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Key to Abbreviated Terms:

4CzIPN: 2,4,5,6-Tetra(9H-carbazol-9-yl)isophthalonitrile LED: Light-emitting diode

bpy: 2,2'-bipyridyl ppy: 2-(pyridinyl)phenyl
dtbbpy: 4,4'-di-tert-butyl-2,2'-dipyridyl

General Considerations:

General: All chemical transformations requiring inert atmospheric conditions or vacuum
distillation utilized Schlenk line techniques with a 4- or 5-port dual-bank manifold. Argon or
nitrogen was used to provide such an atmosphere. LED irradiation was accomplished using the
LED reactors described in our previous reports or the new reactor design outlined here.® NMR
spectra (*H, *C, *°F) were obtained at 298 K. *H NMR spectra were referenced to residual non-
deuterated chloroform (8 7.26) in CDCls, residual DMSO-ds (6 2.50) in DMSO-ds, acetone-ds (6
2.09) in acetone-ds, and residual MeCN-d, (8 1.94) in MeCN-ds. *C NMR spectra were
referenced to CDCl3 (6 77.30), DMSO-ds (6 39.52), the carbonyl carbon of acetone (6 205.87),
or the nitrile carbon of MeCN-d3 (8 118.26), respectively *°F NMR spectra were referenced to
hexafluorobenzene (5 —164.9)° as an internal standard and are run with C-F/C-H decoupling. 'B
NMR spectra were obtained on a spectrometer equipped with the appropriate decoupling
accessories. Reactions were monitored by HPLC, 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 permanganate stain, Seebach’s stain,® ninhydrin stain, and/or UV
light. Silica plugs utilized flash silica gel (60 A porosity, 32-63 pum). Flash chromatography was
accomplished using an automated system (monitoring at 254 nm and 280 nm) with silica
cartridges (60 A porosity, 20-40 pm). Solvents were purified with drying cartridges through a

solvent delivery system. Melting points (°C) are uncorrected.

Chemicals: Deuterated NMR solvents were either used as purchased (MeCN-ds, acetone-ds,
DMSO-dg) or stored over 4A molecular sieves and/or K,CO3 (CDCl3). Na;SO4, MgSOs, CH,Cly,
CHCI3, EtOAC, pentane, hexanes, MeOH, Et,0, and toluene were used as purchased. EtsN was
purchased from commercial suppliers and distilled from CaH prior to use. THF was purchased
and dried via a solvent delivery system. DMF (99.8%, extra dry) and DMSO (99.8%, extra dry)

! For information on these reactors and their construction see the supporting information of: (a) Patel, N. R.; Kelly,
C. B.; Jouffroy, M.; Molander, G. A. Org. Lett. 2016, 18, 764. (b) Jouffroy, M.; Kelly, C. B.; Molander, G. Org.
Lett. 2016, 18, 876.

2 Ravikumar, |.; Saha, S.; Ghosh, P. Chem. Commun. 2011, 47, 4721.

® Seebach, D.; Imwinkelried, R; Stucky, G. Helv. Chim. Acta 1987, 70, 448.
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were purchased from commercial sources and stored over 4 A molecular sieves. The transition
metal photocatalysts Ru(bpy)s(PFs). and [Ir{dFCFsppy}.(bpy)]PFs were prepared in-house by
the procedure outlined in our previous publications.’** The organic photocatalyst 4CzIPN was
prepared in-house by the procedure outlined in our previous publication.®> Perfluoroalkyl-
substituted alkenes were prepared in-house using the procedures outlined here. New
organotrifluoroborates, a-silylamines, and alkylbis(catecholato)silicates were prepared in-house
according to the procedures outlined here. Information (preparation protocols, characterization,
etc.) for previously synthesized radical precursors (2g, 2k, 2n, 2p, 2r, 2s, 2v-z) can be found in
our earlier reports.>® All other radical precursors were purchased from commercial suppliers.
Trifluoromethyl-substituted alkenes 1f” and 10® were synthesized as outlined in previous reports.
The oxoammonium salt 4-acetamido-2,2,6,6-tetramethyl-1-oxopiperidin-1-ium tetrafluoroborate

(“Bobbitt’s Salt”) was prepared in the manner previously reported.’

Photochemistry: Irradiation of reaction vessels was accomplished using blue LEDs. LEDs were
configured as outlined in the Photochemical Reactor Design section of our previous articles*™® or
using two 34 W blue LED lamps with the sample positioned ~ 6 cm from each lamp. A fan was

employed to ensure reactions remained at or near rt when using LEDs.

* Tellis, J. C.; Primer, D. P.; Molander, G. A. Science 2014, 345, 433.

® Patel, N. P.; Kelly, C. B.; Siegenfeld, A. P.; Molander, G. A. ACS Catal. 2017, 7, 1766.

® Alkylsilicates (a) Jouffroy, M.; Primer, D.; Molander, G. A. J. Am. Chem. Soc. 2016, 138, 475; (b) Patel, N. R.;
Kelly, C. B.; Jouffroy, M.; Molander, G. A. Org. Lett., 2016, 18, 764; (c) Jouffroy, M.; Davies, G. H. M.;
Molander, G. A. Org. Lett. 2016, 18, 1606; (d) Lin, K.; Wiles, R. J.; Kelly, C. B.; Davies, G. H. M.; Molander, G.
A. ACS Catal. 2017, 7, 5129; Organotrifluoroborates () Molander, G. A.; Wisniewski, S. R. J. Am. Chem. Soc.
2012, 134, 16856. (f) Molander, G. A.; Canturk, B. Org. Lett. 2008, 10, 2135; (g) Primer, D. N.; Molander, G. A. J.
Am. Chem. Soc. 2017, 139, 9847.

"Hamlin, T. A.; Kelly, C. B.; Cywar, R. M.; Leadbeater, N. E. J. Org. Chem. 2014, 79, 1145.

® Trost, B. M.; Debien, L. J. Am. Chem. Soc. 2015, 137, 11606.

° Mercadante, M. A.; Kelly, C. B.; Bobbitt, J. M.; Tilley, L. J.; Leadbeater, N. E. Nat. Protoc. 2013, 8, 666.
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Synthesis of Perfluoroalkyl-Substituted Alkenes
Preparation of 4-bromo-1-methoxy-2-(3,3,3-trifluoroprop-1-en-2-yl)benzene (1a)

( N\
o} OH
o . 1. TMS-CF,, TBAF .
Br H Mel H THF,0°Ctort CFs
> 2. TBAF, H,0 >
OH K>COj3, DMF, OMe ’ e OMe
60°C 12h
NHAC
)
N
SiMe; 0 (I?I) OBF
1. Me,Si”” MgCl Br 2,6-lutidin CH4CI
Br CF, & TMS-OT! Br Et,0,0°Ctort CFs oINS, “Mat
CF3 - < i, 12 h
~chch,, 2. H;0*
OMe 0 ’ OMe
0°Ctort
1a
(. J
Methylation

5-Bromo-2-methoxybenzaldehyde®

This procedure is a modification of the procedure outlined by McQuaid et al.™* To a 150 mL
round bottom flask equipped with a stir bar was added K,COj3 (30.88 g, 0.223 mol, 3 equiv),
DMF (75 mL) and 5-bromosalicylaldehyde (14.97 g, 0.0745 mol, 1 equiv). The solution became
bright orange-yellow upon addition of the phenol. Mel (31.71 g, 13.91 mL, 0.223 mol, 3 equiv)
was then added in one portion. The flask was equipped with an air-cooled reflux condenser and

heated to 60 °C in an oil bath. The solution was stirred at this temperature overnight.

At this time, the reaction mixture was transferred to a separatory funnel and diluted with a 50:50
by volume mixture of Et,0 (100 mL)* and EtOAc (100 mL). Deionized H,O (200 mL) was
added, and the layers were separated. The aq layer was extracted with a 1:1 by volume mixture
of Et;O/EtOACc (3 x 50 mL). The combined organic layers were washed with 2 M aq NaOH (150
mL), deionized H,O (3 x 100 mL), and finally brine (100 mL). The organic layer was dried
(Na;SO,), and the solvent was removed in vacuo by rotary evaporation, affording the pure

anisole (14.97 g, 94%) as a powdery pale-yellow solid (mp = 90-91 °C).

19 Teichert, J. F.; Feringa, B. L. Chem. Commun. 2011, 47, 2679.

! McQuaid, K. M.; Long, J. Z.; Sames, D. Org. Lett. 2009, 11, 2972.

12 The desired methylation product is poorly soluble in Et,O but is much more soluble in EtOAc. Conversely, DMF
partitions better into EtOAC than into Et,O. Thus, a split solvent system was used as a compromise to these two
extremes.
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'H NMR & 3.92 (s, 3H), 6.89 (d, J = 8.9 Hz, 1H), 7.63 (dd, J = 8.9, 2.7 Hz, 1H), 7.92 (d, J = 2.6
Hz, 1H), 10.38 (s, 1H).

3C NMR § 56.3 (CH3), 113.8 (C), 114.0 (CH), 126.4 (C), 131.4 (CH), 138.6 (CH), 161.0 (C),
188.6 (C).

Trifluoromethylation
1-(5-Bromo-2-methoxyphenyl)-2,2,2-trifluoroethanol*?

The following is a modification of the procedure outline by Kelly et al.** To a 250 mL round
bottom flask equipped with a stir bar was added 5-bromo-2-methoxybenzaldehyde (12.90 g,
0.060 mol, 1 equiv), THF (100 mL), and Me3SiCF; (10.65 g, 0.075 mol, 1.25 equiv). The flask
was sealed with a rubber septum and placed under an argon atmosphere via an inlet needle. The
reaction mixture was cooled to 0 °C* in an ice-water bath. After stirring for approximately 10
min, TBAF (1 M in THF, 0.6 mL, 0.0006 mol, 0.01 equiv) was added dropwise via a syringe.
After stirring for 10 min, the ice-bath was removed, and the solution was allowed to stir for

approximately 8 h at rt.

To cleave the silyl ether formed by the reaction, H,O (6 mL, 0.333 mol, ~ 5.5 equiv) was added
via a syringe followed by TBAF (1 M in THF, 6 mL, 0.006 mol, 0.1 equiv). When the cleavage
was judged to be complete,®
Deionized H,0 (150 mL) and Et,O (~150 mL) were added, and the layers were partitioned. The
aq layer was extracted with Et,O (3 x ~50 mL). The organic layers were combined, then washed

once with deionized H,O (150 mL) and brine (150 mL). The organic layer was dried (Na,SOy),

the contents of the flask were transferred to a separatory funnel.

and the solvent was removed in vacuo by rotary evaporation, affording crude 1-(5-bromo-2-

methoxyphenyl)-2,2,2-trifluoroethanol. The crude product was purified by vacuum distillation

3 Litvinas, N. D.; Brodsky, B. H.; Bois, J. D. Angew. Chem., Int. Ed. 2009, 48, 4513.

14 Kelly, C. B.; Colthart, A. M.; Constant, B.D.; Corning, S.R.; Dubois, L. N. E.; Genovese, J.T.; Radziewicz, J. L.;
Sletten, E. M.; Whitaker, K. R.; Tilley, L. J. Org. Lett. 2011, 13, 1646.

1> Note that on small scales (< 20 mmol), the TBAF could be added relatively quickly. However, upon scale-up, the
addition of TBAF is quite exothermic. Hence, it is recommended that the TBAF be added as slowly as possible,
and/or cooling the reaction mixture to a temperature lower than that of 0 °C.

181t is recommended that this cleavage step be monitored by some form of spectroscopy or spectrometry (e.g., NMR
or GC/MS).

S5



(bp 98-100 °C @ 0.1 mmHg), giving the pure CF5 alcohol (15.24 g, 89%) as a clear, pale-yellow

oil.

"H NMR (CDCls, 500 MHz) & 3.40 (br s, 1H), 3.85 (s, 3H), 5.25 - 5.34 (m, 1H), 6.82 (d, J = 8.7
Hz, 1H), 7.46 (dd, J = 8.9, 2.4 Hz, 1H), 7.55 (d, J = 2.3 Hz, 1H).

“C NMR (CDCls, 125 MHz) & 56.2 (CHs), 68.3 (g, Jc.c.r = 32.1 Hz, CH), 113.2 (CH), 113.4
(C), 124.5 (C), 124.6 (q, Jc.r = 283.2 Hz, CFs3), 132.0 (CH), 133.5 (CH), 156.7 (C).

“FE NMR (CDCls3, 471 MHz) § -81.10 (s, 3F).

Oxidation
1-(5-Bromo-2-methoxyphenyl)-2,2,2-trifluoroethanone'’

To a one-neck, 300 mL round bottom flask equipped with a stir bar was added 1-(5-bromo-2-
methoxyphenyl)-2,2,2-trifluoroethanol (15.06 g, 0.053 mol, 1 equiv), 4-acetamido-2,2,6,6-
tetramethyl-1-oxopiperidin-1-ium tetrafluoroborate (41.26 g, 0.137 mol, 2.6 equiv), and CH,Cl,
(130 mL). The mixture was allowed to stir at rt for approximately 5 min. At this time, 2,6-
lutidine (12.78 g, 13.81 mL, 0.1193 mol, 2.25 equiv) was added all at once, and the flask was
sealed with a rubber septum. The reaction mixture was stirred overnight at rt, gradually turning
red. The solvent was removed in vacuo to afford a thick red residue. To this thick residue was
added Et,0 (~125 mL), causing immediate precipitation of the spent oxidant. The heterogeneous
solution was allowed to stir for 10 min, and the solids were filtered off through a medium
porosity fritted funnel, washing with Et,O (~150 mL). The solids were saved for oxidant
reclamation,® and the solvent was removed from the filtrate in vacuo by rotary evaporation. The
crude liquid material was then loaded atop a silica gel plug. The plug was eluted with Et,O (~
200 mL) to remove any of the residual spent oxidant. The solvent was removed from the filtrate
in vacuo by rotary evaporation to give the crude trifluoromethyl ketone. Further purification was
accomplished by vacuum distillation (bp 70-72 °C @ 0.1 mmHg), giving the pure CF3 alcohol
(12.10 g, 81%) as a clear yellow oil.

" Litvinas, N. D.; Brodsky, B. H.; Bois, J. D. Angew. Chem., Int. Ed. 2009, 48, 4513.

'8 Regeneration of the oxoammonium salt from the nitroxide, 4-acetamido-(2,2,6,6-tetramethyl-piperidin-1-yl)oxyl,
can be performed as outlined in the published protocol, see: Mercadante, M. A.; Kelly, C. B.; Bobbitt, J. M.; Tilley,
L. J.; Leadbeater, N. E. Nat. Protoc. 2013, 8, 666. It is recommended that the nitroxide be recrystallized from EtOAc
first to remove lutidinium tetrafluoroborate.
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'"H NMR (CDCls, 500 MHz) & 3.91 (s, 3H), 6.92 (d, J = 8.9 Hz, 1H), 7.67 (dd, J = 8.9, 2.4 Hz,
1H), 7.74 (d, J = 2.4 Hz, 1H).

“C NMR (CDCls, 125 MHz) § 56.5 (CHs3), 113.1 (C), 114.2 (CH), 116.1 (q, Jc.r = 291.4 Hz,
CFs), 123.7 (C), 133.8 (CH), 138.5 (CH), 158.9 (C), 182.4 (g, Jc.c.r = 38.5 Hz, C).

“FE NMR (CDCls, 471 MHz) § -74.57 (s, 3F).

Alkylation
2-(5-Bromo-2-methoxyphenyl)-1,1,1-trifluoro-3-(trimethylsilyl)propan-2-ol

This procedure is a modification of the procedure outlined by Kelly et al.*® To a 250 mL flame-
dried round bottom flask equipped with a stir bar was added 1-(5-bromo-2-methoxyphenyl)-
2,2,2-trifluoroethanone (11.96 g, 0.0425 mol, 1 equiv) in anhyd Et,O (50 mL). The flask was
cooled to 0 °C via an ice-water bath for 5 min. After this time, Me3SiCH,MgCl (1.3 M in THF,
48.75 mL, 0.0634 mol, 1.5 equiv) was added dropwise over 10 min via a syringe. The solution
became bright yellow initially, then faded upon addition of the organomagnesium solution. After
complete addition, the solution was stirred at 0 °C for 10 min, then warmed to rt. The reaction

was allowed to stir at this temperature overnight.

After this time, the reaction mixture was cooled to 0 °C via an ice-water bath for 5 min. The
reaction mixture was then carefully quenched dropwise with 2 M aq HCI (20 mL). CAUTION:
Exothermic, a vent needle is advisable. After complete addition, the quenched reaction mixture
was warmed to rt and transferred to a separatory funnel. Et,O (100 mL) and deionized H,O (100
mL) were added, and the layers were separated. The aq layer was extracted with Et,O (3 x 50
mL). The combined organic layers were washed with 2 M aq HCI (100 mL), deionized H,O (150
mL) and finally brine (150 mL). The organic layer was dried (Na,SO,4), and the solvent was
removed in vacuo by rotary evaporation affording the pure 2-(5-bromo-2-methoxyphenyl)-1,1,1-
trifluoro-3-(trimethylsilyl)propan-2-ol (14.16 g, 90%) as a white solid (mp = 69 °C).

'H NMR (CDCls, 500 MHz) & -0.08 (s, 9H), 1.5 (d, J = 15.0 Hz, 1H), 1.6 (dd, J = 15.0, 2.4 Hz,
1H), 3.91 (s, 3H), 5.85 (br s, 1H), 6.86 (d, J = 8.7 Hz, 1H), 7.42 (s, 1H), 7.43 - 7.47 (m, 1H).

Y Hamlin, T. A; Kelly, C. B.; Cywar, R. M.; Leadbeater, N. E. J. Org. Chem. 2014, 79, 1145.
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“C NMR (CDCls, 125 MHz) & 0.5 (CH3), 23.2 (CH,), 57.0 (CH3), 79.2 (q, Jc-c.r = 29.0 Hz, C),
114.1 (C), 114.8 (CH), 126.1 (q, Jc.r = 287.8 Hz, CF3), 128.2 (C), 133.1 (CH), 133.6 (CH),
157.7 (C).

“F NMR (CDCls, 471 MHz) & -85.4 (s, 3F).

FT-IR (cm™, neat, ATR) 3458 (m), 2951 (m), 1242 (s), 1181 (s), 1152 (s), 1083 (s), 1019 (s),
837 (s), 810 (s), 692 (s), 561 (S).

HRMS (El+) calcd for C13H1gBrF30,Si [M]*: 370.0212, found: 370.0241.

Peterson Elimination
4-Bromo-1-methoxy-2-(3,3,3-trifluoroprop-1-en-2-yl)benzene (1a)

To a 500 mL one neck round bottom was equipped with a stir bar was added 2-(5-bromo-2-
methoxyphenyl)-1,1,1-trifluoro-3-(trimethylsilyl)propan-2-ol (14.10 g, 0.038 mol, 1 equiv) and
CH,Cl, (190 mL).?° The solution was cooled to 0 °C via an ice-water bath and stirred for 10 min
at this temperature. After this time, TMSOTf (1.27 g, 1.03 mL, 0.15 equiv) was added to the
flask dropwise over 5 min. The reaction mixture was stirred 0 °C for an additional 10 min upon
complete addition of TMSOTHT, then warmed to rt. The reaction mixture was stirred for 4 h at this
temperature. After this time, the flask was cooled to rt and quenched with 100 mL of saturated aq
NaHCOgs. The reaction mixture was transferred to a separatory funnel and diluted with Et,O
(~150 mL). The layers were separated, and the aq layer was extracted with Et,O (3 x 50 mL).
The combined organic layers were washed with saturated aq NaHCO3 (100 mL), deionized H,0O
(100 mL), and finally brine (~150 mL). The organic layer was dried (Na;SO,), and the solvent
was removed in vacuo by rotary evaporation to give the crude CF3 alkene. Further purification
was accomplished by vacuum distillation (bp 59-61 °C @ 0.1 mmHg), giving pure 1a (10.0 g,

94%) as a clear yellow oil.

'H NMR (CDCls, 500 MHz) §3.80 (s, 3H), 5.65 (d, J = 1.1 Hz, 1H), 6.10 (d, J = 1.4 Hz, 1H),
6.81 (d, J = 8.7 Hz, 1H), 7.33 (d, J = 2.4 Hz, 1H), 7.45 (dd, J = 8.9, 2.4 Hz, 1H).

% Hexanes can also be used in place of CH,Cl,.
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“C NMR (CDCls, 125 MHz) & 56.0 (CH3), 112.6 (C), 113.2 (CH), 123.1 (q, Jc.r = 274.0 Hz,
CF3), 124.4 (0, Jc.c.cr = 5.2Hz, CHy), 125.4 (C), 133.2 (CH), 133.5 (CH), 135.2 (q, Jc.c.r =
32.1 Hz, C), 156.9 (C).

“FE NMR (CDCl3, 471 MHz) & -68.58 (s, 3F).

FT-IR (cm™, neat, ATR) 2942 (m), 2842 (m), 1283 (s), 1251 (s), 1166 (s), 1120 (s), 1071 (s),
1027 (s), 808 (s), 614 (s).

HRMS (El+) calcd for C1oHgBrFsO [M]*: 279.9711, found: 279.9721

Preparation of 5-(3,3,3-Trifluoroprop-1-en-2-yl)benzo[d][1,3]dioxole (1b)

( N\
NHAc
@
0 OH o
1. TMS-CF3, TBAF N
<O H THF,0°Ctort <O CFs Oogr, _ <o CFy
o) 2.TBAF,H,0 Yo 2,6-lutidine, CH,Cl, o
i, 12h
SiMe3
1. MesSi”” MgCl
° CF3 cat. TMS-OTf 0o OH  Eo,0°%Ctort
¢ < csLTMSOT orr e EO
0 CH,Cl,, o 2. Hz0
1b 0°tort
~ J

Trifluoromethylation
1-(Benzo[d][1,3]dioxol-5-y1)-2,2,2-trifluoroethanol*

Synthesis of 1-(benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanol (5.94 g, 90%) was accomplished
using the procedure for the preparation of 1-(5-bromo-2-methoxyphenyl)-2,2,2-trifluoroethanol,
with the following modification: The reaction was conducted using piperonal (4.50 g, 0.030
mol), and the quantities of other reagents were adjusted accordingly. The crude a-CF; alcohol

was purified by vacuum distillation (89-91 °C @ 0.1 mmHg) and obtained as a viscous, colorless
oil.

21 Kelly, C. B.; Mercadante, M. A.; Hamlin, T. A.; Fletcher, M. H.; Leadbeater, N. E. J. Org. Chem. 2012, 77,
8131.
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"H NMR (CDCls, 500 MHz) & 2.60 (br s, 1H), 4.93 (q, J = 6.6 Hz, 1H), 5.99 (s, 2H), 6.82 (d, J =
7.9 Hz, 1H), 6.92 (d, J = 7.9 Hz, 1H), 6.98 (s, 1H).

“C NMR (CDCls, 125 MHz) & 72.8 (g, Jc.c.r = 32.1 Hz, CH), 101.6 (CH,), 107.9 (CH), 108.5
(CH), 121.9 (CH), 124.5 (q, Jc.r = 282.0 Hz, CFs), 128.0 (C), 148.2 (C), 148.8 (C).

“FE NMR (CDCl3, 471 MHz) & -81.48 (s, 3F).

Oxidation
1-(Benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanone %

Synthesis of 1-(benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanone  (5.23 g, 92%) was
accomplished using the procedure for the preparation of 1-(5-bromo-2-methoxyphenyl)-2,2,2-
trifluoroethanone, with the following modification: The reaction was conducted using 1-
(benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanol (5.72 g, 0.026 mol), and the quantities of other
reagents were adjusted accordingly. Further purification was accomplished by passing the crude
material through a SiO; plug, eluting with 9:1 hexanes/EtOAc rather than vacuum distillation,

giving the pure trifluoromethyl ketone as a clear, light yellow oil.

'H NMR (CDCls, 500 MHz) & 6.11 (s, 2H), 6.93 (d, J = 8.4 Hz, 1H), 7.50 (s, 1H), 7.72 (dt, J =
8.4, 1.2 Hz, 1H).

C NMR (CDCl, 125 MHz) § 102.6 (CH,), 108.5 (CH), 109.2 (d, Je.c.cc.r = 1.8 Hz, CH),
116.9 (4, Jo.r = 290.5 Hz, CF3), 124.4 (CH), 127.7 (d, Je.c.c.r = 2.7 Hz, C), 148.7 (C), 154.1
(C), 178.6 (0, Jc-c.r = 34.8 Hz, C).

F NMR (CDCl3, 471 MHz) § -73.69 (s, 1F).

Alkylation
2-(Benzo[d][1,3]dioxol-5-yl)-1,1,1-trifluoro-3-(trimethylsilyl)propan-2-ol

Synthesis of 2-(benzo[d][1,3]dioxol-5-yl)-1,1,1-trifluoro-3-(trimethylsilyl)propan-2-ol (6.64 g,
99%) was accomplished using the procedure for the preparation of 2-(5-bromo-2-
methoxyphenyl)-1,1,1-trifluoro-3-(trimethylsilyl)propan-2-ol, with the following modification:
The reaction was conducted using 1-(benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanone (4.80 g,

22 Kelly, C. B.; Mercadante, M. A.; Hamlin, T. A.; Fletcher, M. H.; Leadbeater, N. E. J. Org. Chem. 2012, 77,
8131.
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0.022 mol), and the quantities of other reagents were adjusted accordingly. The pure carbinol

was obtained as a clear, light orange oil.

'"H NMR (CDCls, 500 MHz) & -0.13 (s, 9 H), 1.42 (d, J = 14.9 Hz, 1H), 1.58 (d, J = 14.9 Hz,
1H), 2.26 (s, 1H), 5.98 (s, 2H), 6.80 (d, J = 8.1 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H), 7.05 (s, 1H).
“C NMR (CDCls, 125 MHz) & 0.1 (CHs), 25.3 (CHy), 77.4 (q, Je.c.r = 29.0 Hz, C), 101.5
(CHy), 107.5 (CH), 108.0 (CH), 120.3 (CH), 126.1 (g, Jc.r = 285.9 Hz, CF3), 132.2 (C), 147.8
(C), 147.9 (C).

“E NMR (CDCls, 471 MHz) & -85.09 (s, 3F).

FT-IR (cm™, neat, ATR) 3523 (m), 2956 (m), 1241 (s), 1214 (s), 1157 (s), 1082 (s), 1040 (S),
864 (s), 836 (s), 815 (s).

HRMS (El+) caled for C13H;7F305Si [M]": 306.0899, found: 306.0923.

Peterson Elimination
5-(3,3,3-Trifluoroprop-1-en-2-yl)benzo[d][1,3]dioxole (1b)*

Synthesis of 5-(3,3,3-trifluoroprop-1-en-2-yl)benzo[d][1,3]dioxole (0.966 g, 89%) was
accomplished using the procedure for the preparation of 4-bromo-1-methoxy-2-(3,3,3-
trifluoroprop-1-en-2-yl)benzene, with the following modification: The reaction was conducted
using 2-(benzo[d][1,3]dioxol-5-yl)-1,1,1-trifluoro-3-(trimethylsilyl)propan-2-ol (1.53 g, 0.005
mol) and the quantities of other reagents were adjusted accordingly. Further purification was
accomplished purified SiO, plug, eluting with 9:1 hexanes/EtOAc rather than vacuum

distillation, giving the pure olefin as a clear, yellow oil.

'"H NMR (CDCl3, 500 MHz) 8 5.69 (q, J = 1.6 Hz, 1H), 5.89 (g, J = 1.2 Hz, 1H), 5.99 (s, 2H),
6.82 (dd, J = 7.8, 0.6 Hz, 1H), 6.93 - 6.98 (m, 2H).

“C NMR (CDCls, 125 MHz) § 101.7 (CH,), 108.1 (CH), 108.6 (CH), 119.8 (q, Jc.c.c.r = 5.8
Hz, CHy), 123.6 (q, Jc.r = 274.9 Hz, CF3), 121.8 (CH), 127.8 (C), 138.8 (q, Jc.c.r = 30.2 Hz, C),
148.2 (C), 148.6 (C).

“F NMR (CDCls, 471 MHz) & -67.89 (s, 3F).

2 |ebel, H.; Paquet, V. Org. Lett. 2002, 4, 1671.
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Representative Procedure for Suzuki-Type Cross-Coupling
of Aryl Boronates with 2-Bromo-3,3,3-trifluoroprop-1-ene

Boc. CF3 Boc.
N . N
k/N N )\Br (2 equiv) k/N N
| N Pd(dppf)Cl, * CH,Cly(10 mol%) | N
= ; = CF3
Bpin Cs,CO3 (1.2 equiv) 1i

DME:H,0, 80 °C, 24 h

tert-Butyl 4-(5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)piperazine-1-
carboxylate (1i)

To a 50 mL microwave tube was added tert-butyl 4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)pyridin-2-yl)piperazine-1-carboxylate (1.00 g, 0.00257 mol, 1 equiv), Cs,CO3 (1.00 g,
0.0031 mol, 1.2 equiv), and Pd(dppf)Cl,*CH,ClI, (0.21 g, 0.00026 mol, 0.1 equiv). The tube was
sealed with a crimp-top cap containing a TFE-lined silicone septum and placed under an argon
atmosphere via an inlet needle. The tube was evacuated three times via an inlet needle, then
purged with argon. A mixture of degassed DME (10 mL) and degassed, deionized H,O (3 mL)
were added via syringe, followed by 2-bromo-3,3,3-trifluoroprop-1-ene (0.899 g, 0.533 mL,
0.00514 mol).?* The argon inlet needle was removed from the tube. The tube was heated to 80
°C. The reaction mixture was allowed to stir at this temperature for 24 h. Reaction progress was
monitored by GC/MS. Once complete, the reaction was cooled to rt and diluted in EtOAc (25
mL). The reaction mixture was transferred to a separatory funnel and further diluted with
deionized H,O (25 mL). The layers were separated, and the aq layer was extracted with EtOAc
(2 x 25 mL). The combined organic layers were washed with 1 M aq NaOH (25 mL), deionized
H,0 (25 mL), and brine (25 mL). The combined organic layers were dried (Na,SO,), and the
solvent was removed in vacuo by rotary evaporation. Further purification was achieved by SiO,
column chromatography (gradient hexane/EtOAC) to give the desired olefin 1i (0.718 g, 78%) as
a light yellow oil.

'H NMR (CDCls, 500 MHz ) & 1.49 (s, 9H), 3.51 - 3.56 (m, 4H), 3.57 - 3.63 (m, 4H), 5.68 (d, J
= 1.2 Hz, 1H), 5.84 (s, 1H), 6.63 (d, J = 8.8 Hz, 1H), 7.59 (d, J = 8.3 Hz, 1H), 8.28 (d, J = 2.2
Hz, 1H).

2 Alternatively, the bromide may be pre-dissolved in the mixed solvent system.
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“C NMR (CDCls, 125 MHz) § 28.7 (CHs), 43.5 (br s, C), 44.8 (CH,), 45.0 (CH,), 80.3 (C),
106.4 (CH), 118.5 (q, Jc.r = 5.8 Hz, CHy), 119.3 (C), 123.6 (q, Jc.r = 274.0 Hz, CF3), 136.3 (q,
Jer =30.2 Hz, C), 136.5 (CH), 147.1 (CH), 155.1 (C), 159.2 (C).

“E NMR (CDCls, 471 MHz) & -68.28 (s, 3F).

FT-IR (cm™, neat, ATR). 2979 (m), 2861 (m), 1690 (s), 1602 (s), 1406 (s), 1241 (s), 1196 (s),
1162 (s), 1119 (s), 1088 (s), 730 (s).

HRMS (ES+) calcd for C17H23F3N30; [M + H]™: 358.1725, found: 358.1742.

N-(3-(3,3,3-Trifluoroprop-1-en-2-yl)phenyl)acetamide, 1c (0.542 ¢, 79%) was prepared

according to the general procedure from (3-acetamidophenyl)boronic acid
AcHN CE (0.537 g, 0.003 mol) with the following modifications: 1) the reaction was

\©)\ carried out using Pd(PPhs).Cl, (0.105 g, 0.00015 mol, 0.05 equiv) in place of
Pd(dppf)Cl,*CH,Cl,; 2) AsPhs (0.230 g, 0.00075 mol, 0.25 equiv) was used

as a ligand; 3) A higher loading of Cs,CO3 was used (1.4 equiv); The reaction was performed in

1c

THF (10 mL) and H,O (5 mL). The desired olefin 1c was isolated as a powdery white solid (mp
=92 °C). 'H NMR (CDCls, 500 MHz ) & 2.20 (s, 3H), 5.79 (g, J = 1.5 Hz, 1H), 5.97 (s, 1H),
7.21 (d, J = 7.6 Hz, 1H), 7.30 (br s, 1H), 7.35 (t, J = 7.9 Hz, 1H), 7.57 (s, 1H), 7.60 (d, J = 8.1
Hz, 1H). *C NMR (CDCls, 125 MHz) & 24.6 (CHs), 119.3 (CH), 123.5 (q, Jc.r = 274.0 Hz,
CFs), 121.0 (CH), 121.1 (g, Je.c.c-r = 6.4 Hz, CHy), 123.3 (CH), 129.4 (CH), 134.5 (C), 138.7
(0, Jec.r = 29.3 Hz, C), 138.6 (C), 169.4 (C). “°F NMR (CDCls, 471 MHz) & -67.89 (s, 3F).
FT-IR (cm™, neat, ATR) 3258 (w, br), 3092 (m), 1660 (m), 1587 (s), 1359 (m), 1154 (vs), 1124
(s), 950 (m), 798 (s). HRMS (EI+) calcd for C11H10FsNO [M]*: 229.0714, found: 229.0707.

3-(3,3,3-Trifluoroprop-1-en-2-yl)phenol, 1d (0.511 g, 91%) was prepared according to the
- general procedure from potassium (3-hydroxyphenyl)trifluoroborate (0.600 g,

HO X 0.003 mol) with the following modifications: 1) the reaction was carried out
using Pd(PPh3),Cl, (0.105 g, 0.00015 mol, 0.05 equiv) in place of
Pd(dppf)Cl,*CH,CI;; 2) AsPh; (0.230 g, 0.00075 mol, 0.25 equiv) was used
as a ligand; 3) A higher loading of Cs,CO3 was used (1.4 equiv); The reaction was performed in
THF (10 mL) and H,O (5 mL). 4) The reaction was quenched with 5 mL of 2 M aq HCI. The

desired olefin 1d was isolated as a pale orange oil. ‘H NMR (CDCls, 500 MHz ) § 4.84 (br s,
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1H), 5.78 (g, J = 1.5 Hz, 1H), 5.96 (q, J = 1.0 Hz, 1H), 6.87 (dd, J = 8.1, 2.2 Hz, 1H), 6.95 (s,
1H), 7.05 (d, J = 7.8 Hz, 1H), 7.27 (t, J = 8.3 Hz, 1H). *C NMR (CDCls, 125 MHz) & 114.8
(CH), 116.3 (CH), 123.5 (q, Jcr = 274.0 Hz, CF3), 120.4 (CH), 121.0 (q, Jc.c.c.r = 5.5 Hz,
CH,), 130.2 (CH), 135.5 (C), 138.7 (q, Jc-c-r = 31.2 Hz, C), 155.6 (C). “°F NMR (CDCls, 471
MHz) & -67.91 (s, 3F). FT-IR (cm™, neat, ATR) 3341 (w, br), 1609 (m), 1357 (m), 1237 (m),
1158 (vs), 1117 (vs), 933 (s), 786 (m), 701 (m). HRMS (El+) calcd for CgH;F30 [M]™:
188.0449, found: 188.0451.

6-(3,3,3-Trifluoroprop-1-en-2-yl)isoindolin-1-one, le (0.353 g, 82%) was prepared according
o to the general procedure from 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
o 3

HN\):@A yl)isoindolin-1-one (0.500 g, 0.00192 mol), and the quantities of other
reagents were adjusted accordingly. The desired olefin 1e was isolated as

1e
brown semi-solid. ‘H NMR (CDCls, 500 MHz ) 8 4.53 (s, 2H), 5.87 (s, 1H),

6.06 (s, 1H), 7.04 (br s, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.68 (d, J = 7.8 Hz, 1H), 7.99 (s, 1H). °C
NMR (CDCls, 125 MHz) & 46.0 (CH,), 123.4 (q, Jc.r = 274.0 Hz, CFs), 121.8 (q, Je-c.c.c = 5.5
Hz, CH,), 123.0 (CH), 123.8 (CH), 131.1 (CH), 133.1 (C), 134.1 (C), 138.6 (q, Jc.c.r = 30.2 Hz,
C), 144.5 (C), 171.9 (C). “F NMR (CDCls, 471 MHz) §-68.01 (s, 3F). FT-IR (cm™, neat,
ATR) 3210 (w, br), 3077 (vw), 2852 (vw), 1681 (vs), 1457 (w), 1346 (w), 1165 (vs), 1103 (vs),

951 (w), 730 (m). HRMS (ES+) calcd for CyiHeFsNO [M + H]*: 228.0636, found: 228.0617.

1-Methyl-5-(3,3,3-trifluoroprop-1-en-2-yl)-1H-indole, 1g (0.363 ¢, 54%) was prepared

CF, according to the general procedure from (1-methyl-1H-indol-5-yl)boronic acid
> (0.525 g, 0.003 mol) with the following modifications: 1) the reaction was
1g carried out using Pd(PPhs),Cl, (0.105 g, 0.00015 mol, 0.05 equiv) in place of

Pd(dppf)Cl,*CH,Cl,; 2) AsPhs (0.230 g, 0.00075 mol, 0.25 equiv) was used as
a ligand; 3) KOH (0.78 g, 0.0138 mol 4.6 equiv) was used in place of Cs,COgs; 4) The reaction
was performed in THF (10 mL) and H,O (5 mL); 5) The reaction was conducted at 100 °C
rather than 80 °C. The desired olefin 1g was isolated as light yellow oil. ‘“H NIMR (CDCls, 500
MHz ) §3.81 (s, 3H), 5.75 (q, J = 1.4 Hz, 1H), 5.92 (s, 1H), 6.52 (d, J = 3.1 Hz, 1H), 7.09 (d, J =
3.1 Hz, 1H), 7.29 - 7.37 (m, 2H), 7.74 (s, 1H). °C NMR (CDCls, 125 MHz) & 33.2 (CH3), 101.8
(CH), 109.5 (CH), 119.2 (9, Jc-cc-r = 5.5 Hz, CH,), 120.5 (CH), 124.0 (q, Jc.r = 274.3 Hz,
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CFs3), 121.3 (CH), 125.3 (C), 128.7 (C), 130.1 (CH), 137.0 (C), 140.1 (q, Jc.c.r =30.0 Hz, C). °F
NMR (CDCls, 471 MHz) & -67.72 (s, 3F). FT-IR (cm™, neat, ATR) 2956 (vw), 1515 (w), 1324
(m), 1119 (vs), 721 (w). HRMS (EI+) calcd for C1oH1oF3N [M]': 225.0765, found: 225.0752.

3-(3,3,3-Trifluoroprop-1-en-2-yl)quinoline,® 1h (0.732 g, 82%) was prepared according to the
- general procedure from potassium trifluoro(quinolin-4-yl)borate (0.940 g,
m)\ 0.004 mol) with the following modifications: 1) the reaction was carried out
g using Pd(PPhs),Cl, (0.140 g, 0.0002 mol, 0.05 equiv) in place of
Pd(dppf)Cl,*CH,Cl,; 2) AsPh; (0.306 g, 0.001 mol, 0.25 equiv) was used as a
ligand; 3) KOH (1.03 g, 0.0184 mol 4.6 equiv) was used in place of Cs,COg; 4) The reaction was
performed in THF (12 mL) and H,O (6 mL). The desired olefin 1h was isolated as a light yellow
solid (mp = 47-48 °C). ‘"H NMR (CDCls, 500 MHz ) §5.99 (d, J = 1.1 Hz, 1H), 6.16 (s, 1H),
7.60 (t, J=7.8 Hz, 1H), 7.76 (t, J = 7.7 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 8.12 (d, J = 8.5 Hz,
1H), 8.24 (s, 1H), 8.99 (d, J = 2.1 Hz, 1H). *C NMR (CDCls, 125 MHz) 6 123.3 (q, Jc.r =
274.0 Hz, CF3), 122.4 (q, Jcr = 5.7 Hz, CH,), 126.7 (C), 127.4 (C), 127.6 (CH), 128.6 (CH),
129.6 (CH), 130.6 (CH), 134.6 (CH) 136.6 (q, Jc.r = 31.2 Hz, C), 148.2 (C), 149.2 (CH). “F
NMR (CDCls, 471 MHz) & -68.13 (s, 3F).

