 10% yield. Given the low photochemical quantum yield value
obtained through our experiments (1.8) and very low photocatalyst loading (1000 ppm), the reaction requires a

longer time to proceed to complete conversion, thus requiring constant LED irradiation.

OMe

Me0/©\OMe

Br R F

/©/\ OFEt
AcO

AcO

T R

6 7.4 72 7.0 6.8 66 6.4 62 6.0 58 56 54 52 50 4.8 4.6 44 42 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 22 2.0 1.8 16 14
f1 (ppm)

3.00]=—
020

Figure S5. '"H NMR (400 MHz, CDCl;) of the reaction (10 min irradiation and 15h stirring without irradiation) in

the presence of 1,3,5-trimethoxybenzene

S35



617
0zt

v60
[y
8e ) = 60
oy - 1680
= 280

95 p- 980
85y 580

1911 \ €60

ooy

© ©
P
2

i

i - 261

Qo (@)
208~ J\ . .
v08~" = = Epl
(@)

6. NMR spectra
O,
o

Me
Me

2.0

T

2.5

T

3.0

T

3.5

1 (o)
'H NMR (400 MHz, CDCls) of compound 1p.

T T T T T T T
7.5 7.0 6.5 6.0 5.5 5.0 4.5

8.0

8.5

1.0 0.5 0.0 -0.5 -1

1.5

9.0

=344
0062~
0092
¥0 mm\

SE96—

2880k~
126017

Y9l —

ozL—

1299 —

|

|

60 50 40

70

T
200

T
210

f1 (ppm)

C NMR (101 MHz, CDCls) of compound 1p.

S36



&Z—
9LV —

8l'c—
€T

06€
L6E
L6E
6E

299
899

0,9
€19
vi9—
197
201~
voL"
€L
A
orLT
4

Me Me

Me

Me

=819

- Fage

- ®o0€
- 60€

- 661

10T
00}

Fzo'l

2.5

3.0

3.5

I 4.0
f1 (ppm)
'H NMR (400 MHz, CDCls) of compound 1q.

T T
5.0 4.5

5.5

6.0

0.0

0.5

1.0

1.5

2.0

6.5

7.0

7.5

8.0

8.5

9s517
Wiz~
PIN-AN

EVLE—
8ley—

1669~
€649

16~
Tyl —
020z}

8.8#
PESTI"
91’8z~
0S 08l —
98sEl

mm.meW
Gt'oE \

eV L€l

26951 —

65240

Me Me

Me

Me

-10

20

40

60

70

T
200

T
210

f1 (ppm)

C NMR (101 MHz, CDCls) of compound 1q.

S37



a9l

1z
AN
62
Z€S
15
8.5
285
129
1L9
zL9
zL9
€19
b9
VL
AN
STi~
L
6L \
Wi

Cl

Me Me

QL
Jm_w

——F50C

==Fe0l

—Fool

= Foaz

= 081
—==— GG
- 6l

2.5

3.0

3.5

T

T
4.5

5.0

5.5

6.0

1.0 0.5 0.0

1.5

2.0

4.0
f1 (ppm)

"H NMR (400 MHz, CDCl;) of compound 1r.

7.5 7.0 6.5

8.0

SEGC—

G699

956L—

G —

90z~
LE92)

€212 F/
9,82~
60624
0L PEL~
8791 —
eg el

66ESL—

CLEL —

Cl

Me Me

40 20

T
90 80 70 60

T
100
f1 (ppm)

léo 1}0 16IO lflio 1‘;,0 150 1?|.0 11'0
C NMR (101 MHz, CDCls) of compound 1r.

T
190

T
200

S38



v8c
s8¢
8¢
GEE
LEE
8EE

Ph

T

-0.5

0.0

T

0.5

VNI N
T T

1.5

2.0

25

e m——— 1007

3.0

e HIOO.N

T T
4.0 35

4.5

T

5.0

[4e)4
= 100

T

5.5

=== Lo}

6.0

T

6.5

= T g0

7.0

6}
- €6C
10T

7.5

661
=6

T T T
9.0 8.5 8.0

9.5

10.0

1.0

f1 (ppm)

'H NMR (500 MHz, CDCls) of compound 1s.

1582—
E5EE—

r99—

prpLL
2592l /
Wiz
ey il
or'ezl
298zl
62821
el
el
SGGE vw

08¢ —

|21

Ph

-10

20

40

70

T
90

T
100
f1 (ppm)

260 1;0 1&;0 1'70 1&0 1;0 1:10 150 150 110
C NMR (126 MHz, CDCls) of compound 1s.

T
210

S39



M OOWONOW N~ DM O NWOLOMUDLOMONO DODAM~ DWW — TON— M~
e AP L v
Me A

TV |
R —
ang_xE—

P, (X
FRLEE 8 88
—— MmN~ -~ — o

T T T T T T

T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5
f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 1t.

3.0 2.5 2.0 1.5 1.0 0.5

Me X

—-1171

T T T T

T T T T T T r T T T T T T T T
-20 -30 -40 -50 -60 -70 -80 -90 -100  -110 <120 -130  -140  -150  -160
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 1t.
S40

-170 -180 -190 -200



€8l —

906y —

8r'99—

LLELV —

Me

T
-10

70

T
200

T
210

f1 (ppm)

3C NMR (151 MHz, CDCls) of compound 1t.

~
o
—

o

o

i
e

Me

woo.v

%S.F
U—rooe

ﬁoo.r

Fse

Wmm._‘

2.5

3.0

3.5

fl (pnm)4.0
'H NMR (400 MHz, CDCl3) of compound 1u.

4.5

T
5.0

5.5

6.0

0.5

1.0

1.5

2.0

6.5

7.0

7.5

8.0

S41



i —

CEQLL—

909217
1862}

SDQN
IRt
YATIEN

28891

Me

70

T T
200 190

T
210

f1 (ppm)

C NMR (101 MHz, CDCl;) of compound 1u.

1S
nu.m/
62
629
61°G
om.mV

€8'G

189
mw@/
G8'9~~

1897
zeL
ee s>
9&%
N
9&%
ov L]
Lyl
8vL
1872
182
Nmi
8L

—770|

= Feot

0.5

1.0

1.5

2.5

3.0

50 45 40
f1 (ppm)
"H NMR (400 MHz, CDCl;) of compound 1w.

5.5

95 90 85 80 75 70 65

10.0

S42



XA]
Nm.m/
ve's

VN.mN
cL'S
Nm.mV

9L°G

GL9
GL9
9.9

9.9
089
289
£8°9
689 'f
6e L)t
ovL]
L]
VL
SvL
Lyl
1972
29/
29°L1
€92

E10'L

F00'L

G6°0
WNO._‘

10°L
Mmm.o

=M 1671

0.(

0.5

1.0

1.5

3.0

50 45 40

f1 (ppm)

"H NMR (400 MHz, CDCl;) of compound 1x.

80 75 6.5

8.5

9.5

8¢S
om.m/

08'9
189
289
€8'9
¥8'9
689
289

om.b
9z'27
0g2
e
2]
Ly L]
v L
AR
v
Ll
Ly L]
8L
8/
6L
9.1
8./
18°L1

08
¥8'G
6.9

18°2°

F2oL

Feot

0.0

0.5

1.0

1.5

2.0

2.5

35 3.0

4.0

4.5

I 8.|5 8.‘0 715 7:0 6.|5 6.‘0 5:5 5.0
f1 (ppm)
"H NMR (400 MHz, CDCl;) of compound 1y.

9.0

9.5

10.0

0.5

S43



[ g N S Yo N Vo)
oOoOoOuVWunWvw
PSR e LLoVove B AR A

T
-0.5

0.0

0.5

1.0

=T L

T T T
3.0 2.5 2.0

3.5

4.0

A

U N
Fzol

T
4.5

5.0

5.5

%H&.N
L HIDD.F
860

ooy

7.0

Fco

T T
8.5 8.0

9.0

9.5

1.5

6.5 6.0

7.5

10.5 10.0

11.0

f1 (ppm)

"H NMR (500 MHz, CDCl;) of compound 1z.

yl—

Glgo—

010z~
87Tl —
98€zL”

8l'vEL—

0Z9ri~
888yl ~
SE0SL

67’691 —

-10

20

40

70

T
200

T
210

f1 (ppm)

3C NMR (126 MHz, CDCls) of compound 1z.

S44



o
)
iy

NBoc

= Tmm

= Wmo.m

Fiol

Am:\ w_‘o.m

=== 100}

|I|IHN 88l
- mmmm._‘

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.5

5.5

9.0 8.5

9.5

10.0

f1 (ppm)

Hz, CDCls) of compound 1ab.

99¢C
Nw.mm/
CEPTE

SZ8C
mv‘mNV

0662f
680€
65 1€
veop
sop”
1685
ozes”
1699—

L66L—

ka4
N<,3rv.

[4c4%

08¢
SO€eLL >

NBoc

-10

20

40

50

70

80

T
200

T
210

f1 (ppm)

C NMR (101 MHz, CDCl;) of compound 1ab.

S45



M —d OO~ OTITANNODODN NO D
=T O NN == — O M Mmoo
P~ P~ [vlvEvivIvEVIVEVIVEGEO TN -~
NS -
Br R F
0]
0 ~
PN 0
(0]
|
|
1 )
I
M i L ow
¥y e e e ! y
o 0 o o~ w0 ~ w©
S o S © =3 o o}
o - ~ -~ ~ o ™
- : : - - - : : : - - - : : - - - : : : : - - -
11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -0
| f1 (ppm)
H NMR (400 MHz, CDCl;) of compound 3a.
= 0o -
) N (=3
(] = T w0
e == e
- y -
Br R F
0]
o ~
PS 0
(0]
| |
T T
8 3
— o
-102.0 -102.2 -102.4 -102.6 -102.8 -103.0 -103.2 -1034 -103.6 ~-103.8 -104.0 -104.2 -1044 -104.6 -104.8 -105.0 -105.2 -1054 ~-105.6 -105.8
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3a.

S46



— TN @ - fos} D WvDm

ol @© @ N AIon P~ cwq
@ 0005 N o [ W = OT — o 3O
O WO O w (3] o~ N~ — — [y =TT T
——— -~ - -~ ——— - © T T T
N [N ~-

|4

r—-
-
—

T T T T T T T

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

f1 (ppm)
C NMR (101 MHz, CDCl;) of compound 3a.
BHHBBERRY 20w B5888388RENECUOITNNNNN NS EREY,
P P P P P P P P P [to TR 0s TTTLTTTT IO IO 009090505 03000000 — — — ———
e | et RN e e | e ="
Br R F
o~
o)
1
f i
| 1
A i A . L,
T T T T i
w0 o ~ () N
= ] S S ==
- -~ o~ o~ am
8:0 7:5 7.\0 6:5 G.Il] 5.|5 5|.0 4.|5 4:0 3:5 310 2:5 Z.IO 115 110
f1 (ppm)

"H NMR (500 MHz, CDCl3) of compound 3b.
S47

—21.10
—1378



—-10347
—-104.18
—-104.31

105.01

Br R F

)

1.03

1.00

T T T T T T T T T T T T T T T T T
-100.5 -101.0 -101.5 -102.0 -102.5 -103.0 -103.5 -104.0 -104.5 -105.0 -105.5 -106.0 -106.5 -107.0 -107.5 -108.0 -108.5

1 (ppm)
19
F NMR (376 MHz, CDCIs) of compound 3b.
n2s 2 & 8 B8F g BoBBYR3S 2
888 8 & &8 23¢ 2 3IIIIIFs o
~e YA ==
Br R F
o~
o
]
| I}
i. L
21|0 260 19|0 15'30 1}0 160 15|0 1‘;0 1:;0 120 11|0 10|0 9|0 BIO 7}) 6|0 5|0 4IU 3}] ZIO 1|0 (IJ -iO
1 (pom)

3C NMR (101 MHz, CDCl;) of compound 3b.

S48



TITOANO DD PDO®D =P OO OV T T O — o~ OITO-—NMNOODDWOITITNO N—®
TITIITTOOOOMOOOHOOHM OO OO0 N=— e T ANNNNE s — == = — Mo
L e e e 0w T T T 0007000050000 0500 ——

—————— - SN T et — -

Br R F
Ov
o)
I
i |
i i s T W
& 8 S ] 2
w -~ o™ o~ ™
lIS 1(;.0 9:5 9:0 S.IS 8.0 7:5 7:0 6.I5 6:0 5.IS S.IO 4:5 4.I0 3.IS 3.IO 2.IS ZIO 1.|5 1.IO 0:5 O.IU <0I.5
. f1 (ppm)
H NMR (400 MHz, CDCls) of compound 3c.
8 &% ©
[w] = T w
8 88 ¢
AV
Br R F
Ov
0]
1
1 1
[ s
g 8
o -
-9I7 -QIS -9‘9 -1I(]0 -1;]1 -1I02 -1l03 -164 -1l05 -1I06 -12)7 -168 -1I(]9 -1I10 -1|11 -1‘12 -1I13 -1‘14 -1I15
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3c.

S49



Qo© @ DNO oOom
=T —®o ] [ XX o] ~— O ™ P~ O ~
Mooy o WO O = NS0 b~
O 0o = NN - [s2] TIIT T (32
= — ——— === 0 TITIT T -
~- N VI =
Br R F
1
1
1 1
J II l
. H 1] P . "

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
f1 (ppom)

13
C NMR (101 MHz, CDCIs) of compound 3c¢.
OO0 T MM == CODON—DOOOOITIN—D n—o
OOOOWYWLY NN N~ N NN === == O Mmmo
I N N N N VWY T T T 0090907 090009 0900 0 ——
2 N~
Br R F
Fs;C
Il
h
“ i III”N
\ L4
b T ' T iy
own o © o) o
oo o R o N
oo -~ -~ o~ [+2]
T T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 3d.
S50



8 833338
w e EE e e
L\ 2
Br £ F
Ov
(0]
F5C
! J“i
P]-(
© g8
o) ~——
-50 -55 -éO -éS »%0 -;5 -éO -éS -50 »éS -160 -165 »1;0 »1;5 -150 -155 -150 -155 >1k0
19 f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 3d.
/I OERsE28588388 ®w=omn ©
mm o DM~ D DD WVWON GO T — ST ANOMNN© N~
0w O ANAONONANANNANNN ~— ~— — TITITANN (2]
= |  rrrrrrrree e e e TITTTTT —
~ e e ) =
Br R F
o
(0]
F5C

‘Ij}i“ A

i
L _

T T T T T
180 170 160 150 140

T T T T T T T T T T T T
130 120 110 100 90 80 70 60 50 40 30 20
f1 (ppm)

3C NMR (101 MHz, CDCl;) of compound 3d.

S51

10



D O —OO~ COM— ——®

WO N~ NANNN NN === == == — 00 0MMm

[ 01010 15 TLTT OO OI005 0505050507 0507 03000 00— — —
A iy A

~ - R )

Br R F

NC

1.00-] -

1982
200
1971

w | 209{ =
3.41{%

T T T T T T T T T T T

T T T T
11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 .0 2.5 2.0 1.5 1.0 0.5 0.0 -05

f1 (ppm)
"H NMR (400 MHz, CDCl;) of compound 3e.

TTOT

Br R F
Ov
NC °
|
= 3

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
-95 -96 -97 -98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -108 -109 -110 -111 -112 -113 -114 -115 -116 -117 -118 -119 -120 -121
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3e.