1h

1,7-Dimethyl-5-(3,3,3-trifluoroprop-1-en-2-yl)-1H-indazole, 1j (0.117 g, 89%) was prepared
according to the general procedure from (1,7-dimethyl-1H-indazol-5-
yl)boronic acid (0.570 g, 0.003 mol) with the following modifications: 1) the
reaction was carried out using Pd(PPhs).Cl, (0.105 g, 0.00015 mol, 0.05
equiv) in place of Pd(dppf)Cl,»CH,Cly; 2) AsPhs (0.230 g, 0.00075 mol, 0.25
equiv) was used as a ligand; 3) KOH (0.780 g, 0.0138 mol 4.6 equiv) was used in place of
Cs,COg; 4) The reaction was performed in THF (10 mL) and H,O (5 mL). The desired olefin 1j
was isolated as pale orange oil. ‘H NMR (CDCls, 500 MHz ) & 2.79 (s, 3H), 4.33 (s, 3H), 5.77
(9, J = 1.7 Hz, 1H), 5.94 (d, J = 1.0 Hz, 1H), 7.18 (s, 1H), 7.65 (s, 1H), 7.95 (s, 1H). *C NMR
(CDCls, 125 MHz) 8 19.5 (CH3), 39.3 (CHs), 118.5 (CH), 119.9 (q, Je.c.cr = 5.5 Hz, CHy),
123.8 (q, Jcr = 274.0 Hz, CF3), 120.9 (C), 125.2 (CH), 126.7 (C), 127.5 (CH), 133.6 (CH),

% Jimenez-Aquino, A.; Vega, J. A.; Trabanco, A. A.; Valdes, C. Adv. Synth. Catal. 2014, 356, 1079.
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139.2 (q, Je.c.r = 30.2 Hz, C), 139.6 (C). “F NMR (CDCls, 471 MHz) & -67.87 (s, 3F). FT-IR
(cm™, neat, ATR) 2951 (vw), 1506 (w), 1379 (w), 1247 (w), 1153 (vs), 1112 (vs), 1076 (s), 941
(m), 878 (m), 696 (m). HRMS (ES+) calcd for CioHioFsN, [M + H]™: 241.0953, found:
241.0939.

3-Methyl-4-(3,3,3-trifluoroprop-1-en-2-yl)benzaldehyde, 1k (0.443 g, 70%) was prepared

o according to the general procedure from 3-methyl-4-(4,4,5,5-tetramethyl-
3

)(@\)\ 1,3,2-dioxaborolan-2-yl)benzaldehyde (0.738 g, 0.003 mol). The desired
" Me olefin 1k was isolated as pale orange oil. ‘H NMR (CDCls;, 500

MHz ) 8 2.39 (s, 3H), 5.55 (s, 1H), 6.19 (s, 1H), 7.38 (d, J = 7.8 Hz, 1H),
7.72 (d, 3 = 7.8 Hz, 1H), 7.78 (s, 1H), 10.02 (s, 1H). *C NMR (CDCl3, 125 MHz) & 19.9 (CHs),
123.0 (q, Je.r = 274.0 Hz, CF3), 123.5 (g, Jc.c.c.r = 5.5 Hz, CH,), 127.0 (CH), 130.7 (CH), 131.5
(CH), 136.8 (C), 137.8 (g, Je.c.r = 31.2 Hz, C), 138.4 (C), 139.8 (C), 192.0 (C). *F NMR
(CDCls, 471 MHz) §-70.03 (s, 3F). FT-IR (cm™, neat, ATR) 2972 (vw), 1697 (s), 1337 (w),
1168 (vs), 1120 (vs), 1067 (s), 958 (w), 827 (w), 613 (w) HRMS (EI+) calcd for C11HgF30 [M +
H]*: 214.0605, found: 214.0610.

o 1k

Preparation of 5-(3,3,3-Trifluoroprop-1-en-2-yl)benzo[d][1,3]dioxole (1)

HO CF, CFs3

(0]
1. TMS-CF3, TBAF
THF,0°Ctort ©fj p-TSOH O‘
_—
2. TBAF, H,O Toluene, A

11

Trifluoromethylation
1-(Trifluoromethyl)-1,2,3,4-tetrahydronaphthalen-1-ol*°

Synthesis of 1-(trifluoromethyl)-1,2,3,4-tetrahydronaphthalen-1-ol (251 g, 66%) was
accomplished using the procedure for the preparation of 1-(5-bromo-2-methoxyphenyl)-2,2,2-
trifluoroethanol, with the following modification: The reaction was conducted using o-tetralone
(2.56 g, 0.0175 mol, 1 equiv), and the quantities of other reagents were adjusted accordingly; 2)

The reaction was judged to be incomplete after the first addition of TMS-CF;. Thus, the reaction

%8 Bonnet-Delpon, D.; Charpentier-Morize, M.; Jacquot, R. J. Org. Chem. 1988, 53, 759.
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was cooled to 0 °C, and additional TMS-CF; (1.24 g, 0.00875 mol, 0.5 equiv) and TBAF (0.1
mL, 0.0001 mol, 0.0057 equiv) were added. After this addition, the reaction mixture was warmed
to rt and stirred for an additional 6 h, then quenched. After these modification, the crude a-CF3
alcohol was isolated and purified by vacuum distillation (65-67 °C @ 0.1 mmHg) and obtained

as a viscous, colorless oil.

"H NMR (CDCls, 500 MHz) & 1.8 - 1.9 (m, 1H), 1.9 - 2.0 (m, 1H), 2.0 - 2.1 (m, 1H), 2.3 (ddd, J
=13.5,9.7, 3.4 Hz, 1H), 2.4 (d, J = 1.4 Hz, 1H), 2.8 - 2.9 (m, 2H), 7.2 (d, J = 7.3 Hz, 1H), 7.2 -
7.3(m, 2H), 7.7 (d, J = 7.6 Hz, 1H).

“C NMR (CDCls, 125 MHz) & 18.8 (CH,), 29.7 (CH,), 32.7 (CHy), 73.2 (q, Jc.c.r = 27.8 Hz,
C), 126.5 (q, Jc.r = 285.9 Hz, CF3), 126.8 (CH), 127.5 (CH), 129.2 (CH), 129.6 (CH), 133.3 (C),
139.0 (C).

“F NMR (CDCls, 471 MHz) & -81.1 (s, 3F).

Dehydration
4-(Trifluoromethyl)-1,2-dihydronaphthalene (11)*’

To a 150 mL one neck round bottom equipped with a stir bar was added 1-(trifluoromethyl)-
1,2,3,4-tetrahydronaphthalen-1-ol (1.85 g, 8.65 mmol, 1 equiv), p-TsOH*H,O (0.814 g, 4.28
mmol, 0.5 equiv), and toluene (61 mL).?® The flask was equipped with a Dean-Stark apparatus
(backfilled with ~10 mL of toluene) fitted with a reflux condenser. The reaction was heated to
reflux for 36 h. Reaction progress was monitored by GC/MS. Once judged to be complete, the
reaction was cooled rt and quenched with saturated ag NaHCOj3 (20 mL). The quenched mixture
was stirred for 5 min, then transferred to a separatory funnel. The reaction mixture was diluted
with pentane (100 mL) and saturated ag NaHCO3; (100 mL). The layers were separated, and the
aq layer was extracted with pentane (2 x 50 mL). The combined organic layers were washed
with saturated aqg NaHCO3 (100 mL), deionized H,O (100 mL), and finally brine (150 mL). The
organic layer was dried (Na SQO,), and the solvent was removed in vacuo by rotary evaporation

to give the crude CF; alkene. Further purification was accomplished by passing the crude

27 Bonnet-Delpon, D.; Charpentier-Morize, M.; Jacquot, R. J. Org. Chem. 1988, 53, 759.
% Hexanes can also be used in place of CH,Cl,.
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material through a SiO; plug, eluting with pentane giving the pure olefin (1.456 g, 86%) as a

clear, colorless oil.

'"H NMR (CDCls, 500 MHz) & 2.39 - 2.46 (m, 2H), 2.82 (t, J = 8.2 Hz, 2H), 6.72 (tq, J = 4.7, 1.4
Hz, 1H), 7.16 - 7.20 (m, 1H), 7.21 - 7.26 (m, 2H), 7.42 (dd, J = 4.6, 2.1 Hz, 1H).

“C NMR (CDCls, 125 MHz) § 22.7 (CHy), 27.5 (CH,), 124.0 (g, Jc.r = 273.1 Hz, CF3), 124.4
(d, Je.c.c.r = 2.7 Hz, C), 127.1 (CH), 128.3 (CH), 128.5 (CH), 128.6 (C), 129.0 (q, Jc.c.- = 29.3
Hz, C), 132.6 (q, Jc.r = 6.4 Hz, CH), 136.2 (CH).

“E NMR (CDCls, 471 MHz) & -67.08 (s, 3F).

Representative Procedure for Sonogashira-Type Coupling
of Alkynes with 2-Bromo-3,3,3-trifluoroprop-1-ene

CF3
Br(z equiv)

Pd(PPh3),Cl, (5 mol %)
Cul (8 mol%), PPh3 (8 mol %)
THF:Et3N (1:1), 50 °C, 18 h

(8R,9S,13S,14S,17S)-3-Methoxy-13-methyl-17-(3-(trifluoromethyl)but-3-en-1-yn-1-yl)-
7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-ol (1n)

To an oven dried 20 mL microwave vial were added THF (3 mL) and Et3N (3 mL). The solvents
were sparged with nitrogen for 10 min. Mestranol (0.930 g, 3.0 mmol, 1 equiv), Pd(PPhs).Cl,
(0.105 g, 0.15 mmol, 0.05 equiv), Cul (0.045 g, 0.24 mmol, 0.08 equiv), and PPh3 (0.063 g, 0.24
mmol, 0.08 equiv) were added sequentially to the vial. The vial was sealed with a crimp-top cap
containing a TFE-lined silicone septum and placed under an argon atmosphere via an inlet
needle. 2-Bromo-3,3,3-trifluoro-1-propene (1.05 g, 0.63 mL, 6.0 mmol) was added via a syringe.
The argon inlet needle was removed from the tube. The reaction mixture was heated to 50 °C.
The reaction was allowed to stir at this temperature for 18 h. Reaction progress was monitored
by HPLC and F NMR. Once complete, the reaction was cooled to rt and transferred to a
separatory funnel. Deionized H,O (50 mL) and EtOAc (50 mL) were added, and the layers were
separated. The aq layer was extracted with EtOAc (2 x 25 mL). The combined organic layers
were washed with brine (100 mL) and dried (Na,SO,). The solvent was removed in vacuo by

rotary evaporation to give the crude coupling product. Further purification was accomplished by
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SiO, column chromatography (gradient hexanes to 70:30 hexanes/EtOAcC) to give the pure
coupled product (0.844 g, 70%) as a light orange semisolid.

'"H NMR (CDCls, 500 MHz) & 0.93 (s, 3H), 1.35 - 1.57 (m, 4H), 1.64 - 1.73 (m, 1H), 1.75 - 1.95
(m, 4H), 2.02 (s, 1H), 2.04 - 2.13 (m, 1H), 2.18 - 2.27 (m, 1H), 2.33 - 2.45 (m, 2H), 2.80 - 2.94
(m, 2H), 3.80 (s, 3H), 5.89 (s, 1H), 6.07 (s, 1H), 6.65 (s, 1H), 6.74 (dd, J = 8.3, 2.0 Hz, 1H), 7.24
(d, J = 8.6 Hz, 1H).

“C NMR (CDCls, 125 MHz) & 13.1 (CHs3), 23.2 (CH,), 26.7 (CH,), 27.6 (CH>), 30.1 (CH,),
33.1 (CHy), 39.1 (CHy), 39.7 (CH,), 43.9 (CH), 48.1 (CH), 50.1 (CH), 55.5 (CH3), 78.7 (C), 80.5
(C), 97.5 (C), 111.8 (CH), 114.1 (CH), 121.6 (q, Jc.r = 274.0 Hz, CF3), 122.6 (q, Jc.c.r = 35.7
Hz, C), 126.7 (CH), 127.0 (q, Jc.c.c.r = 3.7 Hz, CH,), 132.7 (C), 138.2 (C), 157.8 (C).

“F NMR (CDCls3, 471 MHz) & -71.19 (s, 3F).

FT-IR (cm™, neat, ATR) 3442 (br, w), 2932 (w), 2870 (w), 2230 (vw), 1609 (w), 1499 (m),
1254 (m), 1179 (s), 1138 (vs), 1037 (m), 908 (m), 732 (s).

HRMS (ES+) calcd for Cp4H2sF30; [M + H]™: 405.2041, found: 405.2038.

tert-Butyl 4-(3-(Trifluoromethyl)but-3-en-1-yn-1-yl)piperidine-1-carboxylate, 1m Synthesis

of tert-butyl 4-(3-(trifluoromethyl)but-3-en-1-yn-1-yl)piperidine-1-

CF3

=" | carboxylate (0.291 g, 32%) was accomplished using the above procedure

N
Boc” m

with the following modification: The reaction was conducted using tert-butyl

4-ethynylpiperidine-1-carboxylate (0.630 g, 3 mmol). Further purification was accomplished by
SiO; column chromatography (gradient hexanes to 80:20 hexanes/EtOAc) to give the pure
coupling product as a clear, light orange oil. ‘"H NMR (CDCls, 500 MHz) & 1.48 (s, 9H), 1.67 (d,
J =3.8 Hz, 2H), 1.74 - 1.90 (m, 2H), 2.69 - 2.84 (m, 1H), 3.18 - 3.33 (m, 2H), 3.65 (s, 2H), 5.80
(d, J = 1.1 Hz, 1H), 6.00 (d, J = 1.3 Hz, 1H). *C NMR (CDCls, 100 MHz) & 27.3 (CH), 28.3
(CHs), 30.8 (CH,), 41.9 (CH,), 74.5 (C), 79.5 (C), 96.3 (C), 121.2 (q, Jc.r = 273.1 Hz, CF3),
122.5 (g, Je.c.r = 35.7 Hz, C), 125.9 (4, Je.c.c.r = 3.7 Hz, CH,), 154.6 (C). *°F NMR (CDCls,
471 MHz) & -71.53 (s, 3F). FT-IR (cm™, neat, ATR) 2951 (vw), 2928 (vw), 2870 (w), 2235
(vw), 1690 (s), 1420 (m), 1232 (m), 1137 (vs), 1002 (w), 936 (w), 872 (w), 768 (w). HRMS
(El+) caled for CisHo0FsNO; [M]™: 303.1446, found: 303.1461.
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Preparation of (4-Trifluoromethyl)pent-4-en-1-yl)benzene (1q)

Vs

g

o} o} 0
1. CDI, CH,Cl, 1. TMS-CF3, Toluene
OMe _ 3 -
Ph\/\)l\o"' 2.CFHa  EtN Ph\/\)L’}" CsF,0°Ctort - Ph\/\)J\CFs
Me’g‘OMe CH,Cly Me 2. TBAF, H,O
1. MesSi” MgCl
Ph\/\/ci cet, TMS- DT $ CFaSiMe - TeO0%Chr
CH,Cly, 0°C to rt 7T 2 H0°
1p

N

Weinreb Amide Synthesis

N-Methoxy-N-methyl-4-phenylbutanamide?®

To a 500 mL round bottom flask equipped with stir bar was added 4-phenylbutanoic acid (8.21 g,
0.050 mol, 1 equiv) and CH)CIl, (170 mL). To this stirred solution was added 1,1'-
carbonyldiimidazole (9.73 g, 0.060 mol, 1.2 equiv) in one portion, turning the solution a clear
pale-yellow and resulting in the evolution of CO, gas. The reaction mixture was allowed to stir
for 1 h at rt. After this time, N-O-dimethylhydroxylamine hydrochloride (5.85 g, 0.060 mol, 1.2
equiv) and EtsN (12.65 ¢, 17.4 mL, 0.125 mol, 2.5 equiv) were added all at once, and the
reaction mixture was stirred overnight. The reaction mixture was then quenched with 125 mL of
2 M aq HCI and stirred vigorously for 10 min. After this time, the solution was transferred to a
separatory funnel, and the layers were separated. The aq layer was extracted with CH,Cl; (3 x 75
mL). The combined organic layers were washed with 2 M aq HCI (150 mL), deionized H,O (150
mL), saturated ag NaHCO;3 (2 x 100 mL), and brine (150 mL). The organic layer was dried
(Na,SO,), and the solvent was removed in vacuo via rotary evaporation, affording the pure
amide (9.77 g, 94%) as a clear, light yellow oil.

'H NMR (CDCls, 500 MHz) & 1.89 - 2.00 (m, 2H), 2.34 - 2.46 (m, 2H), 2.65 (t, J = 7.6 Hz, 2H),
3.13 (d, J = 2.1 Hz, 3H), 3.57 (s, 3H), 7.09 - 7.19 (m, 3H), 7.21 - 7.29 (m, 2H).

C NMR (CDCls, 125 MHz) & 26.0 (CHy), 31.1 (CH,), 32.1 (CHy), 35.2 (CH3), 61.0 (CHa),
125.8 (CH), 128.3 (CH), 128.4 (CH), 141.7 (C), 174.2 (C).

# La Cruz, T. E.; Rychnovsky, S. D. J. Org. Chem. 2006, 71, 1068.
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Trifluoromethylation
1,1,1-Trifluoro-5-phenylpentan-2-one®

To a 250 mL round bottom flask equipped with a stir bar was added N-methoxy-N-methyl-4-
phenylbutanamide (8.29 g, 0.040 mol, 1 equiv). CsF (1.21 g, 0.008 mol, 0.2 equiv), followed by
toluene (80 mL), was then added to the flask. The flask was sealed with a septum equipped with
two inlet needles acting as exit valves. The flask was cooled to 0 °C for 15 min. TMS-CF3 (11.36
g, 0.080 mol, 2 equiv) was added to the reaction mixture dropwise over a period of 10 min. After
completion of the addition, the reaction mixture was allowed to stir for 10 min at 0 °C. The
cooling bath was removed, and the reaction mixture was allowed to stir at rt overnight.
CAUTION: Upon reaching rt, a rapid reaction occurs that is mildly exothermic and evolves
gas. Over this time period the solution became dark brown in color. Reaction progress was
monitored by *H NMR.*!

Once complete conversion to the silylated, tetrahedral intermediate was confirmed, toluene was
removed in vacuo via rotary evaporation. Hexanes (40 mL), followed by deionized H,O (40 mL)
followed by 1 M solution of TBAF in THF (40 mL, 0.040 mol, 1 equiv) were added to the
reaction flask. The flask was equipped with an air-cooled reflux condenser and then heated to 50
°C in an oil bath for 8 h to facilitate cleavage of the silyl ether. Once the reaction was judge to be
complete,® the reaction was cooled to rt. The reaction mixture was then diluted with Et,0 (125
mL) and deionized H,O (100 mL), and then transferred to a separatory funnel. The layers were
separated, and the aq layer was extracted with Et,O (3 x 75 mL). The combined organic layers
were washed with 2 M ag HCI (125 mL), deionized H,O (150 mL), and brine (150 mL). The
organic layer was dried (Na,SO,), and the solvent was removed in vacuo by rotary evaporation,
affording the crude trifluoromethyl ketone. Further purification was accomplished by vacuum
distillation (bp 79-81°C @ 0.1 mmHg), affording the pure CF3 ketone (6.74 g, 78%) as a clear,

colorless oil.

%0 Li, Q.; Tochtrop, G. P. Org. Lett. 2014, 16, 1382.

* The O-silylated intermediate has characteristic peaks, and conversion can easily be determined by *H NMR. See
Rudzinski, D. M.; Kelly C. B.; Leadbeater, N. E. Chem. Commun. 2012, 48, 9610 for further details.

%2 Conversion to the desired TFMK can be determined by examining the silyl region of the *H NMR with the O-

silylated intermediate coming at ~ 0.25 ppm and Me;SiOSiMe; coming at ~ 0.06 ppm .
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"H NMR (CDCls, 500 MHz) & 1.98 - 2.06 (m, 2H), 2.68 (t, J = 7.6 Hz, 2H), 2.72 (t, J = 7.2 Hz,
2H), 7.17 (d, J = 7.5 Hz, 2H), 7.20 - 7.25 (m, 1H), 7.28 - 7.33 (m, 2H).

“C NMR (CDCls, 125 MHz) & 24.1 (CH,), 34.8 (CH,), 35.8 (CH,), 115.8 (q, Jc.r = 293.3 Hz,
CFs), 126.6 (CH), 128.7 (CH), 128.8 (CH), 140.9 (C), 191.6 (q, Jc.c.r = 35.0 Hz, C).

“E NMR (CDCls3, 471 MHz) & -82.32 (s, 3F).

Alkylation
1,1,1-Trifluoro-5-phenyl-2-((trimethylsilyl)methyl)pentan-2-ol

Synthesis of 1,1,1-trifluoro-5-phenyl-2-((trimethylsilyl)methyl)pentan-2-ol (7.98 g, 94%) was
accomplished using the procedure for the preparation of 2-(5-bromo-2-methoxyphenyl)-1,1,1-
trifluoro-3-(trimethylsilyl)propan-2-ol, with the following modification: The reaction was
conducted using 1,1,1-trifluoro-5-phenylpentan-2-one (1.53 g, 0.005 mol), and the quantities of

other reagents were adjusted accordingly. The carbinol was obtained as a clear, colorless oil.

'"H NMR (CDCls, 500 MHz) & 0.06 (s, 9H), 1.05 (d, J = 15.1 Hz, 1H), 1.14 (d, J = 15.1 Hz, 1H),
1.54 (brs, 1H), 1.71 - 1.77 (m, 4H), 2.59 - 2.67 (m, 2H), 7.16 - 7.22 (m, 3H), 7.27 - 7.32 (m,
2H).

"C NMR (CDCls, 125 MHz) & 0.3 (CHs), 23.3 (CH,), 25.4 (CHy), 36.3 (CH,), 36.4 (CH,), 76.3
(9, Jec.F = 28.4 Hz, C), 127.0 (q, Jcr = 286.5 Hz, CF3), 126.3 (CH), 128.6 (CH), 128.7 (CH),
141.9 (C).

“F NMR (CDCls, 471 MHz) & -84.12 (s, 3F).

FT-IR (cm™, neat, ATR) 3476 (w), 3029 (m), 2954 (m), 1250 (s), 1218 (s), 1149 (s), 1100 (s),
839 (s), 750 (s), 698 (s).

HRMS (EI) calcd for C14H,30Si [M — CF3]*: 235.1518, found: 235.1528.

Peterson Elimination
(4-(Trifluoromethyl)pent-4-en-1-yl)benzene (1p)*

Synthesis of (4-(trifluoromethyl)pent-4-en-1-yl)benzene (4.64 g, 83%) was accomplished using
the procedure for the preparation of 4-bromo-1-methoxy-2-(3,3,3-trifluoroprop-1-en-2-

yl)benzene, with the following modification: 1) The reaction was conducted using 1,1,1-

% Fuchibe, K.; Hatta, H.; Oh, K.; Oki, R.; Ichikawa, J. Angew. Chem., Int. Ed. 2017, 56, 5890.
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trifluoro-5-phenyl-2-((trimethylsilyl)methyl)pentan-2-ol (7.90 g, 0.005 mol), and the quantities
of other reagents were adjusted accordingly; 2) 0.2 equiv of TMSOTT was used rather than 0.15
equiv; 3) After addition of TMSOTT, the reaction was heated to reflux for 5 h. Further
purification was accomplished by passing the crude material through a SiO, plug, eluting with

pentane rather than vacuum distillation, giving the pure olefin 1q as a clear, colorless oil.

"H NMR (CDCls, 500 MHz) & 1.79 - 1.94 (m, 2H), 2.25 (t, J = 7.8 Hz, 2H), 2.67 (t, J = 7.7 Hz,
2H), 5.32 (d, J = 1.4 Hz, 1H), 5.68 (s, 1H), 7.18 - 7.24 (m, 3H), 7.28 - 7.33 (m, 2H).

“C NMR (CDCls, 125 MHz) & 29.3 (CH,), 29.4 (CHy), 35.5 (CHy), 117.9 (g, Jc.c.c.r = 5.8 Hz,
CHy), 124.2 (q, Jc.r = 274.0 Hz, CF3), 126.3 (CH), 128.6 (CH), 128.7 (CH), 138.7 (0, Jc.c.r =
28.4 Hz, C), 141.9 (C).

“F NMR (CDCls, 471 MHz) & -71.47 (s, 3F).

Preparation of 1-(3,3-Difluoroprop-1-en-2-yl)-4-methylbenzene (1q)

e A
o
e O
o o of 2 o Br
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J]\ Jj\ Me”® "OMe MeO. Jj\ 1. Mg, Et,0O CFoH
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Weinreb Amide Synthesis

2,2-Difluoro-N-methoxy-N-methylacetamide **

To a 300 mL round bottom flask equipped with a stir bar was added difluoroacetic anhydride
(8.70 g, 0.05 mol, 1 equiv), N,O-dimethylhydroxylamine hydrochloride (5.37 g, 0.055 mol, 1.1
equiv) and CH,Cl, (125 mL) were added. The flask was cooled to 0 °C in an ice-water bath and
allowed to stir for 5 min. After this time, pyridine (11.87 g, 12.1 mL, 0.150 mol, 3 equiv) and
EtsN (5.06 g, 6.97 mL, 0.050 mol 1 equiv) were added dropwise to the flask. After complete

% pollock, J.; Borkin, D..; Lund, G.; Purohit, T.; Dyguda-Kazimierowicz, E.; Grembecka, J.; Cierpicki, T. J. Med.
Chem. 2015, 58, 7465.
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addition, the reaction mixture was allowed to stir at 0 °C for 4 h. After this time, the reaction
mixture was quenched with saturated aqg NaHCO3 (75 mL), diluted with deionized H,O (200
mL), and transferred to a separatory funnel. The layers were separated, and the aq layer was
extracted with CH,Cl, (3 x 50 mL). The combined organic layers were washed with 2 M aq HCI
(2 x 100 mL), saturated ag NaHCQO3, (100 mL) and brine (150 mL). The organic layer was dried
(Na,SO,), and the solvent was removed in vacuo by rotary evaporation to give the amide (3.16 g,

45%) as a clear, colorless oil.

"H NMR (CDCls, 500 MHz) & 3.26 (s, 3H), 3.77 (s, 3H), 6.27 (t, J = 53.9 Hz, 1H).

“C NMR (CDCls, 125 MHz) & 32.1 (CHs), 62.2 (CHs), 106.3 (t, Jc.r = 244.7 Hz, CF,H), 162.2
(t, Je.c.r = 26.6 Hz, C).

“F NMR (CDCls, 471 MHz) & -129.9 (s, 100 F).

Weinreb Ketone Synthesis

2,2-Difluoro-1-(4-methylphenyl)ethanone®

To a 250 mL round bottom flask was added crushed Mg turnings (0.714 g, 0.0294 mol, 1.4
equiv) and a stir bar. The flask was sealed with a rubber septum, the atmosphere was evacuated
from the flask via an inlet needle, and the flask was flame-dried under vacuum. The flask was
flushed with argon and placed in a room temperature water bath. p-Bromotoluene (4.31 g, 0.0252
mol, 1.2 equiv) was dissolved in anhyd THF (42 mL) and added dropwise to the flask
CAUTION: Mildly exothermic. After complete addition, the solution was allowed to stir at rt for

90 min, and the mixture gradually became dark gray.

After this time, the flask was cooled to 0 °C for 5 min. 2,2-Difluoro-N-methoxy-N-
methylacetamide (2.92 g, 0.021 mol, 1 equiv), dissolved in anhyd THF (21 mL), was then added
to the flask dropwise. After complete addition of the amide, the reaction mixture was allowed to
stir for 10 min at 0 °C. After this time, the ice bath was removed, and the reaction mixture was
stirred at rt for 6 h. At this time, the solution was carefully quenched with an ag 2 M HCI
solution (100 mL). CAUTION: Evolves H, Gas! The quenched mixture was allowed to stir for

% Hamlin, T. A;; Kelly, C. B.; Ovian, J. M.; Wiles, R. J.; Tilley, L. J.; Leadbeater, N. E. J. Org. Chem. 2015, 80,
8150.
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15 min, and after this time the contents of the flask were transferred to a separatory funnel. The
layers were separated, and the aq layer was extracted with Et,O (3 x 75 mL). The combined
organic layers were washed with 2 M aq HCI (150 mL), deionized H,O (150 mL), and brine (150
mL). The organic layer was dried (Na;SO,), and the solvent was removed in vacuo by rotary
evaporation to afford the crude ketone. Further purification was accomplished by washing the
crude solid with pentane to give the pure difluoromethyl ketone (3.20 g, 90 %) as an off-white,

powdery solid (mp =50 °C).

'H NMR (CDCls, 500 MHz) & 2.45 (s, 3H), 6.27 (t, J = 53.6 Hz, 1H), 7.33 (d, J = 8.1 Hz, 2H),
7.97 (d, J = 8.1 Hz, 2H).

“C NMR (CDCls, 125 MHz) & 22.1 (CH3), 111.4 (t, Jc.r = 253.9 Hz, CF;H), 129.3 (C), 129.9
(CH), 130.0 (CH), 146.5 (CH), 187.4 (t, Jc.c.r = 24.7 Hz, C).

“F NMR (CDCls, 471 MHz) & -125.12 (s, 2F).

Alkylation

1,1-Difluoro-2-(p-tolyl)-3-(trimethylsilyl)propan-2-ol

Synthesis of 1,1-difluoro-2-(p-tolyl)-3-(trimethylsilyl)propan-2-ol  (3.49 g, 75%) was
accomplished using the procedure for the preparation of 2-(5-bromo-2-methoxyphenyl)-1,1,1-
trifluoro-3-(trimethylsilyl)propan-2-ol, with the following modification: The reaction was
conducted using 2,2-difluoro-1-(4-methylphenyl)ethanone (3.06 g, 0.018 mol), and the quantities
of other reagents were adjusted accordingly. Further purification was accomplished by vacuum

distillation (bp 89-91°C @ 0.1 mmHg), affording the carbinol as a clear colorless oil.

'H NMR (CDCls, 500 MHz) & -0.16 (s, 9H), 1.33 (d, J = 15.1 Hz, 1H), 1.43 (d, J = 14.8 Hz,
1H), 2.16 (s, 1H), 2.35 (s, 3H), 5.59 (t, J = 57.2 Hz, 1H), 7.17 (d, J = 7.9 Hz, 2H), 7.35 (d, J =
8.1 Hz, 2H).

BC NMR (CDCls, 125 MHZ) § 0.3 (CH3), 21.3 (CH,), 23.9 (CH3), 76.8 (t, Je.c.r = 21.1 Hz, C),
117.6 (t, Jc.r = 250.2 Hz, CF,H), 126.1 (CH), 129.1 (CH), 137.4 (C), 137.7 (C).

F NMR (CDCls, 471 MHz) & -132.97 (s, 2F).

FT-IR (cm™, neat, ATR) 3605 (m), 2954 (m), 1249 (s), 1063 (s), 928 (s), 819 (s), 566 (S).
HRMS (El+) calcd for C13H20F,0Si [M]*: 258.1251, found: 258.1279.
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Peterson Elimination

1-(3,3-Difluoroprop-1-en-2-yl)-4-methylbenzene (1q)*

Synthesis of 1-(3,3-difluoroprop-1-en-2-yl)-4-methylbenzene (1.53 g, 91%) was accomplished
using the procedure for the preparation of 4-bromo-1-methoxy-2-(3,3,3-trifluoroprop-1-en-2-
yl)benzene, with the following modification: The reaction was conducted using 1,1,1-trifluoro-
5-phenyl-2-((trimethylsilyl)methyl)pentan-2-ol (2.58 g, 0.010 mol), and the quantities of the
other reagents were adjusted accordingly. Further purification was accomplished by passing the
crude material through a SiO; plug, eluting with pentane rather than vacuum distillation, giving

the pure olefin as a clear, yellow oil.

'"H NMR (CDCls, 500 MHz) & 2.37 (s, 3H), 5.62 (t, J = 2.1 Hz, 1H), 5.70 (t, J = 1.5 Hz, 1H),
6.39 (t, J = 55.5 Hz, 1H), 7.19 (d, J = 7.9 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H).

“C NMR (CDCls, 125 MHz) & 21.3 (CH3), 115.8 (t, Jc.r = 239.2 Hz, CF,H), 118.2 (t, Je.c.c.r =
9.2 Hz, CHy), 127.0 (CH), 129.5 (CH), 132.1 (C), 138.8 (C), 142.1 (t, Jc.c.r = 20.2 Hz, C).

“F NMR (CDCls3, 471 MHz) & -116.10 (s, 2F).

Preparation of 1-Methyl-4-(3,3,4,4,4-pentafluorobut-1-en-2-yl)benzene (1r)
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Weinreb Amide Synthesis

2,2,3,3,3-Pentafluoro-N-methoxy-N-methylpropanamide®’

% Kazennikova, G. V.; Talalaeva, T. V.; Zimin, A. V.; Kocheshkov, K. A. Bull. Acad. Sci. USSR, Div. Chem. Sci.

(Engl. Transl) 1961, 985.
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Synthesis of 2,2,3,3,3-pentafluoro-N-methoxy-N-methylpropanamide (5.97 g, 72%) was
accomplished using the procedure for the preparation of 2,2-difluoro-N-methoxy-N-
methylacetamide, with the following modification: 1) The reaction was conducted using
pentafluoropropionic anhydride (12.4 g, 0.040 mol), and the quantities of other reagents were
adjusted accordingly; 2) No EtsN was used in the synthesis of this amide. The Weinreb amide

was obtained as a clear, pale-yellow oil.

"H NMR (CDCl3, 500 MHz) & 3.28 (br s, 3H), 3.76 (s, 3H).

“C NMR (CDCls, 125 MHz) & 33.2 (CH3) 62.4 (CHs) 108.2 (tq, Jc.r = 270.2, 38.9 Hz, CF,)
118.3 (qt, Jc.r = 288.4, 35.4 Hz, CF3) 158.0 (br, C).

“F NMR (CDCls, 471 MHz) & -121.48 (s, 2F) -84.53 (s, 3F).

Weinreb Ketone Synthesis
2,2,3,3,3-Pentafluoro-1-(p-tolyl)propan-1-one®

Synthesis of 2,2,3,3,3-pentafluoro-1-(p-tolyl)propan-1-one (5.07 g, 76%) was accomplished
using the procedure for the preparation of 2,2-difluoro-1-(4-methylphenyl)ethanone, with the
following modification: The reaction was conducted using 2,2,3,3,3-pentafluoro-N-methoxy-N-
methylpropanamide (5.70 g, 0.028 mol), and the quantities of other reagents were adjusted
accordingly. Further purification was accomplished by vacuum distillation (bp 88-90 °C @ 10
mmHg), affording the pentafluoroethyl ketone as a clear light yellow oil.

'"H NMR (CDCls, 500 MHz) & 2.46 (s, 3H), 7.34 (d, J = 8.2 Hz, 2H), 7.99 (d, J = 8.2 Hz, 2H).
“C NMR (CDCls, 125 MHz) & 21.9 (CH3) 109.1 (tq, Jc.r = 269.0, 37.0 Hz, CF,) 118.5 (qt, Jc.r
= 286.7, 33.9 Hz, CF3) 128.9 (t, Jc.c.c.r = 2.5 Hz, C) 130.0 (CH) 130.5 (t, Jc-c-c-c-r = 3.1 Hz,
CH) 147.4 (C) 183.0 (t, Jc-c.r = 26.5 Hz, C).

“F NMR (CDCls, 471 MHz) & -118.51 (s, 2F), -84.67 (s, 3F).
Alkylation

¥ Kelly, C. B.; Mercadante, M. A.; Carnaghan, E. R.; Doherty, M. J.; Fager, D. C.; Hauck, J. J.; Macinnis, A. E.;
Tilley, L. J.; Leadbeater, N. E. Eur. J. Org. Chem. 2015, 4071.

% Kelly, C. B.; Mercadante, M. A.; Carnaghan, E. R.; Doherty, M. J.; Fager, D. C.; Hauck, J. J.; Macinnis, A. E.;
Tilley, L. J.; Leadbeater, N. E. Eur. J. Org. Chem. 2015, 4071.
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3,3,4,4,4-Pentafluoro-2-(p-tolyl)-1-(trimethylsilyl)butan-2-ol

Synthesis of 3,3,4,4,4-pentafluoro-2-(p-tolyl)-1-(trimethylsilyl)butan-2-ol (6.78 g, 89%) was
accomplished using the procedure for the preparation of 2-(5-bromo-2-methoxyphenyl)-1,1,1-
trifluoro-3-(trimethylsilyl)propan-2-ol, with the following modification: The reaction was
conducted using 2,2,3,3,3-pentafluoro-1-(p-tolyl)propan-1-one (4.95 g, 0.0208 mol), and the
quantities of other reagents were adjusted accordingly. Further purification was accomplished by
vacuum distillation (bp 66-68 °C @ 0.1 mmHg), affording the carbinol as a clear, light yellow

oil.

'"H NMR (CDCls3, 500 MHz) & -0.20 (s, 9H), 1.50 (dd, J = 15.0, 0.9 Hz, 1H), 1.66 (dd, J = 15.0,
2.7 Hz, 1H), 2.27 (s, 1H), 2.35 (s, 3H), 7.16 (d, J = 8.1 Hz, 2H), 7.39 (d, J = 7.0 Hz, 2H).

“C NMR (CDCls, 125 MHz) § 0.1 (CH3), 21.3 (CHy), 25.1 (CHs), 77.8 (t, Jc.c.r = 23.8 Hz, C),
114.8 (tq, Jo.r = 262.1, Je.cr = 33.5 Hz, CFy), 119.8 (qt, Jo.r = 288.7, Je.c.r = 36.7 Hz, CF3),
126.5 (CH), 129.0 (CH), 135.1 (C), 138.3 (C).

“F NMR (CDCls, 471 MHz) & -126.82 (d, J = 274.7 Hz, 1F), -123.45 (d, J = 274.7 Hz, 1F), -
80.22 (s, 3F).

FT-IR (cm™, neat, ATR) 3621 (m), 2956 (m), 1211 (s), 1169 (s), 1131 (s), 1053 (s), 956 (s), 891
(s), 837 (s), 814 (s).

HRMS (EI) calcd for C11HoFs [M — TMS — OH]": 236.0624, found: 236.0628.

Peterson Elimination
1-Methyl-4-(3,3,4,4,4-pentafluorobut-1-en-2-yl)benzene (1r)

Synthesis of 1-methyl-4-(3,3,4,4,4-pentafluorobut-1-en-2-yl)benzene (3.23 ¢, 78%) was
accomplished using the procedure for the preparation of 4-bromo-1-methoxy-2-(3,3,3-
trifluoroprop-1-en-2-yl)benzene, with the following modification: The reaction was conducted
using 3,3,4,4,4-pentafluoro-2-(p-tolyl)-1-(trimethylsilyl)butan-2-ol (5.71 g, 0.0175 mol) and the
quantities of other reagents were adjusted accordingly. Further purification was accomplished by
passing the crude material through a SiO, plug, eluting with pentane rather than vacuum

distillation, giving the pure olefin as a clear, colorless oil.
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'"H NMR (CDCls, 500 MHz) & 2.38 (s, 3H), 5.76 (s, 1H), 5.97 (s, 1H), 7.18 (d, J = 8.1 Hz, 2H),
7.24-7.31 (m, 2H).

“C NMR (CDCls, 125 MHz) & 21.3 (CH3), 112.4 (tq, Jc.r = 253.9, Je.c.r = 37.6 Hz, CF,), 119.5
(qt, Jer = 287.8, Jo.cr = 39.4 Hz, CF3), 124.3 (t, Jc.c.c.r =8.2 Hz, CH,), 128.7 (CH), 129.4
(CH), 132.3 (C), 138.9 (t, Jc.c.r = 22.0 Hz, C), 139.2 (C).

“F NMR (CDCls, 471 MHz) & -115.98 (s, 2F), -85.68 (s, 3F).

FT-IR (cm™, neat, ATR) 2928 (w), 1203 (s), 1162 (s), 1141 (s), 1084 (s), 1015 (s), 946 (s), 823
(s), 744 (s), 536 (s).

HRMS (EI) calcd for C11HgFs [M]*: 236.0624, found: 236.0627.

Synthesis of Radical Precursors
Employed in Defluorinative Alkylation

Representative Procedure for a-Silylamine Synthesis

NH
S(\ (\N/\snvle3
DMF, 90 °C, 18 h > S\)
2a

cI” > siMes

4-((Trimethylsilyl)methyl)thiomorpholine, 2a

To a 100 mL round bottom flask equipped with a stir bar was added
(chloromethyl)trimethylsilane (3.07 g, 25 mmol, 1 equiv) followed by DMF (25 mL) and
thiomorpholine (5.42 g, 52.5 mmol, 2.1 equiv). The mixture was placed under an argon
atmosphere and was heated to 90 °C in an oil bath overnight. Reaction progress was assessed by
GC/MS and/or NMR. After this time, the reaction mixture was cooled to rt and was diluted with
deionized H,O (~50 mL). The solution was transferred to a separatory funnel, and Et,0*° (100
mL) was added. The layers were separated, and the aq layer was extracted with Et,O (2 x 50
mL). The combined organic layers were washed with deionized H,O (2 x100 mL) and brine (150
mL). The organic layer was dried (Na,SO,4), and the solvent was removed in vacuo by rotary

evaporation, affording the crude a-silylamine. Further purification was accomplished by vacuum

% Alternatively, for rather non-polar amines, pentane can be used. Comparable yields can be obtained so long as one
extra extraction is utilized (four total extractions rather than the three listed for Et,0).

S29



distillation (bp 49-51 °C @ 0.1 mmHg), giving pure 2a as a clear pale-yellow oil (2.99 g,
63%).%

'H NMR (CDClg, 500 MHz) § 0.04 (s, 9H), 1.91 (s, 2H), 2.59 - 2.67 (m, 8H).