S52



883 g 82 =23k Q NOWOITOT [}
™ol ) N O WOmN— s NO~=T OO @
O OO - M N == [42] TOONNN (2]
- = = = EEEEE ©0 T T TS ~—
~ I I SN\ s
Br R F
Ov
0]
NC
|
|
1 !
|
- R | |
i , Il .
T T T T T T T T T T T T T T T T T T r T T r T
210 200 190 180 170 160 150 140 130 120 110 100 90 8 70 60 50 40 30 20 10 0 -10
f1 (ppm)
13
C NMR (101 MHz, CDCIs) of compound 3e.
88 &2 {52 SP2LCFRI222 2T ICCY FE8
Do 660G TETTOOOOEE OO0 660 m =2
Y4 \ ~ B N
Br R F
o~
o) o)
(0]

3.36=

P Yoy S—
2.06{ g
L

2.05x
1.00=
1981

T T T T T T T T T T T T

T
0.5 100 95 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

"H NMR (400 MHz, CDCl;) of compound 3f.
S53



103.30
-104.01
104.70
105.41

Br R F
o~
0 o)
o)

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
24 -102.6 -102.8 -103.0 -103.2 -103.4 -103.6 -103.8 -104.0 -104.2 -1044 -1046 -104.8 -105.0 -105.2 -105.4 -105.6

T
-105.8

T T
-106.0

T T
-106.2

1 (ppm)
F NMR (376 MHz, CDCl;) of compound 3f.
{BGL 2 g4e3 B8y g  mI=goIg 2
8838 2 888 L3Iz o ATTOOO0 I
—— — - —— 0 OTTTTTT ~
SN N4 N | | S |
Br R F
Ov
_0 o)
o)
1
1
|
| |
. | M
J ) ¥ L
21|0 260 19|0 18|0 17I0 160 15|0 14:0 1?:0 12|0 1io 160 9I0 8|0 7l0 6|0 SIO 4|0 3|0 ZIO 1|0 ll) -1I0

f1 (pom)

3C NMR (101 MHz, CDCls) of compound 3f.

S54



] 3883 Q QUeBIN-O58IZ5RIR
@ WO MM [t TTLTTOOOOOO MM O~ — —
Br R F
O\V//
HO O
O
1
1
1
! A
T L i ' e T
o w - o o w0 (=]
& s =2 < @ S o
-— o~ o~ -~ -— o~ ™
5 14 13 12 11 10 9 8 7 6 ' 4 3 2 1 0 1 2 3
| f1 (ppm)
H NMR (600 MHz, CDCls) of compound 3g.
83128
o o= 15
2222
NViZ
Br R F
O\V//
HO (0]
(@]
I}
1 I
)
88
e
65 70 75 80 85 50 95 100 105  -110  -115  -120  -125  -130 135  -140  -145  -150  -155  -16

f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3g.

S55



Cl

HO

M OOk o O —d N WO

= oo © oo wwo @ NG oon
M~ WWO - M NN — [y2] TTOMOANN
- - - ——— === © TIITITITT
I~ NI/ NI L

1382

T
210

T
200

T
190

T
180

T T T T T T T T

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

f1 (ppm)
13

C NMR (151 MHz, CDCIs) of compound 3g.

O~ I~ OO LW O~ O ——DOO’)COI\ DO’)I\(DLO‘!‘V(')NN‘—OCDO)COCDV(')N

NNNNNN Qooo TS OO0 —O000000000 Q0O MIMAANNN

Ll ol ol ol el VWV WLW VVVVVVV mmmmmmmmmmmmNNNN‘—‘—‘—

e Rl e )

Br R F
Ov
0]

L l LJL‘
iy i L L '
o™ o @ g o™
© S o S S
™ -~ ~ o~ ™

L0.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 3h.
S56



-103.49
104.20
104.49

-105.20

/
-
\

Br £ F
Ov
(0]
Al
I, .
iy
oo
o~
-60 -65 -70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160
1o f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 3h.

8=8 82818 =88 . e 0M OO o

889 8328 oo P SYSoom ™

—— —— —— ©0 <t <t <t < < <F —

~~ R NV =\ =
Br R F
o~
(0]
1
1 1 'I
1
i l | , TN " ll
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)

C NMR (101 MHz, CDCls) of compound 3h.

S57



13.07
306
(304
134
133
131

<

NO—O owns —ONDOVITIMON——OND D
nHmoO == NN —=-000 ]
[ 10 0900 0900 09 05 09 09 €5 09 05 09 05 00 00 )

N G i e | i

Br £ F
o~
(0]
Br
1
j ﬂ Y AW | l
by [ i R v
gL 8 8 e 5
— - — — o o
10I.0 9:5 9.|0 8:5 8.‘0 7:5 7.'0 615 6.|0 5.|5 5.|0 4:5 4.IO 3.|5 3.|0 ZIS 2.‘0 1.'5 lfO 05 0.|0
| f1 (ppm)
H NMR (400 MHz, CDCl;) of compound 3i.
DO DOD
T NT —
8338
N
Br R F
Ov
(0]
Br
I
I,
~2IO -Z;O -40 -SIO -6I0 -7I0 -SIU -QIU ~1£]0 -1I10 ~1I20 -1I30 -1:40 -1I50 -1I60 -1|70 -1I80 -1I90 -260
f1 (pom)

F NMR (376 MHz, CDCl;) of compound 3i.

S58



(('\1’9_% g 583’) Qg% ® —0OMO®© O P~ Q
2gg g §'y o3d g LEsEmse & g
——— — - - © TIITITITT M o~ -~
~ 7272 N NI/ =\
Br R F
o~
(0]
Br
]
1
| 1
I (-
i 1l J |-
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
i f1 (ppm)
C NMR (101 MHz, CDCIs) of compound 3i.
M =0 — O~ DOOITITIANNONDODOOTITNO O OM— N
0O = N~ T AN NN e e OMMOMMn AN
P P P P wnwvw TLTTTOOOOOOOOOOMMM— ~— v
VoV S~
Br £ F
o~
O-g o
|
o
1
U I ‘ AJ(
A ‘ Jﬂ — —
oy T T N )
T = o D =g g(ﬂ
- Q o ] @ o
o o — — — —m
T T T T T T T T T T T T T T T T T T T T
30 25 20 15 1.0 05 00 -05 -1

T T T T T T T T T
13.0 12,5 12.0 11.5 11.0 105 100 95 9.0 85 80 75 70 65 6.0 55 50 45 4.0 35
f1 (ppm)

'H NMR (400 MHz, CDCl;) of compound 3j.
S59



83883
OMmsT 0
8838
~ 7NN
Br R F
o~
O~ o
|
(0]
8 5
- o
39 -90 91 -92 -93 -94 -95 -96 -97 -98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -108 -109 -110 -111 -112 -113 -114 -115 -116 -117 -118 -119 -120
f1 (ppm)
19 .
F NMR (376 MHz, CDCIs) of compound 3;j.
&
8
Br R F
Ov
|
(@)
AL .
0 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0 -2 -4 -6 8 -0 -12 -14 -16 -18 -20 -22

f1 (ppm)

"B NMR (128 MHz, CDCl;) of compound 3k.

S60



LVES—

86€e8—

0L b~
0yl —
L9

25921~
[Z¥15e

62GEL—

vZerL—

88¢ol
61'€91
LGEDL

Br R F

T T T T
200 190 180 170

T
210

-10

40

50

70

f1 (ppm)

3C NMR (101 MHz, CDCl;) of compound 3j.

1z
T
€211
A

8211
6621

8zs
624
0L
[A A
[A
Ers
ers
L
i
292

894
89/
vl
vl

—

Br R F

O/B

ovel

= 880

DO O
Q@0 o0
co~o

LA

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

10.0

1 (ppm)

'H NMR (400 MHz, CDCls) of compound 3k.

S61



—-103.13
—-103.84
—-10458
—-105.29

L

1.00
0.97{

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
78 -80 -82 -84 86 -88 -90 -92 -94 -96 -98 -100 -102 -104 -106 -108 -110 -112 -114 -116 -118 -120 -122 -124 -126 -128 -130 -132
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3k.

— 30.4.

-B

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 T T T T T T T T T T T T T T T T
58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24
f1 (ppm)

"B NMR (128 MHz, CDCl;) of compound 3k.
S62



6L€—

68'%Z
06'¥%Z >

X444
LEVY
[ 844
or'vy
0S'vy
£S5y

ries—

08—

15Th
YTl —
6647

62821 —
1Z0EL
IEEEL~T
zrseL”
08661 —

00€9L
LZE9L
EVE9L

OV

Br R F

%

90

T
100
f1 (ppm)

90 180 10 10 130 0 $0 120 110
C NMR (101 MHz, CDCls) of compound 3k.

T
200

oYL

€54
654

192
94
v9L
v9L
894
694
692

125
mmmw
€05
ses”/

F3C

5.0

5.2 5.1

f1 (ppm)

5.3

AL

gee

=00}

LE'L
LT
60'}

=
o
et}
o
o
[
L2
o~
e
o~
o ==
L2 en
e
g
Lo 2
a0 Q
g
IM w
[
] ©
™
p—
ER
n a
€0
n N
s
|M m
F
~
1“ R
. Z
=
1
~
LS
@
|-
-]
2
(=
[
(=
<
[a

S63



DD N
~ Mo wuN
™~ oT 0
o~ OO0 00O
@ A
S\
Br F F
F3C O~
(0]
1
|
l‘ |
L
! T
@ oo
S So
(o) P
T T T T T T T T T T T T T T T T T
-40 -45 -50 -55 -60 -65 -70 75 -80 -85 -90 -95 -100 -105 -110 -115 -120
1o f1 (ppm)
F NMR (376 MHz, CDCls) of compound 31
= M~ P(D(D(")O(D(DO’)IONWIOVDLONVVO’)N
MO~ nov\v‘—oo T~ OON ,‘——mmmom [=) 0 — Mmoo o
Mmool — COOMNUNVNNITTIITNDO T — N NMoo oo ~
O WO ﬂmm(‘)(’)NNNNNNNNNNNN‘—\——— [42] TITITAANN [32]
Ler IeeeCCCCoCCCCoCon T 3 333999 bl
~N | =5 = =
Br £ F
F3C O~
(6]
1
1
1
I
| ! "o l
1 ! 1
i G . .
T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

C NMR (101 MHz, CDCl;) of compound 31.

S64



acy

0.5

1.0

Br R F

Cl

=p0€

T

15

T

2.0

1
T
2.5

T
3.0

3.5

T

4.0

|l 86

T

4.5

5.0

-lJ 00}

0.0

f1 (ppm)

Hz, CDCIs) of compound 3m.

Br R F

9.5

10.0

Cl

FelLl

Foot

-120 -125 -130 -135 -140 -145 -150 -155 -160

-115
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3m.
S65

-75 -80 -85 -90 -95 -100 -105 -110

-70




N— D DO FTO—O M~ © <1
0o @O ROO®MOon S—D I~ MO —©O o
0o o O — N ©m— Y @©
WO OMOONNN - fy2d (wivEwlofeo Rl @
——= e - o TTTOOO —
~ R NN =
Cl Br F F
]
I
|
| I
1
i l i |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
3 f1 (ppm)
C NMR (101 MHz, CDCIs) of compound 3m.
T OO0 NDDOVO—O0OMO~OTNO COITTON—TOTNOONDDVODWTO—D ~um
OB IITIOONONNS ===~~~ ANNNNNNNANANN= === == =0 BOo
P P P P P P P P P P P P P P P P P P P WD WD WD) TLTTTTTTTOOOOOOOOOOOOO -

e e T [ RN PR -

Br Br F F

0.97 - ———
1.971 P——

|
W

A

U
b
o

2014
1.00=
100

| 3.31_1t__
i

T T T T T T T T T T T T T T T T T T
0.5 10.0 95 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 3n.
S66



Br Br F F
Ov
@)
|
‘ J
T
5 8
o ~—
T T T T T T T T T T T T T T T T T
-75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155
1o f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 3n.

NO© MO — 0w AN

0 N o TON—— O O~ © =2 OND—©0©O o

™oy DOODDN  OF — N P 03 EN RO S S0 @

Loe QOOINN - 3 222999 o

~ PSSV N N

Br Br g F
Ov
0]
|
1
| Vg
i L . o
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

f1 (ppm)

C NMR (101 MHz, CDCl;) of compound 3n.
S67



F:

TONO ©Wnm— VWY FTON ——
D nn M mmm M0 @@ mm
2R5® Y7 zaggees

/ e =

2.14] S —
219{ %_

‘ A
B e
8 s
- ]
8:0 715 710 615 6:0 515 5:0 4:5 410 315 310 2:5 210 1‘5 1;0
. f1 (ppm)
H NMR (400 MHz, CDCl;) of compound 3o.
8531 £ 258Nl 855
2885 S dEsnggaese
N e
F Br £ F
o~
O
F:
F:
1
|
| ' .
K — 1
85 8 g8 3
~o -~ — —

T
-20

T
-30

;
-40

T
-50

-60

T T T T T T T T T
-70 -80 -90 <100 -110  -120  -130  -140  -150
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3o.
S68

T
-160

T
-170

T
-180

T
-190

T
-200



a;8el—

6982—
Ficy
65 |y
=104
[7434
vy
9Ly
8\
68'\y
15334

65€9—

STZUL
E6EL
orphl
Erpil
0Sphl
ESTil
657l
z9vil
0954
68921~
55221
8g°9€l
00 €1
1Y8EL~F
95 8eLp
59'8e}
0L 0v1
£L0p1
1000} u
6071
z80p) ]
980l %
8g oyl
160pl
SE0pl
el
el
vyl
g5yl
95zl
8g eyl
29Tyl
sgzrl
86 Erl
S9SpL
£5291
v229l
5629l

Br R F

siny

-10

T T T T T T
170 160 150 140 130 120

T
180

T
200

T
210

f1 (ppm)

C NMR (151 MHz, CDCl;) of compound 3o.

————

Br R F

O/l,

o

O\

LE€
S0'€
8l'e
80'€
FANS)

Fiez

€0'e
Mmm.m
ErAl
8Ll
As

60°}
=00}

=80’}

=88l

=66}

50 45 40 35 30 25 20 15 1.0 05 00 -05 -1(

5.5
f1 (ppm)

11.5 11.0 10.5 100 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0
'H NMR (500 MHz, CDCl3) of compound 3p.

12.0

S69



-103.31
104.01
~-104.68
\..105.38

/..

f1 (ppm)

3C NMR (101 MHz, CDCI;) of compound 3p.
S70

Br R F
O
O//, Ov
O\\‘ O O O
(0]
|
| I{
RN
o wn
S
- O
-80 -85 -90 95 -100 -105 -110 -115 -120 -125 -130 -135 -140
" f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 3p.
gaac 8 3% bgass g oegueg gesoes 4859
8838 2 88 £LI=38 g “oO0GTm STIOMOOm CGWIT  ©
_——e e - e v P~~~ © ©© TTTTTT NN -~
N NN I S\ N\
O’% Br F F
O
O, Ov
X o o
o' o
O
1 |
|
|
JH l L1 | il Lt
2]I.0 260 19|0 18IU 17‘0 16|0 ISIU 1‘%0 13;0 12IO liU 160 9l0 SIU 7I0 66 SIU 4Il] 36 2I0 1I0 6 -1|0



M- OOOVITNOODRMM —ooN DD OMITO— OON

TITMOONOOR OGO N——== ErEeC00m NNNNTrrmrecre e == — 00 1

PP PP PP I O 0 O © © 00w FTITITOOM OOOMOOOHOOHOHMOMMMNN—«— ————
il A

VYA KgE 12T Q

! U —
L N 4. 4 o T o T T
ge 3 83 88 g o 8 &% & 8
el = - — o - ™o - =}

T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

'H NMR (400 MHz, CDCls) of compound 3q.