C NMR (CDCls, 125 MHz) 8 -0.9 (CHs3), 28.4 (CH,), 51.9 (CH,), 58.6 (CHy).

FT-IR (cm™, neat, ATR) 2953 (m), 2909 (m), 2790 (m), 2740 (m), 1294 (s), 849 (s), 837 (s),
777 (s), 761 (s), 703 (s).

HRMS (El+) calcd for CgH1gNSSi [M]*: 189.1007, found: 189.1007.

4-((Trimethylsilyl)methyl)morpholine,** 2b (1.39 g, 32%) was prepared according to the

representative procedure with the following modification: 1) Morpholine

O(\N/\S”V'es (4.57 g, 52.5 mmol) was used in place of thiomorpholine. Further

2 purification was accomplished by vacuum distillation (bp 59-61 °C @ 1

mmHg), giving pure 2b as a clear colorless oil. ‘"H NMR (CDCls, 500
MHz) & 0.06 (s, 9H), 1.90 (s, 2H), 2.35 - 2.41 (m, 4H), 3.68 (t, J = 4.6 Hz, 4H). °C NMR
(CDCls, 125 MHz) 6 -0.9 (s, CH3), 51.6 (CH>), 57.6 (CHy), 67.4 (CH,).

Methyl 1-((Trimethylsilyl)methyl)piperidine-4-carboxylate, 2c (2.25 g, 65%) was prepared

according to the representative procedure with the following

/O\‘ SiMes modification: 1) The reaction was conducted using
MGOZC

2 (chloromethyl)trimethylsilane (1.84 g, 15 mmol, 1 equiv); 2) Methyl

piperidine-4-carboxylate (4.29 g, 30 mmol, 1 equiv) was used in
place of thiomorpholine. Further purification was accomplished by vacuum distillation (bp 58-60
°C @ 0.1 mmHg), giving pure 2c as a clear colorless oil. ‘H NMR (CDCls, 500 MHz) & 0.05 (s,
9H), 1.67 - 1.86 (m, 4H), 1.88 (s, 2H), 1.91 - 2.01 (m, 2H), 2.18 - 2.27 (m, 1H), 2.72 - 2.82 (m,
2H), 3.67 (s, 3H). *C NMR (CDCls, 125 MHz) § -0.9 (CH3), 28.8 (CH,), 40.8 (CH), 51.3
(CHy), 51.9 (CH,), 57.1 (CHs), 176.1 (C). FT-IR (cm™, neat, ATR) 2951 (m), 2779 (m), 1264

“% In general, the peaks in "H NMR of a-silylamines appear broadened. We speculate that this may stem from an
interaction between the deuterated solvent, CDCl3, and the amine, although for some substrates this broadening can
be resolved by increasing the relative concentration of the analyte in CDCl;. See Lazareva, N. F.; Vakul'skaya, T. I.;
Lazarev, |. M. J. Phys. Org. Chem. 2009, 22, 144. To alleviate this, more concentrated *H NMRs may be taken.
*Sato, Y.; Aoyama, T.; Shirai, H. J. Organomet. Chem. 1974, 82, 21.
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(s), 1248 (s), 1193 (s), 1172 (s), 838 (s). HRMS (EI+) calcd for C11H23sNO,Si [M]": 229.1498,
found: 229.1495.

(S)-2-(Methoxymethyl)-1-((trimethylsilyl)methyl)pyrrolidine, 2d (0.98 g, 49%) was prepared

P according to the representative procedure with the following modification:
N7 sim

C/, OIIVI % 1) The reaction was conducted using (chloromethyl)trimethylsilane (1.23 g,
Y- e

2d 10 mmol, 1 equiv); 2) (S)-2-(methoxymethyl)pyrrolidine (2.36 g, 20.5

mmol, 2.05 equiv) was used in place of thiomorpholine. Further purification was accomplished
by vacuum distillation (bp 68-70 °C @ 1 mmHg), giving pure 2d as a clear colorless oil. ‘H
NMR (CDCls, 500 MHz) & 0.05 (s, 9H), 1.52 - 1.64 (m, 1H), 1.65 - 1.78 (m, 3H), 1.82 - 1.93 (m,
1H), 2.06 - 2.17 (m, 1H), 2.30 - 2.39 (m, 1H), 2.43 (d, J = 14.0 Hz, 1H), 3.02 - 3.12 (m, 1H),
3.17 - 3.28 (m, 1H), 3.35 (s, 3H), 3.39 - 3.46 (m, 1H). **C NMR (CDCls, 125 MHz) &-1.0
(CHs), 1.7 (CH,), 23.4 (CH,), 28.7 (CH,), 46.9 (br s, CH,), 57.8 (CH), 59.4 (CH3), 68.0 (br s,
CH,). FT-IR (cm™, neat, ATR) 2954 (m), 2874 (m), 2809 (m), 1247 (s), 1109 (s), 837 (s), 692
(s). HRMS (EI+) calcd for C19H23NOSi [M]™: 201.1549, found: 201.1563.

N-Methyl-N-((trimethylsilyl)methyl)cyclohexanamine,* 2e (1.99 g, 67%) was prepared

according to the representative procedure with the following modification:
O\N/\SiMeg, 1) The reaction was conducted using (chloromethyl)trimethylsilane (1.84 g,

2e 15 mmol, 1 equiv); 2) N-methylcyclohexanamine (5.09 g, 45 mmol, 3

equiv) was used in place of thiomorpholine. Further purification was accomplished by vacuum
distillation (bp 70-72 °C @ 1 mmHg), giving pure 2e as a clear colorless oil. ‘H NMR (CDCls,
500 MHz) & 0.05 (s, 9H), 1.03 - 1.11 (m, 1H), 1.11 - 1.26 (m, 4H), 1.58 - 1.64 (m, 1H), 1.72 -
1.81 (m, 4H), 1.95 (s, 2H), 2.24 (s, 3H). *C NMR (CDCls, 125 MHz) & -1.1 (CH3), 26.4 (CH,),
26.8 (CH,), 28.3 (CH,), 42.0 (CH,), 44.9 (CHs), 65.2 (CH).

*2 Baciocchi, E.; Del Giacco, T.; Lapi, A. Org. Lett., 2006 , 8, 1783.

S31



2-Methoxy-N-methyl-N-((trimethylsilyl)methyl)ethanamine, 2f (0.54 g, 35%) was prepared

according to the representative procedure with the following

[Meo\/\ril/\SiMes] modification: 1)  The reaction was conducted  using
2f

(chloromethyl)trimethylsilane (1.08 g, 8.8 mmol, 1 equiv); 2) 2-
methoxy-N-methylethanamine (1.61 g, 18 mmol, 2.05 equiv) was used in place of
thiomorpholine. Further purification was accomplished by vacuum distillation (bp 67-69 °C @ 1
mmHg), giving pure 2f as a clear, colorless oil. ‘H NMR (CDCls, 500 MHz) & 0.06 (s, 9H), 1.94
(s, 2H), 2.26 (s, 3H), 2.52 (t, J = 6.0 Hz, 2H), 3.34 (s, 3H), 3.46 (t, J = 5.9 Hz, 2H). **C NMR
(CDCl3, 125 MHz) § -1.0 (CH3), 47.2 (CH,), 50.7 (CH3), 59.1 (CH,), 60.9 (CHs), 71.2 (CHy).
FT-IR (cm™, neat, ATR) 2973 (m), 2877 (m), 2812 (m), 2769 (m), 1248 (s), 1123 (s), 763 (s),
693 (s). HRMS (EI) calcd for CgH,;NOSi [M]": 175.1392, found: 175.1380.

Procedure for the Synthesis of Potassium 2-Hydroxy-4-phenylbutyltrifluoroborate (2q)

o] CyNHC, CuCl HO Me

NaOtBu
Me > BF3K
toluene, MeOH 2q
rt, 21 h

The following procedure is a modification of the procedure outlined by Floreancig.*® To a 250

mL round bottom flask equipped with a stir bar was charged with CuCl (140 mg, 1.4 mmol 0.2
equiv), [CyNHC]BF,4 (220 mg, 0.69 mmol, 0.1 equiv), bispinacolborane (1.93 g, 7.6 mmol, 1.1
equiv) and NaOtBu (130 mg, 1.3 mmol, 0.19 equiv). The flask was evacuated and purged three
times with argon. Toluene (50 mL) was added via syringe, and the mixture was allowed to stir at
rt for 30 min. 4-Phenylbutan-2-one (1.02 g, 6.9 mmol) and MeOH (442 mg, 0.56 mL, 13.8
mmol, 2 equiv) were added via syringe, and the mixture was allowed to stir at rt for 21 h. The
reaction mixture was filtered through a plug of Celite® and then rinsed with EtOAc (3 x 40 mL).
The filtrate was concentrated, and the resultant oil was dissolved in MeOH (50 mL) and
transferred to a 150 mL round bottom flask. The flask was cooled to 0 °C in an ice bath, and then
a solution of KHF; (4.5 M, 13.2 mL, 59.5 mmol, 8.62 equiv) was added dropwise over 10 min.
CAUTIONARY NOTE: KHF; solutions will etch glassware. The mixture was warmed to rt and

** Hanna, R. D.; Naro, Y.; Deiters, A.; Floreancig, P. E. J. Am. Chem. Soc. 2016, 138, 13353.
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stirred for 3.5 h. The solvent was removed in vacuo by rotary evaporation. The resultant solid
was triturated and sonicated with hot acetone and filtered. This process was repeated three times.
The filtrate was then concentrated to a minimal volume, and the alkyltrifluoroborate was
precipitated through dropwise addition of cold Et,O (~30 mL). The mixture was filtered, washed
with cold Et,O (~10 mL), and dried on high vacuum (< 0.5 mmHg) overnight to yield the desired

organotrifluoroborate 2q as a white powder (mp = >200 °C).

'"H NMR (acetone-ds, 500 MHz) & 1.04 (s, 3H), 1.56 - 1.65 (m, 1H), 1.65 - 1.73 (m, 1H), 2.71
(dd, J = 9.6, 8.4 Hz, 2H), 3.76 (s, 1H), 7.07 (t, J = 7.2 Hz, 1H), 7.13 - 7.24 (m, 4H).

BC NMR (acetone-ds, 125 MHz) & 24.8 (CH,), 24.9 (CH,), 31.4 (CHs), 44.0 (C), 125.8 (CH),
128.9 (CH), 129.3 (CH), 146.1 (C).

“F NMR (acetone-dg, 471 MHz) & -153.16 (br s, 3F).

"B NMR (acetone-ds, 125 MHz) & 5.92 (br s, 1B).

FT-IR (cm™, neat, ATR) 3542 (m), 2949 (m), 1602 (s), 1492 (s), 993 (s), 959 (s), 905 (s), 699
(s).

HRMS (ES-) calcd for C1oH13BF30 [M — K] : 217.1012, found: 217.1022.

Representative Procedure for Alkylbis(catecholato)silicates

0 NH,
OH @
©: 'ProNH,

[: 1 OH O-
H,oN 0 "si(0Me); —————— 0 g’ o@
iPr,NH, THF,
65 °C, 16 h

Diisopropylammonium Bis(catecholato) 3-(m-Aminophenoxy)propylsilicate (2t)

To an oven-dried, 100 mL round bottom flask equipped with a stir bar, reflux condenser, and gas
inlet adapter was added catechol** (3.95 g, 35.9 mmol, 1.95 equiv) followed by THF (38 mL)
and i-Pr,NH* (2.24 g, 3.11 mL, 22.1 mmol, 1.2 equiv). The mixture was placed under an argon
atmosphere and was allowed to stir at rt for 5 min. The solution became pale red. After this time,

* Recrystallized from hexane or heptane prior to use.
%% A similar protocol can be used to prepare the more organic soluble triethylammonium salt, although precipitation
may be more arduous. This salt works equally well in Ni/photoredox cross-coupling.
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3-(3-(trimethoxysilyl)propoxy)aniline (5.00 g, 18.42 mmol, 1.0 equiv) was added. The solution
immediately lightened to a golden yellow color. The solution was then heated to reflux in an oil
bath and allowed to stir at this temperature overnight.“® Once the reaction was judged to be
complete by crude *H NMR analysis,*’ the solvent was removed in vacuo by rotary evaporation.
The resulting powder was collected via filtration through a medium porosity fritted funnel. The
powder was washed with Et,O (~100 mL) and pentane (~50 mL). The solid was collected and
dried further in vacuo to give the 2t (6.129 g, 67%) as a powdery white solid (mp = 150 °C).

'"H NMR (DMSO-dg, 500 MHz) & 0.54 (s, 2H), 1.18 (d, J = 6.4 Hz, 12H), 1.51 - 1.60 (m, 2H),
3.33 (brs, 2H), 3.63 (t, J = 7.2 Hz, 2H), 4.93 (s, 2H), 5.95 (dd, J = 8.1, 1.8 Hz, 1H), 6.01 (t, J =
2.0 Hz, 1H), 6.06 (dd, J = 7.8, 1.2 Hz, 1H), 6.43 (dd, J = 5.6, 3.4 Hz, 4H), 6.53 (dd, J = 5.5, 3.5
Hz, 4H), 6.80 (t, J = 7.9 Hz, 1H), 7.95 (br s, 2H).

“C NMR (DMSO-dg, 125 MHz) & 14.0 (CH,), 19.1 (CHs), 24.4 (CH,), 46.2 (CH,), 69.8 (CHy),
99.8 (CH), 102.1 (CH), 106.4 (CH), 109.5 (CH), 117.1 (CH), 129.3 (CH), 149.8 (C), 150.5 (C),
159.8 (C).

FT-IR (cm™, neat, ATR) 3046 (w), 1485 (s), 1239 (s), 813 (s), 742 (s), 687 (), 506 (s).

HRMS (ES-) calcd for C21HzoNOsSi [M — iProNH;]: 394.1096, found: 394.1111.

Diisopropylammonium Bis(catecholato)(3-carbazolylpropyl)silicate, 2u (1.87 g, 68%) was

prepared according to the general procedure from  (3-

(\/ carbazolylpropyltriethoxysilane (1.858 g, 5.00 mmol). The desired silicate
qS:gi:é’@ 2u was isolated as an off-white solid (mp = 154 °C). '"H NMR (DMSO-
PraNz 24 ds, 500 MHz) 6 0.64 (t, J = 7.5 Hz, 2H), 1.19 (d, J = 6.4 Hz, 12H), 1.63 -

1.75 (m, 2H), 3.34 (br s, 2H), 4.21 (t, J = 7.6 Hz, 2H), 6.43 (dd, J = 5.5, 3.7 Hz, 4H), 6.55 (dd, J
=55, 3.5 Hz, 4H), 7.14 (t, J = 7.4 Hz, 2H), 7.38 (t, J = 7.7 Hz, 2H), 7.51 (d, J = 8.2 Hz, 2H),
8.03 (br s, 2H), 8.09 (d, J = 7.6 Hz, 2H). *C NMR (DMSO-ds, 125 MHz) & 15.2 (CH,), 18.8
(CH3), 24.0 (CH,), 44.9 (CH), 46.3 (CH,), 109.3 (CH), 109.7 (CH), 117.2 (CH), 118.4 (CH),
120.1 (CH), 121.8 (CH), 125.5 (C), 139.9 (C), 150.5 (C). FT-IR (cm™, neat, ATR) 3051 (vw, br)
1484 (s), 1239 (s), 818 (s), 740 (s), 721 (s), 666 (s), 585 (s), 507 (s). HRMS (ES+) calcd for
C27H23Na0,4Si [M + H + Na — iProNH,]": 476.1294, found: 476.1271.

“® Depending on the nature of the silicate and its solubility in THF, precipitation of the product would occur.
" For DIPA silicates, it is advisable to use acetone-ds or DMSO-d as the NMR solvent, as these silicates have poor
solubility in most other deuterated solvents.
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Optimization and Control Studies for Various Radical Precursors
Procedure for optimization and control studies:

To a 4 mL reaction vial equipped with a stir bar was added photocatalyst [if Ru(bpy)s(PFs)2,
0.0025 mmol, 0.025 equiv; if 4CzIPN, 0.005 mmol, 0.05 equiv] and the appropriate radical
precursor (0.14 mmol, 1.4 equiv). The vial was sealed with a cap containing a TFE-lined silicone
septum and placed under an Ar atmosphere through evacuating and purging with Ar three times
via an inlet needle. The vial was then charged with the CF3 alkene 1a (28.1 mg, 0.1 mmol, 1.0
equiv) and anhyd DMSO (1 mL) via a syringe. The cap was sealed with Parafilm®, and the
solution was either irradiated with blue LEDs in the aforementioned photoreactor or was
wrapped in foil and placed in a light-free environment. The temperature of the reaction was
maintained at approximately 27 °C via a fan. The solution was stirred vigorously. Reaction
progress was evaluated by GC/MS or HPLC after the addition of 4,4'-di-tert-butyl-1,1"-biphenyl
(0.050 mL, 0.00001 mmol, 0.2 M in MeCN) as an internal standard (1S).

Table S1: Reaction Optimization of Defluorinative Radical Addition to CF3 Alkenes
using a-Silylamine 2a

VS
Me;Si N F F
CF, 3 ™

S
Br X 2a I\/ Br
> N
OMe photocatalyst (2.5 mol %) OMe K/S

solvent (0.1 M), Blue LEDs, 24 h

1a 3a

\ J
Entry Photocatalyst Solvent Prod : IS
1 Ru(bpy)s(PFs). DMF 0.28
2 4CzIPN DMF 0.27
3 MesAcr'BF, DMF —
4 [Ir{dFCF3ppy}(bpy)IPFs DMF 0.29
5 Ru(bpy)s(PF¢)2 DMSO 0.28
6 Ru(bpy)s(PFe)2 MeCN 0.21
! Ru(bpy)s(PFe), EtOAC _

& Prod:IS ratios were determined by HPLC integration.
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Table S2: Reaction Optim

ization of Defluorinative Radical Addition to CF3 Alkenes
using Organotrifluoroborate 2g

4 \
F. F
CFs P |
Br \ KF3B Br
>
photocatalyst (5 mol %)
OMe  solvent (0.1 M), Blue LEDs, 24 h OMe
1a 3
. 9 y,
Entry Photocatalyst Solvent Prod : IS
- Ru(bpy)s(PFe)2 DMSO _
2 4CzIPN DMSO 0.97
3 MesAcr'BF, DMSO —
4 [Ir{dFCFsppy}.(bpy)]PFs DMSO Trace
5 4CzIPN DMF 0.53
6 4CzIPN MeCN 0.73
7 4CzIPN EtOAC 0.63

2 Prod:IS ratios were determin

ed by HPLC integration.

Optimization of Radical Addition to Heteroaryl Trifluoromethyl Alkene Substrates with High

Throughput Experimentation

,
@@*\
s
N

1h

.

J\ F. F
1.4 equiv
KF3B ( quiv) I
- X
photocatalyst (5 mol %) 7
base (3 equiv) N
solvent (0.1 M), Blue LEDs, 24 h 4g

J

High Throughput Experimentation was performed at the Penn/Merck Center for High

Throughput Experimentation
screening center were dry and
internal standard. The areas fo

each of the screens are shown

at the University of Pennsylvania. All solvents used in the
degassed. The screen was analyzed by UPLC with addition of an
r the internal standard (1S), CF3 alkene (SM), and product (P) from

in the tables below. The ratios calculated are pertinent only to that

specific screen; the ratios from one screen should not be quantitatively compared to those from a

different screen. The results o

f the screens are summarized in two tables shown below, the first

representing the ratio of product to internal standard and the second representing the ratio of

starting material to internal standard both as determined by UPLC.
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Procedure for Screen 1: Condition Optimization for Heteroaryl Substrates:

To a 96 well plate reactor containing 1 mL reaction vials equipped with a Teflon-coated
magnetic stir bar in a glovebox was added sequentially: 1) solution of 5-(1,1-Difluoro-4-
methylpent-1-en-2-yl)-1-methyl-1H-indole (4g) (10 pumol, 1.0 equiv) dissolved in MeCN (50
uL); 2) solution of isopropyl trifluoroborate (1.4 equiv) in MeCN (100 uL); (3) solution of
inorganic base (3 equiv) in MeCN (100 pL) (to appropriate vials). The solvent was removed
from the vials using a Genevac. To the appropriate vials was added sequentially: 1) solution of
organic base (3 equiv) in the appropriate solvent (20 — 40 pL); 2) solution of photocatalyst (0.05
equiv) in the appropriate solvent (200 uL). The vials were sealed and stirred at rt under blue light
irradiation for 24 h. After 24 h the reactions were opened to air, and diluted with 500 pL of
MeCN. After stirring the diluted block for 15 min, 25 pL aliquots were then taken from the
reaction vials and dosed into a 96-well UPLC block. These aliquots were further diluted by the
addition of 700 uL of MeCN containing internal standard. The reaction mixtures were then
analyzed by UPLC.

Diox ‘ DMSO ‘ DMF ‘ MeCN Diox ‘ DMSO ‘ DMF ‘ MeCN Diox ‘ DMSO ‘ DMF ‘ MeCN

Product :18 [Ir{dF(CF3)ppy}2(bpy)]PFs [Ir{dF(CF3)ppy}2(dtbbpy)]PFe 4CzIPN
Cs,CO4 5.85 0.00 2.74 0.00 1.89 0.00 0.00 0.00 0.00 1.28 1.55 1.94
K,HPO, 8.89 0.00 1.95 0.00 3.32 0.00 0.00 0.00 0.00 3.94 3.90 0.00
1:1 Li,CO4:DIPA 0.89 0.00 0.33 0.00 1.39 0.00 0.00 0.00 0.00 3.10 0.00 1.35
1:2 Cs,COg:lutidine 4.33 0.00 0.95 0.00 7.17 0.00 0.00 0.00 0.00 1.15 1.92 2.80
lutidine 9.71 0.00 2.68 0.00 5.30 0.00 0.00 0.00 0.00 0.00 5.30 0.00
None 10.32 2.75 2.22 0.00 4.84 0.00 0.00 0.00 0.00 4.42 411 1.98
Na,CO; 10.53 0.00 2.52 0.00 9.51 0.00 0.00 0.00 0.00 0.00 5.18 0.00
Diox ‘ DMSO ‘ DMF ‘ MeCN Diox ‘ DMSO ‘ DMF ‘ MeCN Diox ‘ DMSO ‘ DMF ’ MeCN

S [Ir{dF(CFs)ppy}2(bpy)IPFe [Ir{dF(CFs)ppy}2(dtbbpy)]PFs 4CzIPN
Cs,CO; 4.41 5.03 4.05 8.29 8.09 4.43 7.38 7.33 8.31 6.44 7.25 7.08
K.HPO, 0.77 2.23 3.74 5.58 6.27 1.07 4.24 5.19 9.67 4.50 4.62 6.25
1:1 Li,CO4:DIPA 6.99 4.32 7.62 6.52 6.95 2.90 7.05 6.56 1.93 6.35 2.50 7.18
1:2 Cs,COg:lutidine 5.92 6.33 6.87 8.30 2.20 6.02 7.46 7.94 7.94 7.05 7.69 6.50
lutidine 3.11 297 5.22 2.85 1.84 3.44 6.02 8.77 5.98 3.31 8.99
None 0.32 3.18 6.54 4.22 1.35 4.93 5.46 10.11 3.12 4.34 5.69
Na,CO; 2.34 3.66 6.93 -I 1.19 4.14 6.67 9.48 5.81 2.19 8.53
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Table S3: Reaction Optimization of Defluorinative Radical Addition to CF3 Alkenes
using Alkyl(biscatecholato)silicate 2r

® OMe
iPerHz
CF (6} (e} F
s =Sig
s S eI
'
OMe photocatalyst (5 mol %) OMe
solvent (0.1 M), Blue LEDs, 24 h
1a 3r
~ J
Entry Photocatalyst Solvent Prod : IS

1 Ru(bpy)s(PFe)2 DMF 0.28
2 4CzIPN DMF 0.23
3 MesAcrBF, DMF —
4 [1r{dFCF3ppy}(bpy)]1PFe DMF 0.28
5 Ru(bpy)s(PFe): DMSO 0.30*
6 Ru(bpy)s(PFs): MeCN 0.06
i Ru(bpy)s(PFs). EtOAC —

*Note: while DMSO and DMF performed with nearly identical results, DMF was chosen as the solvent as later
substrate screening determined it to result in more broad success across substrates. Ru(bpy)s(PFg), and
[Ir{dFCFsppy}.(bpy)]PFsresulted in the same Prod : IS but Ru(bpy)s(PFs), was chosen for its lower cost per gram.

Table S4: Control Studies using a-Silylamine 2a

CF3

OMe

1a

Me3Si/\N/\|
-

2a S

Br:

Ru(bpy)s(PFe)s (2.5 mol %)

'

DMF (0.1 M), Blue LEDs, 24 h

N
F F
™
OMe K/S
3a

Entry Deviation from procedure % Conversion to 3a
1 None 99
2 No Ru(bpy)s(PFe)2 0
3 No light 0

& Percent conversion was approximated based upon relative areas from the GC/MS trace of a

given run.
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Table S5: Control Studies using Organotrifluoroborate 2g

F_F
CF,
KF4B |

Br NN Br
\@f\ :
4CzIPN (5 mol ¢
OMe 2 (5 mol %) OMe

DMSO (0.1 M), Blue LEDs, 24 h

. 1a 39 )
Entry Deviation from procedure % Conversion to 3g
1 None 99
2 No 4CzIPN 0
3 No light 0

& Percent conversion was approximated based upon relative areas from the GC/MS trace of a
given run.

Table S6: Control Studies using Alkyl(biscatecholato)silicate 2r

( N\
® OMe
iPerHz
CF o} A~F
3 >Sic
O S| e
OMe  Ru(bpy)s(PFe); (2.5 mol %) OMe
DMF (0.1 M), Blue LEDs, 24 h
1a 3r
\§ J
Entry Deviation from procedure % Conversion to 3r
1 None 99
2 No Ru(bpy)s(PFe)2 0
3 No light 0

& Percent conversion was approximated based upon relative areas from the GC/MS trace of a
given run.
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General Procedures for Defluorinative Alkylation of
Perfluoroalkyl-Substituted Alkenes

Representative Procedure for Defluorinative Alkylation using a-Silylamines

( )
CF3 | (\S ’a F F
Br N MeBS'\/N\)m 3 equiv) Br N/\
(I > s
OMe Ru(bpy)s(PFg)2 (2.5 mol %) OMe
1a DMF (0.1 M)
X blue LEDs, rt, 30 h 3a )

4-(3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)thiomorpholine (3a)

To an 8 mL reaction vial equipped with a stir bar was added Ru(bpy)s(PFs). (0.011 g, 0.0125
mmol, 0.025 equiv). The vial was sealed with a cap containing a TFE-lined silicone septum and
placed under an Ar atmosphere through evacuating and purging with Ar three times via an inlet
needle. The vial was then charged with the a-silylamine 2a (0.123 g, 0.65 mmol, 1.3 equiv) and
CF3 alkene 1a (0.141 g, 0.5 mmol) in anhyd DMF (5 mL) via a syringe. The cap was sealed with
Parafilm®, and the now bright red solution was irradiated with blue LEDs in the aforementioned
photoreactor. The temperature of the reaction was maintained at approximately 27 °C via a fan.
The solution was stirred vigorously while being irradiated. Reaction progress was monitored by
GC/MS.*® Once judged to be complete, the now dark red-brown solution was transferred to a
separatory funnel and diluted with deionized H,O (20 mL), 2 M ag NaOH (5 mL) and Et,O (~ 20
mL). The layers were separated, and the aq layer was extracted with Et,O (3 x ~20 mL). The
combined organic layers were washed with deionized H,O (2 x ~50 mL) followed by brine
(~100 mL). The combined organic layers were dried (Na,SO,), and the solvent was removed in
vacuo by rotary evaporation. Further purification was accomplished by SiO, column
chromatography (gradient CH,Cl,/MeOH)*® to give the desired difluoroalkene, 3a, (0.165 g,
87%) as a pale-yellow oil.

“8 With some substrates, the reaction can stall after 24 h. To resolve this issue, additional Ru(bpy)s(PFg), (0.0043 g,
0.0025 mmol, 0.005 equiv) and a-silylamine (0.2 equiv) are added. The reaction mixture is then irradiated for an
additional 12 h.

* Alternatively, hexane/EtOAc (containing 1% Et;N) may be used instead, although in some cases separation of the
residual a-silylamine from the product is problematic with this solvent system.
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'"H NMR (CDCl3, 500 MHz) § 2.34 (t, J = 7.6 Hz, 2H), 2.48 (t, J = 7.2 Hz, 2H), 2.65 (d, J = 7.6
Hz, 8H), 3.79 (s, 3H), 6.76 (d, J = 8.7 Hz, 1H), 7.27 (d, J = 2.4 Hz, 1H), 7.37 (dd, J = 8.8, 2.5
Hz, 1H).

"C NMR (CDCls, 125 MHz) & 24.9 (CH,), 28.0 (CH,), 54.9 (CHy), 55.9 (CH3), 56.8 (t, Jc.c.c.r
= 2.7 Hz, CHy), 87.2 (dd, Jc.c.r = 23.8, 16.5 Hz, C), 112.6 (C), 112.8 (CH), 124.6 (dd, Jc.c.c.r =
5.5, 1.8 Hz, C), 132.0 (CH), 134.0 (CH), 153.6 (t, Jc.r = 286.5 Hz, CF>), 156.7 (C).

“F NMR (CDCls, 377 MHz) & -95.89 (d, J = 41.2 Hz, 1F), -91.83 (d, J = 41.2 Hz, F).

FT-IR (cm™, neat, ATR) 2912 (m), 2810 (m), 1742 (s), 1488 (s), 1282 (s), 1248 (s), 1225 (s),
1128 (s), 1027 (s), 908 (s), 807 (s), 729 (5).

HRMS (EI) calcd for C15H1gBrF.NOS [M]": 377.0261, found: 377.0272.

4-(3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)morpholine, 3b (0.118 g, 65%)

. F was prepared according to the general procedure from a-silylamine 2b

Br\@EL/\N/\ (0.113 g, 0.65 mmol) with the following modifications: 1) the reaction
OMe o was run for 36 h; 2) Additional amine (0.018 g, 0.1 mmol 0.2 equiv)

3b

and Ru(bpy)s(PFs)2 (0.0043 g, 0.0025 mmol, 0.005 equiv) were added
after 24 h. The desired difluoroalkene 3b was isolated as a clear, pale-yellow oil. ‘H NMR
(CDCls, 500 MHz) & 2.28 (t, J = 7.9 Hz, 2H), 2.33 - 2.40 (m, 4H), 2.44 - 2.50 (m, 2H), 3.66 (t, J
= 4.6 Hz, 4H), 3.78 (s, 3H), 6.75 (d, J = 8.9 Hz, 1H), 7.29 (d, J = 2.4 Hz, 1H), 7.37 (dd, J = 8.8,
2.5 Hz, 1H). *C NMR (CDCls, 125 MHz) & 25.2 (CH,), 53.7 (CH,), 55.9 (CHy), 56.4 - 57.1
(CHy), 67.2 (CHs), 87.3 (dd, Jc.c.r = 24.7, 17.4 Hz, C), 112.6 (CH), 112.8 (CH), 124.7 (d, Jc-c.c-
r = 6.4 Hz, C), 132.0 (CH), 134.1 (C), 153.6 (t, Jc.r = 287.8 Hz, CF,), 156.8 (d, Jc.c.c.c.r = 1.8
Hz, C). F NMR (CDCls, 471 MHz) § -95.97 (d, J = 41.2 Hz, 1F), -91.91 (d, J = 41.2 Hz, 1F).
FT-IR (cm™, neat, ATR) 2900 (m), 2750 (m), 2700 (m), 1742 (s), 1489 (s), 1249 (s), 1231 (s),
1219 (s), 1115 (s), 1027 (s), 806 (s). HRMS (El+) calcd for CisH1sBrF.NO, [M]*: 361.0489,
found: 361.0480.
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Methyl 1-(3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)piperidine-4-

carboxylate, 3c (0.148 g, 71%) was prepared according to the general procedure from o-

e silylamine 2c (0.149 g, 0.65 mmol). The desired difluoroalkene
Br\@gr\/\N 3c was isolated as a clear, pale-yellow oil. *H NMR (CDCls, 500

OMe O\COZMe MHz) 6 1.68 - 1.78 (m, 2H), 1.88 (d, J = 11.3 Hz, 2H), 1.96 -
= 2.06 (M, 2H), 2.24 - 2.32 (m, 3H), 2.49 (t, J = 7.5 Hz, 2H), 2.76 -
2.85 (m, 2H), 3.67 (s, 3H), 3.79 (s, 3H), 6.76 (d, J = 8.9 Hz, 1H), 7.27 (d, J = 2.4 Hz, 1H), 7.37
(dd, J = 8.9, 2.4 Hz, 1H). **C NMR (CDCls, 125 MHz) § 25.5 (CH,), 28.4 (CH,), 41.1 (CH,),
51.8 (CH,), 53.0 (CH,), 55.9 (CHs), 56.4 (CH3), 87.3 (dd, Jc.c.r = 24.5, 17.3 Hz, C), 112.6 (CH),
112.7 (CH), 124.0 - 125.3 (m, C), 132.0 (CH), 134.0 (C), 153.5 (t, Jo.r = 287.9 Hz, CF,), 156.7
(d, Je.c.c.r = 2.7 Hz, C), 175.7 (C). *°F NMR (CDCls, 471 MHz) 5 -95.96 (d, J = 41.2 Hz, 1F), -
91.93 (d, J = 41.2 Hz, 1F). FT-IR (cm, neat, ATR) 2950 (w), 2800 (w), 1732 (s), 1249 (s),

1230 (s), 907 (vs), 728 (s). HRMS (El+) calcd for CyH2BrF,NOs [M]*: 417.0747, found:
417.0751.

(S)-1-(3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)-2-
(methoxymethyl)pyrrolidine, 3d (0.142 g, 73%) was prepared according to the general

- o procedure from a-silylamine 2d (0.131 g, 0.65 mmol). The desired
Br\dl/\'\l difluoroalkene 3d was isolated as a clear, pale-yellow oil. "H NMR
ome Q (CDCls3, 500 MHz) & 1.60 (br s, 2H), 1.72 (br s, 2H), 1.81 - 1.91

(m, 1H), 2.16 (br s, 1H), 2.27 (br s, 1H), 2.48 - 2.57 (m, 2H), 2.76 -
2.81 (m, 1H), 3.12 (s, 1H), 3.21 (s, 1H), 3.24 - 3.28 (m, 1H), 3.29 (s, 3H), 3.80 (s, 3H), 6.76 (d, J
= 8.9 Hz, 1H), 7.29 (d, J = 2.4 Hz, 1H), 7.38 (dd, J = 8.7, 2.4 Hz, 1H). *C NMR (CDCls, 125
MHz) & 23.2 (CHy), 27.2 (CHy), 28.7 (CHy), 53.3 (CH,), 54.4 (CH,), 55.9 (CH,), 59.3 (CH,),
63.7 (CHs), 76.4 (CH3), 87.6 (dd, Jc.c.r = 24.7, 16.5 Hz, C), 112.6 (s, CH), 112.7 (C), 124.8 (d,
Jec.c.r = 4.6 Hz, C), 132.0 (CH), 134.2 (CH), 153.6 (t, Jc.r = 287.8 Hz, CF,), 156.8 (C). °F
NMR (CDCls, 471 MHz) § -96.00 (d, J = 38.1 Hz, 1F), -92.13 (d, J = 38.1 Hz, 1F). FT-IR (cm’

L neat, ATR) 2950 (w), 2800 (W), 1742 (s), 1489 (), 1247 (s), 1223 (s), 1122 (s), 1106 (s), 908
(s). HRMS (ES+) calcd for C17H2,BrFNO, [M + H]*: 390.0853, found: 390.0880.
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N-(3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)-N-methylcyclohexanamine, 3e

— (0.097 g, 50%) was prepared according to the general procedure from
sr\@gr\ﬁN/O o-silylamine 2e (0.130 g, 0.65 mmol) with the following

OMe ' modifications: 1) the reaction was run for 36 h; 2) Additional amine
= (0.020 g, 0.1 mmol 0.2 equiv) and Ru(bpy)s(PFs). (0.0107 g, 0.0125
mmol, 0.025 equiv) The desired difluoroalkene 3e was isolated as a clear, pale-yellow oil. *H
NMR (CDCls, 500 MHz) & 1.02 - 1.27 (m, 5H), 1.60 (d, J = 13.0 Hz, 1H), 1.68 - 1.78 (m, 4H),
2.21 (s, 3H), 2.24 - 2.31 (m, 1H), 2.35 - 2.48 (m, 4H), 3.79 (s, 3H), 6.76 (d, J = 8.9 Hz, 1H), 7.29
(d, J = 2.4 Hz, 1H), 7.37 (dd, J = 8.8, 2.5 Hz, 1H). *C NMR (CDCls, 125 MHz) & 26.1 (CH,),
26.4 (CH,), 26.5 (CH,), 28.7 (CH,), 37.3 (s, CH,), 51.8 (CH), 55.8 (CH3), 62.8 (CH3), 87.5 (dd,
Je.c.r = 245, 16.3 Hz, C), 112.5 (C), 112.6 (CH), 124.8 (C), 131.8 (CH), 134.0 (CH), 153.5 (t,
Je.r = 287.9 Hz, CF,), 156.6 (C). “'F NMR (CDCls, 471 MHz) & -96.03 (d, J = 44.3 Hz, 1F), -
92.14 (d, J = 44.3 Hz, 1F). FT-IR (cm™, neat, ATR) 2928 (s), 2853 (m), 1741 (s), 1489 (s),

1244 (s), 1223 (s), 1029 (s). HRMS (ES+) calcd for C1gH2sBrFoNO [M + H]": 388.1088, found:
388.1088.

3-(5-Bromo-2-methoxyphenyl)-4,4-difluoro-N-(2-methoxyethyl)-N-methylbut-3-en-1-amine,

3f (0.138 g, 76%) was prepared according to the general procedure

Br\&iz/\N/\/OMe from a-silylamine 2f (0.114 g, 0.65 mmol). The desired
OMe ! difluoroalkene 3f was isolated as a clear, pale-yellow oil. "H NMR

= (CDCls, 500 MHz) & 2.25 (s, 3H), 2.33 - 2.38 (m, 2H), 2.44 - 2.50
(m, 2H), 2.52 (t, J = 5.8 Hz, 2H), 3.32 (s, 3H), 3.41 (t, J = 5.8 Hz, 2H), 3.79 (s, 3H), 6.76 (d, J =
8.9 Hz, 1H), 7.27 (d, J = 2.4 Hz, 1H), 7.37 (dd, J = 8.8, 2.5 Hz, 1H). *C NMR (CDCls, 125
MHz) 6 25.7 (CH,), 42.6 (CH,), 55.9 (CH,), 56.0 (CH,), 56.9 (CHs), 59.1 (CHj3), 70.9 (CHj3),
87.4 (dd, Je.c.r = 24.7, 16.5, C), 112.6 (C), 112.8 (CH), 124.8 (dd, Jc.c.c. = 4.6, 1.8 Hz, C),
132.0 (CH), 134.0 (CH), 153.57 (t, Jc.r = 286.8 Hz, CF,), 156.8 (d, Jc.c.c.r = 1.8 Hz, C). F
NMR (CDCls, 471 MHz) 6 -95.87 (d, J = 41.2 Hz, 1F), -91.94 (d, J =41.2 Hz, 1F). FT-IR (cm’

! neat, ATR) 2940 (m), 1742 (s), 1489 (s), 1281 (s), 1247 (s), 1234 (s), 1115 (s), 1027 (s), 806
(s). HRMS (El+) calcd for C1sH20BrFoNO, [M]: 363.0663, found: 363.0645.
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General Procedure for Defluorinative Alkylation using Potassium Organotrifluoroborates

( 2\
F_F
CF3 )<
Br KF3B Br
4CzIPN (5mol %)
OMe DMSO (0.1 M) OMe
1a blue LEDSs, rt, 24 h 3g
\ J/

4-Bromo-2-(1,1-difluoro-4,4-dimethylpent-1-en-2-yl)-1-methoxybenzene (3g)

To an 8 mL reaction vial equipped with a stir bar was added 4CzIPN (19.7 mg, 0.025 mmol, 0.05
equiv) and potassium tert-butyltrifluoroborate 2g (114.8 mg, 0.7 mmol, 1.4 equiv). The vial was
sealed with a cap containing a TFE-lined silicone septum and placed under an Ar atmosphere
through evacuating and purging with Ar three times via an inlet needle. The vial was then
charged with the CF3 alkene 1a (140.5 mg, 0.5 mmol, 1 equiv) and anhyd DMSO (5 mL) via a
syringe. The cap was sealed with Parafilm®, and the now bright yellow solution was irradiated
with blue LEDs in the aforementioned photoreactor. The temperature of the reaction was
maintained at approximately 27 °C via a fan. The solution was stirred vigorously while being
irradiated. Reaction progress was monitored by GC/MS. Once judged to be complete, the now
dark yellow-brown solution was transferred to a separatory funnel and diluted with deionized
H,0 and Et,O (~ 20 mL). The layers were separated, and the aq layer was extracted with Et,0 (3
x ~20 mL). The combined organic layers were washed with deionized H,O (2 x ~50 mL)
followed by brine (~100 mL). The combined organic layers were dried (MgSO,), filtered, and
the solvent was removed in vacuo by rotary evaporation. Further purification was accomplished
by SiO, column chromatography (gradient hexanes/EtOAc) to give the desired difluoroalkene,

39, (119.5 mg, 75%) as a clear colorless oil.

'H NMR (CDCls, 300 MHz ) § 0.83 (s, 9H), 2.29 (s, 2H), 3.84 (s, 3H), 6.78 (d, J = 8.7 Hz, 1H),
7.31(d, J = 2.3 Hz, 1H), 7.36 (dd, J = 8.7, 2.5 Hz, 1H).

C NMR (CDCls, 125 MHz) & 29.8 (s, CH3), 32.9 (t, Jo.c.cr = 2.3 Hz, CHy), 41.9 (C), 56.0
(CHa), 86.7 (dd, Jo.cr = 24.7, 15.6 Hz, C), 112.7 (C), 113.0 (CH), 127.2 (d, Je.c.c.c-r = 2.7 Hz,
C), 131.6 (CH), 133.5 (CH), 154.8 (t, Jo.r = 288.7 Hz, CF»), 156.4 (C).

F NMR (CDCls, 471 MHz) & -93.68 (d, J = 36.6 Hz, 1F), -90.62 (d, J = 35.1 Hz, 1F).
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FT-IR (cm™, neat, ATR) 2954 (w), 1732 (s), 1489 (s), 1393 (m), 1253 (s), 1224 (vs), 1106 (m),
1029 (m), 973 (m), 807 (s), 624 (m).
HRMS (El+) calcd for Cy4H;7BrF,0 [M]": 318.0431, found: 318.0439.

tert-Butyl 4-(2-(5-Bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidine-1-carboxylate, 3h

e o (191.1 mg, 86%) was prepared according to the general procedure
Br\@i\[]/\/o from organotrifluoroborate 2h (204 mg, 0.7 mmol) with the

OMe following modifications: 1) the reaction was run for 36 h. The
desired difluoroalkene 3h was isolated as a clear, colorless oil. 'H
NMR (CDCls, 500 MHz) & 1.10 (qd, J = 12.2, 3.7 Hz, 2H), 1.26 - 1.36 (m, 1H), 1.45 (s, 9H),
1.65 (d, J = 12.2 Hz, 2H), 2.25 (dt, J = 6.8, 1.7 Hz, 2H), 2.61 (t, J = 12.5 Hz, 2H), 3.81 (s, 3H),
4.05 (d, J = 11.2 Hz, 2H), 6.79 (d, J = 8.8 Hz, 1H), 7.24 (d, J = 2.4 Hz, 1H), 7.39 (dd, J = 8.8,
2.4 Hz, 1H). °C NMR (CDCls, 125 MHz) & 28.34 (CH3), 31.6 (CH), 34.2 (t, Jc.c.c.r = 2.7 Hz,
CH,), 34.7 (CH,), 43.7 (CH3), 55.6 (CHs), 79.1 (C), 86.3 (dd, Jc.c.c = 24.7, 16.5 Hz, C), 112.4
(C), 112.7 (CH), 124.8 (d, Jc.c.c.c.c.r = 3.7 Hz, C), 131.7 (CH), 133.2 (t, Jc.c.c.c.r = 2.8 Hz,
CH), 153.5 (t, Jcr = 286.8 Hz, CF,), 154.7 (C), 156.4 (d, Jcc.c.c.c.r = 1.8 Hz, C). “F NMR
(CDCls, 471 MHz) -95.34 (d, J = 39.7 Hz, 1F), -91.08 (d, J = 41.2 Hz, 1F). FT-IR (cm™, neat,
ATR) 2934 (w), 2845 (w), 1741 (m), 1686 (vs), 1489 (m), 1421 (s), 1229 (vs), 1166 (vs), 1028
(m), 974 (m), 808 (m), 732 (m). HRMS (ES+) calcd for CisHigBrFo;NO [M — CsH,0,]™:
346.0618, found: 346.0620.

2-(4-(2-(5-Bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidin-1-yl)pyridine, 3i (169.3 mg,

80%) was prepared according to the general procedure from

z
|
NeT oSN organotrifluoroborate 2i (188 mg, 0.7 mmol). The desired
Br.
difluoroalkene 3i was isolated as a clear, yellow oil. *"H NMR
OMe
8 (CDCl3, 500 MHz) 81.26 (qd, J = 11.5, 3.5 Hz, 2 H), 1.36 - 1.52

(m, 1H), 1.77 (d, J = 12.7 Hz, 2H), 2.29 (d, J = 6.8 Hz, 2H), 2.76 (t, J = 11.7 Hz, 2H), 3.82 (s,
3H), 4.26 (d, J = 13.0 Hz, 2H), 6.57 (t, J = 6.2 Hz, 1H), 6.65 (d, J = 8.7 Hz, 1H), 6.81 (d, J = 8.7
Hz, 1H), 7.28 (s, 1H), 7.36 - 7.49 (m, 2H), 8.18 (d, J = 4.0 Hz, 1H). *C NMR (CDCls, 125
MHz) 8 31.7 (CH,), 34.8 (t, J = 2.7 Hz, CHy), 35.1 (CH,), 45.8 (CH,), 56.0 (CHs), 86.7 (dd, Jc-c.
£ =24.7, 16.5 Hz, C), 107.4 (CH), 112.8 (C, CH), 113.0 (CH), 125.3 (d, Jc-c.c.c+ = 6.4 Hz, C),
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132.0 (CH), 133.6 (t, Jc.c-c-c-F = 2.7 Hz, CH), 137.6 (CH), 148.2 (CH), 153.8 (t, Jc.r = 288.7
Hz, CF,), 156.8 (C), 159.8 (C). “’F NMR (CDCls, 471 MHz) -95.38 (d, J = 39.7 Hz, 1F), -91.17
(d, J = 39.7 Hz, 1F). FT-IR (cm™, neat, ATR) 2930 (w), 2843 (w), 1739 (m), 1592 (s), 1483
(vs), 1436 (s), 1249 (s), 1226 (vs), 1027 (m), 973 (m), 770 (m), 621 (m). HRMS (ES+) calcd for
C20H2BrF>N,0 [M + H]': 423.0884, found: 423.0911.

4-Bromo-2-(1,1-difluoro-3-(-2-methylcyclohexyl)prop-1-en-2-yl)-1-methoxybenzene, 3

. F (100.6 mg, 56%) was prepared according to the general procedure from
B\CE"/\/Q organotrifluoroborate 2j (143 mg, 0.7 mmol). The desired difluoroalkene

ZSowe M| 3j was isolated as a clear, colorless 0il.*° ‘H NMR (CDCls, 500 MHz)
& 80.70-0.94 (m, 6H), 1.03 - 1.14 (m, 2H), 1.14 - 1.24 (m, 1H), 1.27 - 1.41
(m, 1H), 1.57 - 1.67 (m, 2H), 1.80 (d, J = 12.2 Hz, 1H), 1.94 - 2.05 (m, 1H), 2.67 (dg, J = 14.1,
3.5 Hz, 1H), 3.81 (s, 3H), 6.78 (d, J = 8.8 Hz, 1H), 7.25 (d, J = 2.2 Hz, 1H), 7.38 (dd, J = 8.7, 2.1
Hz, 1H). “*C NMR (CDCls, 125 MHz) & 20.1 (CHs), 26.2 (CHy), 26.3 (CH,), 31.4 (CH,), 31.9
(CHy), 35.5 (CHy), 36.9 (CH), 42.2 (CH), 55.6 (CH3), 87.4 (dd, Jc.c.r = 24.7,14.7 Hz, C), 112.4
(C), 112.6 (CH), 125.2 (d, Jcc-cc-r = 4.6 Hz, C), 131.4 (CH), 133.3 (t, Jc.c.c.c.r = 2.8 Hz, C),
153.4 (t, Jc.r = 287.8 Hz, CFy), 156.4 (d, Jc.c.c.cr = 2.8 Hz, C). ’F NMR (CDCls, 471 MHz) -
96.13 (d, J = 41.2 Hz, 1F), -91.75 (d, J = 41.2 Hz, 1F). FT-IR (cm™, neat, ATR) 2922 (m), 2852
(w), 1738 (m), 1488 (s), 1247 (s), 1229 (vs), 1030 (m), 806 (s). HRMS (ES+) calcd for
C17H2BrF,0 [M + H]": 359.0822, found: 359.0821.

5-(5-Bromo-2-methoxyphenyl)-6,6-difluoro-1-phenylhex-5-en-3-ol, 3k (172.8 mg, 87%) was

prepared  according to the general  procedure  from
Br\@gr\/oi/\% organotrifluoroborate 2k (169 mg, 0.7 mmol). The desired

OMe difluoroalkene 3k was isolated as a clear, colorless oil. "H NMR
(CDCl3, 500 MHz) 6 1.69 - 1.84 (m, 2H), 2.11 - 2.28 (m, 1H), 2.38
(dg, J=14.4, 3.2 Hz, 1H), 2.51 (ddd, J = 14.1, 9.5, 2.1 Hz, 1H), 2.62 (ddd, J = 13.7, 9.4, 6.2 Hz,

1H), 2.79 (ddd, J = 13.7, 9.4, 6.2 Hz, 1H), 3.48 (tt, J = 8.2, 4.2 Hz, 1H), 3.84 (s, 3H), 6.81 (d, J =
8.8 Hz, 1H), 7.13 - 7.20 (m, 3H), 7.24 - 7.29 (m, 3H), 7.42 (dd, J = 8.8, 2.4 Hz, 1H). °C NMR

*OSpectral data reflects the major trans diastereomer.

S46



(CDCl3, 125 MHz) & 32.3 (CHy), 37.16 (CH,), 38.5 (CH,), 56.2 (CH3), 68.8 (t, Jc-c.c-c.r = 2.8
Hz, CH), 84.9 (dd, Jc.c.r = 24.7, 18.3 Hz, C), 113.0 (CH), 113.4 (C), 124.7 (d, Jc-c-cc-c- = 5.5
Hz, 2 C), 126.0 (CH), 128.6 (2 x CH), 132.4 (CH), 133.7 (C), 142.2 (C), 154.3 (t, Jc.r = 288.7
Hz, CF»), 156.3 (C). “’F NMR (CDCls, 471 MHz) -94.38 (d, J = 36.6 Hz, 1F), -89.13 (d, J =
36.6 Hz, 1F). FT-IR (cm™, neat, ATR) 3349 (w, br), 3026 (vw), 2937 (w), 1742 (s), 1488 (s),
1232 (vs), 1111 (m), 1026 (m), 809 (m), 745 (m). HRMS (ES+) calcd for C19H20BrF,0, [M +
H]*: 397.0615, found: 397.0613.

(3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)(methyl)sulfane, 3l (85.6 mg,

53%) was prepared according to the general procedure from
Br\di/\swle organotrifluoroborate 21 (118 mg, 0.7 mmol). The desired difluoroalkene

OMe 3l was isolated as a clear, colorless, yellow oil. *H NMR (CDCls, 500
MHz) 6 2.09 (s, 3H), 2.44 (t, J = 7.1 Hz, 2H), 2.61 (t, J = 7.8 Hz, 2H),
3.81 (s, 3H), 6.79 (d, J = 8.8 Hz, 1H), 7.30 (d, J = 2.4 Hz, 1H), 7.40 (dd, J = 8.8, 2.4 Hz, 1H)."*C
NMR (CDCls, 125 MHz) 6 15.1 (CHs3), 27.3 (CH,), 31.9 (t, Jc.c.c.cr = 2.7 Hz, CHy), 55.6
(CH3), 87.6 (dd, Jcc.r = 24.7, 17.4 Hz, C), 112.4 (C), 112.5 (CH), 123.8 (dd, Jc-c-c-c-c-r = 4.6,
2.2 Hz, C), 131.9 (CH), 133.7 (t, Jc-c-cc-Fr = 2.7 Hz, C), 153.5 (t, Jc.r = 289.6 Hz, CF,), 156.5
(d, Je.c.c.c.r = 2.8 Hz, C)."’F NMR (CDCls, 471 MHz) -95.04 (d, J = 39.7 Hz, 1F), -91.60 (d, J
=39.7 Hz, 1F). FT-IR (cm™, neat, ATR) 2963(vw), 2917 (w), 2842 (vw), 1740 (m), 1488 (m),

1250 (s), 1228 (vs), 1029 (m), 806 (m). HRMS (EI+) calcd for C1,H13BrF,0S [M]": 321.9839,
found: 321.9821.

4-Bromo-2-(1,1-difluoro-4-(2-methoxyethoxy)but-1-en-2-yl)-1-methoxybenzene, 3m (98.3

— mg, 56%) was prepared according to the general procedure from

Br\&/\o/\/OMe organotrifluoroborate 2m (137 mg, 0.7 mmol). The desired
OMe difluoroalkene 3m was isolated as a clear, pale-yellow oil. 'H

3m

NMR (CDCls, 500 MHz) & 2.61 (tt, J = 7.1, 2.2 Hz, 2H), 3.38 (s,
3H), 3.41 (t, J = 7.1 Hz, 2H), 3.47 - 3.53 (m, 4H), 3.80 (s, 3H), 6.77 (d, J = 8.8 Hz, 1H), 7.29 (d,
J=2.4 Hz, 1H), 7.39 (dd, J =8.8, 2.7 Hz, 1H). *°C NMR (CDCls, 125 MHz) § 28.2 (CH,), 55.9
(CHs), 59.3 (CHa), 69.0 (t, Jec.c.r = 2.7 Hz, CHy), 70.3 (CHy), 72.2 (CH,), 86.2 (dd, Je.c.r
=24.7,17.4 Hz, C), 112.7 (C), 112.8 (CH), 124.6 (d, Jo-c.cr = 3.7 Hz, C), 132.1 (CH), 134.1 (t,
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Jec.c.cr = 2.8 Hz, CH), 153.9 (t, Jc.r = 288.7 Hz, CF), 156.8 (d, Jc.c.c.c.r = 2.8 Hz, C). °F
NMR (CDCls, 471 MHz) 6 -95.34 (d, J = 41.2 Hz, 1F), -91.36 (d, J = 41.2 Hz, 1F). FT-IR (cm’
! neat, ATR) 2874 (w), 1743 (s), 1489 (s), 1233 (vs), 1113 (vs), 1026 (s), 807 (s). HRMS (ES+)
calced for Ci4H1gBrF,03 [M + H]": 351.0407, found: 351.0411.

(2-((3-(5-Bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)oxy)ethyl)trimethylsilane, 3n

— (82.6 mg, 42%) was prepared according to the general procedure

Br\@gi/\o/\/SiM% from organotrifluoroborate 2n (167 mg, 0.7 mmol). The desired
OMe difluoroalkene 3n was isolated as a clear, colorless, yellow oil. *H

3n

NMR (CDClIs, 500 MHz) 6 -0.01 - 0.02 (m, 9H), 0.82 - 0.96 (m,
2H), 2.58 (tt, J = 7.1, 2.2 Hz, 2H), 3.32 (t, J = 7.1 Hz, 2H), 3.38 - 3.46 (m, 2H), 3.80 (s, 3 H),
6.78 (d, J = 8.8 Hz, 1H), 7.29 (d, J = 2.4 Hz, 1H), 7.39 (dd, J = 8.8, 2.4 Hz, 1H). C NMR
(CDCl3, 125 MHz) 6 -1.1 (CHj3), 18.5 (CH,), 28.4 (CH,), 56.0 (CH3), 67.8 (t, Jc.cc.c.r = 2.5
Hz, CH,), 68.2 (CHy), 86.5 (dd, Jc.c.r = 24.7, 18.3 Hz, C), 112.7 (C), 112.8 (CH), 124.7 (d, Jcc-
c-F =3.7Hz, C), 132.1 (CH), 134.2 (t, Jc-cc-c-r = 2.8 Hz, CH), 153.9 (t, Jc.r = 288.7 Hz, CFy),
156.8 (d, Je.c.c.c.r = 2.8 Hz, CF,). “’F NMR (CDCls, 471 MHz) & -95.57 (d, J = 41.2 Hz, 1F), -
91.53 (d, J = 39.7 Hz, 1F). FT-IR (cm™, neat, ATR) 2954 (w), 2833 (w), 1743(s), 1488 (s), 1247
(vs), 1102 (s), 834 (vs). HRMS (El+) calcd for C11H11BrF,0, [M — CsH1,Si]": 291.9910, found:
291.9924.

(tert-Butyl 2-(2-(5-Bromo-2-methoxyphenyl)-3,3-difluoroallyl)pyrrolidine-1-carboxylate, 30

(183.7 mg, 85%) was prepared according to the general procedure from
B,\@E{E/Q organotrifluoroborate 20 (194 mg, 0.7 mmol). The desired difluoroalkene

o | 30 was isolated as cloudy, colorless oil.* *H NMR (CDCls, 500 MHz)
§1.38 (brs, 9H), 1.65 - 1.91 (m, 4H), 2.24 - 2.47 (m, 1H), 2.64 - 2.91 (m,
1H), 3.17 - 3.42 (m, 2H), 3.52 - 3.66 (m, 1H), 3.81 (s, 3H), 6.78 (d, J = 8.6 Hz, 1H), 7.16 - 7.47
(m, 2H). *C NMR (CDCls, 125 MHz) & 22.6 (br, CH,), 23.4 (b, CH,), 28.3 (CH3), 29.0 (s, 1

C), 29.7 (br, CH,), 31.2 (br, CH,), 32.4 (br, CH,), 46.1 (br, CH), 46.5 (Br, CH), 55.6 (CH),
78.8 (br, C), 79.1 (br, C), 85.6 (br, C), 112.4 (C), 112.6 (CH), 124.4 (br, C), 131.7 (CH), 133.1

*1 NMR spectra of this compound indicates significant rotameric character; rotameric carbons are given in bold
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(br, CH), 153.8 (t, Jc.r = 288.7 Hz, CF,), 154.2 (C), 156.2 (C). *’F NMR (CDCls, 471 MHz) -
95.31 - -94.89 (m, 1F), -91.22 - -90.12 (m, 1F). FT-IR (cm™, neat, ATR) 2973 (w), 2874 (w),
1739 (m), 1687 (vs), 1489(m), 1392 (vs), 1248 (m), 1161 (m) 1110 (m), 1027 (w), 731 (m).
HRMS (ES+) calcd for C19H2sBrFoNOs [M + H]™: 432.0986, found: 432.0962.

6-(5-Bromo-2-methoxyphenyl)-7,7-difluoro-4,4-dimethyl-1-morpholinohept-6-en-1-one, 3p

. F (165 mg, 74%) was prepared according to the general procedure

(@)
Br\©?L></\WI\(\) from organotrifluoroborate 2p (204 mg, 0.7 mmol). The desired
OMe © difluoroalkene 3p was isolated as a pale-yellow oil. 'H NMR

3p

(CDCls, 500 MHz) §0.82 (s, 6H), 1.39 - 1.53 (m, 2H), 2.07 -
2.14 (m, 2H), 2.29 (s, 2H), 3.29 - 3.35 (m, 2H), 3.52 - 3.59 (m, 2H), 3.64 (t, J = 4.6 Hz, 4H),
3.83 (s, 3H), 6.76 (d, J = 8.8 Hz, 1H), 7.28 (d, J = 2.0 Hz, 1H), 7.35 (dd, J = 8.8, 2.2 Hz, 1H).
BC NMR 27.2 (CH,), 28.3 (CH,), 35.2 (t, Jc.c.c.cc.r = 2.7 Hz, CH3), 36.9 (CHs), 39.8 (CHy),
42.2 (CHy), 46.2 (C), 56.1 (CHs3), 68.9 (CH,), 67.2 (CH,), 86.0 (dd, Jc.c.r = 23.8, 15.6 Hz, C),
112.7 (C), 113.2 (CH), 126.7 (dd, Jc.c.c.c = 4.6, 1.8 Hz, C), 131.7 (CH), 133.3 (CH), 154.2 (t,
Je.r = 288.7 Hz, CFy), 156.3 (C), 172.1 (C). “’F NMR (CDCls, 471 MHz) & -92.93 (d, J = 36.6
Hz, 1F), -89.70 (d, J = 35.1 Hz, 1F). FT-IR (cm™, neat, ATR) 2959 (w), 2857 (w), 1732 (s),
1643 (vs), 1489 (s), 1253 (s), 1253 (vs), 1113 (vs), 1027 (s), 810 (m), 623 (m). HRMS (El+)
caled for CyoH26BrF.NO3s [M]*: 445.1064, found: 445.1055.

5-(5-Bromo-2-methoxyphenyl)-6,6-difluoro-3-methyl-1-phenylhex-5-en-3-ol, 3g (61.0 mg,

59%) was prepared according to the general procedure from
Br\&)&% organotrifluoroborate 2q (89.6 mg, 0.35 mmol) and adjusting the

OMe quantities of the other reagents accordingly. The desired
difluoroalkene 3q was isolated as a clear, pale-yellow oil. ‘H NMR
(CDCls3, 500 MHz) 6 1.20 (s, 3H), 1.55 (s, 1H), 1.65 - 1.75 (m, 3H), 2.55 - 2.63 (m, 3H), 3.83 (s,
3H), 6.79 (d, J = 8.9 Hz, 1H), 7.06 (d, J = 7.0 Hz, 2H), 7.16 (t, J = 7.3 Hz, 1H), 7.23 - 7.27 (m,
2H), 7.32 (d, J = 2.4 Hz, 1H), 7.39 (dd, J = 8.9, 2.4 Hz, 1H). "*C NMR (CDCls, 125 MHz) &
27.0 (CHy), 30.6 (CHy), 40.6 (CHy), 44.0 (CHj3), 56.2 (CHg3), 73.5 (C), 84.8 (dd, Jc.c.r = 23.8,

17.4 Hz, C), 113.2 (CH), 113.3 (C), 126.0 (CH), 126.3 (C), 128.5 (CH), 128.6 (CH), 132.2 (CH),
133.6 (C), 142.6 (CH), 154.5 (t, Jo.r = 291.0 Hz, CF>), 156.0 (C). “°F NMR (CDCls, 471 MHz)
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§-92.42 (d, J = 32.0 Hz, 1F), -88.78 (d, J = 32.0 Hz, 1F). FT-IR (cm™, neat, ATR) 3450 (b),
2950 (W), 1734 (s), 1489 (s), 1251 (s), 1223 (s), 809 (s), 732 (s), 699 (s). HRMS (ES+) calcd for
CaoHa1BIF,NaO, [M + Na]*: 433.0600, found: 433.0591.

5-(1,1-Difluoro-4-methylpent-1-en-2-yl)-1-methyl-1H-indole, 4f (84.7 mg, 68%) was prepared

according to the general procedure from organotrifluoroborate 2r (105
F _F

mg, 0.7 mmol) and perfluoroalkyl-substituted alkene 1g (112.6 mg, 0.5
{q mmol). The desired difluoroalkene 4f was isolated as a clear, pale-yellow

/
Me 4 oil. *H NMR (CDCls, 500 MHz) 0.89 (d, J = 6.6 Hz, 6H), 1.60 (tspt, J =

13.7, 6.8 Hz, 1H), 2.31 (dt, J = 7.3, 2.4 Hz, 2H), 3.79 (s, 3H), 6.47 (dd, J = 3.1, 0.7 Hz, 1H), 7.05
(d, J = 2.9 Hz, 1H), 7.16 (dt, J = 8.6, 1.5 Hz, 1H), 7.30 (d, J = 8.6 Hz, 1H), 7.55 (s, 1H). *°C
NMR (CDCls, 125 MHz) 8 22.4 (CH3), 26.6 (t, Jc.c.c.r = 2.7 Hz, CH), 33.1 (CH3), 37.8 (CHy),
92.5 (dd, Jcc.r = 21.1, 14.7 Hz, C), 101.3 (CH), 109.3 (CH), 121.1 (t, Jc-c.c.r = 2.7 Hz, CH),
122.4 (t, Je-cc-c-r =2.7 Hz, CH), 125.2 (dd, Jc.c.cr = 4.2, 2.2 Hz, C), 128.7 (C), 129.6 (CH),
136.2 (C), 154.2 (dd, Jc.r = 286.8, 285.0 Hz, CF,). “’F NMR (CDCls, 471 MHz) & -97.03 (d, J =
50.4 Hz, 1F), -96.80 (d, J = 47.3 Hz, 1F). FT-IR (cm™, neat, ATR) 2956 (w), 1727 (s), 1492
(m), 1227 (vs), 1132 (s), 980 (m), 754 (m), 719 (vs). HRMS (El+) calcd for CisHi7FoN [M]™:
249.1329, found: 249.1321.

5-(1,1-Difluoro-4-methylpent-1-en-2-yl)-1-methyl-1H-indole, 4g (101.4 mg, 82%) was
FeF prepared according to the general procedure from organotrifluoroborate
m;”/\)\ 2r (105 mg, 0.7 mmol) and perfluoroalkyl-substituted alkene 1h (111.6
N mg, 0.5 mmol). The desired difluoroalkene 4g was isolated as a clear,

bright yellow oil. 'H NMR (CDCls, 500 MHz) 0.92 (d, J = 6.6 Hz, 6H),
1.62 (tspt, J = 13.8, 6.7 Hz, 1H), 2.40 (dt, J = 7.3, 2.3 Hz, 2H), 7.56 (ddd, J = 8.1, 7.1, 1.2 Hz,
1H), 7.72 (ddd, J = 8.4, 7.0, 1.5 Hz, 1H), 7.81 (d, J = 8.3 Hz, 1H), 8.06 (d, J = 2.2 Hz, 1H), 8.10
(d, J = 8.3 Hz, 1H), 8.89 (t, J = 2.0 Hz, 1H). *C NMR (CDCls, 125 MHz) & 22.3 (CH3), 26.8 (t,
Jeccr = 2.7 Hz, CH), 36.6 (CHy), 89.6 (dd, Jc.c.r = 23.8, 12.8 Hz, C), 127.2 (CH), 127.9 (CH),
128.0 (C), 127.5 (t, Jc.cc-r = 4.1 Hz, C), 129.5 (CH), 129.8 (CH), 135.0 (t, Jc-c-cc-F = 3.2 Hz,
CH), 147.3 (C), 150.6 (t, Jc.c.c.c.r = 3.7 Hz, CH), 154.9 (dd, Jc.r = 290.5, 287.8 Hz, CF,). °F
NMR (CDCl3, 471 MHz) 6 -93.40 (d, J = 41.2 Hz, 1F), -92.16 (d, J = 39.7 Hz, 1F). FT-IR (cm’

S50



! neat, ATR) 2958 (W), 1722 (s), 1490 (w), 1246 (s), 1134 (s), 1005 (w), 909 (m), 786 (m), 750
(s). HRMS (ES+) calcd for Ci5Hi6FoN [M + H]': 248.1251, found: 248.1260.

tert-Butyl 4-(5-(1,1-Difluoro-4-methylpent-1-en-2-yl)pyridin-2-yl)piperazine-1-carboxylate,

F_F 4h (156.4 mg, 82%) was prepared according to the general

@j]/\)\ procedure from organotrifluoroborate 2r (105 mg, 0.7 mmol) and

O N perfluoroalkyl-substituted alkene 1i (178.7 mg, 0.5 mmol). The
- 4h

desired difluoroalkene 4h was isolated as a clear, pale-yellow oil. 'H
NMR (CDCls, 500 MHz) & 0.87 (d, J = 6.6 Hz, 6H), 1.49 (s, 9H), 1.58 (tspt, J = 13.7, 6.6 Hz,
1H), 2.21 (d, J = 6.9 Hz, 2H), 3.49 - 3.59 (m, 8H), 6.64 (d, J = 8.2 Hz, 1H), 7.44 (d, J = 7.3 Hz,
1H), 8.14 (s, 1H). *C NMR (CDCls, 125 MHz) & 20.0 (CH), 22.2 (CHs), 26.6 (CH,), 28.6
(CHs), 36.4 (CH,), 45.2 (CH,), 80.1 (C), 88.9 (dd, Jc.c.- = 23.8, 12.8 Hz, C), 106.9 (CH), 119.4
(t, Je-c.c.r = 4.1 Hz, C), 137.6 (CH), 147.4 (CH), 154.2 (t, Jc.r = 288.1 Hz, CF,), 155.0 (s, 4 C),
158.1 (C). “*F NMR (CDCls, 471 MHz) & -95.30 (d, J = 48.5 Hz, 1F), -94.58 (d, J = 48.5 Hz,
1F). FT-IR (cm, neat, ATR) 2950 (w), 1688 (s), 1237 (s), 1166 (s), 1126 (s), 908 (s), 729 (s).
HRMS (El+) calcd for CooHagF2N30, [M]': 381.2228, found: 381.2220.

5-(1,1-Difluoro-4-methylpent-1-en-2-yl)-1,7-dimethyl-1H-indazole, 4i (111.4 mg, 89%) was
prepared according to the general procedure from organotrifluoroborate
2r (105 mg, 0.7 mmol) and perfluoroalkyl-substituted alkene 1j (120.1

F_F

mg, 0.5 mmol). The desired difluoroalkene 4i was isolated as a clear,
yellow oil. ‘H NMR (CDCls, 500 MHz) 0.89 (d, J = 6.6 Hz, 6H), 1.58
(tspt, J = 13.6, 6.8 Hz, 1H), 2.29 (dt, J = 7.3, 2.3 Hz, 2H), 2.76 (s, 3H), 4.31 (s, 3H), 7.02 (s, 1H),
7.45 (s, 1H), 7.89 (s, 1H). *C NMR (CDCls, 125 MHz) 8 19.5 (CHs), 22.3 (CH3), 26.6 (t, Jc-c.
c.r = 2.7 Hz, CH), 37.4 (CH,), 39.3 (CH3), 91.8 (dd, Jc.c.r = 22.0, 13.7 Hz, C), 118.9 (t, Jc-c.cc.
¢ = 2.7 Hz, CH), 120.6 (CH), 125.4 (C), 126.9 (dd, Jc.c.c.- = 4.6, 2.8 Hz, C), 128.8 (t, Jc.c.c.cr
= 2.7 Hz, CH), 133.0 (CH), 138.9 (C), 154.3 (dd, Jo.r = 287.8, 285.9 Hz, CF,). “°F NMR
(CDCls, 471 MHz) §-96.01 (d, J = 47.3 Hz, 1F), -95.72 (d, J = 47.3 Hz, 1F). FT-IR (cm™, neat,
ATR) 2956 (m), 1725 (s), 1456 (m), 1371 (m), 1241 (vs), 1132 (s), 985 (m), 873 (m), 793 (5).
HRMS (El+) calcd for C1sH19FoN> [M + H]™: 265.1516, found: 265.1539.

Me Me 4i
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tert-Butyl 2-(1-(Difluoromethylene)-1,2,3,4-tetrahydronaphthalen-2-yl)pyrrolidine-1-

carboxylate, 4k (121.0 mg, 69%) was prepared according to the general
©5/[:> procedure from organotrifluoroborate 20 (194 mg, 0.7 mmol) and
boc perfluoroalkyl-substituted alkene 1l (99.1 mg, 0.5 mmol). The desired
difluoroalkene 4k was isolated as a clear, pale-yellow oil. Diastereomeric
ratio: 1:1.4.°*** *"H NMR (CDCls, 500 MHz ) § 1.42 - 1.52 (m, 9H), 1.61 - 1.71 (m, 1H), 1.78
(dd, J =14.0, 6.9 Hz, 2H), 1.81 - 1.91 (m, 2H), 2.47 - 2.60 (m, 1H), 2.70 - 2.86 (m, 1H), 2.93 -
3.08 (m, 1H), 3.19 (d, J = 10.8 Hz, 1H), 3.32 - 3.40 (m, 1H), 3.52 - 3.62 (m, 1H), 3.81 - 3.99 (m,
1H), 7.07 - 7.23 (m, 4H). *C NMR (CDCls, 125 MHz) & 23.5 (br, CH,), 23.9 - 24.5 (br, CHy),
25.1 - 25.7 (br, CHy), 27.3 (CHy,), 27.5 - 27.7 (CHy), 27.8 (CHy,), 28.4 - 28.6 (CHj3), 28.8 (CHj3),
35.7 (CHy), 36.3 (d, Jc-c-c-cc-F = 20.9 Hz, CH,), 46.8 - 46.9 (br, CH), 47.1 (d, Jc.c.r = 29.1 Hz,
CH), 58.8 (CH,), 59.3 (CHy), 79.2 (d, Jc-c-c.c.r = 24.5 Hz, CH), 79.8 (d, Jc-cc-c.r = 37.2 Hz,
CH), 89.8 (br, C), 90.5 (br, C), 110.9 (C), 119.6 (C), 120.6 (C), 126.2 (C), 126.6 (CH), 127.0
(CH), 127.3 (CH), 127.5 (CH), 127.7 (CH), 127.8 (CH), 128.2 (CH), 128.6 (CH), 130.3 (q, Jc-c-
r =48.1 Hz, C), 138.9 (q, Jcr = 35.0 Hz, C), 152.9 (q, Jc.r = 287.0 Hz, CF3), 155.3 (q, Jcr =
287.0 Hz, CF3), 155.2 (C), 155.4 (C). “'F NMR (CDCls, 471 MHz) §-93.98 (d, J = 41.2 Hz,
1F), -93.14 (d, J = 41.2 Hz, 1F), -92.70 (d, J = 41.2 Hz, 1F), -92.32 (d, J = 41.2 Hz, 1F), -91.96
(d,J=41.2 Hz, 1F),-91.69 (d, J = 41.2 Hz, 1F), -91.34 (d, J = 39.7 Hz, 1F), -89.89 (d, J = 39.7
Hz, 1F). FT-IR (cm™, neat, ATR). 2974 (m), 1689 (s), 1391 (s), 1366 (), 1232 (s), 1164 (s),
1112 (s), 763 (s), 729 (s). HRMS (EI) calcd for CyoH2sF2NNaO, [M + Na]™: 372.1756, found:
372.1751.
4-(1,1-Difluoro-4-methylpent-1-en-2-yl)-3-methylbenzaldehyde, 4j (94.1 mg, 79%) was

e prepared according to the general procedure from organotrifluoroborate 2r

(105 mg, 0.7 mmol) and perfluoroalkyl-substituted alkene 1k (107.1 mg,
. Me 0.5 mmol). The desired difluoroalkene 4j was isolated as a clear yellow
oil. 'H NMR (CDCls3, 500 MHz) & 0.91 (d, J = 6.6 Hz, 6H), 1.52 (tspt, J =
13.9, 6.8 Hz, 1H), 2.21 (dt, J = 7.1, 2.0 Hz, 2H), 2.38 (s, 3H), 7.31 (d, J = 7.8 Hz, 1H), 7.69 (d, J
= 7.8 Hz, 1H), 7.73 (s, 1H), 9.98 (s, 1H). **C NMR (CDCls, 125 MHz) § 19.4 (d, Jc.c.c.c.c.r =

1.8 Hz, CHy), 22.2 (CHs), 26.4 (t, Je.c.c.- = 1.8 Hz, CH), 37.7 (CH,), 90.0 (dd, J = 22.9, 16.5

o 4

%2 Major diastereomer values given in bold.
%% For clarity, only an image of the major diastereomer is provided for the *H NMR.
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Hz, C), 126.9 (CH), 130.3 (d, Jc.c.c.r = 1.8 Hz, CH), 131.5 (CH), 135.6 (C), 137.8 (C), 140.2 (d,
Je.c.c.r = 4.6 Hz, C), 152.8 (t, Jc.r = 289.6 Hz, CF>), 191.8 (C). “*F NMR (CDCls, 471 MHz) § -
95.81 (d, J = 41.2 Hz, 1F), -90.93 (d, J = 41.2 Hz, 1F). FT-IR (cm™, neat, ATR) 2960 (w), 1738
(s), 1701 (vs), 1606 (w), 1247 (s), 1220 (s), 1134 (s), 972 (w), 831 (m). HRMS (ES+) calcd for
CuH17F,0 [M + H]*: 239.1247, found: 239.1258.

(4-(Difluoromethylene)-6,6-dimethylheptyl)benzene, 40 (102.2 mg, 81%) was prepared

according to the general procedure from organotrifluoroborate 2g (98.4

F F
{@\/\:ﬂ/\k} mg, 0.6 mmol) and perfluoroalkyl-substituted alkene 1p (107.1 mg, 0.5

4o mmol) with the following modification: LiBF, (56.3 mg, 0.6 mmol, 1.2

equiv) was added as a fluoride scavenger to enhance the rate of fluoride elimination which was
necessary to suppress the formation of the CF; alkane by-product. The desired difluoroalkene 40
was isolated as a clear, colorless oil. ‘H NMR (CDCls, 500 MHz) & 0.92 (s, 9H), 1.71 - 1.80 (m,
2H), 1.87 (t, J = 2.2 Hz, 2H), 2.08 (tt, J = 8.1, 2.4 Hz, 2H), 2.61 (t, J = 7.8 Hz, 2H), 7.17 - 7.23
(m, 3H), 7.28 - 7.33 (m, 2H). *C NMR (CDCls, 125 MHz) 5 28.3 (d, Jc.c.c.r = 2.7 Hz, CH,),
29.7 (t, Jo-c.c.c.r = 2.7 Hz, CH}), 30.1 (CH3), 33.0 (t, Jo.c.c.c. = 2.7 Hz, C), 35.7 (CHy), 39.6 (d,
Je-c.c.c.c.r =1.8 Hz, CHy), 87.7 (t, Je-c.r = 16.5 Hz, C), 126.1 (CH), 128.6 (CH), 128.6 (CH),
142.4 (C), 154.9 (t, Jc.r = 284.1 Hz, CF,). “°F NMR (CDCls, 471 MHz) & -97.57 (d, J = 53.4
Hz, 1F), -95.07 (d, J = 53.4 Hz, 1F). FT-IR (cm™, neat, ATR) 2953 (m), 2867 (w), 1738 (Vs),
1478 (w), 1365 (w), 1259 (m), 1208 (vs), 1089 (m), 747 (m), 697 (s). HRMS (EI+) calcd for
CisH2oF> [M]': 252.1690, found: 252.1712.

tert-Butyl 2-(2-(Difluoromethylene)-5-phenylpentyl)pyrrolidine-1-carboxylate, 4p (82.1 mg,

90%) was prepared according to the general procedure from

F F
M organotrifluoroborate 20 (97.0 mg, 0.35 mmol) and perfluoroalkyl-
Boc

4
i substituted alkene 1p (53.6 mg, 0.25 mmol) with the following

modification: 1) A higher loading of 4CzIPN was used (19.7 mg, 0.025 mmol, 0.1 equiv) 2) Two

34W blue LEDs were used for irradiation. The desired difluoroalkene 4p was isolated as a clear,
pale-yellow 0il.>* *H NMR (CDCls, 500 MHz) & 1.47 (s, 9H), 1.60 - 1.92 (m, 6H), 1.95 - 2.12

> NMR spectra of this compound indicates significant rotameric character; rotameric carbons and fluorines are
given in bold
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(m, 3H), 2.19 - 2.47 (m, 1H), 2.61 (t, J = 7.3 Hz, 2H), 3.24 - 3.46 (m, 2H), 3.76 - 4.06 (m, 1H),
7.13 - 7.22 (m, 3H), 7.24 - 7.32 (m, 2H). **C NMR (CDCls, 125 MHz) § 22.5 (br, CH,), 23.4
(br, CH,), 26.0 (br, CH,), 28.5 (CH3), 29.1 (br, CH,), 29.3 (br, CH,), 29.7 (br, CH,), 29.9 (br,
CHy), 30.4 (CH,), 35.3 (CH,), 46.0 (br, CH,), 46.4 (br, CH,), 55.4 (br, CH3), 78.5 - 79.0 (C),
79.3 (br, CH), 86.1 - 87.1 (C), 125.6 (br, CH), 125.8 (br, CH), 128.2 (br, 2 x CH), 141.7 (br,
C), 141.8 - 142.1 (br, C), 154.3 (t, Jc.r = 284.1 Hz, CF,), 154.3 (C). *'F NMR (CDCls, 471
MHz) & -98.27 (d, J = 56.5 Hz, 1F), -97.65 (d, J = 58.0 Hz, 1F), -97.43 (d, J = 54.9 Hz, 1F), -
97.22 (d, J = 53.4 Hz, 1F). FT-IR (cm™, neat, ATR) 2973 (w), 1745 (m), 1689 (vs), 1391 (vs),
1365 (s), 1167 (s), 1103 (s), 746 (m), 699 (m). HRMS (ES+) calcd for CoHaoNNaF,0; [M +
Na]*: 388.2094, found: 388.2064.