O~ 0

Yoo
o< 0
[eeoNoNe)
NIRRT
Y4

Br R F

1.00]
1.011

80 -85 -90 95  -100  -105  -110  -115  -120  -125  -130  -135
f1 (ppm)
F NMR (376 MHz, CDCl;) of compound 3q.

S71

70 75



08€l~,
1517
Wiz~
91'GT~

m:.m
m v.mv/
LEEY
96 EY
[10)44
0zvy
vy
9%y

2VEI~
67'G9—
18497

S69GL~
€829l
Gl'egl
or'eEgl

0524 —

-10

20

40

60

70

80

T
200

T
210

f1 (ppm)

C NMR (101 MHz, CDCl;) of compound 3q.

LE'L
(44
443
€€
€€l

Lol

66—

L9
mu.wv
vhL
Sl
9L
T4
8Ts
624
8E.
or's

89

=919

HTuo.N

I.m Fzzy

Fiez

00

=Tl
T
81

1.0

1.5

T T
3.0 2.5 2.0

3.5

4.0

T
4.5
f1 (ppm)

6.|5 6.|0 5.|5 5.'0
"H NMR (400 MHz, CDCl;) of compound 3r.

7.0

7.5

8.5

S72



\..10343
—-104.14
—-10451
10522

Br F F

ReRTUC A e

0]

i

1.00
1.06

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
-93 -94 95 -96 -97 -98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -108 -109 -110 -111 -112 -113 -114 -115 -116 -117 -118 -119 -120 -121
1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3r.

o~ =M o™ - T DOMN OMmnoD

N Oe® O M~ O —MiO N0 — @ o= o= ®
®m Mmoo M O © O TN ~ 0N sl R «
~ OO © T MO AN e @ © o ITTTOOOM 0
- —ee - - e e ~ © © TITITIT TSI N
| ~N- | TSNS YNV I N

Br R F
(0]

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

3C NMR (101 MHz, CDCls) of compound 3r.

S73



DHOOONONODODND I COONODONOONIT—ONANN T —ONDOOTITONN——ND M =
COONMNNMNMNOOONIT I MM N e e e e T I OONNNNNT e s — == == —000mmn
0000 00 M P I P P P P P P I P P P BOBEETIIITTIITOOOOODOOMB DO OEBDEOB BTN ——
S Nemse—— =\ e —
\/<j)Br\5<F'r
1
! L ] |
|
l I
L .
St A T T R T
T NOTOw @D o - 9 9 o
- —=—0O~ o] © N & O o
(SIS TS TSRS o - o oo o
T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5

3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

'H NMR (600 MHz, CDCl3) of compound 3s.

j |

1.00
1.06

T T T T T T T T T T T
-80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130 -135
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3s.
S74



1gel—

628C—
9EEE—
68 €Y
EGEY
96 ey
8z ry
vrey
651y

L2E9—
889 —

BrZIL~
oLl —
vaGLL
62 22}
85%
85421

62821
15821
99'8Z1
66'8Z1
L2 GEL
98'9€1
GB'6EL \

9E0vl
66'Gr1

96C91
LVEDL
8E'E9

69CL —

vS 61—

Br R F
0
o) ~
Q)WO °
0
Ph

-10

20

40

70

80

90

T
200

T
210

f1 (ppm)

C NMR (151 MHz, CDCl;) of compound 3s.

Br F F
m

8Ll
L1
L2
na
8yl
00¢
10'¢
R
zLe
pLe
10’6
20§
€0'G
v0's
506
50'61
90'G
L0G
8061
601
202
€02
pO'L
50
502
90'L
902
101
VL
1L
8L
8l
8l
8z'L
8T
621
6211
62 L7
62 L7
0g'L]
0¢'L
0¢'L7
1e'2]
Nm&
€L
G4
9¢'L
9¢'L
1€
8¢'L
8¢'s
Syl
oL
o' 11
oL
oL
na
N

——

T

JAA

—

uur 69'C

=60'¢

Figl

Fl6e

86|
61'C
Mo\..w
00¢
g6l

11.0 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 10 05 0.0 -0.5

T

T

f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 3t.

S75



NOODOZO DO ~—
T—HONMm 0
MOITITITOYN ~
22eeee o
e I
Br F F
‘F;‘)Yom
]
1
L
y
oo w0
oN -
T T T T T T T T T T T T T T T T T T T
-20 -30 -40 50 -60 -70 -80 -90 <100 -110 -120  -130  -140  -150  -160 -170  -180  -190  -200
19 f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 3t.
w OTOOON ~—NODODWOUMNOLMODONDOMOWODOMMONW®
© M-NVONVINTOONANITIOINMN ONY QM N—T pg] No© N ®
M OONOD—-—OOWOOWOOO O~ MMO0NIWWTN o= o= ®© ™~
T LooouIIIOCOONNNNNNNNNNNN - - 88 232 © o
| SV TS et I S Ll
Br F F
F 0] O
|
|
! | 1 | m
)
il | L ! .
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

1 (ppm)

3C NMR (151 MHz, CDCls) of compound 3t.
S76



120

s Sl

Br R F

)

2182
2859
2202

£
02T
66
660
sy

Fest

=641

o0}
=160

=18k

=8l

1.0 0.5 0.0 -05 -1(

1.5

10.5 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5 2.0
| f1 (ppm)
H NMR (600 MHz

11.0

CDCls) of compound 3u.

-

y¥'G0L-
€Lv0l-
86°¢0l-
LT°€0L-

Al
7

Br R F

|

-30 -40 -50 -60 -70 -80 90 -100 -110 -120 -130 ~-140 ~-150 -160 -170 ~-180 -190 -200

-20

f1 (ppm)

F NMR (376 MHz, CDCls) of compound 3u.

S77



9V'GL—

el
mo.v:V
SLGL
.R.m_‘—N.

VE LTI~
ZLoEl~
EELELT

E6Prl
S6vrl >

8ze9l —

=

Br R F

T
-10

20

40

50

70

80

T
200

T
210

f1 (ppm)

C NMR (151 MHz, CDCl;) of compound 3u.

Sy
9y
Ly
8y

Ll

=LlE

ey
1)
b0l

*50¢

T T T T T
5.0 4.5 4.0 3.5 3.0 2.5

T
5.5

T T T T
8.0 7.5 7.0 6.5 6.0

T
8.5

T
9.0

f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 3v.

S78



—-109.84
—-11052
—- 11170

—-11239

—_—
8 &
-~ o

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
-103 -104 -105 -106 -107 -108 -109 -110 -111 -112 -113 -114 -115 -116 -117 -118 -119 -120 -121 -122 -123 -124 -125 -126 -127
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3v.

M~ Y FTOW = MO~
Mmmm - DO T 0™ MINOMOO ——Q ©
[(ofleqie] =T M NANANN — —— ODOTITTOHDOD b =4 =9 = (2}
- = - e === OCHOVWYIFTTT mmom -
~ \/ SV I2ONI | = ~
Br
(N}
1
| |
|
]
1 |
i Ui
oL a1

T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

C NMR (151 MHz, CDCl;s) of compound 3v.