General Procedure for Defluorinative Alkylation
using Ammonium Alkylbis(catecholato)silicates

F _F
CF3 RS S
Br. MeO/\/\[Si] Br oMo :[Sl],' iPr,NH, E
RUGPY)s(PFas 2.5 mol%e) ; s %:{;O@] :
3 6/2\<- () : S :
1a oM DMF 1M, 24h 3 OMVe : o |

4-Bromo-2-(1,1-difluoro-6-methoxyhex-1-en-2-yl)-1-methoxybenzene (3a)

To an 8 mL reaction vial equipped with a stir bar was added Ru(bpy)s(PFs). (0.011 g, 0.0125
mmol, 0.025 equiv) and 3-methoxypropylsilicate 2r (0.294 g, 0.7 mmol, 1.4 equiv). The vial was
sealed with a cap containing a TFE-lined silicone septum and placed under an Ar atmosphere
through evacuating and purging with Ar three times via an inlet needle. The vial was then
charged with the CF; alkene 1a (0.141 g, 0.5 mmol) in anhyd DMF (5 mL) via a syringe. The
cap was sealed with Parafilm®, and the now bright red solution was irradiated with blue LEDs in
the aforementioned photoreactor. The temperature of the reaction was maintained at
approximately 27 °C via a fan. The solution was stirred vigorously while being irradiated.
Reaction progress was monitored by GC/MS. Once judged to be complete, the now dark red-

brown solution was transferred to a separatory funnel and diluted with Et,O (50 mL) and 2 M aq
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NaOH (50 mL).*>® The layers were separated, and the aq layer was extracted with Et,O (2 x 20
mL). The combined organic layers were washed with 2 M ag NaOH (50 mL), deionized H,0 (2
x 50 mL), followed by brine (100 mL). The combined organic layers were dried (Na,SO,), and
the solvent was removed in vacuo by rotary evaporation. Further purification was accomplished
by SiO, column chromatography (gradient 100:0 to 9:1 hexanes/EtOAc)®® to give the desired
difluoroalkene, 3r, (0.130 g, 78%) as a pale-yellow oil.

'"H NMR (CDCls, 500 MHz ) § 1.30 - 1.39 (m, 2H), 1.53 - 1.61 (m, 2H), 2.33 (tt, J = 7.6, 2.2 Hz,
2H), 3.31 (s, 3H), 3.34 (t, J = 6.5 Hz, 2H), 3.80 (s, 3H), 6.78 (d, J = 8.8 Hz, 1H), 7.25 (d, J = 2.4
Hz, 1H), 7.38 (dd, J = 8.8, 2.4 Hz, 1H).

“C NMR (CDCls, 125 MHz) 8 24.4 (t, Jc.c.cr = 2.7 Hz, CHy), 27.8 (CH,), 29.2 (CH,), 56.0
(CHs), 58.8 (CH3), 72.7 (CH,), 88.6 (dd, Jc.c.r = 24.7, 15.6 Hz, C), 112.7 (C), 112.9 (CH), 125.0
(d, Je.c.c.r = 5.5 Hz, C), 132.0 (CH), 133.8 (t, Jc.c.c.c.r = 2.8 Hz, CH), 153.4 (t, Jc.r = 287.8 Hz,
CFy), 156.9 (d, Jc.c.c.c.r = 1.8 Hz, C).

“F NMR (CDCls3, 471 MHz) & -96.38 (d, J = 42.7 Hz, 1F), -92.36 (d, J = 42.7 Hz, 1F).

FT-IR (cm™, neat, ATR) 2936 (w), 2865 (w), 1741 (s), 1489 (s), 1280 (m), 1116 (vs), 1028 (s),
970 (w), 807 (s), 624(w).

HRMS (ES+) calcd for C14H1gBrF,0, [M + H]™: 335.0458, found: 335.0481.

5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl Acetate, 3s (0.097 g, 53%) was

Fo _F prepared according to the general procedure from propylacetoxy

BF\CEL/\/\OAC silicate 2s (0.313 mg, 0.7 mmol, 1.4 equiv). The desired
OMe

re difluoroalkene 3s was isolated as a clear, pale-yellow oil. "H NMR
(CDCls, 500 MHz) & 1.30 - 1.38 (m, 2H), 1.56 - 1.65 (m, 2H), 2.02 (s,

3H), 2.34 (t, J = 7.5 Hz, 2H), 3.80 (s, 3H), 4.02 (t, J = 6.6 Hz, 2H), 6.78 (d, J = 8.9 Hz, 1H), 7.23
(d, J = 2.1 Hz, 1H), 7.38 (dd, J = 8.9, 2.4 Hz, 1H). **C NMR (CDCls, 125 MHz) § 21.2 (CH,),
24.1 (br s, CHy), 27.5 (CH,), 28.1 (CHs), 56.0 (CH,), 64.4 (CHs3), 88.3 (dd, Jc.c.r = 24.7, 15.6
Hz, C), 112.7 (C), 112.9 (CH), 124.8 (br s, C), 132.1 (CH), 133.7 (br s, CH), 153.4 (t, Jc.r =
287.8 Hz, CF,), 156.8 (C), 171.3 (C). “°F NMR (CDCls, 471 MHz) & -96.16 (d, J = 44.3 Hz, 1F),

> Note that the aq layer will turn dark brown and become warm likely due to the reaction between catechol (or the
orthosilicate byproduct) and hydroxide.
% For substrates containing basic residues, hexane/EtOAc (containing 1% Et;N) was used instead.
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-91.99 (d, J = 44.3 Hz, 1F). FT-IR (cm™, neat, ATR) 2950 (w), 1734 (s), 1489 (s), 1226 (s),
1027 (s), 808 (s), 732 (s). HRMS (ElI+) calcd for CysHq7BrF,0s [M]*: 362.0329, found:
362.0335.

3-((5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)oxy)aniline, 3t (0.134 g, 65%)
— was prepared according to the general procedure from aniline
B'\@g/\/\ﬂo/@wz silicate 2t (0.348 g, 0.7 mmol, 1.4 equiv). The desired

OMe difluoroalkene 3t was isolated as a viscous, clear, pale-yellow
= oil. ‘H NMR (CDCls, 500 MHz) & 1.37 - 1.48 (m, 2H), 1.70 -
1.79 (m, 2H), 2.37 (tt, J = 7.8, 1.8 Hz, 2H), 3.78 (s, 3H), 3.87 (t, J = 6.4 Hz, 2H), 3.99 (br s, 2H),
6.21 - 6.26 (m, 1H), 6.30 (dd, J = 8.0, 2.4 Hz, 2H), 6.77 (d, J = 8.7 Hz, 1H), 7.04 (t, J = 8.1 Hz,
1H), 7.24 - 7.26 (m, 1H), 7.38 (dd, J = 8.8, 2.5 Hz, 1H). *C NMR (CDCls, 125 MHz) & 24.2 (t,
Jec-c.r = 2.7 Hz, CHy), 27.6 (CHy), 28.8 (CH,), 56.0 (CH,), 67.5 (CHs), 88.5 (dd, Jc.c.r = 24.7,
16.5 Hz, C), 101.9 (CH), 104.8 (CH), 108.1 (CH), 112.7 (C), 112.9 (CH), 124.9 (dd, Jc.c.c.r =
5.5, 1.8 Hz, C), 130.3 (CH), 132.0 (CH), 133.7 (t, Jc-c-c.r = 2.7 Hz, CH), 148.0 (C), 153.4 (t, Jc-
¢ = 288.7 Hz, CF,), 156.8 (d, Jc.c.c.c.r = 2.8 Hz, C), 160.4 (C). *’F NMR (CDCls, 471 MHz) § -
96.18 (d, J = 41.2 Hz, 1F), -92.12 (d, J = 41.2 Hz, 1F). FT-IR (cm™, neat, ATR) 2940 (w), 1488
(s), 1251 (s), 1166 (s), 1120 (s), 1071 (s), 1027 (s), 808 (s). HRMS (El+) calcd for
C19H20BrF,NO; [M]": 411.0645, found: 411.0630.

9-(5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)-9H-carbazole, 3u (0.158 g,
T F 67%) was prepared according to the general procedure from
B\@?L/\AN O carbozyl silicate 2u (0.388 g, 0.7 mmol, 1.4 equiv) with the

~ Toue O following modifications: 1) the reaction was run for 36 h. The
desired difluoroalkene 3u was isolated as a clear, pale-yellow oil.
'"H NMR (CDCls, 500 MHz) & 1.34 - 1.42 (m, 2H), 1.81 - 1.90 (m, 2H), 2.31 - 2.37 (m, 2H),
3.66 (s, 3H), 4.25 (t, J = 7.2 Hz, 2H), 6.72 (d, J = 8.8 Hz, 1H), 7.18 (d, J = 2.2 Hz, 1H), 7.19 -
7.24 (m, 2H), 7.32 - 7.39 (m, 3H), 7.42 - 7.47 (m, 2H), 8.09 (d, J = 7.6 Hz, 2H). °C NMR
(CDClg, 125 MHz) & 25.4 (CHy), 27.6 (CHy), 28.5 (CH,), 43.0 (CH,), 55.9 (CH3), 88.1 (dd, Jcc-

- = 24.7, 16.0 Hz, C), 108.8 (CH), 112.7 (C), 112.9 (CH), 119.0 (CH), 120.6 (CH), 123.1 (C),
124.7 (C), 125.9 (CH), 132.1 (CH), 133.7 (br s, C), 140.6 (CH), 153.4 (t, Jc.r = 287.8 Hz, CF),
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156.8 (C). *’F NMR (CDCls, 471 MHz) & -95.96 (d, J = 41.2 Hz, 1F), -91.79 (d, J = 41.2 Hz,
1F). FT-IR (cm™, neat, ATR) 2940 (w), 1741 (s), 1484 (s), 1462 (s), 1452 (s), 1249 (s), 1225
(s), 748 (s), 722 (s). HRMS (EI+) calcd for CasH22BrF,NO [M]": 469.0853, found: 469.0865.

2-(4-(5-Bromo-2-methoxyphenyl)-5,5-difluoropent-4-en-1-yl)pyridine, 3v (0.107 g, 58%)

— ~ was prepared according to the general procedure from pyridyl silicate
Brw 2v (0.317 g, 0.7 mmol, 1.4 equiv). The desired difluoroalkene 3v was
OMe isolated as a clear, pale-yellow oil. ‘H NMR (CDCl;, 500 MHz) &

= 1.69 - 1.77 (m, 2H), 2.36 - 2.41 (m, 2H), 2.78 (t, J = 7.8 Hz, 2H), 3.78

(s, 3H), 6.76 (d, J = 8.9 Hz, 1H), 7.05 - 7.12 (m, 2H), 7.23 (d, J = 2.4 Hz, 1H), 7.37 (dd, J = 8.9,
2.4 Hz, 1H), 7.58 (t, J = 7.5 Hz, 1H), 8.51 (d, J = 4.3 Hz, 1H). *C NMR (CDCls, 125 MHz) &
27.6 (CH,), 27.8 (CH,), 37.9 (CH,), 55.9 (CHs), 88.5 (dd, Jc.c.r = 24.7, 16.5 Hz, 3 C), 112.7
(CH), 112.9 (CH), 121.2 (CH), 122.9 (CH), 124.9 (d, Jc.c.cr = 5.5 Hz, C), 132.0 (CH), 133.8
(C), 136.5 (CH), 149.5 (CH), 153.4 (t, Jc.r = 286.8 Hz, CF), 156.8 (C), 161.9 (C). “’F NMR
(CDCls, 471 MHz) & -95.97 (d, J = 42.7 Hz, 1F), -92.08 (d, J = 42.7 Hz, 1F). FT-IR (cm™, neat,

ATR) 2950 (w), 1740 (s), 1489 (s), 1249 (s), 1225 (s), 1027 (s), 806 (s). HRMS (EI+) calcd for
C17H16BrFNO [M]": 367.0383, found: 367.0384.

N-(5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)acetamide, 3w (0.125 g, 69%)

was prepared according to the general procedure from propylamido
Br\dLMNHAC silicate 2w (0.313 g, 0.7 mmol, 1.4 equiv). The desired

OMe difluoroalkene 3w was isolated as a white solid (mp = 91-92 °C). 'H
NMR (CDCls, 500 MHz) § 1.24 - 1.34 (m, 2H), 1.44 - 1.53 (m, 2H),
1.94 (s, 3H), 2.29 - 2.35 (m, 2H), 3.18 (g, J = 6.9 Hz, 2H), 3.79 (s, 3H), 5.43 (br s, 1H), 6.78 (d,
J =89 Hz, 1H), 7.22 (d, J = 2.4 Hz, 1H), 7.38 (dd, J = 8.9, 2.4 Hz, 1H). *C NMR (CDCls, 125
MHz) 6 23.3 (CH,), 24.9 (CH,), 27.4 (CH,), 29.0 (CHs), 39.5 (CH,), 55.9 (CHs), 88.3 (dd, Jc-c-r
=24.7,16.5 Hz, C), 112.6 (C), 112.9 (CH), 124.7 (d, Jc.c-c.= = 5.5 Hz, C), 132.0 (CH), 133.6 (br
s, CH), 153.3 (t, Jc.r = 286.8 Hz, CF), 156.8 (C), 170.3 (C). “F NMR (CDCls, 471 MHz) & -
96.15 (d, J = 41.2 Hz, 1F), -92.04 (d, J = 41.2 Hz, 1F). FT-IR (cm™, neat, ATR) 3250 (m), 3075

(m), 2940 (m), 2870 (m), 1749 (s), 1489 (s), 1248 (s), 1233 (s), 1219 (s), 803 (s). HRMS (El+)
caled for C1sH1gBrF,NO, [M]*: 361.0489, found: 361.0468.
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tert-Butyl (5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)carbamate, 3x (0.092 g,

44%) was prepared according to the general procedure from
Br\©;L/\/\NHBOC alkylsilicate 2x (0.353 g, 0.7 mmol, 1.4 equiv) with the following

OMe modifications: 1) the reaction was run for 48 h. The desired
difluoroalkene 3x was isolated as a clear pale-yellow oil. "H NMR
(CDCls, 500 MHz) & 1.25 - 1.34 (m, 2H), 1.43 (s, 9H), 2.31 (t, J = 7.5 Hz, 2H), 3.07 (d, J = 5.4
Hz, 2H), 3.80 (s, 3H), 4.39 - 4.50 (m, 1H), 6.77 (d, J = 8.8 Hz, 1H), 7.22 (d, J = 2.2 Hz, 1H),
7.38 (dd, J = 8.7, 2.3 Hz, 1H). °C NMR (CDCls, 125 MHz) & 24.9 (CH,), 27.6 (CH,), 28.6
(CHs), 29.7 (CH,), 40.5 (CH,), 56.0 (CHs), 79.3 (C), 88.4 (dd, Jc.c.r = 25.0, 16.0 Hz, C), 112.7
(C), 112.9 (CH), 124.9 (C), 132.0 (CH), 133.7 (CH), 153.4 (t, Jc.r = 287.0 Hz, CF,), 156.2 (C),
156.8 (C). “F NMR (CDCls, 471 MHz) & -96.17 (d, J = 41.2 Hz, 1F), -92.14 (d, J = 41.2 Hz,
1F). FT-IR (cm™, neat, ATR) 3350 (W), 2940 (m), 1694 (s), 1489 (s), 1247 (s), 1227 (s), 1168
(s). HRMS (EI+) calcd for C1gH22BrF,NOs [M]": 419.0908, found: 419.0928.

N-(5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)-2-oxoazepane-1-carboxamide,
3y (0.149 g, 65%) was prepared according to the general
Br\@?L/\/\NiN R procedure from silicate 2y (0.285 g, 0.53 mmol, 1.05 equiv)

orte H @ with the following modification: the reaction was run for 72 h.
The desired difluoroalkene 3y was isolated as a clear, pale-
yellow oil. ‘H NMR (CDCls, 500 MHz ) § 1.27 - 1.36 (m, 2H), 1.50 - 1.58 (m, 2H), 1.65 - 1.81
(m, 6H), 2.28 - 2.36 (m, 2H), 2.64 - 2.73 (m, 2H), 3.18 - 3.28 (m, 2H), 3.79 (s, 3H), 3.93 - 4.01
(m, 2H), 6.77 (d, J = 8.9 Hz, 1H), 7.22 (d, J = 2.4 Hz, 1H), 7.37 (dd, J = 8.7, 2.4 Hz, 1H), 9.23
(br. s., 1 H). C NMR (CDCls, 125 MHz) & 23.8 (CH), 25.1 (t, t, Je.c.c.r =2.7 Hz, CH),), 27.6
(CH,), 28.6 (CHy), 29.1 (CH,), 29.4 (CH,), 40.0 (CHy,), 40.5 (CHy), 44.0 (CH,), 56.0 (CH,), 88.4
(dd, Je.c.r = 24.7, 16.5 Hz, C), 112.7 (C), 112.9 (CH), 125.0 (dd, Jc.c.c.- =4.6, 1.8 Hz, C), 132.0
(CH), 133.8 (t, Jc.cc.c.r = 2.8 Hz, CH), 153.4 (t, Jo.r = 287.8 Hz, CF,), 155.1 (C), 156.9 (d, Jc.
c.c.cr = 1.8 Hz, C), 179.9 (C). “’F NMR (CDCls, 471 MHz) & -96.16 (d, J = 42.7 Hz, 1F), -
92.18 (d, J = 41.2 Hz, F). FT-IR (cm™, neat, ATR) 3273 (m), 2934 (m), 2861 (m), 1739 (s),
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1697 (s), 1651 (s), 1530 (s), 1489 (s), 1396 (s), 1247 (s), 1227 (s), 1214 (s), 1179 (s), 1164 (s),
970 (s). HRMS (ES+) calcd for CyoHosBrF,N,NaOs [M + Na]*: 481.0914, found: 481.0926.

(+)-2-(2-(5-Bromo-2-methoxyphenyl)-3,3-difluoroallyl)bicyclo[2.2.1]heptane, 3z (0.158 g,
88%) was prepared according to the general procedure from bicycloheptyl
Br\(j?i):) silicate 2z (0.309 g, 0.7 mmol, 1.4 equiv). The desired difluoroalkene 3z
oMo was isolated as a clear, pale-yellow oil. "H NMR (CDCls, 500 MHz) &

i 0.98 - 1.05 (m, 3H), 1.07 (d, J = 9.8 Hz, 1H), 1.21 - 1.31 (m, 2H), 1.34 (d,
J=9.8 Hz, 1H), 1.44 (ddd, J = 11.0, 7.5, 3.5 Hz, 2H), 1.96 (br s, 1H), 2.02 - 2.09 (m, 1H), 2.18
(brs, 1H), 2.23 - 2.29 (m, 1H), 3.79 (s, 3H), 6.77 (d, J = 8.5 Hz, 1H), 7.22 (d, J = 2.4 Hz, 1H),
7.37 (dd, J = 8.9, 2.4 Hz, 1H). °C NMR (CDCls3, 125 MHz) & 29.0 (CH,), 30.0 (CH,), 34.6
(CHy), 35.5 (CH,), 37.1 (CH,), 37.7 (CH), 40.2 (CH), 40.9 (CHy), 56.0 (CH3), 88.0 (dd, Jc.c.r =
24.7, 15.6 Hz, C), 112.7 (C), 112.9 (CH), 125.4 (d, Jccc-r = 3.7 Hz, C), 131.9 (CH), 133.8
(CH), 153.9 (t, Jc.r = 287.8 Hz, CFy), 156.9 (C). “°F NMR (CDCls, 471 MHz) & -96.78 (d, J =
42.7 Hz, 1F), -92.63 (d, J = 42.7 Hz, 1F). FT-IR (cm™, neat, ATR) 2948 (s), 2875 (w), 1742 (s),

1489 (s), 1247 (s), 1235 (s), 1222 (s), 1029 (s), 806 (s). HRMS (El+) calcd for C17H19BrF,0
[M]: 356.0587, found: 356.0574.

5-(1,1-Difluoro-6-methoxyhex-1-en-2-yl)benzo[d][1,3]dioxole, 4a (0.106 g, 78%) was

prepared according to the general procedure from @3-

F F

ODI/\/\OMe methoxypropylsilicate 2r (0.294 g, 0.7 mmol, 1.4 equiv) with the
<0 following modification: CF; alkene 1b (0.108 g, 0.5 mmol, 1 equiv)

4a

was used in place of 1a. The desired difluoroalkene 4a was isolated
as a clear, pale-yellow oil. "H NMR (CDCls, 500 MHz) & 1.38 - 1.48 (m, 2H), 1.54 - 1.61 (m,
2H), 2.36 (tt, J = 7.5, 2.4 Hz, 2H), 3.31 (s, 3H), 3.34 (t, J = 6.5 Hz, 2H), 5.97 (s, 2H), 6.75 - 6.82
(m, 3H). *C NMR (CDCls, 125 MHz) & 24.5 (t, Jc.c.c.- = 2.7 Hz, CH,), 28.0 (s, CHy), 29.2
(CH,), 58.8 (CH3), 72.7 (CH,), 92.2 (dd, Jc.c.r = 22.9, 13.7 Hz, C), 101.4 (CH,), 108.5 (CH),
109.1 (t, Je-c.c.r = 3.2 Hz, C), 122.0 (t, Je.c.c.c.r = 3.2 Hz, CH), 127.5 (dd, Jc.c.c.c.c.r = 4.6,
2.5 Hz, C), 147.0 (C), 148.0 (C), 153.8 (dd, Jc.- = 288.7, 285.9 Hz, CF,). “°F NMR (CDCls, 471
MHz) & -95.54 (d, J = 45.8 Hz, 1F), -95.18 (d, J = 45.8 Hz, 1F). FT-IR (cm™, neat, ATR) 2929
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(W), 2868 (W), 1727 (m), 1491 (m), 1438 (m), 1237 (vs), 1116 (s), 1038 (s), 935 (M), 861 (M),
811 (m). HRMS (EI+) calcd for CrqH1sF203 [M]": 270.1068, found: 270.1086.

N-(3-(1,1-Difluoro-6-methoxyhex-1-en-2-yl)phenyl)acetamide, 4b (0.115 g, 81%) was
prepared according to the general procedure from 3-
AcHN\©I/\/\OMe methoxypropylsilicate 2r (0.294 g, 0.7 mmol, 1.4 equiv) with the

following modification: CF; alkene 1c (0.115 g, 0.5 mmol, 1 equiv)
was used in place of 1a. The desired difluoroalkene 4b was isolated
as a clear, pale-yellow oil. ‘H NMR (CDCls, 500 MHz) & 1.36 - 1.47 (m, 2H), 1.50 - 1.61 (m,
2H), 2.18 (s, 3H), 2.40 (ddd, J = 9.8, 7.6, 2.0 Hz, 2H), 3.29 (s, 3H), 3.33 (t, J = 6.5 Hz, 2H), 7.05
(d, J =7.6 Hz, 1H), 7.20 (br s, 1H), 7.30 (t, J = 7.9 Hz, 1H), 7.41 (s, 1H), 7.46 (d, J = 7.8 Hz,
1H). *C NMR (CDCls, 125 MHz) & 24.6 (t, Jc.c.c.r = 1.8 Hz, CHy), 24.7 (CHa), 27.6 (CHy),
29.2 (CH,), 58.7 (CH3), 72.7 (CHy), 92.3 (dd, Jc.c.r = 22.0, 13.7 Hz, C), 119.1 (CH), 119.9 (t,
Jec.c.cr = 3.7 Hz, CH), 124.4 (t, Jec.c.c.r = 2.8 Hz, CH), 129.3 (CH), 134.7 (t, Jc.c.c.r = 3.7
Hz, C), 138.5 (C), 153.9 (dd, Jc.r = 289.6, 286.8 Hz, CF,), 168.9 (C). “F NMR (CDCls, 471
MHz) & -94.42 (d, J = 42.7 Hz, 1F), -94.21 (d, J = 44.3 Hz, 1F). FT-IR (cm™, neat, ATR) 3305
(w, br), 2930 (w) 2866 (w), 1728 (m), 1698 (s), 1551 (s), 1489 (m), 1429 (m), 1240 (vs), 1118
(vs) 791 (s), 698 (s). HRMS (El+) calcd for CisH0F.NO, [M]': 284.1462, found: 284.1475.

3-(1,1-Difluoro-6-methoxyhex-1-en-2-yl)phenol, 4c (0.092 g, 76%) was prepared according to

the general procedure from 3-methoxypropylsilicate 2r (0.294 g, 0.7
HO\©I/\/\OMG mmol, 1.4 equiv) with the following modification: CF; alkene 1d

(0.094 g, 0.5 mmol, 1 equiv) was used in place of 1la. The desired
difluoroalkene 4c was isolated as a clear yellow oil. ‘H NMR
(CDCl3, 500 MHz) 6 1.39 - 1.49 (m, 2H), 1.54 - 1.63 (m, 2H), 2.40 (tt, J = 7.6, 2.0 Hz, 2H), 3.32
(s, 3H), 3.36 (t, J = 6.5 Hz, 2H), 4.99 (br s, 1H), 6.74 (dd, J = 8.1, 2.4 Hz, 1H), 6.79 (s, 1H), 6.89
(d, J = 7.8 Hz, 1H), 7.22 (t, J = 7.8 Hz, 1H). "*C NMR (CDCls, 125 MHz) & 24.5 (t, Jec.c.c.r =
2.7 Hz, CH,), 27.6 (CHy), 29.0 (CH,), 58.6 (CH3), 72.8 (CHy), 92.2 (dd, Jc.c.r = 22.0, 11.9 Hz,
C), 114.6 (CH), 115.5 (t, Jc-c-c-c-F = 3.2 Hz, CH), 120.7 (t, Jc-c-c-cr = 3.2 Hz, CH), 129.9 (CH),
135.4 (t, Je.c.c.r = 4.6 Hz, C), 153.9 (dd, Jcr = 290.5, 285.9 Hz, 7 C), 156.2 (C). F NMR
(CDCls, 471 MHz) & -94.39 (d, J = 42.7 Hz, 1F), -94.02 (d, J = 42.7 Hz, 1F). FT-IR (cm™, neat,
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ATR) 3293 (w, br), 2937 (w), 1727 (s), 1583 (m), 1448 (m), 1248 (vs), 1119 (vs), 999 (w), 850
(s), 783 (s), 696 (m). HRMS (EI+) calcd for C13H16F,0, [M]': 242.118, found: 242.1122.

6-(1,1-Difluoro-6-methoxyhex-1-en-2-yl)isoindolin-1-one, 4d (0.136 g, 96%) was prepared

. according to the general procedure from 3-methoxypropylsilicate

%\:@j]/\/\/\om 2r (0.294 g, 0.7 mmol, 1.4 equiv) with the following modification:
" < CF; alkene 1e (0.120 g, 0.5 mmol, 1 equiv)®’ was used in place of

la 2) CH,Cl,/i-PrOH was used in place of hexane/EtOAc during
column chromatography. The desired difluoroalkene 4d was isolated as a clear, yellow oil. ‘H
NMR (CDCls, 500 MHz) & 1.38 - 1.47 (m, 2H), 1.53 - 1.62 (m, 2H), 2.48 (tt, J = 7.3, 2.0 Hz,
2H), 3.30 (s, 3H), 3.33 (t, J = 6.5 Hz, 2H), 4.47 (s, 2H), 6.85 (br s, 1H), 7.48 (d, J = 8.1 Hz, 1H),
7.54 (d, J = 7.8 Hz, 1H), 7.82 (s, 1H). *°C NMR (CDCls, 125 MHz) & 24.6 (t, Jc.c.c.r = 2.7 Hz,
CHy), 27.7 (CH,), 29.2 (CH,), 45.9 (CH,), 58.8 (CH3), 72.6 (CHy), 92.1 (dd, Jc.c.r = 22.9, 12.8
Hz, C), 123.5 (t, Jc.c.c-c-r =2.7 Hz, CH), 123.6 (CH), 132.2 (t, Jc.c-c.c-r =2.8 Hz, CH), 132.8
(C), 134.2 (t, Jc-cc-F = 3.7 Hz, C), 142.9 (C), 154.0 (dd, Jc.r =290.5, 286.8 Hz, CF;), 172.2 (C).
“F NMR (CDCls, 471 MHz) & -94.15 (d, J = 41.2 Hz, 1F), -93.76 (d, J = 42.7 Hz, 1F). FT-IR
(cm™, neat, ATR) 3227 (w, br) 2929 (w), 2865 (w), 1690 (vs), 1294 (m), 1234 (s), 1116 (s), 774
(m), 587 (m). HRMS (ES+) calcd for C15H18F2NO, [M + H]*: 282.1306, found: 282.1290.

4-(1,1-Difluoro-6-methoxyhex-1-en-2-yl)-N,N-dimethylaniline, 4e (0.107 g, 80%) was

- prepared according to the general procedure from 3-

/@I/\/\OMe methoxypropylsilicate 2r (0.294 g, 0.7 mmol, 1.4 equiv) with the
\rij following modification: CF3 alkene 1f (0.108 g, 0.5 mmol, 1 equiv)

de

was used in place of 1la. The desired difluoroalkene 4e was isolated
as a clear, pale-yellow oil. ‘H NMR (CDCls, 500 MHz ) 8 1.38 - 1.47 (m, 2H), 1.52 - 1.61 (m,
2H), 2.38 (tt, J = 7.4, 2.3 Hz, 2H), 2.96 (s, 6H), 3.30 (s, 3H), 3.33 (t, J = 6.6 Hz, 2H), 6.71 (d, J =
8.7 Hz, 2H), 7.18 (d, J = 8.9 Hz, 2H). *C NMR (CDCls, 125 MHz) § 24.6 (CH,), 27.6 (CH,),
29.2 (CHy), 40.6 (CH3), 58.7 (CH,), 72.7 (CHs), 92.0 (dd, Jc.c.- = 18.8, 16.0 Hz, C), 112.5 (CH),
121.4 (CH), 129.1 (t, Jc.r = 3.2 Hz, C), 149.8 (C), 153.7 (t, Jc.r = 287.8 Hz, CF,). “°F NMR

> As noted previously, this CF; alkene was found to be ~95% pure and thus the mass was adjusted accordingly.
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(CDCls, 471 MHz) & -96.56 (s, 2F). FT-IR (cm™, neat, ATR) 2930 (m), 2865 (m), 1724 (s),
1613 (s), 1524 (s), 1228 (s), 1115 (s), 908 (s), 817 (s). HRMS (EI+) calcd for C15H21F2NO [M]™:
269.1591, found: 269.1582.

tert-Butyl 4-(3-(Difluoromethylene)-7-methoxyhept-1-yn-1-yl)piperidine-1-carboxylate, 4l

FF (0.118 g, 66%) was prepared according to the general procedure
Z ome | from 3-methoxypropylsilicate 2r (0.262 g, 0.625 mmol, 1.25
_N equiv) with the following modification: CF3 alkene 1m (0.152 g,

Boc
4]

0.5 mmol, 1 equiv) was used in place of la. The desired
difluoroalkene 4l was isolated as a clear, yellow oil. ‘H NMR (CDCls, 500 MHz) & 1.48 (s, 9H),
1.51 - 1.68 (m, 6H), 1.72 - 1.87 (m, 2H), 2.03 - 2.13 (m, 2H), 2.68 - 2.80 (m, 1H), 3.19 - 3.32 (m,
2H), 3.35 (s, 3H), 3.37 - 3.45 (m, 2H), 3.60 - 3.72 (m, 2H). **C NMR (CDCls, 125 MHz) & 24.5
(t, Joc.c.r = 2.3 Hz, CH,), 27.2 (CH), 27.8 (CH,), 28.7 (CHs), 28.9 (CH,), 31.6 (br s, CH,), 42.1
(br, CH,), 58.8 (CH3), 72.6 (CH,), 73.8 (dd, Jc.c.c.r = 8.2, 3.7 Hz, C), 78.3 (dd, Je.c.r = 34.8,
15.6 Hz, C), 79.7 (C), 96.3 (t, Jc.c.c.c.r = 6.0 Hz, C), 155.0 (C), 159.1 (dd, Jc.r = 295.1, 291.4
Hz, CF,). “F NMR (CDCls, 471 MHz) §-90.1 (d, J = 22.9 Hz, 1F), -85.2 (d, J = 22.9 Hz, 1F).
FT-IR (cm™, neat, ATR) 2928 (w), 2863 (w), 1718 (s), 1693 (vs), 1419 (s), 1231 (s), 1166 (vs),
1118 (vs), 1020 (w), 864 (w). HRMS (El+) calcd for C14H20F2NO [M — Boc]™: 256.1513, found:
256.1514.

(8R,9S,13S,14S,17S)-17-(3-(Difluoromethylene)-7-methoxyhept-1-yn-1-yl)-3-methoxy-13-
methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-17-ol, 4m
(0.137 g, 60%) was prepared according to the general

procedure from 3-methoxypropylsilicate 2r (0.262 g,
0.625 mmol, 1.25 equiv) with the following
modification: CF; alkene 1m (0.202 g, 0.5 mmol, 1

equiv) dissolved® in 2.4 mL of anhyd DMF was used in
place of 1a. The desired difluoroalkene 4m was isolated as a clear, pale-yellow oil. ‘H NMR
(CDCls3, 500 MHz) 6 0.91 (s, 3H), 1.33 - 1.55 (m, 4H), 1.62 (t, J = 3.1 Hz, 4H), 1.65 - 1.93 (m,

%8 The neat starting alkene is unstable over extended periods. Storage of these enynes as dilute solution in DMF
(~0.2 M) allows them to be stored at 0 °C for at least one week without appreciable degradation.
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5H), 1.94 - 2.02 (m, 1H), 2.06 (td, J = 12.5, 3.2 Hz, 1H), 2.11 - 2.17 (m, 2H), 2.21 (td, J = 12.2,
3.9 Hz, 1H), 2.28 - 2.41 (m, 2H), 2.79 - 2.94 (m, 2H), 3.32 (s, 3H), 3.36 - 3.42 (m, 2H), 3.79 (s,
3H), 6.64 (d, J = 2.4 Hz, 1H), 6.73 (dd, J = 8.6, 2.7 Hz, 1H), 7.23 (d, J = 8.6 Hz, 1H). *C NMR
(CDCls, 125 MHz) & 13.1 (CHs), 23.1 (CHy), 24.5 (t, Jc.c.cr = 2.4 Hz, CHy), 26.7 (CHy), 26.8
(CHy), 27.6 (CHy), 28.9 (CHy), 30.1 (CHy), 33.2 (CHy), 39.3 (CHy), 39.7 (CHy), 43.9 (CH), 47.8
(CH), 50.0 (CH), 55.4 (CH3), 58.8 (CHs), 72.7 (CHy), 77.9 (dd, Jc.c.c.r = 8.2, 3.7 Hz, C), 78.1
(dd, Je.c.r = 33.9, 14.7 Hz, C), 80.5 (C), 97.7 (t, Jc.c.c.c.c =6.0 Hz, C), 111.8 (CH), 114.1 (CH),
126.6 (CH), 132.8 (C), 138.2 (C), 159.1 (dd, Jc.r = 295.1, 292.3 Hz, CF,), 157.7 (C). “F NMR
(CDCls, 282 MHz) & -88.75 (d, J = 19.6 Hz, 1F), -83.63 (d, J = 19.6 Hz, 1F). FT-IR (cm™, neat,
ATR) 2928 (m), 2865 (m), 2051 (w), 1774 (m), 1664 (s), 1499 (m), 1256 (s) 1116 (s), 908 (M),
730 (vs). HRMS (ES+) calcd for CagHzsF2NaOs [M + Na]™: 481.2530 found: 481.2537.

(3aR,5R,6S,6aR)-6-((6-(Difluoromethylene)-10-methoxydec-4-yn-1-yl)oxy)-5-((S)-2,2-
dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[2,3-d][1,3]dioxole, 4n (0.117 g,

49%) was prepared according to the general procedure from 3-

Fe _F
%O o\/\)[/\/\OMe methoxypropylsilicate 2r (0.262 g, 0.625 mmol, 1.25 equiv)
Oy,
. o]

(I/\ with the following modification: CF; alkene 1o (0.210 g, 0.5
" O7< mmol, 1 equiv) was used in place of la. The desired
difluoroalkene 4n was isolated as a clear, colorless oil. ‘"H NMR (CDCls, 500 MHz) & 1.32 (s,
3H), 1.36 (s, 3H), 1.43 (s, 3H), 1.50 (s, 3H), 1.53 - 1.65 (m, 4H), 1.71 - 1.87 (m, 2H), 2.03 - 2.09
(m, 2H), 2.43 (t, J = 7.1 Hz, 2H), 3.34 (s, 3H), 3.39 (t, J = 6.1 Hz, 2H), 3.61 (dt, J = 9.5, 5.8 Hz,
1H), 3.73 (ddd, J = 9.4, 7.2, 5.4 Hz, 1H), 3.88 (d, J = 2.9 Hz, 1H), 3.99 (dd, J = 8.6, 5.6 Hz, 1H),
4.09 (dd, J = 8.6, 6.1 Hz, 1H), 4.12 (dd, J = 7.7, 3.1 Hz, 1H), 4.30 (dt, J = 7.6, 6.0 Hz, 1H), 4.55
(d, J = 3.7 Hz, 1H), 5.87 (d, J = 3.7 Hz, 1H). *C NMR (CDCls, 125 MHz) & 16.3 (CH,), 24.6 (t,
Je-cc.r = 2.7 Hz, CHy), 25.6 (CH3), 26.5 (CH3), 27.0 (CHg), 27.1 (CHs3), 27.3 (CH>), 28.9 (CH,),
29.0 (CH,), 58.8 (CH3), 67.6 (CH,), 68.9 (CH,), 72.7 (dd, Jc.c.c.r = 11.9, 8.2 Hz, C), 72.6 (CHy),
72.8 (CHy), 78.4 (dd, Jcc.r = 34.8, 14.7 Hz, C), 81.4 (CH), 82.4 (CH), 82.7 (CH), 93.7 (t, Jc-c-c-
c.r = 5.5 Hz, C), 105.6 (CH), 109.2 (C), 112.0 (C), 159.2 (dd, Jc.r = 293.3, 291.4 Hz, CF,). *F
NMR (CDCl3, 471 MHz) 6 -90.49 (d, J = 22.9 Hz, 1F), -85.83 (d, J = 22.9 Hz, 1F). FT-IR (cm’
! neat, ATR) 2985 (w), 2870 (w), 1842 (vw), 1719 (m), 1372 (m), 1214 (m), 1120 (s), 1071 (vs),
1017 (s), 847 (m). HRMS (ES+) calcd for CosHarF207 [M + H]': 475.2507 found: 475.2498.
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1-(1-Fluoro-6-methoxyhex-1-en-2-yl)-4-methylbenzene, 4q (0.076 g, 68%) was prepared

according to the general procedure from 3-methoxypropylsilicate 2r

/@L\/\om (0.294 g, 0.7 mmol, 1.4 equiv) with the following modifications: 1)
Me CF,H alkene 1q (0.084 g, 0.5 mmol, 1 equiv) was used in place of
la; 2) A higher loading of Ru(bpy)s(PFs), (0.0215 g, 0.025 mmol,
0.05 equiv) was used 3) The reaction was run for 48 h. The desired fluoroalkene 4q was isolated
as a clear, colorless oil. E/Z ratio: 5.7:1.° *H NMR (CDCls, 500 MHz) & 1.38 - 1.47 (m, 2H),
1.53 - 1.62 (m, 2H), 2.34 (s, 3H), 2.55 (td, J = 7.5, 2.9 Hz, 2H), 3.30 (s, 3H), 3.34 (t, J = 6.6 Hz,
2H), 6.77 (d, J = 85.6 Hz, 1H), 7.12 - 7.18 (m, 4H). "°C NMR (CDCls, 125 MHz) & 21.3 (CHy),
24.5 (d, Je.c.c.c.r = 2.7 Hz, CHy), 26.5 (d, Je.c.c.r = 3.7 Hz, CHy), 29.4 (CHs), 58.7 (CH3), 72.8
(CHy), 126.9 (d, Jc-c-cc-r = 2.7 Hz, CH), 128.3 (d, Jc-c.cr = 4.6 Hz, C), 129.5 (CH), 133.7 (d,
Je.cr = 9.2 Hz, C), 137.4 (C), 145.8 (d, Jc.r = 258.4 Hz, CFH). "’F NMR (CDCls, 471 MHz) & -

135.06 (s, 1F). FT-IR (cm™, neat, ATR) 2962 (w), 2865 (w), 1657 (s), 1513 (s), 1452 (s), 1118
(s), 808 (s), 502 (s). HRMS (EI+) calcd for C14H1gFO [M]": 222.1422, found: 222.1420.

1-Methyl-4-(1,1,1,2-tetrafluoro-7-methoxyhept-2-en-3-yl)benzene, 4r (0.082 g, 57%) was

. prepared according to the general procedure from @3-

\|E/\/\ methoxypropylsilicate 2r (0.419 g, 1.0 mmol, 2 equiv) with the

OMe

Meﬁ following modifications: 1) CF,CF; alkene 1r (0.118 g, 0.5 mmol, 1

4r

equiv) was used in place of 1a; 2) A higher loading of
Ru(bpy)s(PFg)2 (0.0323 g, 0.0375 mmol, 0.075 equiv) was used 3) The reaction was run for 48 h.
The desired (fluoro)trifluoromethyl alkene 4r was isolated as a clear, colorless oil. E/Z ratio:
1.6:1.5% 'H NMR (CDCls, 500 MHz ) & 1.34 - 1.42 (m, 2H), 1.50 - 1.60 (m, 2H), 2.36 (s, 3H),
2.46 - 2.52 (m, 2H), 3.29 (s, 3H), 3.33 (t, J = 6.4 Hz, 2H), 7.04 (d, J = 7.9 Hz, 2H), 7.16 (d, J =
7.9 Hz, 2H). *C NMR (CDCls, 125 MHz) § 21.5 (d, Jc.c.c.c.c.r = 2.7 Hz, CH,), 23.5 (CH,),
29.3 (d, Je-c.c.c.r = 2.7 Hz, CHy), 31.8 (d, Jc-c.c.r = 4.5 Hz, CH,), 58.8 (CH,), 72.6 (CH3), 119.4
(qd, Jo.r = 273.4, Je.c.r = 43.6 Hz, CF3), 128.3 (d, Je.c.c.c.r = 1.8 Hz, CH), 129.2 (CH), 131.5
(d, Je.c.c.r = 5.5 Hz, C), 138.4 (C), 142.3 (dq, Jc.r = 251.6, Je.c.r = 36.5 Hz, CF). *°F NMR

> Characterization data for only the major E isomer is given. Major diastereomer determined by J-coupling
constants in *H and *C NMR
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(CDCls, 471 MHz) § -134.29 (q, J = 9.2 Hz, 1F), -67.92 (d, J = 9.2 Hz, 3F). FT-IR (cm™, neat,
ATR) 2929 (w), 2869 (W), 1347 (s), 1335 (s), 1193 (s), 1120 (s), 818 (s). HRMS (EI+) calcd for
CisH1sF4O [M]*: 290.1308, found: 290.1294.

Representative Procedure for Large Scale Defluorinative Alkylation

CFy  [S7""NHAC NP - T

Br 4CzIPN (5 mol %) Br (ST ProNH,
> > NHAc © |oun :

DMSO (0.1 M) ! $—si @ '

OMe  blue LEDs, rt, 24 h OMe 5 o ,

....................

N-(5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)acetamide (3w)

To an oven dried, 100 mL round bottom flask equipped with a stir bar were added 4CzIPN
(0.118 g, 0.15 mmol, 0.05 equiv) and propylacetamidosilicate 2r (1.876 g, 4.2 mmol, 1.4 equiv).
The flask was sealed with a rubber septum and was evacuated and purged with argon three times
via an inlet needle. The flask was then charged with CF3 alkene 1a (0.843 g, 3 mmol, 1 equiv)
dissolved in anhyd DMSO (30 mL) via a syringe. The now bright yellow solution was irradiated
by blue LEDs in the aforementioned photoreactor. The temperature of the reaction was
maintained at approximately 27 °C via a fan. The solution was stirred vigorously while being
irradiated. Reaction progress was monitored by GC/MS. Once complete (~ 24 h), the now dark
yellow-brown solution was transferred to a separatory funnel and diluted with deionized H,0O
(100 mL) and Et,O (~ 100 mL). The layers were separated, and the aq layer was extracted with
Et,O (3 x ~50 mL). The combined organic layers were washed with deionized H,O (2 x ~150
mL) followed by brine (~100 mL). The combined organic layers were dried (Na;SO,), and the
solvent was removed in vacuo by rotary evaporation. Further purification was accomplished by
SiO, column chromatography (gradient Hex:EtOAc) to give the desired difluoroalkene 3w

(0.678 g, 63%) as a pale-yellow oil.
'"H NMR (CDCls, 500 MHz) & 1.24 - 1.34 (m, 2H), 1.44 - 1.53 (m, 2H), 1.94 (s, 3H), 2.29 - 2.35

(m, 2H), 3.18 (g, J = 6.9 Hz, 2H), 3.79 (s, 3H), 5.43 (br s, 1H), 6.78 (d, J = 8.9 Hz, 1H), 7.22 (d,
J=2.4Hz, 1H), 7.38 (dd, J = 8.9, 2.4 Hz, 1H).
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“C NMR (CDCls, 125 MHz) & 23.3 (CH,), 24.9 (CH,), 27.4 (CH,), 29.0 (CHs), 39.5 (CH,),
55.9 (CHs), 88.3 (dd, Jc.c.r = 24.7, 16.5 Hz, C), 112.6 (C), 112.9 (CH), 124.7 (d, Jc.c.c.c = 5.5
Hz, C), 132.0 (CH), 133.6 (br s, CH), 153.3 (t, Jc.r = 286.8 Hz, CF5), 156.8 (C), 170.3 (C).

“F NMR (CDCls, 471 MHz) & -96.15 (d, J = 41.2 Hz, 1F), -92.04 (d, J = 41.2 Hz, 1F).

FT-IR (cm™, neat, ATR) 3250 (m), 3075 (m), 2940 (m), 2870 (m), 1749 (s), 1489 (s), 1248 (s),
1233 (s), 1219 (s), 803 (s).

HRMS (El+) calcd for Cy5H1BrFoNO, [M]*: 361.0489, found: 361.0468.

Ni/Photoredox Cross-Coupling of Gem-Difluoroalkene 4s

FoF l} F_F
[Si]
Br.
NHAc > NHAc
[Ni(dtbbpy)(H,0)4]Cl, (5 mol %)
OMe Ru(bpy)s(PFg) (2.5 mol %)

OMe
3w DMF (0.1 M), 30 h, hv (#)-4s

N-(5-(5-((+)-Bicyclo[2.2.1]heptan-2-yl)-2-methoxyphenyl)-6,6-difluorohex-5-en-1-
yl)acetamide, 4s

To an 20 mL reaction vial equipped with a stir bar were added [(z)-bicyclo[2.2.1]heptan-2-yI
silicate 2z (0.530 g, 1.2 mmol, 1.2 equiv], [Ni(dtbbpy)(H,0)4]Cl, (23.6 mg, 0.05 mmol, 0.05
equiv),% difluoroalkene 1a (0.362 g, 1 mmol, 1 equiv), and Ru(bpy)s(PFs) (0.0215 g, 0.025
mmol, 0.025 equiv). The vial was sealed with a cap containing a TFE-lined silicone septum. The
vial was evacuated three times via an inlet needle, then purged with argon. The vial was then
charged via a syringe with dry DMF (10 mL). The cap was sealed with Parafilm®, and the now
bright red solution was irradiated in the aforementioned LED reactor. The temperature of the
reaction was maintained at approximately 27 °C via a fan. The solution was stirred vigorously
while being irradiated. Reaction progress was monitored by HPLC. Once judged to be complete,
the now opaque, milky-brown solution was transferred to a separatory funnel and diluted with
deionized H,O (~ 20 mL) and Et,O (~ 20 mL). The layers were separated, and the aq layer was

extracted with Et;,O (3 x ~20 mL). The combined organic layers were washed with 2 M aq

% |n previous reports, we either pre-complexed the dtbbpy ligand to nickel in situ or conducted the reaction without
pre-complexation. We recently found that preparation of [Ni(dtbbpy)(H»0),]Cl, simplifies the process entirely. This
complex can easily be prepared by reacting dtbbpy (1.05 equiv) with NiCl, ¢« 6H,0 in refluxing EtOH (0.1 M) for 12
h. Once cooled to rt, the solvent can be removed in vacuo by rotary evaporation, and the resulting mint green solid
can be washed with Et,O followed by pentane to remove any residual ligand. This complex can be stored on the
bench for an indefinite period of time.
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NaOH (2 x ~30 mL), 2 M aq HCI (~30 mL), deionized H,O (~30 mL), and brine (~50 mL). The
organic layer was dried (Na;SQ,), and the solvent was removed in vacuo by rotary evaporation.
Further purification was accomplished by flash column chromatography (gradient
hexane/EtOAC) to give the desired coupling product, 4s, (0.236 g, 63%) as a viscous, colorless
oil.

'"H NMR (CDCls, 500 MHz) 8 1.16 (d, J = 9.8 Hz, 1H), 1.22 - 1.38 (m, 4H), 1.44 - 1.53 (m, 3H),
1.54 - 1.65 (m, 3H), 1.74 (ddd, J = 11.4, 9.5, 2.4 Hz, 1H), 1.92 (s, 3H), 2.26 - 2.31 (m, 1H), 2.32
- 2.38 (m, 3H), 2.68 (dd, J = 8.8, 5.6 Hz, 1H), 3.18 (q, J = 6.5 Hz, 2H), 3.79 (s, 3H), 5.35 (br s,
1H), 6.82 (d, J =8.5 Hz, 1H), 6.94 (d, J = 2.1 Hz, 1H), 7.12 (dd, J = 8.5, 2.3 Hz, 1H).

“C NMR (CDCls, 125 MHz) § 23.5 (CH), 25.0 (br. s., CH,), 27.7 (CH), 29.1 (CH,), 29.2 (CH,),
30.7 (CHy), 36.2 (CHy), 37.1 (CHy), 39.3 (CH,), 39.7 (CH), 43.4 (CH3), 46.7 (CH,), 55.9 (CHj3),
89.3 (dd, Jcc.r = 23.8, 16.5 Hz, C), 111.2 (CH), 122.3 (d, Jcc.c.r =3.7 Hz, C), 127.6 (CH),
130.1 (CH,), 139.9 (CH), 153.4 (t, Jc.r = 285.9 Hz, CF,), 155.4 (C), 170.2 (C).

“F NMR (CDCls, 471 MHz) & -97.30 (d, J = 45.8 Hz, 1F), -93.35 (d, J = 45.8 Hz, 1F).

FT-IR (cm™, neat, ATR) 3287 (m), 3087 (m), 2949 (m), 2869 (m), 1742 (s), 1650 (s), 1500 (s),
1280 (s), 1248 (s), 1231 (s), 1031 (s).

HRMS (ES+) calcd for CoHzgFaNO, [M + H]': 378.2242, found: 378.2245.
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Synthesis and Utilization of
Potassium Trifluoro(3,3,3-trifluoroprop-1-en-2-yl)borate

Synthesis of Potassium Trifluoro(3,3,3-trifluoroprop-1-en-2-yl)borate (5)

1. B(OMe)s B(OH BF3K
BT Mg, THF,0°Ctort (OF2) KHF,
é —>

Fgc& 2. Ag. HCI MeOH, 0 °C to rt F3C 5

Stage One

To a 250 mL Schlenk flask equipped with a stir bar was added activated®* Mg powder (0.850 g,
35.0 mmol). The flask was sealed with a septum and flame-dried under vacuum. The flask was
purged with argon and was charged with THF (60 mL) via a syringe. The solution was cooled to
0 °C via ice-water bath. To the cooled solution was added trimethyl borate (9.75 mL, 77.5 mmol)
via syringe, and the solution was stirred vigorously. A solution of 2-bromo-3,3,3-trifluoro-1-
propene (3.1 mL, 29.2 mmol) in THF (7.5 mL) was then added slowly in 3 portions over 30 min.
After the addition was complete, the heterogeneous solution turned dark grey. The solution was

stirred at 0 °C for 6 h and then was allowed to warm to rt and stirred overnight.

Stage Two

The solution was cooled to 0 °C and was quenched with 6 M aq HCI (~ 20 mL) via slow addition
through a syringe. CAUTION: Evolves hydrogen gas, the use of several vent needles is
recommended! The mixture was allowed to stir at 0 °C for 1 h. The solution was transferred to a
500 mL separatory funnel and diluted with deionized H,0O (~100 mL) and Et,O (~60 mL). The
layers were separated, and the aq layer was extracted with Et,O (2 x ~60 mL). The combined
organic layers were transferred to a 500 mL round bottom flask and were cooled to 0 °C. To the
flask was slowly added 4.5 M aq KHF; in MeOH (40 mL). CAUTIONARY NOTE: KHF;
solutions will etch glassware. The solution was allowed to warm to rt and stirred overnight. The
solvent was removed in vacuo to afford the crude organotrifluoroborate. The solids were washed
with hot acetone (4 x ~60 mL), and the filtrate was collected in a round bottom flask. The

solvent was removed in vacuo to give an oily brown solid. The solid was triturated with cold

81 Magnesium powder was activated via successive washes with 2 M aq HCI (3 x ~ 10 mL) followed by a wash with
Et,O (~ 20 mL).
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Et,O (~80 mL) and filtered to yield organotrifluoroborate 5 as a white crystalline solid (1.26 g
for the first crop, 0.557 g for the second crop, 31% over 3 steps).

'"H NMR (acetone-ds, 500 MHz) & 5.57 (br s, 1H), 5.68 (br s, 1H).

BC NMR (acetone-ds, 125 MHz) 121.8 (dtd, Jc.c.c.r = 10.8, 7.2, 2.3 Hz, CH,), 126.2 (q, Jc.r =
271.3 Hz, CF3), 143.6 (br s, C).

F NMR (acetone-ds, 471 MHz) & -143.92 (dd, J = 94.6, 48.8 Hz, 3F), -64.05 (s, 3F).

"B NMR (acetone-ds, 128 MHz) & 1.15 (g, J = 46.7 Hz, 1B).

FT-IR (cm™, neat, ATR) 1640 (m), 1322 (s), 1170 (s), 1080 (s), 998 (s), 974 (s), 945 (s), 831 (s),
715 (s), 616 (S).

HRMS (ES-) calcd for C3H2BFs [M — K] 163.0149, found: 163.0154.

Suzuki Cross-Coupling using Potassium Trifluoro(3,3,3-trifluoroprop-1-en-2-yl)borate
and 6-Bromo-2,3-dihydro-1H-inden-1-one

CF3

0 Pu N
Br:
Z “BF3K -
5 mol% Pd(OAc),, 12 mol% PPhy

Cs,CO3 (3 equiv)
2:1 THF/H,O 80 °C, 24 1s
g J

6-(3,3,3-Trifluoroprop-1-en-2-yl)-2,3-dihydro-1H-inden-1-one, 1s

To a 20 mL microwave tube was added 6-bromo-2,3-dihydro-1H-inden-1-one (0.211 g, 1 mmol,
1 equiv), organotrifluoroborate 5 (0.303 g, 1.5 mmol, 1.5 equiv), Cs,CO3 (0.979 g, 3 mmol, 3
equiv), PPh3 (0.032 g, 0.12 mmol, 0.12 equiv) and Pd(OAc), (0.011 g, 0.05 mmol, 0.05 equiv).
The tube was sealed with a crimp-top cap containing a TFE-lined silicone septum and placed
under an argon atmosphere via an inlet needle. The tube was evacuated three times via an inlet
needle, then purged with argon. A mixture of degassed THF (6 mL) and degassed deionized H,O
(3 mL) were added via syringe. The argon inlet needle was removed from the tube. The tube was
heated to 80 °C. The reaction mixture was allowed to stir at this temperature for 24 h. Reaction
progress was monitored by GC/MS. Once complete, the reaction was cooled to rt and diluted in
EtOAc (25 mL). The reaction mixture was transferred to a separatory funnel and further diluted

with deionized H,O (25 mL). The layers were separated, and the aq layer was extracted with
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EtOAc (2 x 25 mL). The combined organic layers were washed with 1 M agq NaOH (25 mL),
deionized H,0 (25 mL), and brine (25 mL). The combined organic layers were dried (Na,SQO,),
and the solvent was removed in vacuo by rotary evaporation. Further purification was achieved
by SiO, column chromatography (gradient hexane/EtOAcC) to give the desired olefin 1s (0.172 g,

76%) as a yellow oil.

'H NMR (CDClg, 500 MHz) § 2.74 (t, J = 6.3 Hz, 2H), 3.18 (t, J = 5.8 Hz, 2H), 5.83 (¢, J = 1.4
Hz, 1H), 6.02 (s, 1H), 7.52 (d, J = 8.1 Hz, 1H), 7.68 (d, J = 7.9 Hz, 1H), 7.85 (s, 1H).

C NMR (CDCls, 125 MHz) 8 25.9 (CHy), 36.7 (CHy), 123.4 (q, Jc.r = 274.3 Hz, CFs), 121.7
(9, Je-c.c.r = 5.5 Hz, CHy), 123.0 (CH), 127.3 (CH), 133.3 (C), 133.8 (CH), 137.7 (C), 138.4 (q,
Je.c.r = 30.5 Hz, C), 155.9 (C), 206.7 (C).

“F NMR (CDCls, 471 MHz) & -68.07 (s, 3F).

FT-IR (cm™, neat, ATR) 2934 (vw), 1712 (vs), 1617 (w), 1348 (w), 1116 (vs), 951 (w), 842 (w).
HRMS (El+) calcd for C1oHgF30 [M]": 226.0605, found: 226.0594.

Radical Defluorinative Alkylation of
6-(3,3,3-Trifluoroprop-1-en-2-yl)-2,3-dihydro-1H-inden-1-one using Alkylsilicate 2r

4 N\
@
IPI’2NH2
S F. F
CFs 0 Meo\&&{ﬁ',@ 0
= (1.1 equiv) 2 o MeO
Ru(bpy),>(PFg)s (2.5 mol%)
DMF (0.05 M), blue LEDs, rt, 24 h
g J

6-(1,1-Difluoro-6-methoxyhex-1-en-2-yl)-2,3-dihydro-1H-inden-1-one, 1s

To two 8 mL reaction vials equipped with stir bars were added Ru(bpy)s(PFs). (0.0054 g, 0.0125
mmol, 0.025 equiv) and 3-methoxypropylsilicate 2r (0.147 g, 0.35 mmol, 1.4 equiv). The vials
were sealed with caps containing a TFE-lined silicone septum and placed under an Ar
atmosphere through evacuating and purging with Ar three times via inlet needles. The vials were
then each charged with the CF3; alkene 1s (0.057 g, 0.25 mmol) in anhyd DMF (2.5 mL) via a
syringe. The capped vials were sealed with Parafilm®, and the now bright red solutions were
irradiated with blue LEDs in the aforementioned photoreactor. The temperatures of these

reactions were maintained at approximately 27 °C via a fan. The solutions were stirred
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vigorously while being irradiated. Reaction progress was monitored by GC/MS. Once both were
judged to be complete, the now dark red-brown solutions were combined and transferred to a
separatory funnel. The combined solution was diluted with Et,O (50 mL) and 2 M ag NaOH (50
mL).%? The layers were separated, and the aq layer was extracted with Et,0 (2 x 20 mL). The
combined organic layers were washed with 2 M ag NaOH (50 mL) and deionized H,O (2 x 50
mL), followed by brine (100 mL). The combined organic layers were dried (Na SO,), and the
solvent was removed in vacuo by rotary evaporation. Further purification was accomplished by
SiO; column chromatography (gradient hexanes/EtOAc) to give the desired difluoroalkene, 4t,
(0.108 g, 77%) as a yellow oil.

'H NMR (CDCls, 500 MHz) & 1.35 - 1.44 (m, 2H), 1.52 - 1.59 (m, 2H), 2.4 (tt, J = 7.5, 1.8 Hz,
2H), 2.69 - 2.75 (m, 2H), 3.14 (t, J = 6.0 Hz, 2H), 3.29 (s, 3H), 3.32 (t, J = 6.4 Hz, 2H), 7.47 (d,
J=7.9Hz, 1H), 7.54 (dt, J = 8.1, 1.5 Hz, 1H), 7.68 (s, 1H).

“C NMR (CDCls, 125 MHz) 8 24.6 (t, Jc.c.c.r = 2.7 Hz, CHy), 25.8 (CH,), 27.6 (CHy), 29.2
(CH,), 36.7 (CH,), 58.8 (CH3), 72.5 (CH,), 91.9 (dd, Jc.c.r = 22.9, 12.8 Hz, C), 123.4 (t, Jc-c-c.c.
¢ = 3.7 Hz, CH), 127.0 (CH), 133.4 (t, Jc.c.c.c.r = 3.7 Hz, C), 135.0 (t, Je.c.c.r = 3.7 Hz, CH),
137.6 (C), 154.0 (dd, Jc.r = 291.4, 287.8 Hz, CF>), 154.3 (C), 206.9 (C).

F NMR (CDCls, 471 MHz) § -94.17 (d, J = 42.7 Hz, 1F), -93.83 (d, J = 41.2 Hz, 1F).

FT-IR (cm™, neat, ATR) 2928 (vw), 2866 (vw), 1711 (vs), 1645 (vw), 1225 (m), 1117 (s), 838
(m).

HRMS (El+) calcd for CigH19F20, [M + H]": 281.1353, found: 281.1337.

82 Note that the aq layer will turn dark brown and become warm, likely because of the reaction between catechol (or
the orthosilicate byproduct) and hydroxide.
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Spectra of Synthesized Compounds — Listed by Order of Appearance

5-bromo-2-methoxybenzaldehyde Br
500 MHZ, CDCI3 H
OMe

3 2 1 0 ppm
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S5-bromo-2-methoxybenzaldehyde Br
125 MHz, CDCI3 H
OMe

188.60
161.02
—138.54
—131.36
— 126.40
113.99
113.76
56.25
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OH

1-(5-bromo-2-methoxyphenyl)-2,2,2—trifluoroethanol Br
500 MHz. CDCI3 CF3
OMe

7.85 7.50 7.45 ppm 6.9 6.8 ppm

10 9 8 7 6 5 4 3 2 1 0 ppm
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1-(5-bromo-2-methoxyphenyl)-2,2,2-trifluoroethanol
125 MHz, CDCI3
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1-(5-bromo-2-methoxyphenyl)-2,2,2—trifluoroethanol
471 MHz, CDCI3
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1-(5-bromo-2-methoxyphenyl)-2,2,2—trifluoroethanone
500 MHz, CDCI3

ppm

B
f\dj\CFs
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1-(5-bromo-2-methoxyphenyl)-2,2,2—trifluoroethanone

125 MHz, CDCI3

B
r\(:ﬁkch
OMe

Rg23 2 5 2
deds % g4 ga533d >
oy — - - Lo B e R e B B ] w
léii 1;32 : ppm
I 1{9 1;8 117 1]‘[6 115 114 Ippm
l l
I | pEAAASHSE] hESSSRIEAN NERREREA] RESSARARE) RARSEEALLT IR ASATRSR] ROASRERD 1 FFALISRUA) [AAZEEEEMA RESAARRER] RISEEREHA PRSHASANR] JARAIRES! | ESARSEEAS RABSERAL PASRIARES) RELASELLET BORS 50 RESSAZAL] HARSES ARaLA 34
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm

S78



1-(5-bromo-2-methoxyphenyl)-2,2,2—trifluoroethanone
471 MHz, CDCI3
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2-(5-bromo-2-methoxyphenyl)-1,1,1-trifluoro-3—(trimethylsilyl)propan-2-ol

SiMe;

500 MHz, CDCI3 Br OH
CF3
OMe
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2—-(5-bromo-2-methoxyphenyl)-1,1,1-trifluoro-3—(trimethylsilyl)propan-2-ol

SiMe;

Br. OH
125 MHz, CDCI3 CF,
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SiMe;

2—(5-bromo-2-methoxyphenyl)-1,1,1-trifluoro—3—(trimethylsilyl)propan—2-ol Br OH
471 MHz, CDCI3 OF;
OMe
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4-bromo-1-methoxy-2-(3,3,3-trifluoroprop—1-en-2-yl)benzene Br
500 MHz, CDCI3 CF3
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7.4 ppm 6.9 6.8 ppm

T | T
6.10 ppm | 5.|65 pglam
III “ ] [ |
T T | | T | | T T | | 1
10 9 8 i 4 6 5 4 3 2 1 0 ppm
Bl B 3
) - - - o

S83



4-bromo-1-methoxy-2-(3,3,3-trifluoroprop-1-en-2-yl)benzene Br

125 MHz, CDCI3 CF3
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4-bromo-1-methoxy-2-(3,3,3—-trifluoroprop—1-en—2-yl)benzene Br
471 MHz, CDCI3 CF3
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OH

1-(benzo[d][1,3]dioxol-5-yl)-2,2,2—trifluoroethanol
500 MHz, CDCI3 <0 CFs
()

Y/ X 7.0 6.9 6.8 ppm 5.1 5.0 4.9 ppm

S86



1-(benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanol

125 MHz, CDCI3
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1-(benzo[d][1,3]dioxol-5-yl)-2,2,2~trifluoroethanol
471 MHz, CDCI3
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1-(benzo[d][1,3]dioxol-5-yl)-2,2,2~trifluoroethanone 0
500 MHz, CDCI3 < CF3
(@]
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1-(benzo[d][1,3]dioxol-5-yl)-2,2,2-trifluoroethanone

125 MHz, CDCI3
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1-(benzo[d][1,3]dioxol-5-yl)-2,2,2—trifluoroethanone 0
471 MHz, CDCI3 { CFs3
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SiMe3
2-(benzo[d][1,3]dioxol-5-yl)-1,1,1-trifluoro-3—(trimethylsilyl)propan-2-ol
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SiMe;
2—(benzo[d][1,3]dioxol-5-yl)-1,1,1-trifluoro-3—(trimethylsilyl)propan-2-ol

125 MHz, CDCI3 0 OH
< CF3
(6]
g8 QRNELS 34 % enss %
N doantas o = hnae 2 2
-+ < nRNAaQd SS o NN w R
—— - — - - [ S N a <
T T T T T
130 128 126 124 ppm
T T T
78.0 77.5 77.0  ppm
lljk ok fl 4 L Ll in

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm

S93



SiMe;

2—(benzo[d][1,3]dioxol-5-yl)-1,1,1-trifluoro—3—(trimethylsilyl)propan—2—-ol OH

471 MHz, CDCI3 O
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I I | [ I I [ I [ 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00-

S94



5-(3,3,3—-trifluoroprop—1-en-2-yl)benzo[d][1,3]dioxole
500 MHz, CDCI3

T T T
T%0 6.9 6.8

ppm

A A

T T |1 T

ppm

CF3

10 9 8 7
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5-(3,3,3~trifluoroprop—1-en-2-yl)benzo[d][1,3]dioxole o
125 MHz, CDCI3 < CF3

T T T
140 139 138 ppm

T T

T T T T T T
127 126 125 124 123 122 ppm

T T
120.0 119.5 ppm

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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5-(3,3,3—trifluoroprop—1-en—2-yl)benzo[d][1,3]dioxole O CF
471 MHz, CDCI3 ( 3
o) 1b
'§'
= 6; .8 - 6; .9 ppm
T T T T T T ; T T T !
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00)-
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CF3

N-(3-(3,3,3-trifluoroprop—1-en—2-yl)phenyl)acetamide AcHN A
500 MHz, CDCI3

1c
T T T i | T
7.6 '8 7.4 T3 T2 ppm
T T T T | T | T
6.05 6.00 5.95 5.90 5.85 5.80 5.75 ppm
""" R ) B e e R e e o e ] i o i e e i e o] o ) I e R e ) i e |
10 9 8 7 6 5 4 3 2 1 0 ppm
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N-(3-(3,3,3-trifluoroprop—1-en-2-yl)phenyl)acetamide
125 MHz, CDCI

AL

—169.39

T
139.0

CF;

AcHN\©)\

1c

24.59

138 5 ppm 127 126 125 124 123 122 121 ppm
121 4 121 2 121 0
| BRilo2E kL] BRI ERAZ AR ) | REIASRLEEY RSISREET) RESRESIAA | A2 I b AR BALBAARIZ A [ 262003 LRSI JRARIR] RAZZSURRY] RIBEEIEAN] BB |FAAREZESM] BASARREE] K L] RSERRAAY ke
200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 O ppm
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CF3

N—(3-(3,3,3—trifluoroprop—1-en—2—yl)phenyl)acetamide AcHN X
471 MHz, CDCI3

1c

-67.90

T T
-67.8 -67.9 ppm

I I

I I I
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00-
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3-(3,3,3-trifluoroprop—1-en—-2-yl)phenol

CF3

HO\©A

500 MHz, CDCI3
1d
T R R AR T [T [
T3 T2 Taid: 740 6.9 ppm
T T T T —r T "7
5.95 5.90 585 5.80 ppm
PRV J J\L | A
""" R e R i s B i | Do | o e 7 i e e il B o o 2 i ) i it it
10 9 8 6 3 1 0 ppm
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CF,

3-(3,3,3-trifluoroprop-1-en—2-yl)phenol HO A
125 MHz, CDCI3

1d

..................

T T T
139.0 138.5 ppm 126 124 122 ppm 121 0 ppm

1l J _

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NEREERSET BABRELES |LEGAIERAR] JRUAMRADLY REAGHASARS PORRIBAAM EAARESRLEY [ZRERERM M2 LE

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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CF,

3-(3,3,3—trifluoroprop—1-en—2-yl)phenol 0 X
471 MHz, CDCI3

1d

-67.91

-67.85 -67.90 -67.95 ppm

T ' T T |

|
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00)-
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6-(3,3,3-trifluoroprop—1-en—2-yl)isoindolin—1-one X
500 MHz, CDCI3 HN

1e
-
""""" | REGESERRR BERRRES AN EECLEEEARD AR LARELH ELRRERAR LY RERLE I | T T T T
8.0 T 9 T8 T 7.6 ppm 72 T20 ppm
T " T T T
6.1 6.0 5:+9 5.8 ppm
""" R o | o e e e o e I i TR e e e e o i e e i ] e e R |
10 9 7 6 5 4 3 2 1 0 ppm
gx )y B2 g
el oo P = =l o
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13C NMR6-(3,3,3-trifluoroprop—1-en-2-yl)isoindolin—1-one X
125 MHz, CDCI3 HN

1e
$A8IFICSEIRIRARERE

—171.92
144
138
138
138
138
134
133
131
126
24
123
123
122
121
121
121
121
120
45.98

T T
139 138 ppm 126 125 124 123 122 121  ppm

T T T
122.0 121.8 121.6 ppm

| EAORERBTY] PAARASEA | 821 FESSALREY REZE | RASRASIL] RASRIRAIAT LR REAER REASZLLAN LA RBINERESL] REDAILEE] B SRS SRREASSL] RESIGRABA] AULEREAAR] RRSAE AN pARASLELA DEENEAAL) AL ORN] EAAARS AL Ridits

—_—
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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6—(3,3,3—trifluoroprop—1-en—2-yl)isoindolin—1-one
471 MHz, CDCI3

T T
-67.9 -68.0 ppm

T T T T T
-20 -40 -60 -80 -100

3.00-

S106

T
-120

T
-140

T
-160

T
-180

ppm



1-methyl-5-(3,3,3—trifluoroprop-1-en-2-yl)-1H-indole

500 MHz, CDCI3
mé 19
T y T T T ST
T T 746 TsB 7.4 7.3 ppm
T L RSN T T
715 710 ppm 6.55 6.50 ppm
s 5 ] T 5 T
5.900 5.85 5.80 ppm
""" [T o R P T e [ B T T I e [ o B A T R [T e e T T RS B [ e Ay [ D )
10 9 8 7 6 5 1 0 ppm
B8 @ (2
o Nl o (=] |-
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1-methyl-5-(3,3,3—trifluoroprop-1-en-2-yl)-1H-indole A
125 MHz, CDCI3 4
N

140,
140,
139
137
130
128
125
125
122
121
120
119
119
119
119
109
101
33.19

T
140.5 140.0 ppm 127 126 125 124 123 122 ppm

T T T T
119.4 119.2 119.0 ppm

o oo R SRR S Y o .

= | BSBERAES MARSIASEE] POk | IAZRARAER] ROBLASIAS LERLELIL] RLAEIRAIA] AEEERPAY RADERARSEN hEAREDSRA] RASASLEDS LRMA UML) RICRZSLEN) RASLZSESR] IASREIATSA AL RERAN] JRUAARALL] 12  PRSRLIAAL] BARESAEAR Fe 4 pzdel

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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1-methyl-5-(3,3,3—trifluoroprop—1-en—-2-yl)-1H-indole J X
471 MHz, CDCI3 N

-67.72

T T T
-67.6 -67.7 -67.8  ppm

I I

I I I
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00-

S109



3-(3,3,3-trifluoroprop—1-en—2-yl)quinoline SN
500 MHz, CDCI3 -
N

1h
I J=me= | Rerakweaas | REARERS J e | AL R | rdatag J TR | REAE
9.00 ppm 8.2 8.1 8.0 7.9 7.8 1.7 ppm
% [~ 7 I | TREE
6.15 6.10 6.05 6.00 ppm
L L -
""" L S R e e i e g g | R e o R A | S A A T Y e [ e e S e T A e e e e e e e T e e |
10 8 7 5 4 3 2 1 0 ppm
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3-(3,3,3-trifluoroprop-1-en-2-yl)quinoline SN
125 MHz, CDCI3 2
N

.....................

T T T T T T T T
137.0 136.5 136.0 ppm 126 125 124 123 122 121 ppm

T T T
122.6  122.4  122.2 ppm

DA A A A o O VAN i

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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3-(3,3,3—trifluoroprop—1-en—2-yl)quinoline Y
471 MHz, CDCI3 Pz
N

—-68.13

T T
-68.1 -68.2 ppm

T T ; T T T . T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

ﬁ
i
©
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tert-butyl 4-(5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)piperazine—1-carboxylate
500 MHz, CDCI3

1i
g
T - ST Enere REEEES T i AR I
8.30 8.25 ppm 7.6 ppm 6.7 6.6  ppm
I I I I L | K | I I I
5.85 5.80 5.75 5.70 5.65 ppm 3.6 3.5 ppm
1 A o Ll J“‘
""" [ eSSt e S A S A s s A e e R e e o e i e | e s e ] BT e e [ =l A e S T A e e s N e e S e e = g
10 9 8 7 6 5 4 3 1 0 ppm

S113




tert—butyl 4-(5-(4,4,5,5-tetramethyl-1,3,2—-dioxaborolan-2-yl)pyridin-2-yl)piperazine-1-carboxylate

125 MHz, CDCI3

& SEEARIERALOIIY = a 2
hiE SESSNSINZTEZEES s I &
TN N/ ]
WMA\JUW W»A«WMM
136.5 ppm l 156 155 154 153 152 151 pprln
llé.S ppm
iz | PASGEREATLI RADSARSE] RLAL I 24 ROSLS | LA ALZIE | Ji5s D] REHZEAALES FAAREESAR] | A5 LA b RS 8 AR ABEASAREA PRRSIZEIA] AL i) RE | pRAREZBALY RAREE) i b R34
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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CF3
tert—butyl 4-(5-(4,4,5,5-tetramethyl-1,3,2—dioxaborolan—2-yl)pyridin—2-yl)piperazine—1-carboxylate gty
471 MHz, CDCI3 |

(NN
BocN \)
& 1i
& \
vSé.l ~6£I3.2 —efls.3 —6;3‘4 p‘pm
M T T T T T T T T T |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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CF3

X
1,7-dimethyl-5-(3,3,3-trifluoroprop—1-en—2-yl)-1H-indazole N 7
500 MHz, CDCI3 %
ME e 1
o8 RAELaEEEE ARG | PRGREORA | BAdREzcds  REARREESC  ARRDEASE RAREGAR | AARcsiin | RASEEAL
749 78 T 7.6 75 7.4 743 ppm
— T T T T T
5:95 5.90 5.85 5.80 ppm
..... e
10 9 8 7 5 4 3 2 1 0 ppm

— ey ]
1.05:
1.06 —
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1,7-dimethyl-5-(3,3,3—trifluoroprop-1-en-2-yl)-1H-indazole
125 MHz, CDCI3

T
139.5

T T T T T T T
139.0 ppm 127 126 125 124 123 122 121 ppm

T T T
120.2  120.0  119.8  ppm

AL s

39.32

Me

CF3

T
200 1

I I | I I I I I I I I

I
90 180 170 160 150 140 130 120 110 100 90 80

S117
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60

50

40



CF3

N
1,7-dimethyl-5-(3,3,3-trifluoroprop—1-en-2-yl)-1H—-indazole N 4
471 MHz, CDCI3 N
ME e 1
'g'.
[ = 6; 8 -6 ; .9 I ppm
T T T T T T g T T T ]
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00)-
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CF,

3-methyl-4—-(3,3,3—trifluoroprop—1-en-2-yl)benzaldehyde
500 MHz, CDCI3
Me

U

179 W8 Fad Te6 B T4 T3 T2 ppm

6.2 6.l 6.0 5.9 5.8 5.7 5.6 ppm

b |
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3-methyl-4—-(3,3,3-trifluoroprop—1-en—2-yl)benzaldehyde

125 MHz. CDCI3

192.04

T T
138.0 137.5

T T T T T T T
ppm 126 125 124 123 122 121 120 ppm

T T T
123.8 123.6 123.4

ppm

& J]ll

CF;
N
H
Me
O 1k
L
&

I g | I

200 190 180

I I I I I 4] J§3 I I

170 160 150 140 130 120 110 100 90

S120
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80



CF,

3-methyl-4-(3,3,3—-trifluoroprop—1-en—2-yl)benzaldehyde X
471 MHz, CDCI3 H
Me
o 1k
76|9.9 77(‘>.0 v7(l1.1 Ippm
I T T T T T " T T T T ]
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00 -
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1-(trifluoromethyl)-1,2,3,4—tetrahydronaphthalen—1-ol

500 MHz, CDCI3
. . A T ] e o | e T B i
I ppm 7M
! I I =t [rrrTr s I = i | A I
2.9 28 2.7 2.6 2.5 2.4 2.3 2:2 2:1 2.0 ppm
""" L S R e e i e g g | R e o R A | S A A T Y e [ e e S e T A e e e e e e e T e e |
10 9 8 7 6 5 4 3 2 ppm
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. HO CF3
1-(trifluoromethyl)-1,2,3,4-tetrahydronaphthalen-1-ol

125 MHz, CDCI3

.......... nasQe
oo w q

20A2ARKSES e

Vg gy oy o N~~~

—32.70
—29.74
—18.80

T T T T T T T T
130 129 128 127 126 125 124 ppm

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NERZEESET BASRENESA LERRAERAN] JORAMRADL] REAGHASIA] PORRISAA BAARE ALY [N ERM DI LE

|
200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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HO CFs

1—(trifluoromethyl)-1,2,3,4-tetrahydronaphthalen—1-ol
471 MHz, CDCI3

-81.07

T T T T
-80.9 -81.0 -81.1 -81.2 ppm

T T v T

-180 ppm

T ' T v T

-20 -40 -60 -80 -100 -120 -140 -160
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4—(trifluoromethyl)-1,2-dihydronaphthalene

CF3

500 MHz, CDCI3
11
""" e ke e Fa s e e ey T
7.4 Tl ppm 6.75 6.70 ppm
: DL i T T |
285 2.80 ppm 2.45 2.40 ppm
A 1
""" R ) B B P B ) T e 7] B e e i A e ) (G ) IS A B R e |
10 9 8 7 6 1 0 ppm
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4—(trifluoromethyl)-1,2-dihydronaphthalene

CF3

125 MHz, CDCI3
11
%3%%’.%".“.&33"183“.88"3”.% % =
FHHHHAREEEERREI3dS c o
13;.0 13;.5 13::_.0 ppm
I 12']9.5 12;.0 12;3.5 |ppm
1&7 1£6 12'5 154 153 152 ;me
JL
| JRARALATGH PAZARLEATLA LAALAAE LAY RALIAREAL] RAZBASARRY it A Bhen] (LA ALAIIA] RA72RAREAY RALESREN EEZZARGES LBADESERE] REANSAEDS ONEGY | RESAZRSEL | RABLASSAET IAB2ATA3ES EAGAILAAN] JELARREILG] REARARARS ROAELAAAN) BAASSEALAL ARAETEA] Kizias
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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CF3

4—(trifluoromethyl)-1,2—-dihydronaphthalene
471 MHz, CDCI3 O‘

1l

-67.08

T T T
-67.0 -67.1 -67.2 ppm

, .
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00)-
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tert—butyl 4—(3—(trifluoromethyl)but—3—en—1-yn-1-yl)piperidine-1-carboxylate P A
500 MHz, CDCI3 =z

J U A A

""" RAREEEGAEES R h s e R R e ol RE A e AR e R Eas s L R AR SR E AL AR E Lk RE e R a e
10 9 8 7 6 5 4

i ol
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CF3
tert—butyl 4—(3—(trifluoromethyl)but-3-en-1-yn-1-yl)piperidine-1-carboxylate > A
125 MHz, CDCI3 <
N
Boc” T
b NUEASRELRE o Qw0 ® Te®
s SSISNNNNSE & X F o s
R 1w
' 12'l5-4 12&-2 l ppm I 154 1&3 152 12|1 150 119 ;)pm
M
12|3.5 12_%.0 12&.5 ppm

{ l.llu M e

| ACASAEAN) RESRISESL RS RARAAAN RIS ARAET IRARELEA EISEAIARE PALTELALR] LARSEAEIES RUSRAISE L) REBAAREEE] MASRARLAN] FALSASIRA] LARRASELR] o2 2 DSARSAEAE] PE2S A AL MALA S SR (AAEANAS KIRELALER] IEDARMISA] EERREIRA REARSEEN] FRassy
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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tert—butyl 4—(3—(trifluoromethyl)but-3-en—1-yn-1-yl)piperidine—1-carboxylate // =
471 MHz, CDCI3
N
Boc T
“
' -7 Sll <5 -7 i .6 ppm
T T T T T T T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00)-
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(8R,9S,13S,14S,17S)-3-methoxy—-13-methyl-17-(3—(trifluoromethyl) but-3-en-1-yn-1-yl)-7,8,9,11,12,13,14,15,16,17-decahydro—-6H-cyclopenta[a]phenantl
500 MHz, CDCI3

e N
MeO

ol
_

7.2 7.1 7.0 6.9 6.8 ppm 6.05 6.00 5.95 ppm

2.8 2.6 2.4 2.2 2.0 1.8 1.6 ppm

JL L.
""" L S R e e i e g g | R e o R A | S A A T Y e [ e e S e T A e e e e e e e T e e |
10 9 8 T 6 5 4 3 2 1 0 ppm
2 Ry e T 3 Eeeeze 8
| M Qe < o] I e B B e B S
- -l iy (2] o~ Njv=|v=|v=|<t| = L]
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(8R,9S,138,14S,17S)-3-methoxy—13-methyl-17-(3—(trifluoromethyl)but-3-en-1-yn-1-yl)-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthr
125 MHz, CDCI13

ii\\w///

*\mw}\ MMWMNW me

23 121 119 ppm

—157.75

T
127.0 pp!