S79



iz
Tl
Tl
ezl
vzl
8IEq
8le
BLE
0C €
1Z€
1ZE
e
ECE
vz
vz
STE
mN@ﬁ
9T E~
9ze
8ze
0y
\ot
207
oY
YO
PO
S0P
S0
Ie'S
€S
PES

ZEL

064

Br R F

_JL}(A .UJLL

-1.5

T

-1.0

T T
0.0 -0.5

0.5

T

1.0

80€

T

1.5

T
2.0

2.5

3.0

Fosl

T

3.5

/67

4.5

5.0

=00}

T

5.5

T

T
6.0

6.5

T

7.0

L
z-98°0
Azl
=GE'L
60}

T T T T
9.0 8.5 8.0 75

9.5

10.0

4.0

f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 3w.

€6'70L-
€TY0L-
120l
0SE€0L-

Br R F

|

8s'}
ﬂoo.—

-120 -130 -140 -150 -160 -170 -180 -190 -200

-110
f1 (ppm)

-40 -50 -60 -70 -80 -90 -100
F NMR (376 MHz, CDCl;) of compound 3w.

-30

-20

S80



D OO DW= — MW —-—NO o~
M—0 QO —O~OMD —W0 M~ W=~ O [e2}
0oy DDO O TOM— 10 TN - O O M~ o
©©Oo HOHOAANNNE = — o] SIS T ]
v 0 T escev-eee-TTT © TITITT -
~- V7 SN A2 =
Br R F
1
1
Pl

| jJJ l II

A L Lild |
T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

T T T T
210 200 190 180
f1 (ppm)

3C NMR (151 MHz, CDCI;) of compound 3w.

DO OO~ OOONITITOON—D
(=] o

DDDOMNOOONDDD DD
VRV ITIOOANNOD OO L DD =
P P P P P P P P P P (0 0 0 O M@MMEEM OO0 MO0

TS

==
1.00 -2 ——

1941

) ;s
o | 2031
303-;(}

219
114
1.00=
0.99—=

T T T T

.0 2.5 20 1.5 1.0 0.5 0.0

T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.
f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 3x.
S81



w

-

-
A
X

-101.49

-102.84
-104.27
104.98

Ov
(0]
| |
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
19 f1 (ppm)
F NMR (376 MHz, CDCls) of compound 3x.
—OoM v (s} -~ w0
N 8 = = & mzogyy =
3388 3 e 8 o] WD KWW T o
-— — ~— ~— (o] T TTT T -~
~N- [ =
Br £ F
Ov
(0]
1
1
| 1 !
|
4 o l J il L
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (pom)

C NMR (151 MHz, CDCl;) of compound 3x.

S82



OONITODON OO ON—
DDA
0909 000000 0909 0505 05 05 093 03

80
78
76
76
43
42
35
34
33
33
25
25
526
525
524

¢
¢

115
1.14

£

114
113

1991
109

0.9%

105

T —

T T T T T

75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0
f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 3y.

h=3

10.0 9.5 9.0 8.5 8.0

21

—-1035
-104
-104.24

—-104.9:

<

Br R F

LA

| e

o =
Q Q

T T T T T T T T T T T T T T
-97 -98 -99 -100 -101 -102 -103 -104 -105 -106 -107 -108 -109 -110 -111
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 3y.
S83

T
-112

T
-113

T
-114



— oM NOMOMOOMONG «— <

TN NOWVOOITOM®D N =T o — w0 [v0]
oo OO~ MM ON TN - 30O ©
LLee TOONNNANN- o a8 Iz ®
~- SNEL ===y NI/ ~

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

C NMR (151 MHz, CDCl;) of compound 3y.

©0n 0w DD 00 OCOUITNN—OVVWVINDDVOOVVOON-—OON DV OWVD VWV OMN

N~ horr NN ST DD ITINNNNC S om0 0000ITIITMMM

w o © L WOWWTTTTTTTTOOO 0000000030050 MMM0— —————

\/ { - P S i s i it Sl AT
iip— p—

3.10=
3.00x

T
o
o

0.97-=

0.96-=

1.01=x
1.00=
206z
195x

T T T T T

T T T T T T T T T T T T
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
f1 (ppm)

"H NMR (500 MHz, CDCl;) of compound 3z.
S84



—-102.78
—-10350
—-105.19
—-10590

Br R F
> | o~
Ny o]
0~ ™o

—

-

1.00{

®
@
o

T T T T T T T T T T T T T T T T T T T T T T T
-86 -88 -90 -92 -94 -96 -98 -100 -102 -104 -106 -108 -110 -112 -114 -116 -118 -120 -122 -124 -126 -128 -130

f1 (ppm)
F NMR (376 MHz, CDCl;) of compound 3z.
2588 22 88 288 oY= TOMTO T - o
TONN OO0 IO OM— =M MO N~ Y]
gere BEF a8 22 88 999999 zo
NN NN \/ ] = N
Br R F
= | Ov
Na (0]
0o” "o
|
1
11
2£0 260 19IO 1!;0 17I0 16|0 15|O 1‘;0 1:;0 150 liO 160 9|O 8I0 7I0 6I0 SIU 4I0 3|0 2|O 1'0 6 >1‘0

f1 (ppm)

3C NMR (101 MHz, CDCls) of compound 3z.
S85



£l
ve L
9L
Gl
912
912
11T
8121
6121
0221
12Ty
€97}
5971
S92y
19°CH
892
6972
692
022
L2z
2Lz
INA
9,2
102
1]
6.2
08z
z8¢]
€821
v8Z]
68
R4
18721
18721
8821
68°C
0621
162
262
£67Z1
£6°C1
v6'C

——

oL v
Ly
N4
{84
€Ly
vl
62171
eV
zev
VeV
0z L1
V2L
AR
9z /1
621
0e21

zeL’

Br R F

.“

EFloe

1.5

2.0

Fioz

= To.v

2.5

3.0

3.5

F860
ooz

]

4.5

5.0
f1 (ppm)

'H NMR (500 MHz, CDCl;) of compound 3aa.

5.5

6.0

6.5

7.0

7.5

5 90 85 80

9.5

10.0

0.0

0.5

1.0

4.0

YES
SEG
LEG

904
204
204

s
ers
vl
vl

Br R F

Fol'g

zee

g60

.81

g6

T T
0.5 0.0

1.0

T

1.5

T

T T
25 2.0

3.0

T

3.5

T

T T T T
6.0 5.5 5.0 4.5 4.0

T

6.5

7.0

T T
8.0 7.5

8.5

T
9.0

f1 (ppm)

"H NMR (500 MHz, CDCl;) of compound 4a.

S86



9781
9855
~-98.64

99.38

Br R F (

. D S

1.04
1.00

T
-93.5

T
-94.0

T
-94.5

T T T T T T T T T T T T T T T T T T
-95.0 -955 -96.0 -96.5 -97.0 -97.5 -98.0 -98.5 -99.0 -99.5 -100.0 -100.5 -101.0 -101.5 -102.0 -102.5 -103.0 -103.
f1 (ppm)
19
F NMR (376 MHz, CDCls) of compound 4a.
= OO~ @ = TOOMO—©0
— NG © 5] [} THINTOM M0 OO ONO T~ D [
@ N — [=} @ WON— O 10 DOV OO - o
O WO w0 [} NANANNN— — T T T T T - =+ N
- = — - e TITTITITITTTTT N =
I~ | | S\ SNIZAS e = (Y
Br F F (
1
|
|
1 ]
]
| l Vol
H L ol Ll N
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

f1 (ppm)

3C NMR (101 MHz, CDCls) of compound 4a.

S87



@®
o«
]
—

Br R F

NBoc

= 685G

0.5

1.0

——— Foes
—

T

1.5

ZF Teze
= Fo1y

T T
2.5 2.0

3.0

3.5

Wmm.m

2 Fu

4.0

4.5

5.0

=== Fee

- =00}

T T
6.0 5.5

6.5

7.0

|w. S0¢
- Wor.m L

T
8.0

8.5

9.0

0.0

7.5

1 (ppm)

'H NMR (500 MHz, CDCl3) of compound 4b.

886~

©
=3

) @

©©0on
W mom
DDHDHD

t\'gg

DNWOMDD

586"

$

Br R F

NBoc

T
-130

T
-125

T
-120

T
-115

T
-110

f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 4b.

S88



=]

@

N
e

~
3

Br F F

-10

T
200

T
210

f1 (ppm)

C NMR (101 MHz, CDCls) of compound 4b.

Br

Fioe

Wom.m

Fozu

T

T

T

T

T

T

T

T

T

e
o
n
o
<
\n
<
o~
\n
o~
<
n“-3
"2
=
n O
" E
o
2 o
kS
2 =
=
n_Inw
)
o
(e}
2 O
° O
N
a7
>
Z
=
\n
~
<
=]
\n
@
=
o
1n
o
=
S

S&9



_—-19384
~-185.01

/4
own
ge

-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
19 f1 (ppm)
F NMR (376 MHz, CDCls) of compound 5a.
DA~ —0O @® 0 onooomo=
O———0O T @ r~ = o =] ~ONO N AHOWRNHDOWLW MON «—
SooamEe®s OO s O 03 6 N SIN@ 8 58388888 oo =
OOOWOWOOO 0w MMONANN O~ O = DoDOUOANNANN —— T
rrrrr - —ee— e @ 0 ® © © ITITIFTITTITT T NN —
g N, N ISR = Vo
Br F
]
1
]
I 1
i b L
1 I JJI .J. Bvark
210 200 190 180 170 160 150 140 130 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

C NMR (151 MHz, CDCl;) of compound 5a.

S90



|
o
.=
3
¥76'G oAl
- . 16561~
082 87p6L-—
L
g
Feuy
L=
o~
uwmmm
=00¢
L
o~
9T o
0
lo 2
m
3
)
g
)
Ll &)
[
1)
Faz =
Le =~
4\mc
To.m &8
=0
Lo N
Ales
. o
A
Le B
N’
=
e Z
==
L2
=]
L
0 | ¢
€0'1
=001 [
Fozy
Feie
L
~

-150 -155 -160 -165 -170 -175 -180 -185 -190 -195 -200 -205 -2

-145
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 5b.
S91

-85 -9 -95 -100 -105 -110 -115 -120 -125 -130 -135 -140

-80




Le vV
65Vl .
Er vl o €1
20911 _ €1
0911 rel
8912 1
e e Tl
: i
LE L€ ]
: we
ov /€1 ,
vETH = el
ey ﬁ - vz
I d%a - e
avevyl B Fs el
4 :
o] 1582 f. F6¢
S6Th | - F8 v2T] ]
e5 1b7 - 1T i
2t -
. Lo 62
mwmm; ¥ 6171
1 0921
sl W — R | =
1 R
11597 = gy -
6591 o 0 iy [
0299 B 8 2 nin
T T g siv]
9189~ - o Sty
6022 re & 9
omutw g 4]
i = S
vy /8 o LVPT
8.8% - S ey
612l = e M".ﬁ
1 — oz i
i £3 B : Fiee
1 o g
28 o (=€ w Mmﬂ
" ~
PIECH] A
mtm_; @) = N grol -
862211 W —_ = I e ooe
prEzl | NG/W
R > uss -
mm.mmi —_ L] — bred
v6'8Z1 Y o -— bRy
wmmm")r — s m—.mu
A B — -8 9’
VZ9EL o s
£L9€E) E— M €25
: o :
) = g Z
L16EL QU %S
pEOVL e & Wi
61 251 o= i
12 451 eri)
: — s gl
18891 o - 0o _
96'891 05 /A (@)
£2691 s e 154 - .
BE69L = = 2] 0] - wor
26691 1627
1ozl — g 252 TR
61211 8 i
19211 eoi]
88441 - 5] .
o FS 552 m
e
951
ol
0921
It
(@]
[32]
w

1.0 0.5 0.0

1.5

20

T

2.5

3.0

3.5

4.0

45
f1 (ppm)

"H NMR (600 MHz, CDCls) of compound 5c.
S92

T T T T
8.0 75 7.0 6.5 6.0 5.5 5.0

8.5

9.0




20G6)-
66761~
96 v61-
E6P6L-
1676~
28161-
28961~
GBY6L-
£5E6)-
05 €6~
8reEsl-
SiE6L-
preE6L-
ZreEsl-
BEEBL-
LE'EBL-

v229-
€429-

Br

FsC

= kool

— E6€

T T T T T T T T T T T
-110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210

T
-100
1 (ppm)

20 -30 -4 50 60 70 80 -0
F NMR (564 MHz, CDCl;) of compound 5c.

-10

207
mo.v_.v

€E0E
wm.omv
LLEE
mw.mmv.
ey
al'ey
evey
um.NvV
219
oN.va
al'ay
al'ay

208
90¢9 >

6.°68
2E'98
€048 /

09 /8~¢
gzl

RZ4%
R 748

FRAS
PIRZAS
PEVZI

LEV21
£9bzl

095241
£95211
S95ZL

895211
9521

65211
18STH
3T
£06CH
£56211
896211
9/0E41
060}y
9TIELE
BE1EL £
v 1EL *

L9'LEL
86 1€}

260v
el —EW
06'\rl

I

N S

Br

FsC

i

By

15

25

45 40

60 50

70

75
f1 (ppm)

C NMR (151 MHz, CDCl;) of compound 5c.

85

T T T T T T T T T
140 135 130 125 120 115 110 105 100 95

T
145

50

S93



€zl
€T}
v
v
VT
ST’
STy
9z’ 1y
8Z°1

NN.J

€Cl
€Tl
vel
vel
erA

821

8¢l
8¢’

€0'¢g
6L

1.1

1.2

1.3

f1 (ppm)

8¢l

wN._‘\

912
kA

mw.w%

KA
vib
Sl v
9Lt
9Lt
9Lt
CINa
NRa
LLv
iNe
8l v
8L ¥
8Lt

8LV~

61

ocy
€1'g
SlL'g

€28
mN.D/

€211
vZ 1
¥Z 1
vZ 1
62 /1
0€ 21
LeLq
ey
AR
e /1
b L
867/
65 /1
197y
89/
69/
6927
69°L
0.2

Sl

=

6L 11
9,21
IR
9L°21
10

Iz

Nr.m/
LT~
kA
2LT
€LTH
€12
7K4
GLTY
10T
0827
182
18z
182/

LLY
80°G
60°G
olL's
L'g
€L'g
€L'g
Sl'g
Sl'g
€C°g
#N.mV

Br

£zl
sz1/
08 L
21/
85,
65L
89,
69'L
69'L
69'L

SLL
wn&%
9L,

9,17

f1 (ppm)

- 90°%

78 77 76 75 74 73

IMM €0'e

6Ll

Fesro
 zvo

2.5

F vou

3.0

3.5

4.0

ooz

4.5

cle

T

5.0

6.0 5.5

6.5

7.0

f1 (ppm)

il

7.5

90y

T

8.0

T

8.5

2.0

f1 (ppm)

'H NMR (600 MHz, CDCl3) of compound 5d.

Ov

Br

]
B

%

-120 -130 -140 -150 -160 -170 -180 -190 -200

-110
f1 (ppm)

-30 -40 -50 -60 -70 -80 -90 -100
F NMR (376 MHz, CDCls) of compound 5d.

-20

S94



(@)
(@]
L
o
280e— =
o-a
7

T T
-10 -12 -14 -16 -18 -20 -22

T
-8

T
-4

f1 (ppm)

"B NMR (128 MHz, CDCl;) of compound 5d.