T T
124 123 122 ppm

e | . 'H

| RAARGARISA [EAEEEEIE] REARARIAS RENGLARLE] EOARIALAR] FRARESIBLL] ERARSIARE] RERRIABIAT BARMIELARS (ERLIREN RESALASHL] ERESRARA R ARARACS | /34 ER2) ] RS ASEREN] RISAIDESA] RASCELAES] FEASASSL REELEEEE | RASRAEELA b ¥ ASAASSS 8] ROE!

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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(8R,9S,13S,14S,17S)-3-methoxy—13—-methyl-17—-(3—(trifluoromethyl)but—3-en-1-yn-1-yl)-7,8,9,11,12,13,14,15,16,17—
decahydro—-6H-cyclopenta[a]phenanthren—17-ol
471 MHz, CDCI3

-71.19

T
-71.1 -T2 ppm

1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

3.00)-
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N-methoxy—-N-methyl-4-phenylbutanamide
500 MHz, CDCI3 Ph \/\)LN,OMe
Me
T B C e R T
T3 T o2 7.1 ppm
T T v T T T - T =
2.6 2.4 2.2 2.0 ppm
I [ [ | I | I I [ I [ |
10 9 8 6 5 4 3 2 1 0 ppm

1.98
2.96 -
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N-methoxy—-N-methyl-4-phenylbutanamide oM
125 MHz, CDCI3 Ph\/\)j\N' ©

Me

174.26
—141.72
128.45
128.26
61.04
_—35.24
—32.07

T~31.08
——26.03

I I I I J I I I | ERELEAAER] | I I I [zseseay] I I I I I I I I

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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1,1,1-trifluoro—5-phenylpentan—2-one
500 MHz, CDCI3 h
P \/\)LCF;;
I I
T3 T2 ppm

10 9 8 y 6 5 4 3 2 1 0 ppm
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1,1,1-trifluoro-5-phenylpentan—-2-one 0

125 MHz, CDCI3 Pho~ A

3

=+ °

Icgs & 3BLRRER
O vl v

)

g g -

—140.87
128
128

_—35.75
3477
—24.13

T
193 192 191 ppm

T T T T T T T T
120 119 118 117 116 115 114 113 ppm

| | JL J

= | BSBERAES MARSIASEE] POk | IAZRARAER] ROBLASIAS LERLELIL] RLAEIRAIA] AEEERPAY RADERARSEN hEAREDSRA] RASASLEDS LRMA UML) RICRZSLEN) RASLZSESR] IASREIATSA AL RERAN] JRUAARALL] 12  PRSRLIAAL] BARESAEAR Fe 4 pzdel

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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1,1,1-trifluoro—5-phenylpentan—2—-one o

471 MHz, CDCI3 Ph \/\)LCF

3

-82.32

T T
=822 -82.4 ppm

T ' T T |

|
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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1,1,1-trifluoro-5-phenyl-2—((trimethylsilyl)methyl)pentan—2-ol
500 MHz, CDCI3

7.35 7.30 7.25 7.20 7.15 ppm
T T T 5% &7 T T T 1
2.7 2.6 ppm 16 1.4 1.2 ppm

HO CF,

Pho~ X SiMes

10 9 8 7 6 5

|
2 1 0 ppm



1,1,1-trifluoro-5—phenyl-2—((trimethylsilyl)methyl)pentan—2—ol HO,_ CF3

125 MHz, CDCI3 Pha~__ SiMes

=+ a o) v

........ ac -+ o
i e e

- ~ L Bar]

—141.90
130
128,

28

128,
126
125
123
76.68
76.46

—25.38

——23.33
0.32

T T T T T T T

130, 129 :128 127 126 125 ppm
T T T T
77.0 76.5 76.0 ppm

A A Jl % o " Ll

 SaRaRA Y VPEERSG | [EaasRE | REARSSAAA: SRS | RAZRLEREL] REARRREA] RUASLAREL) | SAMARE ERSEARAZ PRECRESEE] RABLAGEAA RAAAALARA MAARNERALA AAREIREAL ILORERALY | Liiaied | EREES | ERABREAA | BEStas | ERAARES | iREEEE Ry

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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1,1,1-trifluoro-5-phenyl-2—((trimethylsilyl)methyl)pentan—2-ol HO CFj
471 MHz, CDCI3 Pho~ X SiMes

-84.13

T T T
-83.8 -84.0 -84.2 ppm

T ' T T | 1

|
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

o
g
o«
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i CF
(4—(trifluoromethyl)pent—4-en—1-yl)benzene 3
500 MHz, CDCI3 Ph M

1p

7435 1..30 1.025 1.20 7.15 ppm

21 2:8 259 298 2.3 2.2 2:1 .20 ppm

10 9 8 7 6 5 4 3 2 1 0 ppm
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(4—(trifluoromethyl)pent—4—en—1-yl)benzene

125 MHz, CDCI3

T T T
140 139 138 ppm

T T T

T T T T T T
128 127 126 125 124 123 122 121 ppm

T T T
118.2 118.0 117.8 ppm

—35.52

1p

CF3

Pho~A

ST ISR Js | R2EARRRA] ROBLARREE

200 190 180 170 160 150 140

| FAEERISAS] RELERASES EALREREAR] REASRLES) BERA

130 120 110 100 90

S143
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80
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(4—(trifluoromethyl)pent—4—en—1-yl)benzene
471 MHz, CDCI3

T T T
-71.4 -71.5 ppm

-71.47

CF3
PhM

1p

T

T

-20 -40 -60

3.00-

-80

T
-100
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2,2-difluoro-N-methoxy—N-methylacetamide JOJ\
500 MHz, CDCI3 MeO.y
I

CF,H
Me
] ) R i F e ) R A F R R
6.5 6.4 6::3 642 6.1 ppm
J L[i J JL 5
""" R s T B R e B D) e e e e B ] o e I e s RS CER
10 9 8 7 6 5 4 3 2 1 0 ppm
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2,2-difluoro-N-methoxy—N-methylacetamide ji
125 MHz, CDCI3 MeO\N
I

CF,H
Me

[l ) TS
TS ot o -
aaa wgg - —
o e & S o [
— - — e e

T T T T

164 163 162 161 ppm

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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2,2—difluoro-N-methoxy—N-methylacetamide

471 MHz, CDCI3

-129.8

-130.0

ppm

-129.92

O
MeO\'}jJ\
Me

CF,H

-20

-40

-60

: .
-80 -100 -120

2.00)-
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T
-160

T
-180

ppm



2,2-difluoro—1-(4-methylphenyl)ethanone
500 MHz, CDCI3

Me'

S148



2,2—difluoro—1-(4-methylphenyl)ethanone
125 MHz,CDCI3 CF2H
Me

187.56
187.36
187.16
—146.43
129.91
129.88
129.29
22.03

T T T
188 187 ppm

T T T T T
114 113 112 111 110 ppm

il

T T T | RARARARRAS | T T | AARAARRALY M I ABAARAALS | T T T | AAAARARARS AR asas

25| | aza) I I
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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2,2—difluoro—-1-(4-methylphenyl)ethanone CF-H
471 MHz, CDCI3 -
Me

-125.12

-125.0 -125.2 ppm

-

T T T T T | | T |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

2.00 -
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1,1-difluoro-2—-(p-tolyl)-3—(trimethylsilyl)propan-2-ol

SiMe;

500 MHz, CDCI3 OH
CF,H
Me
B IR I T e T e RS
Tu5 7.4 743 Ta2 Tl ppm
,,,,,,, A e e
5.8 5.7 5.6 545 5.4 ppm
A M Jk \
T T ————r e T
1.5 1.4 1.3 ppm
“.l lll Allh L
""" R R R = e F e B e i e a7 P B T B [ B e = [ B i el i S e Y e 2 B |
10 9 8 7 6 0




SiMe;

1,1-difluoro-2-(p-tolyl)-3—(trimethylsilyl)propan-2-ol OH
125 MHz, CDCI3
CF,H
Me
5S o2 GO0 L 33 2
6 a§ 28R =& ¢ = N
VI v T

L

T T T T T T T T
121 120 119 118 117 116 115 ppm

175 7350 ppm

| EERAREELR] MRLAGARSS ) PARSAALED] | AUARRIAS] SEARLELISH [ USRESAS] LALALUARAS fIRERRAMA] RAALLARET FEERRERA (ORRLE  JEOSRBALAN DEESSRRLEN RALIBIAR] IS EEARAR] RERLABAIN] SATARAREES Nl IEa0] ROSLERIAN] BASALAEEA] RASUSALIL] AARRASALY] R2R:
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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SiMe;
1,1-difluoro-2—(p-tolyl)-3—(trimethylsilyl)propan—2-ol
471 MHz, CDCI3

OH
CF,H
Me
a
vl3l2.9 f13l3.0 ppm
T T T I T T i T T I 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

2.00)-
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CFoH

1-(3,3-difluoroprop—1-en-2-yl)-4-methylbenzene A
500 MHz, CDCI3
1q
Me
TR I RS T N R R N S [T T T
7.40 7.35 7.30 7.25 7.20 ppm
- ; s s e
6.6 6:5 6.4 6:3 6.2 ppm
I | [ I I
5.75 5.70 5.65 5.60 ppm
I\I l A ul
""" R B o e D B B e G s B e e T e e e R R R R e S s RS e o R A S AL CEREE e
10 9 8 4 6 4 3 0 ppm
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1-(3,3-difluoroprop-1-en-2-yl)-4-methylbenzene
125 MHz, CDCI3

S FENERELEE i
Vg g g g o o o o «a
11]13 1:12 lllil ppm
llé.s 11{;.4 11;3.2 lli|3.0 p;:m
117 1{6 1;5 [;pm
l‘ | ”l
4 FSBIEARAR RASAIGTS] RESREA LS | RpAS0AA5E] RASOYIGE EESSOSIAA RERAASILE] ROAEARAAS ARRISIAS] RASSANGEZY LABSALATE] MEERIBAAE ] RASAEELLAN HN | PESERECRR] REAHISAES REEALEAEAY POBAIARSES [ RARATRLT PARAH L) R
200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 ppm
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CF,H

1-(3,3—-difluoroprop—1-en—2-yl)-4-methylbenzene A
471 MHz, CDCI3
1q
Me
*11I6.0 711|6.1 ' ppm
T T T T T T ; T T T !
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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2,2,3,3,3-pentafluoro-N-methoxy—N-methylpropanamide MeO

500 MHz, CDCI3 N™ "CFCF3
Me

10 9 8 7 6 5 4 3 2 1 0 ppm
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0}
2,2,3,3,3—pentafluoro-N-methoxy—N-methylpropanamide MeO J]\

125 MHz, CDCI3 N™ “CF,CF3
Me
wgmmamwvemame«—vw—ggamca—
e B B B Rl e BB e Ao R R L L B A A B Ll B 3
-
L]

—158.09
122
122
122
120.
119
119
117
116.
116.
114,
114,
113
111
111
110.
110.
108.
108.
108.
107
106.
105,
105,
105

—62.45

122 120 118 116 ppm

111 110 109 108 107 106 ppm

oo LimLJLJIIAJL \

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NEREERSET BABRELES |LEGAIERAR] JRUAMRADLY REAGHASARS PORRIBAAM EAARESRLEY [ZRERERM M2 LE

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O
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2,2,3,3,3—pentafluoro-N-methoxy—N-methylpropanamide MeO Jl\
471 MHz, CDCI3 e
)

CF,CF3
Me

-121.50

-84.55

| 1

T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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2,2,3,3,3—-pentafluoro-1-(p-tolyl)propan—1-one
500 MHz, CDCI3 CF,CF3
Me

8.0 7.9 7.8 7.7 7.6 7.5 7.4 ppm

1.98  © —
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2,2,3,3,3-pentafluoro-1-(p-tolyl)propan-1-one
125 MHz, CDCI3 CRgCrs
Me

\V“\\\\NW

183.22
182.96
182.70
21.93

T T T
183.5 183.0 182.5 ppm

T T T T
130.5 130.0 129.5 129.0 ppm

L .Jh lh m

T T T T T
122 120 118 116 ppm

T T T T T
114 112 110 108 106 ppm

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NEREERSET BABRELES |LEGAIERAR] JRUAMRADLY REAGHASARS PORRIBAAM EAARESRLEY [ZRERERM M2 LE

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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2,2,3,3,3—pentafluoro—1-(p—tolyl)propan—1-one
471 MHz, CDCI3 CF,CF3
Me

E Z
3 7
—84.4 _84.6 _ga.8 pplm
-118.4 1186 ppm
L L y
| T T I T T T T [ 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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Si Me3
3,3,4,4,4-pentafluoro-2—-(p-tolyl)-1-(trimethylsilyl)butan—2-ol OH
500 MHz, CDCI3

CF,CF3

Me'

B PR R R LR R LR i T
7.4 T+3 Ta2 ppm

,,,,, A B L
Lol 1.6 LoD ppm
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SiMe;

3,3,4,4,4-pentafluoro-2—(p—tolyl)-1-(trimethylsilyl) butan—2-ol OH
125 MHZ, CDCI3 CF,CF
2LF3

‘\\NW#—»—‘/

I

T T T T T T
124 122 120 118 116 114 ppm

—25.15
—21.30
0.10

78.2 78.0 77.8 77.6 ppm

AN IS W Y W J[

I I I I I [ [ A I I I I I I I I I | I I !

I
200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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SiMe;

3,3,4,4,4-pentafluoro—2—(p—tolyl)-1—(trimethylsilyl)butan—2—-ol OH
471 MHz, CDCI3
CF,CF3
Me'
-8;).0 —8£[).2 v8(').4 ppm
—1‘23 —1‘24 —1‘25 —1‘26 —1]27 ppm
T T T T T T g T T T ]
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
o~ Olvr
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CF,CF3
1-methyl-4-(3,3,4,4,4—pentafluorobut—1-en-2-yl)benzene e
500 MHz, CDCI3

Me

5.99 5.90 5.85 5.80 5.75 ppm
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1-methyl-4-(3,3,4,4,4—pentafluorobut-1-en-2-yl)benzene A
125 MHz, CDCI3 i
Me

139
139
138,
138
132
129,
128
124
124
124
123,
122
122
120
120
120
118,
118
118
116
116
115
115
115
115
113
113
113
113,
111
111
111
110
—21.35

T T T
139.5 139.0 138.5 ppm

T T T T T T T
122 120 118 116 114 112 ppm

J l_iﬂmll !

| BASSEIEEST RERGDARS I REAISRAEAR LLAARALIA] IASELRRES] LETEALSR | REAASER0R) EIASNALLY RARRRSARE PARGHSUAN (S5 RS 00N REDARSSRL RAMIMIALE] REZAARAEEH ELCAEEIAR] RAGSERIALA LASEARE AL FARLARES AT RELDESAAL] [IZARARES] RARMIARES RALEEEN] |

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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CF,CF;
1-methyl-4-(3,3,4,4,4—pentafluorobut—1-en-2-yl)benzene

X
471 MHz, CDCI3 4
Me
z B
l —8é.6 78;.7 —8.%.8 ppm
—1115.8 —1116.0 pp1m
T T T I T T i T T I 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

g
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6—(3,3,3-trifluoroprop-1-en-2-yl)-2,3—-dihydro-1H-inden-1-one NN
500 MHz, CDCI3

1s
......... e S o
- o .7 qsb ppm
T T T T T R
6.05 6.00 5.95 5.90 5.85 ppm
I I [ I I
3.2 3.d 3.0 2.9 2.8 ppm
""" R ) B B P B ) T e 7] B e e i A e ) (G ) IS A B R e |
10 9 8 7 5 4 3 2 1 0 ppm
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6-(3,3,3-trifluoroprop—1-en-2-yl)-2,3-dihydro-1H-inden-1-one
125 MHz, CDCI3

CF3

1s
5 REHRINEANSSATTLEY : oz
NS\ =" I
WA MW M %)
13;.0 13;.5 13é.0 13;.5ppm
1;6 1;_5 154 1;3 1;2 lél ppm 12;.0 121.5 ppm
‘ i |
[bEggasaatd I I | I I I 2| I JRcastaedl [ I I I I &) I oS I
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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6-(3,3,3—trifluoroprop—1-en—-2-yl)-2,3—dihydro-1H-inden—1-one A
471 MHz, CDCI3

1s

— -68.07

T T T T
-67.9 -68.0 -68.1 -68.2 ppm

T ' T T |

|
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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4—((trimethylsilyl)methyl)thiomorpholine AN
500 MHz, CDCI3 (N ZaS'Me3

(9]

10 9 8 T 6 5 4 3 2 1 0 ppm

1.96
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4—((trimethylsilyl)methyl)thiomorpholine |/\ N/\SiMe3
125 MHz, CDCI3

S 2a

—58.66

—51.94
28.40
-0.92

D

I I I I I | | A% I I I I I I I I I I I I I

|
200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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4—((trimethylsilyl)methyl)morpholine N
500 MHz, CDCI3 (N 2bS|Me3

@]

2.45 2,40 2.35 ppm

10 9 8 il 6 5 4 3 2 1
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4—((trimethylsilyl)methyl)morpholine (\ N/\SiMe3
125 MHz, CDCI3

0 2b

—67.41
—57.64
—51.57

-0.92

. -

I I I I I I I I I I I I I I I I I I I I I I

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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methyl 1-((trimethylsilyl)methyl)piperidine—4—carboxylate NASiMe3
500 MHz, CDCI3 MeO 2c

0
| ] I I
2.8 ppm 2.25 ppm
I T T | :
2.0 1.9 1.8 ppm
A Il

1 I [ I ' l [ J | | | 1
10 9 8 7 6 5 4 3 1 3 e

Wy
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N sim
methyl 1-((trimethylsilyl)methyl)piperidine-4—carboxylate hieg
125 MHz, CDCI3 MeO 2c

wn

S © T e ) - o
8 ®Rd * x %
S [ ol = ] S
- wn wnwn < o |

inssrad | J A I lige I 8] I (LBEAREE | RIEAZESE | I I I L I I [ I

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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(S)-2—(methoxymethyl)-1—((trimethylsilyl)methyl)pyrrolidine
500 MHz, CDCI3

c’\l/\SiMe3

7 2d
MeO

| | T T
3 3.4 32 3.0 ppm

| | T T T

2.4 2.2 2.0 1.8 ppm

| T T T | T T 1
10 9 8 7 6 2 ppm
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N SiM
(S)-2—(methoxymethyl)—1—((trimethylsilyl)methyl)pyrrolidine C, o
125 MHz, CDCI3 “, 2d
MeO
8 8 8§ X g 9 e
R VI A
8]0 7‘9 7]8 7I7 7|6 7|5 ;apm
T N R N N S ey

|BRERASES] FELLEARLR | FASARRRIA] EXELARIR] NEREARZERS] PASSRAEEZ ] RASDADGRSN RARRELLLL) EAD SRS PAALRRILER RaS2RLNEL) PUTAISIE) RARSASAAA] RAGASAZAS] RATSRUALS] FSRSRAZAE] KACBANAGES [SASAEE | PREE2RAE | JRREEERRA | RaZBSAIR | LA RESSE

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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N-methyl-N—((trimethylsilyl)methyl)cyclohexanamine
500 MHz, CDCI3

:: ‘N’\&Meg

Me 2e
T T [ e [ O [T L [
203 2.2 ppm 18 LT ppm
I L B v | \BRATEEA | ESEZARTE
1.4 123 1.2 1.1 1.0 ppm
| J
" I I I I I I 1
10 9 8 . 2 1 0 ppm
L -
S| [2Cv| (e o
< |- | o
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N-methyl-N-((trimethylsilyl)methyl)cyclohexanamine O\
125 MHz, CDCI3 N7 siMes

Me

2e
= e~ e o
N o M =
w R e e v
-] NN ]

—44.84
—41.97

i inssrad | J A I lige I 8] I (LBEAREE | RIEAZESE | i I I L  PEDREZAAA | [ I

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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2-methoxy—N-methyl-N-((trimethylsilyl)methyl)ethanamine
500 MHz, CDCI3

M
eo\/\l}l/\SiMe;;
Me 2f

10 9 8 7 6

S182

0 ppm



2-methoxy—N-methyl-N-((trimethylsilyl)methyl)ethanamine

MeO
125 MHz, CDCI3 FININT sie
Me 2f
8 =9 &% g
R i

NN RN NI Rt AN B L PO

inssrad | J A ) I lige | FAESEASIE e I (LBEAREE | RIEAZESE | i Iz I L  PEDREZAAA | [ I

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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HO Me
2-hydroxy-4-phenylbutyltrifluoroborate

500 MHz, acetone-d6 ©/\)<BF3K
2q

I

s 6 5 4 3 2 1 0 ppm
5 108 EY
™~ - ™. e ™
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HO Me

potassium 2-hydroxy-4-phenylbutyltrifluoroborate
125 MHz, acetone-d6 BF3K
= 3
q

s 238 R
& 8848 o S o
- — -+ 1) o
Hobvapoioy v v - - B e %J‘ My @ bt

pazgeaasnd I Iy I I I I 48] B2 I I I | RIESEELAE | I | I i3] I | EAcaAA I

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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Potassium trifluoro(2-hydroxy—4—-phenylbutan—2-yl)borate
471 MHz, CDCI3

T
-152

-153

-154

ppm

-153.03
-153.17

=L

HO Me

BF3K
2q

-20

-40

-60 -80
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Diisopropylammonium Bis(catecholato)-3—-(m-aminophenoxy)propylsilicate

500 MHz, DMSO-d6

MUMM

6.8 6.7 6.6 6.5 6.4 6.3 6.2 6.1 6.0 ppm

5.0 4.9 ppm 3.7 3.6 ppm
T | T T T T T
1.6 1.5 ppm Q.55 0.50 ppm

sy

@
'ProNH,

2t

I I
10 9 8 7 6 5
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Diisopropylammonium Bis(catecholato) 3—-(m-aminophenoxy)propyl silicate
125 MHz, DMSO-d6

©~ o w T wn 0w e
5 @ 9 84 485g 3 ] g 85
=3 =) D~ [~ o g d
% wn o — - ana\ ) o T & o
— — — — - — - O\ e -+ (o B
4 )

-\\O~ '—Oh,
-0
@

ProNH, 2t

I I I I I | I I I I I I I I I I I | Ba I I I

1
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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Diisopropylammonium Bis(catecholato)(3—carbazolylpropyl)silicate

500 MHz, DMSO-d6 H/N Q
u\Os '—Olh
T

‘/M\ n h | jd\jk iPr,NH,  2u

-
A

8.2 8.0 ppm 7.6 7 7.4 T3 T o2 7.1 ppm
R R R | e R [t | | T | T
6.6 6.5 ppm 4.2 4.0 3.8 3.6 ppm
""" EREaEirray ELEoATE IR CATT LR T | T
1.8 1.7 1.6 ppm 0.7 0.6 ppm
1ot M A A A__JL 4
By R el R S R SR R R RS RS e TR R R R L R TR R R E AR I R R R R T ) R R R ) IE R R |
10 9 8 7 6 5 4 3 2 1 0 ppm
] Qo)e ] - v o= 7 Q
(3] N NN < | < N N N e N
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Diisopropylammonium Bis(catecholato)(3—carbazolylpropyl)silicate
125 MHz, DMSO-dé6

—150.52
—139.93

_—46.33
T—44.90

— 23.98
— 18.82

—15.16

/”

S

"Pr,NH, 2u
(.
Pl N S b oo o L,. oo o hmves v o J o L "n = Sannca ]
[ | [ [ | [ [ | | | | [ | [ | [ [ [ | [ | | |
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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4—(3-(5-bromo-2-methoxyphenyl)-4,4—difluorobut-3-en—-1-yl)thiomorpholine

Br
500 MHz, CDCI3 N
OMe K/S
3a
e I T [t T R T
7.4 73 ppm 6.8 ppm
T =
247 246 25 2.4 2.3 ppm
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125 MHz, CDCI3
OMe

124
124
124
124
112.77
112.60
87.37
87.23
87.18
87.04

FF
4—(3—(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)thiomorpholine
g
&

156 155 154 153 152 ppm 125 0 124 5

L ‘ml | I )

| AEEZERERN MSAIESR) [EALAMIES] RARATRNS AT RALABRISEY PASLIALAL] KIDS2LSEY RS {d BAAZSSIEE] RAZEAADAS] BALEAESE) RORSERDEL] BEAURAL] [ SIARESAN] RATREARAN | SZERASEE LOAREARLES [ RIAEAM] DEARELERLT LALLERASA] RAZARERA) Kl

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O
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4—(3-(5-bromo—-2-methoxyphenyl)—4,4-difluorobut-3—en—1-yl)thiomorpholine Br
471 MHz, CDCI3 D
OMe
3a
RE3E
= 9{ 53 = 9?[ .0 ppm
- 9;; S - 9:3 ) ‘ ppm
1 4
T T ” T T g T " T g T T ¥ T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

ol
|l
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4—(3-(5-bromo-2-methoxyphenyl)-4,4—difluorobut-3-en—1-yl)morpholine Br
500 MHz, CDCI3 N/\
OMe K/O
3b
1 30 ppm g 6.75 ppm
ppm : X 2. 3 ppm

B g3k
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4—(3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)morpholine Br N/\‘
125 MHz, CDCI3 K/
OMe
3b
EEgha =238 &G guae cueIN S
iR 8 o 3433 2d o 5 & o v
— — — - ® W WX w o

—67.20
56
56.
56

157 0 156 8 156 6 pm 156 155 154 153 152 pm 125 0 124 5
T T T T T T T T
88.0 87.5 87.0 ppm 56.8 56.7 56.6 ppm

‘Ill J | J

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NERZEESET BASRENESA LERRAERAN] JORAMRADL] REAGHASIA] PORRISAA BAARE ALY [N ERM DI LE

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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4—(3-(5-bromo-2-methoxyphenyl)-4,4—-difluorobut—-3—en—1-yl)morpholine Br N /\
471 MHz, CDCI3 l\/
OMe
3b
gLz
22X
IVI IVI
- 91 5 - 9é .0 : ppm
= 9_:: «5 =9 é .0 plpm
O |
T T T T T T : T T T |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

(==
o
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F _F
methyl 1-(3—(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)piperidine-4—carboxylate Br
500 MHz, CDCI3 N
OMe o
3¢ OMe

T T T T T T
248 246 2.4 202 240 1.8 ppm
| I YOV
""" [T o R P T e [ B T T I e [ o B A T R [T e e T T RS B [ e Ay [ D )
10 9 8 7 6 5 4 3 2 1 0 ppm
g9 8 g (¢ less
ol+ - oled ol loilellodleiled
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B
methyl 1-(3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)piperidine-4-carboxylate ' N
125 MHz, CDCI3 0
OMe
3¢ OMe
2 gHE@ad  28883c &8 g 9352553 2 S8
® EgE@r  FZH333 =2 SE5E fednda § 8%
“A/J\/\\'\/\/ W CA, |
156.8 156.6 ppm 1;6 1;5 1é4 1;3 1&1;2 Ippm 121‘3.8 12J1.7 12‘;.6 12)1.5 p'pm
88].0 87'-5 87'- I ppm 56'.6 56]. 5el. 56].3 I ppm
m N
T T T T T T T T gt | T | Kasigages) e T T T T 81 T (RE22ALAR T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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methyl 1-(3—(5-bromo—-2-methoxyphenyl)-4,4—difluorobut—3—en—1-yl)piperidine—4—carboxylate Br N
471 MHz, CDCI3 0
OMe
3¢ OMe
)
&R
IVI IVI
=, 9; & - 95 .0 plpm
—9.::.5 —9I6.O —9&.5 ppm
L1 L
T T " T : T g T g T y T 7 T g T " T ” 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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(S)-1-(3-(5-bromo-2-methoxyphenyl)-4,4—difluorobut-3-en—-1-yl)-2—(methoxymethyl)pyrrolidine Br N A
500 MHz, CDCI3 Q
OMe
3d
' T T T T
7.+:35 ppm 6.80 6.75 ppm
T T T
A 30 ppm
T 1 T
2.6 2.4 252 ppm
T T T N
1.8 1.6 ppm _L
. J‘*’\/\_._.J\_jL/V\__/\/\L,L
""" R e B e e B B B e P e e T I i B R e e o R e el RS EE s R e r et |
10 9 8 7 6 5 4 3 2 1 0 ppm
Ll e R
] S Q| [C@e(@a|ele|a(c e
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F F KOMe
(S)-1-(3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)-2—(methoxymethyl)pyrrolidine B N \
125 MHz, CDCI3
OMe
3d
g0 224 &3 2QhY ¢ BEI2H2% Hay
bR RS ag EEEN & Mmoo %
TR VA B\
157 0 156 8 156 6 ppm 1 155 154 1;3 1é2 p;)m
MAMA A Mv««/\zw MM
12;.0 PPm
53"6 531.4 53I.2 I ppm
RARRRIAARS IAAILAELA] REASSASAR] RARLLENLA IARSARELS) RAGASARAD] MALLARAMS) RAAAALEAL) MAARRRAL) RAASASAAS] \GARALIOM LiAARARALY RALEIISE] RARLELARES B | FAASAARAS FARMAESLE) LARLALSS EARESIAR) MIAARRI] RARREALEE) I [
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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(S)-1-(3—(5-bromo-2-methoxyphenyl)-4,4—difluorobut—3—-en—1-yl)-2—(methoxymethyl)pyrrolidine

471 MHz, CDCI3

T T
-90.0 -90.2

T
-90.4

T
-90.6

-90.33
-90.41

-95.05
-95.14

<
e

ppm
' ~9; .0 —9; ) ppm
| .
T T T I T T i T T I 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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F _F
N-(3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)-N-methylcyclohexanamine Br /O
500 MHz, CDCI3 f}'

e N

ppm

WLM

-4 . pm 1 g 1. 6 T 4 1. 2 ppm

3e
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N-(3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)-N-methylcyclohexanamine

125 MHz, CDCI3

87.59
87.46

l’lgc—' NS =>a - e

SR =&3%8x K& 2
w o~

%6 5w Fmadd =8 s

g - g g g - - - - -N- -]

T T T T
155 154 153

T T
152 ppm 125.0 ppm

AN
88‘.

T
0 87.5

T T T T T T
ppm 52.1 52.0 51.9 51.8 ppm

M

—62.87

—37.44

OMe
3e

Me

& | BSBERAES MARSIASEE] POk
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F< _F
N—-(3-(5-bromo-2-methoxyphenyl)-4,4—difluorobut—3—en—1-yl)-N-methylcyclohexanamine Br O
471 MHz, CDCI3 N
Me

-92.10
-92.18
-95.98
-96.06

8
e

-91 -92 -93 ppm
l —9;.5 —9é.0 —9é.S plpm
T T T I T T # T T | 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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3—(5-bromo-2-methoxyphenyl)-4,4—difluoro-N-(2-methoxyethyl)-N-methylbut-3-en—1-amine

N/\/OMe

500 MHz, CDCI3
Me
e e
7.40 7.35 7.30 ppm 6.80 6.75 ppm
T T T T T T
3.5 3.4 ppm 2,40 2.4 ppm
I e B e i e B B ) P e e I ) P R e B I e e B A R R R S Al B R 1
10 9 8 74 6 ppm
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3-(5-bromo-2-methoxyphenyl)-4,4-difluoro-N-(2-methoxyethyl)-N-methylbut-3-en—1-amine Br N \OMe
125 MHz, CDCI3 |\I/|
OMe "
3f
gga9 SR fe E3 4882 2 588 @ 2
bR sm a8 =8 NN = S & N i
Ny N T W T
15;.0 15é.8 15&»6 ppm 1.::6 1%5 15:4 1é3 1;2 p;)m
\A/‘W/V\/\/\[\f\’\%m Loan W
125I>.0 12)1.5 ppm 88I.0 8’7'.5 87l.0 ppm
hAdadiiiad bidaditiad MAAAAAL WAMAALA! LAMAAY) WlAMAL) WiAUAR) AR LA LA LAALAAMA) LAAAAMAM) MMM LM LAAtae) LALLM KM WAL ALY Ma e
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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3-(5-bromo-2-methoxyphenyl)-4,4—difluoro-N-(2—-methoxyethyl)-N-methylbut-3-en—1-amine Br ~_OMe
471 MHz, CDCI3 N
M
OMe ©
3f
= 91 -3
=9 fl': -5 -9 é .0

T T T T T T T T T |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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4-bromo-2-(1,1-difluoro—4,4—-dimethylpent-1-en-2-yl)-1-methoxybenzene

500 MHz, CDCI3

|

6.

8

ppm

Br

OMe
3g

10
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4-bromo-2—-(1,1-difluoro-4,4—-dimethylpent—1-en—2-yl)-1-methoxybenzene Br.
125 MHz, CDCI3
OMe
3g
%35; SSES S8 [ ] e O A=
&S F e o= [ ®kxewn ) B B B

T T T T T T T
127.0 ppm 87.0 86.8 86.6 86.4 ppm

L h L.

r T | T T T A ALY |RBARAMAALY LAAAALLLY | RAARARARAD T BARAARAAR A T T LA A T b LA R L

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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4-bromo-2—(1,1-difluoro—4,4—dimethylpent—1-en—2-yl)-1-methoxybenzene Br
471 MHz, CDCI3
OMe

39

-90.58
-90.66

-93.64
-93.72

¥
N

T T
-90.4 -90.6 -90.8 ppm

T T T T
-93.5 -93.6 -93.7 -93.8 ppm

T ' T T |

1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

1.00
1.02
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F F _Boc

N
2-(4—(2-(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidin—-1-yl)pyridine Br
500 MHz, CDCI3
OMe
Tl T3 ppm 6.85 6.80 ppm
.l
T
18 1 16 ppm . . ppm
| “ v, M \l UW
""" R R F e e T e e e o R e T R o R a ey Ba b e = R e R E s RaE S et o
10 9 8 7 6 5 4 2 1 0 ppm
38 8 LI
olo o N o - N =]
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F _F N,BOC
tert-butyl 4-(2—(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidine-1-carboxylate Br
125 MHz, CDCI3
OMe
3h
EESecE 8- o-sac RIGIS 2 =83us¥e
PR R R R R R SRR SRR ggsgge w JudII=g
N2 NV N T INY
15é.8 15%.6 ppm 1;6 1;5 1;4 1;3 I ppm
125|>.5 12_%.0 ppm 87I.O asl.a sele selq |ppm
34].6 341.5 I ppm
‘I J | l l da A A a l L I
5328080 RAOASALIA LARIARIAR) NASATE0S2) EARERRRLS] |VIRRSS 2] EEAZASAAA WAL JroT AR SRR | A0S SO IR AN AR RAABOREARY | B MM NGB MR ax1 23
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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F F Boc

tert—butyl 4—(2—(5-bromo-2-methoxyphenyl)-3,3—-difluoroallyl)piperidine—1-carboxylate Br

471 MHz, CDCI3

OMe
3h

-91.04

-91.13
-95.38

-95.29

<
e

I v91l .0 791I .2 ppm
~9é.2 79;.4 ]ppm
T T T I T T # T T | 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
g||s
o
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2—(4-(2—(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidin—1-yl)pyridine N
500 MHz, CDCI3 Br
OMe
3i
ARAAS LARARAARAN MAM T T T T ' T "
8.2 ppm .4 T2 T 6. ppm
I T T T T T T T T
4.4 4. ppm 2.8 2.7 2.8 2.5 2.4 2.3 ‘ppm
N
T T T T | T T | T T | |
2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3 1.2 1.1 ppm
..... T
10 8 T 6 5 4 3 2 1 0 ppm
g (8 [eEs 18 B GRE:
i QAN [KLARS Q = @ o ed Wl K= B
o |- oo - ™ - N
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FF
2—(4-(2-(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidin—1-yl)pyridine Br
125 MHz, CDCI3
OMe
3i
\§
ERSEEy $8288 2ES guae 5 ® oo
nffrns RAafd ES8E $§5¢ 5 % ©3s

T T I T T T T
125.5 125.0  ppm 87.0 86.8 86.6 86.4 ppm

35.0 34.9 34.

s 34.7 p]pm
e — N e lJMMwn-n——Ln-m‘ ‘ e

| RERERAEA) MASRSREALS MRS AREE Js | 22 AER] ROBLASSAS [EERLERIL RAACIRBIA] FALEERPAY RODERARSE) bLARESSRL] WAL ISHADS LRMALLIL] RIGRZSEEL) RASLASRAR] A BELIATEA LECE RERAA] (S UARRIIL] REAGHASTS] PERER AL PAALEARS
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=
F. F N N
2—(4-(2—(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)piperidin—1-yl)pyridine B
471 MHz, CDCI3 F
OMe
3i
\
nga3
~9(I>.s v9i.o —9{.2 —91.4 p}])m
-9;.2 —9;.4 v9;.6 ppm
T T T T T T ; T T T !
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8|3
pac |
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4-bromo-2-(1,1-difluoro-3-(-2-methylcyclohexyl)prop—1-en-2-yl)-1-methoxybenzene Br
500 MHz, CDCI3
ome Me
3j
B e e e ———y
7.4 743 ppm 6.80 ppm
2.9 2.6 2.8 2.4 2383 4.2 24 ppm
T ? T g T T ' | ¥ | *
1.8 1.6 1.4 1.2 1.0 ppm
""" R e B e e 2 B e e e i B i s B A B ] (o i ) B e R e e R
10 9 8 7 6 4 3 2 1 0 ppm
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4-bromo-2-(1,1-difluoro-3-(-2-methylcyclohexyl)prop—1-en-2-yl)-1-methoxybenzene Br
125 MHz, CDCI3
Me
OMe
3j
B8 S = aEm =y N RARN ;R wvwnandeewns
W e NN v - | ol S N w aAaNAna =0 OO
v oy - - W XXX w T OO ANANAN
T T T T T T T T T
157.0 156.8 ppm 156 155 154 153 152 ppm
VNMWWMJA\fNAﬂMW
T T T T T T
133.8 133.6 ppm 125.5 ppm 88.0 87.5 ppm
T T T T
42.7 42.6 42.5 ppm
JORRT S _— Lll 5 " l o PR WL}; R T

| RERERAEA) MASRSREALS MRS AREE Js | RA2RA2AER] ROBASAAS LA ACALIL RAs R A | AEEERNY R DERAGEN bR REDSEE] IASAALESS LERLEULR RICHZEL RN RS SRRLA] [ 22L0L02A FARSACERN] JRULIEALE) L AL PORREAAA EAARESALRY [ERbebERM ol
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4-bromo-2—(1,1-difluoro—3—(-2-methylcyclohexyl)prop—1-en—2-yl)-1-methoxybenzene Br
471 MHz, CDCI3
ome Me
3j
F283
IVI Ivl
—9{.6 —9{.8 —95.0 ppm
- 9I6 0 =9 I6 o2 I ppm
T T T T T T T T | 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

[ 30E=3
g@
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OH
5-(5-bromo-2-methoxyphenyl)-6,6—difluoro—1-phenylhex—5-en-3-ol Br
500 MHz, CDCI3 Ph
OMe
3k
= oG e F s T i R T & i i T T
7.4 73 T2 ppm 6.8 ppm
I L R | [ | | [
3.6 35 ppm 2.8 2.6 2.4 ppm
......... S
1.8 ppm
UM A FYY I DU
""" R ] i ) o e P e o e B e R B e 0 R R E) BEb e s R R RO R LG LA EE e
10 9 8 7 6 5 4 3 2 1 0 ppm
e58pe 8 [@eEse
vl |- ol e -l e
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FaF
OH
5-(5-bromo-2-methoxyphenyl)-6,6—-difluoro—1-phenylhex—5-en-3-ol Br
125 MHz, CDCI3 Ph
OMe
3k
AR38 SLERERSEREER mogn Kwa g St A
S = Al B RS ksl SRty e 8 vl
RERE SHRENSNICH 4333 dgd 3 25
N/ TNV VN \/ |
' 156 1_:,5 1;4 1;3 }I)pm
MPIANASN A AN
12;.0 12:1.5 ppm
85.2 85.0 84.8 84.6 plpm
‘ 68l.8 68|.7 ;:pm {
J]l | |
T T T T Bt patee T T T J pEesi sz i R pasn [Laaasaind penanal) (PR
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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OH
5-(5-bromo-2-methoxyphenyl)-6,6—difluoro—1-phenylhex—-5-en-3-ol Br
471 MHz, CDCI3 Ph
OMe
3k
g=3s
BHI3
~8é.8 78;.0 —8’|9.2 I ppm
I -9:1.2 —94;.4 -94'1.6 ppm
T T T T T T " T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8 |8
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(3-(5-bromo-2-methoxyphenyl)-4,4—difluorobut—-3—en—1-yl)(methyl)sulfane Br
500 MHz, CDCI3 SMe