008zl
9€'8Z1
c58zl
vZOEL
Wil
08°¢CEL W
8CEEL
9L€EL 1
6L VEL
6ZGEL
PrGEL
rL'6EL
E56EL
9z ovl

99891
28891
01’691
ST691
08691
G669

L

il

i

Ov

F
i

Br

-10

T
90

T
100
f1 (ppm)

20]0 19lO 18'0 1}0 1t1>0 1;0 1‘;0 1?‘,0 12‘0 110
3C NMR (151 MHz, CDCl;) of compound 5d.

T
210

S95



Br

—

90'8-

|

NN NGO

ek by b bt b

Fsoz

90T

ooz

9.5 9.0 85 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

10.0

f1 (ppm)

"H NMR (600 MHz, CDCls) of compoun:

D oen,.
B sases
i) L

LLP6L-

Br

T

-2

-208

T T T T T T T T T T T T T T T T T T T T T
-166 -168 -170 -172 -174 -176 -178 -180 -182 -184 -186 -188 -190 -192 -194 -196 -198 -200 -202 -204 -206

T

T

-164

f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 5e.

S96



Mo
©N
o=
T
.
A rrp——

25421
Nm.mm_./
CO0EL
\.vdm_‘W
09°0EL
LSLEL
89'lEl

PR
095PL-"

65691
998391
298391
18'89)
£8'891
cL'e9l
r1'69l
22691
626391

Br

‘

-10

20

60 50 40

70

T
200

T
210

1 (ppm)

C NMR (151 MHz, CDCI;) of compound 5e.

904~
007
[T
8z L7

N3 R F

age

=0E€

Fuo
Fsot

.Iﬂwmm_

-

Fool

Fog'l
96l

T T T T T T T T T T T T T T T
1.6 14 12 1.

T

T

f1 (pom)
"H NMR (600 MHz, CDCls) of compound 6.

.6 74 72 70 68 66 64 62 6.0 58 56 54 52 50 48 46 44 42 4.0 3.8 3.6 34 32 30 28 26 24 2.2 2.0 18

S97



10234
-103.04
—- 10650
\-107.20

<.

oy
(=]
(=]
- 5
T T T T T T T T T T T T T T T T T T T
-20 -30 -40 50 60 -70 -80 -90  -100 -110  -120  -130 -140  -150 -160 -170  -180  -190  -200
1o f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 6.

N M~ O D D O©OND MW

NGO TN =] T 0OMNO T~ - NO M M~ — 10 - ©

@ mm o Y ONNOTN N DW= nNo = @

WW OO w0 (2] NN~ —— [y e Ne Yo Nl = - [32]

—— - - v OHOHOHm < <t <t o~ —

N (N Y| S ~- [

N3 F F
|
1
] J J I |
‘ n L Il“ I 1 l LI.A "
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 0  -10

f1 (ppm)

C NMR (151 MHz, CDCls) of compound 6.
S98



2833888835588 _2ee QA& & &
MNP ANSN OOOOO OO OO = T T T o~ —
e e PR I N>
R F
A Ov
(0]
PY 0
(0]
!
M i
| }
L
I T W 1 i
o™ N o w0 - w0
o ;O o (523 Q =
o = -~ -~ o o
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5
f1 (ppm)
1
H NMR (600 MHz, CDCls) of compound 7.
3
8
FF
X o~
(0]
PN 0
(0]
|
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -160 -170 -180 -190 -200
f1 (ppm)

F NMR (376 MHz, CDCl;) of compound 7.

S99



15162
5.87
581
5.75
186
857
2.10
925
909
892
428
2863
099

169.20
164.09
16385
16362

63.17
—21.11

—13.96

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
1 (ppm)

3C NMR (151 MHz, CDCls) of compound 7.

PO O P NION DONOMVDIIONANN——ONDNDOOVONODNODNOWY T

[CleE=1=1 O0O00 NANNNGHNDOODOOODBRM~RNDVLNIIINOHN O

[y S N COOO FTITTITANNNNNNNNNNNNNNNNNNNNNN NN N~ —
pi mi———

VAV R e O

T
-10

UJJ%

T T o
2 3 g g 88
- - — — —m

| 302y
3.02-1

T T T T T T T T T T T
100 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 2.5
f1 (ppm)

"H NMR (500 MHz, CDCl5) of compound 8.
S100



10324
10395
-105.31

10802

~
)OJ\
O FF
(0]
o) ~
P 0
(0]
83
- ; ; . ; ; ; - - - - - ; : : . - - -
20 30 -40 50 60 -70 -8 -9  -100 -110 -120 -130 -140  -150  -160  -170  -180  -190  -200
19 f1 (ppm)
F NMR (376 MHz, CDCIs) of compound 8.
aJBBY 0 S ~ae e MO WY ono o ®
DHPHM MM o o I~ — O — NN—=O =] o *
O W W OO w0 (2} NN~ — — dDOHIDM — 00 -0 ™
rrrrr - -~ ——s=F © oD O T N —
~ N 7 NSNS '/ ~~ Y o
)OJ\
O FF
(0]
0 ~
P 0
(0]
|
1
]
| | ,
| . | i | |
210 200 180 180 170 160 150 140 130 120 110 100 90 8 70 60 S0 40 30 20 10 o -0
f1 (ppm)

3C NMR (101 MHz, CDCls) of compound 8.
S101



o
N
~

2,

i

€CL

Fiee

E ﬁrmm.m
%ow.m

2.5

T

3.0

3.5

90'}
= 82T

T
4.0
f1 (pom)

"H NMR (600 MHz, CDCls) of compound 9.

4.5

5.0

T

5.5

c——Fo0 |

Fevs

05

1.0

1.5

2.0

6.0

6.5

7.0

7.5

¥£80L-—

@
Q
@
=

i

GLG0L-—

8060} -—

ﬁva.o

%oo.v
—_

-111 -112 -113 -114 -115 -116 -117 -118 -119  -120

-110
f1 (ppm)

-100 -101 -102 -103 -104 -105 -106 -107 -108 -109
F NMR (376 MHz, CDCl;) of compound 9.

99

S102



o
Fo
boEl lo .
89/ = ching 4 )
808} w7 et
£ Lo
6e2C < J
oree 3
e
LE6T ra
9/6E —
06'6€ — Lo
16'6E ¥ 3
S00F
|- m 0 ]
=N
e}
.-
8rz9— 2 e
Lo m. omm/
gze :
S mumv Feoe
L o St
5 e
=
& O ¢
~ 2 e6e - :
-EA mmmw e
FS&Q Iov
&«
N
o
savia = E
ES9LL~ - p=
9591 = 9
wzen’ ISR
66921~ — =
2817) =) :
66421 I S o e ———=3660
zzeel”” es
;2o ——rn
<
%0z — — I Z
g &
)
o
CINED =
BEPIL -~
199l o 122
FS 122
i
° vzl
Fe Szl
9l
o 9L ——
) az/ e—— Mlnm.m
i
O - 7! O -
= 622
(@] N 621 (@]
L gL L
= [y
(T N 2 (T

1.0 0.5 0.(

1.5

2.0

2.5

3.0

3.5

T
4.0
f1 (ppm)

"H NMR (600 MHz, CDCl;) of compound 10.
S103

T T T
5.0 4.5

5.5

T
6.5 6.0

7.0

7.5

8.0




-103.36

0
O/\
F F
1 L
. . ; : : ; ; : \ . . . ; ; ; : : : ,
-20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
19 f1 (ppm)
F NMR (376 MHz, CDCls) of compound 10.

858 88 BYR8nsIy o o @
288 98 B¥NgoeLe S P =
——= e v © = —
~- AN NN

O

O/\
F F
1
1
]
]
!
J |
i .l L :
; : ——— :
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

3C NMR (151 MHz, CDCls) of compound 10.

S104