OMe
3l
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F
(3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en—-1-yl)(methyl)sulfane Br.
125 MHz, CDCI3 SMe
OMe
3l
BREZD LR guge 2 =RSE @
L EEEEE L I 7 dodn
N NV W [
xﬂvxkuu/fkhovfwvw NJWMwwmwlwwmmvaﬁw
I 15;.0 15&.8 ;)pm 1;6 1;5 1%4 1é3 1%2 Pprln
MA/M(VM -l MMWAWWAWkthMAMMﬂVN
12)1.4 12/!1.2 121;.0 ppm l 88I.0 87|.5 ppm
' 32|.4 32|‘3 32l.2 ;pm
o . e h' ’.., 1 ’ j J o i —
ja | WAABRARAL) bAAAAALSE] IAAIALILLS MIAAREERA) RbREAAARS] MAALELLL) kASASARLA) FARLERIAR] REREEALEA) haLARS ] LARSALAG] RASAZELED RidkAanbh] LiaksLIS) EARAAILEA] MALEARZ | BAARRALAR) REERARAAL] RAREEAARY | d e
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Br

(3—(5-bromo-2-methoxyphenyl)-4,4—difluorobut—3—-en—1-yl)(methyl)sulfane SMe
471 MHz, CDCI3
OMe
3l
7522
~9i.4 —9{.6 ~9;.8 ppm
-9:1.9 -9;.0 v9;3.1 v9;.2 ;me
T T T T T T g T T T ]
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

00
1.00
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4-bromo-2-(1,1-difluoro—4—(2-methoxyethoxy)but—1-en-2-yl)-1-methoxybenzene Br oM
500 MHz, CDCI3 o
OMe
3m

R s el e e e S e e e

7.40 7«35 ppm 6.80 675 ppm

AEASE TR AR T T T T

3.50  3.45 ppm 2.65 2.60 ppm

il 1 N

""" R R F e e T e e e o R e T R o R a ey Ba b e = R e R E s RaE S et o
10 9 8 T 6 5 4 3 2 1 0 ppm
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4-bromo-2-(1,1-difluoro-4-(2-methoxyethoxy)but-1-en-2-yl)-1-methoxybenzene Br

OMe
125 MHz, CDCI3 0N
OMe
3m
Egsse &8k <3 syexinassac 5
o & \8 ) v ol N 3 SRVt ss T Xy Wa We W) N3 w3
G EEET g8 83 =8 gsssegggny X
T T T T T T T T T
156.8 ppm 156 155 154 153 152 ppm
VALY NANS "V\,\//\M\/\/‘\
T T T T T T T
124.5 ppm 86.6 86.4 86.2 86.0 ppm
T T T
69.0 68.9 ppm
N PR e 'LJ} " " " Loag .nl; e — M mlll — A R

= | BSBERAES MARSIASEE] POk | IAZRARAER] ROBLASIAS LERLELIL] RLAEIRAIA] AEEERPAY RADERARSEN hEAREDSRA] RASASLEDS LRMA UML) RICRZSLEN) RASLZSESR] IASREIATSA AL RERAN] JRUAARALL] 12  PRSRLIAAL] BARESAEAR Fe 4 pzdel
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4-bromo-2—(1,1-difluoro—4—(2—-methoxyethoxy)but—1-en-2-yl)-1-methoxybenzene Br ~_OMe
471 MHz, CDCI3 O
OMe
3m
7337
= 91I .0 = 91' .5 pp;n
- 9; .0 - 9; 8 I;Pm
T T T T T T ; T T T !
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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(2-((3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)oxy)ethyl)trimethylsilane Br. ~_-SiMe3
500 MHz, CDCI3 o
OMe
3n
T T T T T
7.40 7.35 ppm 6.80 6.75 ppm
....... s B TR N |
3.4 ppm 2.65 2.60 2.55 ppm
T | |
0..9 ppm
ﬂl | JJ A l Ja
""" RREEEEEES RACE Sk e B EE ek R e R A e s B e e e e e e B RAR e e R S R e e e |
10 9 8 7 6 5 4 3 2 1 ppm
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(2-((3-(5-bromo-2-methoxyphenyl)-4,4-difluorobut-3-en-1-yl)oxy)ethyl)trimethylsilane Br o ~SMe;
125 MHz, CDCI3
OMe
3n
REIRE ZSS8LBUYCECRE IRYR Lgre ® £ & e
FRRRG FAACAIJIISE SEee #EEE W € B o
N2 VA2 v ]

T T T T T T
157.0 156.8 ppm 156 155 154 153 ppm

o\ \wwwmwkﬂﬂAfAMNMWVW
ppm I 8 6]. 5 l ppm

T
124.5

67.9 67.8 67.7 ppm
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(2—((3—(5-bromo-2-methoxyphenyl)-4,4-difluorobut—3—en—1-yl)oxy)ethyl)trimethylsilane Br O/\/SiMe3
471 MHz, CDCI3
OMe
3n
-9 ; .4 - 9]‘. .6 l;’pm
—9;.4 -9;.6 lppm
M T T T T T T T T T ]
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
[=21L-2]
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o
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(tert—butyl 2—(2—(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)pyrrolidine-1-carboxylate

500 MHz, CDCI3

AN

7.4 7. ppm 3 5 6 7 ppm

Br N
Boc
OMe
30
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Br

tert—butyl 4—(5-(1,1-difluoro—4-methylpent—1-en—2-yl)pyridin-2-yl)piperazine-1-carboxylate N
125 MHz, CDCI3 Boc
OMe
3o
BEHER 22 RE &R o w ® @ ~o =
& F of = ol B S % X ) p B3 o.0e oA
e o v gnas o ® 2 w ¥ A8&Q

mmum N MMNWMW

T T T T T T T T T
158 157 156 155 154 153 152 151 ppm

i M

T T T
125.0 124.5 ppm

T ¥ —
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(tert—butyl 2—(2—(5—-bromo-2-methoxyphenyl)-3,3—-difluoroallyl)pyrrolidine—1-carboxylate

471 MHz, CDCI13

T T T
-90.0 -90.2 -90.4

T T
-90.6 ppm

T
-95.0

T
-95.5 ppm

-90.33
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e
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Br

OMe
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6—(5-bromo-2-methoxyphenyl)-7,7-difluoro—4,4—dimethyl-1-morpholinohept-6-en—1-one Br. N \)

500 MHz, CDCI3

OMe
3p

ppm 6.80 6.75 ppm
: : J A R T T
3.6 ppm 3.4 38 ppm
T T T T T
22 21 ppm 1.5 ppm
l U _
""" R e R i s B i | Do | o e 7 i e e il B o o 2 i ) i it it
10 9 8 7 6 5 4 3 2 1 0 ppm
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125 MHz, CDCI3

6—(5-bromo-2-methoxyphenyl)-7,7-difluoro-4,4—-dimethyl-1-morpholinohept-6—en—1-one Br N \)
ES

85.94
85.81
67.16
66.90

86.13
86.00

—172.14
156.49
156.33
154.19
151.89

—56.05
46
42

9

T T T T T T
126.8 126.6 ppm 86.5 86.0 ppm
T T T T
35.3 35.2 35.1 ppm
J Ly | |
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6—(5-bromo-2-methoxyphenyl)-7,7-difluoro-4,4—dimethyl-1-morpholinohept—6—en—1-one Br N \)
471 MHz, CDCI3

OMe
3p

-89.66
-89.73
-92.88
-92.96

27
N

T T
-89.4 -89.6 -89.8 ppm

-92.8 =93.0 ppm

, .
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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OH
5-(5-bromo-2-methoxyphenyl)-6,6-difluoro—3-methyl-1-phenylhex—5-en-3-ol Br
500 MHz, CDCI3 Ph
OMe
3q
""" P R N | L N VTG ot fr ] T T BRI
7.4 T3 T2 T ppm 6.85 6.80 6.75 ppm
R R [P e L [ RO T
2.7 2.6 2.5 ppm 1.8 157 ppm
) l L A |
""" R e R ] e B L e e B e R 2 o ) B e B ) P s S|
10 9 8 6 5 4 3 2 1 0 ppm
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F_F
OH
5—-(5-bromo-2-methoxyphenyl)-6,6—difluoro—3-methyl-1-phenylhex—-5-en-3-ol Br Ph
125 MHz, CDCI3
OMe
3q
SEDS Ram-nak os 2% §9% ¢ 28 58

1é7 1é6 1é5 15|‘>4 1é3 151:2 ppm
IR 7 A AWMNW
I 12%.5 12é.o }l)pm 85‘-0 84].5 ppIm
i [T | Rapsizan) | RaRALAE WozBE) T Rpkiaiza) 0 RaszbiA skl T T 4 T [rnTn T

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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OH
5—(5-bromo-2-methoxyphenyl)-6,6—difluoro—3-methyl-1-phenylhex—5-en—-3-ol Br Ph
471 MHz, CDCI3

OMe
3q
HRA%
ggad
IVI IVI
—8213.6 —8513.7 -sslz.s —8;3.9 pp:'n
—9;.3 —9;.4 —9;.5 Ippm
I f
M T T T T : T ? T : T ’ T g T g 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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4-bromo-2-(1,1-difluoro-6-methoxyhex—1-en-2-yl)-1-methoxybenzene Br

500 Mhz, CDCI3 OMe
OMe
3r
| B | LR T | 0 S T | T
7.3 ppm 6.80 ppm 3.35 3.30 ppm
B s [ e [ B ey T T [ [T
2.40 2.35 2.30 ppm 1.7 1.6 1.5 1.4 1.3 ppm
l | JL M LA J_LA._L
""" e S R B s e R R e e RS A s EE R S i P A S e AR RS B S A e e B RGeS R
10 9 8 i 6 5 4 3 2 1 0 ppm

S242



4-bromo-2-(1,1-difluoro-6-methoxyhex—1-en-2-yl)-1-methoxybenzene

125 MHz, CDCI3

157.0  156.9 156.8 ppm

L W WMM

125 4 125 2 125 0

24.5 24.4 24.3 ppm

PPm

R
£8

88.58
88.46
—172.71

Br OMe
OMe
3r
25 ACRER
g9 ARIII
| N\ Y

& | BSBERAES MARSIASEE] POk | 22 LR RS | BASALEALY RESE I%

200 190 180 170 160 150 140 130 120 110 100 90 80 70

T

A AARRARAALY AL

S243
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4-bromo-2—(1,1-difluoro—6-methoxyhex—1-en-2-yl)-1-methoxybenzene Br OMe
471 MHz, CDCI3
OMe
3r
s899
FRET
792.2 —9&.4 I ppm
—9&.2 -9&.4 I ppm
T T T T T T " T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8%
o
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Br:
5—(5-bromo-2-methoxyphenyl)-6,6—-difluorohex—5-en—1-yl acetate OAc
500 MHz, CDCI3
NL__JM ss

B s e e
7.4 T3 ppm 6.80 6.75 ppm
RS AR T LG FERRAL A RS RS
4.05 4.00 ppm 2.5 2.4 2.3 ppm
B : : - s :
) 1.6 1.5 1.4 163 ppm
""" R e B e e 2 B e e e i B i s B A B ] (o i ) B e R e e R
10 9 8 7 6 2 ppm
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5—-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en-1-yl acetate
125 MHz, CDCI3

| N -

T T T T T T T T T
156.9  156.8 ppm 155 154 153 152  ppm

88.26
88.13

—171.33
156
156
155
153
151

—133.72

T—132.04
124.83
124.80
112.90
112.70
88.46
88.33

i MMM/‘A\N‘MN‘
T T T T T T
125.0 124.8 ppm 88.5 88.0 ppm
T T T T
24.1 24.0 ppm

GRS N N —

Br-
OAc
OMe
3s
e\ T A~
b b o o A

—64.37
—55.95
28.
27
24
24
24
21

& | BSBERAES MARSIASEE] POk | 22 LR RS | BASALEALY RESE | FAEERESAS] ELELELNES FEARESAR] RILASAEE ) LRk

ol RAGRZ R0 RASLASRAA PURRAIALAA 1AGEALEAR] I UAAREIL] RE  PRSRLIAAL] BARESAEAR Fe 4 pzdel

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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o F
5—(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en—-1-yl acetate Br OAc
471 MHz, CDCI3

OMe
3s
§258
Ay ed
—91.8 795.0 79é.2 ppm
= 9é .0 - 9é 2 l ppm
]
r T T T T " T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

tE
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e ~
F F
3-((5-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en—1-yl)oxy)aniline Br Q\
500 MHz, CDCI3 (@) NH,
J OMe
3t
L \ k
! [ [ o [T I M| I I [
7.4 T8 T2 e ppm 6.80 6.75 ppm
T T T . I T § T T T T 3 T
4.0 3.8 ppm 2.4 2.2 2.0 1.8 1.6 ppm
U Lk
""" R e B e e B B B e P e e T I i B R e e o R e el RS EE s R e r et |
10 9 8 7 6 5 4 3 2 1 0 ppm
aEE B3 8 3 Ea
ol-lolle o ola o ol o
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FF
3—-((5-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en-1-yl)oxy)aniline Br OQ\NH
125 MHz, CDCI3
OMe
3t
IREASS SE8JI S€2x g3z 3 w0 2T
7N 2R B A}
] 15;.0 15&.8 I ppm 1;6 1;5 1;4 1;3 15[52 plpm
12%.0 }‘)pm sal.a 88|.6 ssl.q ssl.z ppm
24I4 24l3 24I.2 24'1 p]pm
IJ I o ;
L2 AL A AN NiRaa 4 LSS BESUANR RLAESIR) \SSMAA) IS LN EALI 2] DARRASRISY RS LESAA) LA S IS AN KRS AARA) AR5 DA AT AR KA ISR NSRS Rt
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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F F
3—((5—(5-bromo—2-methoxyphenyl)-6,6—difluorohex—5—-en—1-yl)oxy)aniline Br J@\
471 MHz, CDCI3 (@) NH,
OMe
3t
IVI IVI
~9;.8 ~9é.0 -92I.2 v92I.4 ppm
-9&.0 -9é.z -9&.4 ppm
[ T T | T 4 T T T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8|8
o
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F
: O
9—(5-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en-1-yl)-9H-carbazole N
500 MHz, CDCI3
OMe Q
3u
(.
I I I I I I I I [ I I
8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 7.3 ppm
B e [ T R S e R
6.8 6.7 ppm 4.3 ppm 2.4 2.3 ppm
Do AR LA | Agzageeey RpZagnas REERREE EELasEsa Eadessaan | BRasaEzE; | EEazkEs
2150 1.9 1.8 1)l 1.6 1.5 1.4 1.3 ppm
) Uk, ) I\ l A y N
""" AR T T R RERCESEERT B | | | e
10 9 6 5 4 3 2 1 ppm
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FF
B )
9—(5-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en-1-yl)-9H-carbazole ; N
125 MHz, CDCI3
OMe O
3u
N
REESE RE2RT2:3a2x R0 B0 5 = wI3IeS
FEBEL SEOAISEE LA v ¢ gnguwg
N TNV, T NW
\/\/\/\\»N/f\/\/\ VP
15;.0 15é.8 15é.6 ppm 1;»6 1é5 1:;4 1%3 1;:2 ;ppm
WMMMM Wi MJ\‘MAA A
12;.0 12;.5 ppm 88’.5 88].0 ppm
ARA LA
zsl.s 25I.5 25].4 25‘.3 pplm
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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F. F
9—(5—-(5-bromo—-2-methoxyphenyl)-6,6—difluorohex—5-en—1-yl)-9H—-carbazole Br O
471 MHz, CDCI3 N
OMe O
3u
.
REIR
geod
IVI Ivl
*8é.4 fSE]i.S —8;3.6 78«53.7 I ppm
‘95.6 43;.7 ~9£.8 ~9;.9 Ippm
T T T I | T 1
-20 -40 -60 -80 -100 -160 ppm
3(8
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=
2—-(4-(5-bromo—-2-methoxyphenyl)-5,5-difluoropent-4-en-1-yl)pyridine Br \N
500 MHz, CDCI3
OMe
3v
"""" T e B ) P Y Pl ! G
8.5 ppm 7w 7.4 753 7.2 ppm
T | T T T T
2.8 2.6 2.4 %8 2.0 1.8 ppm
). A {
""" R e e R e R B B ] R R i B e B R T e R s LR R s S ] P i s e I B E A e e e
10 9 8 7 6 5 4 3 2 ppm
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2—-(4-(5-bromo-2-methoxyphenyl)-5,5-difluoropent—-4-en-1-yl)pyridine

125 MHz, CDCI3

T T
157.0 156.8 ppm 156 155

T T
154 153 152

T
ppm

125.0 ppm 88.8

28.0 27.9  27.8 ppm

TR

88.6 88.4

|

e s

ppm

-nwu»unumoummud

55.92

/l
Br N
N
OMe
3v
W) ¢ v v
R X RS
NS~
SESESES

—37.88

= | BSBERAES MARSIASEE] POk | O2ERGAER] RESLASS

MAAMY RARAALALA LA

52 FEAREESAR] RISASAEE S LABABALAG) RS)

200 190 180 170 160 150 140 130 120 110 100 90 80

S255



z
2—(4—(5-bromo-2-methoxyphenyl)-5,5-difluoropent—4—en—1-yl)pyridine Br X l
471 MHz, CDCI3 N
OMe
3v
2283
Sz
8

<
=

T T T T T
-91.8 -92.0 -92.2 -92.4 ppm

T T T
-95.8 -96.0 -96.2 ppm

]

: T ' ¢ | T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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2-(4-(5-bromo-2-methoxyphenyl)-5,5-difluoropent-4-en-1-yl)pyridine Br NHA
500 MHz, CDCI3 &
OMe
3w
L EES R EE [ e ™ T T
7.3 ppm 6.8 ppm
,,,,,,,,, o ; : :
3.2 ppm 2.4 2.3 ppm
R RREEEEEES I i AaARaasans
1.6 1.5 1.4 1.3 1.2 ppm
1 S R S Y
""" R e e B e e e e Pl e T e R SR B e ] (e e s I e i R T
10 9 8 7 6 5 4 2 1 0 ppm
e TR BB
ol |- (=] o o e ol
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Br.

N—(5-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en—1-yl)acetamide NHAc
125 MHz, CDCI3
OMe
3w
% c£B98 GEve § 252 5 2 298853
£ fy@z 323 S 5233 2 2 AR33aN

Y PRTY S AR . -

T T T T T

T T T

156 155 154 153 152
T
25.0

. ppm
T T
24.9 24.8 ppm

ppm
r T T
88.5 88.0 ppm

| AREZEAEAN ISAISESR) EASANEAS] RAREIENSZ] RRLE: | EASRSALALS NISAER SR Ro2 (d BAAZSSIES] RAEREADAS] LIRS RASEADER] RS SEARAEAS REARIARLED | BEASSRARE FAASIRLA] RAARRARAS] REALALASA] REELERRRAY FISERAIEH] Rk

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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N-(5-(5-bromo—-2-methoxyphenyl)-6,6—difluorohex—5-en—1-yl)acetamide Br
471 MHz, CDCI3 NHAc
OMe
3w
35%%
~9i‘6 ~91.8 v92l.0 795.2 l ppm
—9;.8 veé.o ~9é.2 v9é.4 ppm
|
[
[ T T | | T | T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

e

S259



tert-butyl (5-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en—1-yl)carbamate Br
500 MHz, CDCI3 NHBoc

OMe
3x

S i e e [rorTreT I l""l

7.4 TS 6. 75 ppm
3-2 3'0 ppm ; ; ppm T 6 1.5 1.4 1 3ppm

8 g
o o~
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tert-butyl (5-(5-bromo-2-methoxyphenyl)-6,6-difluorohex—5-en-1-yl)carbamate

Br

NHBoc
125 MHz, CDCI3
OMe
3x
Sgans %8 2 WE 5ISSS 2 3 §833
SRR B
JJ\/ OL—«M'\JRMMNJW.
15;-0 15&-8 IPPm 1é5 1é4 1%3 1é2 p;pm
a AN
12;.0 ppm| 89|.0 88{5 88'.0 ppm
“1]1 l 1. .
LA AEA] 13530520 LAV AL RABAZRASZ RELISASEY JASATE LA NGO K SAALD A RAL O NS BAERLEDSS] BARFATEIS) AABIADSS) LIATIAAD] [A0ARRSAN ERAAMANE] [ARbIDE] (AR [AATAAT] A AERRAL] RARLADLAA] KRS EARER) MAIIOH] RIS
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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Br

tert—butyl (5—(5-bromo-2-methoxyphenyl)-6,6-difluorohex—5-en—1-yl)carbamate NHBoc
471 MHz, CDCI3
OMe
3x
geay
QLR
IVI |VI
I -92I.O -95.2 ' ppm
! —95.0 —9212.2 ' ppm
1]
| I | I I | I [ 1
-20 -40 -60 -80 -100 -140 -160 -180 ppm



Br /lL

N-(5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex—5-en-1-yl)-2—oxoazepane-1-carboxamide N™ °N
500 MHz, CDCI3 H

Mﬂ n

3y

ppm . . 2.5 2.4 ppm

| T Aodadani| T T
1.7 1.6 1.5 1.4 ppm

10 9 8 {4 6 5 4 3 2 i 0 ppm

2 [ 58 B B (g3
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FuF
O
N-(5-(5-Bromo-2-methoxyphenyl)-6,6-difluorohex-5-en-1-yl)-2-oxoazepane-1-carboxamide Br N
125 MHz, CDCI3 H
OMe
3y
9 238855 o08%X33 3% 28R 5 2@88IgINSEL
g wawiaiEm Frmaaaasg o8 o8 o8 o R = = e R R Y
IR -
”“Wﬁwvﬁf\\ﬁﬁkﬂﬂ/ uLthmelwwmmmwxﬁ
15;-0 15&-8 pom 15‘»5 1%4 1:|53 1:%2 plpm
mmj\f\m "
12g.2 12‘5.0 12c|1.3 ppm aslAs ssl.a ssl.z -
25.2 25.1 25.0 ppm
MJ\ ‘ | .
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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O O
N—(5—-(5-bromo-2-methoxyphenyl)-6,6—difluorohex—5-en—1-yl)-2-oxoazepane—1—-carboxamide Br J\
471 MHz, CDCI3 N N
OMe
3y
1395
S988
IVI IVI
—95,0 —92I.2 —9£‘4 ppm
-9;.0 ~9é.2 -9;.4 ppm
T T T T T T T T " T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

(=111
o
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FuF
(*)-2—-(2—(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)bicyclo[2.2.1]heptane Br
500 MHz, CDCI3
OMe
(£)-3z
[
725 ppm ppm
-1 20 ppm i . ) 1.1 ppm
| o NI,
""" R e B e e B B B e P e e T I i B R e e o R e el RS EE s R e r et |
10 9 8 7 6 5 2 1 0 ppm
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(*)-2—-(2-(5-bromo-2-methoxyphenyl)-3,3-difluoroallyl)bicyclo[2.2.1]heptane Br
125 MHz, CDCI3
OMe
(%)-3z
afash 2% a8 s22% g g50E5Ees
bR “m ag ; ~ v SennuwES®
7T B\
I 15;.0 15&.9 15&.8 ppm lég 1é5 1;4 15:3 ]ppm
125 3 125 4 125 2 ppm 87 8 ppm
401.3 40'.2 40|.l ppm
Il I L | l J l
}4A8554IA] hidASARRA] |AREEIASEY bAATALLEM] KAAASARA) AAALELA) MURIALLL) RABESCALAD LALEARSS | REBARARIAD EAARAEAAR] IARISAAZE] ) Riakaddd | RAdhiabild haciaRs | ARALSAAS) hAiAARNAL) RARARARE] |ASALEARA KRS T
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ppm
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(£)-2—-(2—-(5-bromo—-2-methoxyphenyl)-3,3-difluoroallyl)bicyclo[2.2.1]heptane

471 MHz, CDCI3 Be
OMe
(+)-3z
S92

I 792l.4 795.6 v9é.8 plpm
—9EI5.6 —9é.8 ~9;.0 ppm

T T T I T T s T T [ 1

-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

ge
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5-(1,1-difluoro—-6-methoxyhex—1-en-2-yl)benzo[d][1,3]dioxole

500 MHz. CDCI3 <0 OMe
(0]
4a
B T e e e e e e e
6.80 ppm 3.:35 ppm
I ' ! =T T
2.40 235 ppm 1.6 1.5 ppm
| Y
""" e B ) o e e e e e e e R e i B e B s |
10 9 8 7 4 3 2 1 0 ppm
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5-(1,1-difluoro-6-methoxyhex—1-en-2-yl)benzo[d][1,3]dioxole O OMe
125 MHz, CDCI3 <
4a
SERFLI MNeLS8888Rdecnn anINe
bR RRRNANANN2228Zdaian Rt
- Vg o o o o aaaad [ B o o |

—72.64
——58.75
29.

T T T T T
156 155 154 153 152 ppm
! | J T T T
127.6 127.4 ppm 122.2 122.0 ppm
MVW—MKJ\/\NAN
T T T T
T T T
93.0 92.5 92.0 ppm 24.6 24.5 ppm

| RERERAEA) MASRSREALS MRS AREE Js | IAZRARAER] ROBLASIAS LERLELIL] RLAEIRAIA] AEEERPAY RADERARSEN hEAREDSRA] RASASLEDS LRMA UML) RICRZSLEN) RASLZSESR] IASREIATSA AL RERAN] JRUAARALL] | REAGHARAET FELTEALA RALESERAA A AR a2l

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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5-(1,1-Difluoro—6-methoxyhex—1-en-2-yl)benzo[d][1,3]dioxole

1.00
0.99

S271

471 MHz, CDCI3 < OMe
0
4a
g886
79; 2 79;. 4 I ppm
[ T T T T T T T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm



N-(3-(1,1-difluoro—6-methoxyhex—1-en-2-yl)phenyl)acetamide

AcHN

500 MHz, CDCI3 OMe
4b
AR roTTTTTTT FrrTTTTT rrTTTTT T
7.5 7.4 7.3 T2 7.1  ppm
T BT ESER] I [ [ |
3.4 ppm 2.4 ppm 1.6 1.5 ppm
""" [ eSSt e S A S A s s A e e R e e o e i e | e s e ] BT e e [ =l A e S T A e e s N e e S e e = g
10 9 8 T 6 5 1 0 ppm
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N-(3-(1,1-difluoro—6-methoxyhex—1-en-2-yl)phenyl)acetamide
125 MHz, CDCI3

ES 252 98 8§ 8B
€ fEz  #Z 3dzz
R VN R Y

MMMAFVMNMMNMUthNMEJMNWM N‘AﬂhMﬂAM“MhMAuﬂmﬂvl

T T
55 154 153 152 ppm

]

135 0

T
120.0

MMWMWMMMMWWM ﬁw/A\/KKMWVA

134 S 119 8

AcHN
. OMe
4b
g e IR G
AN 833

92.25
92.15
—72.65
—58.73
29.18

MJNMMHMHMhﬂmﬂﬂﬁﬂﬂmwﬂhhﬁﬂﬂuﬁhhﬂﬂwmhﬁ

= | RAS2EEREY I | JEsss | R I 2]

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O

I

I | pASSERLER | I Jretasesy 2 I ey I
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N-(3-(1,1-difluoro—6—-methoxyhex—1-en—2-yl)phenyl)acetamide AcHN OMe
471 MHz, CDCI3
4b
7343
- 9‘; s - 9:1 .4 ppr‘n
T T T I I T ' T T I |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

1.00
1.06
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3-(1,1-difluoro-6-methoxyhex—1-en-2-yl)phenol HO
500 MHz, CDCI3 OMe

4c

JJU N\_M/UW.L

<9 pm 5 pm
ppm VA 45 . ppm e . ppm

10 9 8 6 5 4 3 2 1 0 ppm
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3—-(1,1-difluoro-6-methoxyhex—1-en-2-yl)phenol HO
125 MHz, CDCI3 OMe
4c

—72.79
—58.63
28.
27
24
24
24

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NEREERSET BABRELES |LEGAIERAR] JRUAMRADLY REAGHASARS PORRIBAAM EAARESRLEY [ZRERERM M2 LE

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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3-(1,1-difluoro—6-methoxyhex—1-en—2-yl)phenol HO oM
471 MHz, CDCI3 =
4c
X3
§33%
79:1.0 ~9zla.2 ~9«'1.4 ppml
T T T T T T ; T T T !
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

1.00
0.98
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O

6—(1,1-difluoro—6-methoxyhex—1-en—2-yl)isoindolin—1-one

500 MHz, CDCI3 HN OMe

4d

) b

7.8 7.7 ppm 6 9 6 8 ppm
: — | o T————— B e
3,35 ppm 255 ppm 1.6 1.5 ppm

. : - . , . .
10 9 8 7 6 5 4 3 2 1 0 ppm

BEs @ R OE B A
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6-(1,1-difluoro—6-methoxyhex—1-en-2-yl)isoindolin—1-one K
125 MHz, CDCI3 HN OMe
4d
R B3R £D78BS CEET U S a5y
E fEn SE2EE A delgda & F ¥ ART
N TNE N \

WMAMwwMMWMNNMM#MWNMNWWﬂMwWMﬁMMNMNNMMMmMMANJM
156 155 154 153 152 ppm

134 2 132 3 132 2 ppm 123 6 PPm

Wl AV, V/L

92.5 92.0 ppm 24.6 24.5 ppm

| I I I I I I I I I | I | I I | I | I b | I I

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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@)
6—(1,1-difluoro—6-methoxyhex—1-en—-2-yl)isoindolin—1-one
471 MHz, CDCI3 HN OMe
4d
L EE
=
! f9é.8 v9<ll.0 ~94I1.2 ppm
r T T T T T T T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8|8
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4-(1,1-difluoro-6-methoxyhex—1-en-2-yl)-N,N-dimethylaniline

500 MHz, CDCI3 OMe
MezN
4e
T ¥ T T ™ L DR R R
T2 740 ppm 3 3.3 ppm
T T T T T T
2.4 2.2 2:0 1.8 1.6 ppm
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4-(1,1-difluoro—6-methoxyhex—1-en—2-yl)-N,N-dimethylaniline OMe
125 MHz, CDCI3
MezN
4e
g2%: o4%8 4 *=88 & B 2 32883
wnnd Adds = oA o o8 S dn<d<
W ViTOW T 1w
wmw%mkMNmequthmM JWWM
1;6 1;5 1;4 1%3 1.%2 pp;n
MM/\N\JM
' 12&.2 12;.0 ppm 9zl.4 92I.2 92|.o 91I.8 Ippm
241.7 24I.6 lppm
JIJ | N
j4A85EEIGH hidASREAE) [ALEERASE  BAAALIAM) RAIAASARA) RARELAAAS) AAVEALL) RAASSAAA) RAGEELSAR) ki BEARERE] FARRRGSAR LAAASRAAY EALAMAALL] RAGAIAIEL) RESARSARM] RARAAASS] LARAESAAD RAIAARARE] RAAGAARAS] |AALEARAY RARESARER) IGAELEREA] bidSR
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 0 ppm
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4—(1,1-difluoro—6—methoxyhex—1-en—2-yl)-N,N-dimethylaniline
471 MHz, CDCI3 OMe
Me,N
2 4e
2
3
—9:’:.4 ‘9é.5 ~9é.6 —9&.7 ppm
r T T T T T T T T
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

2.00)-
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Fa.F
5-(1,1-difluoro—4-methylpent—1-en-2-yl)-1-methyl-1H-indole
500 MHz, CDCI3 74
M
€ a4
JM | |
"""" e T R s ) e s e T
dad 7.4 T3 162 ppm 0.90 ppm
T Jii T s o proT rm i T T
235 ppm 1.7 1.6 ppm T  Ts6 ppm
1 | l f YN
""" R ) B B P B ) T e 7] B e e i A e ) (G ) IS A B R e |
10 9 8 7 6 5 3 1 0 ppm
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5-(1,1-difluoro—4-methylpent—1-en—2-yl)-1-methyl-1H-indole
125 MHz, CDCI3

) O, W, W

125.2 ppm 122.5  122.4 ppm 1211

PP"‘

26. 26 5 ppm

200 190 180 170 160 150 140 130 120 110 100 90 80
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FF
5-(1,1-difluoro—4-methylpent—1-en—2-yl)-1-methyl-1H-indole
471 MHz, CDCI3 7
M
€ a4
\ y,
H b
-9 é .8 - 9'11 <0 ppm
M T T T T T T T T T |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8|8
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3—(1,1-difluoro—4-methylpent-1-en—2-yl)quinoline

500 MHz, CDCI3
T T T T T T T T T
8.95 8.90 ppm 8.1 8.0 169 78 Pl 7.6 ppm
T T T ) PR T T
2.45 2.40 ppm 1.7 1.6 ppm 0.95 0.90 ppm

Wl
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3-(1,1-difluoro-4-methylpent—1-en-2-yl)quinoline

125 MHz, CDCI3

...................

T T T T
157.0 156.5 156.0 155.5

155.0

154.5 154.0

153.5

T
153.0 p

JLJLM

150 8 150 6 pm 135 2

135 0

JL

PP"‘

d

26.8

Al

127 6

pm
1 27 5 ppm

—36.60

26.82
26.81

26.79
~-22.27

e e ey 2
200 190 180 170 160 150 140 130 120 110 100 90

| BAARAAR

| PAALAAL k2SN

A AR

e
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e N
F< _F
5-(1,1-difluoro—4-methylpent—1-en—2-yl)-1-methyl-1H—-indole B
471 MHz, CDCI3 /
N
4g
\ J
38232
—95.0 —9;_.5 —9‘3.0 I ppm
T T T T T T T T | 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
&S
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F
tert-butyl 4-(5-(1,1-difluoro—4-methylpent-1-en-2-yl)pyridin-2-yl)piperazine-1-carboxylate N
500 MHz, CDCI3
WO
BOCN\) 4h
.
B354 | 24 | I 222 I I AA] | I AR5 | I= | Rag2: | RALS |
8.3 8.2 8.1 ppm 79 J.4 T3 .2 7.1 7.0 6.9 .8 6.7 ppm
e T frorm T T T T T T T T T
2.3 2.2 ppm 1.7 1.6 1.5 ppm 1.0 0.9 0.8 ppm
T T e T T Gk T T R il T T G
4 3 2 1 0 ppm

10 9 8 7 6 5
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tert-butyl 4-(5-(1,1-difluoro—4-methylpent-1-en-2-yl)pyridin—-2-yl)piperazine—-1-carboxylate N
125 MHz, CDCI3 Z
(NN
BOCN\) 4h
e9s838 8 38T 4 gguns SRTITTD
1;6 1;5 1_::4 1;3 I ppm
11§‘3.6 11;.4 né.z ppm sgl.s 89‘.0 88I.5 ppm
2617 26]6 26'5 i ppm
L | J L (- . |
JAAEEAL MAoBRRATS Ldadas  SEASALNS) BA2EASRRA 130 ARA MURIALAL LAY AR IAEEEAR S LA TAAA] LI ISRESS] LB LSRRl RSSO LRI 2) [rey AR ISR LAIBRA AR a2 e
200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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tert—butyl 4-(5-(1,1-difluoro—4-methylpent—1-en-2-yl)pyridin—-2—-yl)piperazine—1-carboxylate s
471 MHz, CDCI3 |

-94.57
-94.66
-95.26
-95.35

£
x

T T T
-94.5 -95.0 -95.5  ppm

| | | | | |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

[sedi=]
|-
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FF
5-(1,1-difluoro-4-methylpent-1-en-2-yl)-1,7-dimethyl-1H~-indazole 7
500 MHz, CDCI3 N\N
Me’ Me
\ - J
T T e i e i e i
T8 738 Tal T:6 Tah 1:4 T 7.2 7.1 ppm
I I I LA ' I
235 2430 ppm 1.7 1.6 ppm
T e T
0.95 0.90 ppm
‘ } l I h . k_g_4jt
""" A i ] i i i s e T e i i e i e S B i ¥ G |
10 9 6 5 4 3 2 1 0 ppm
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s N
5-(1,1-difluoro—-4-methylpent-1-en-2-yl)-1,7-dimethyl-1H-indazole N\/
125 MHz, CDCI3 N
Mel Me
N 4i J
33333333?53§f ..... 238 22 Qg
ERRRESE S8 8§ e S Séas
WSS VNI
156 155 154 153
128 8 126 9 126 8 ppm 118 9
. PPm
LLL I” | N |
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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e . F N
5-(1,1-difluoro-4-methylpent-1-en-2-yl)-1,7-dimethyl-1H-indazole N 7
471 MHz, CDCI3 N
Mel Me
\ A J
EEXE
£85%
I *9% .8 - 9é .0 ppm
—1
T T T I T T ) T T I 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

1.00
1.06
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4-(1,1-difluoro-4-methylpent—1-en-2-yl)-3-methylbenzaldehyde
500 MHz, CDCI3
H
Me

T T T T T T T T T
2.25 2.20 ppm 1.6 Tx!5 ppm 1.0 0.9 ppm
""" | A Csmamaaies] PRI 5 it o |1 i et ) o i e T | B A e T i s B 7 PSSR B B il Tl (B i st [ B SR A ISl S AL TR R R |
10 9 8 7 6 5 4 3 2 1 0 ppm
8 g3 LI
= vl | ol e - IS
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4-(1,1-difluoro-4-methylpent—1-en-2-yl)-3-methylbenzaldehyde

125 MHz, CDCI3 H Me
o 4
8 EREREIERRER oo = raex
EEEEEEEEED 1423 3 ERSE
U NWNLWWW.MMMJLA APt
155 154 153 152 151 ppm
141.0 140.5 ppm 131.0 ’ 9.2 ppm
19 7 ppm
—————————— . NUOR -

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NEREERSET BABRELES |LEGAIERAR] JRUAMRADLY REAGHASARS PORRIBAAM EAARESRLEY [ZRERERM M2 LE

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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4—(1,1-difluoro—4-methylpent—1-en—2-yl)-3—-methylbenzaldehyde
471 MHz, CDCI3
Me

-90.89
-90.98
-95.77
-95.86

<
=

T T
-90.6 -90.8 -91.0 ppm

T T T
-95.6 -95.8 -96.0 ppm

w.[lr -
T ' T T |

|
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

(=100
r%q
- o
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4 N\
F F
tert—butyl 2—(1-(difluoromethylene)-1,2,3,4-tetrahydronaphthalen-2-yl)pyrrolidine-1-carboxylate
500 MHz, CDCI3 N
Boc
4k
N J
T T T B B T T
Toai® 7.4 T3 T 7 o ppm
T T T T T T
3.8 3.6 3.4 32 ppm
T T | I Ca— T T T
2.6 2.4 2.2 2.0 1.8 1.6 ppm
""" R e e R e e R e B B e e ) R e i e e i B e e P e e R s R e e e DR LR ey
10 9 8 7 6 5 4 3 0 ppm
el 58 8 ssfe
3| |® & (& |& = 8|S
- N (=] - L o N sl

S299



tert—butyl 2—(1-(difluoromethylene)-1,2,3,4-tetrahydronaphthalen-2-yl)pyrrolidine-1-carboxylate

125 MHz, CDCI3

4k

08°'LT
00'8¢

86°6C

9€°TE

STLY
€888

W\\;\iﬁg!%

07921

96'9C1
YT LTI
€5°LT1
LTl
08°LT1
Y8zl
8S°'8C1
Ps'6T1

1L AMJLM | A LL

T T T T T 1 1 aata L Nk
200 190 180 170 160 150 140 130 120 110 100 90

T

ppm

70 60 50 40 30 20 10

80
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tert—butyl 2—(1—-(difluoromethylene)-1,2,3,4-tetrahydronaphthalen—2-yl)pyrrolidine-1-carboxylate
471 MHz, CDCI3

N
Boc
4k
SEEJRR3S
FERERESRS
ffli7 ffli8 fé9 fl90 l ppm
lhl." —
T T T I T T i T T I
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
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i 7z OMe
tert—butyl 4—(3—(difluoromethylene)-7-methoxyhept—1-yn—1-yl)piperidine-1-carboxylate Z 41
500 MHz, CDCI3
BocN
2 3 RREAE T 1.7 B N SR | REET AR | R
37 3.6 3.5 3.4 3.3 ppm
"""" S S T T T T T T
2.8 pem 2.1 2.0 1.9 1.8 1.7 ppm
JL& A J\_A.NL_A
""" R R F R S e s R s T AT s REn s R R R e R e ] B e T e e R ] e R R SRR A I REEEEEEEEC
10 9 8 T 6 ] 4 2 1 0 ppm
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tert-butyl 4-(3-(difluoromethylene)-7-methoxyhept—1-yn-1-yl)piperidine-1-carboxylate // OMe
125 MHz, CDCI3 4
BocN
?:8&‘33 nXET=BMSRVECNSN NS AT =D
=X unabYTnaSRNBR L R® o B B W A B G B
ot b gegeeegoodds  JHRRRNIIN
1&1 1&0 1;9 1;8 1;7 ppm
T T T T T T T T T
96.3 ppm 78.4 78.2 ppm 74.0 73.8 ppm
T T T T
24.7 24.6 24.5 24.4 ppm
Ll l_ ﬁ | A 1 J

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | REBEEAREN LEAAEREART I RASAES AN BAMBAAA RICRZASE! | NEREERSET BABRELES |LEGAIERAR] JRUAMRADLY REAGHASARS PORRIBAAM EAARESRLEY [ZRERERM M2 LE

200 190 180 170 160 150 140 130 120 110 100 9 &8 70 60 50 40 30 20 10 O ppm
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// OMe
tert—butyl 4—(3—(difluoromethylene)-7-methoxyhept—1-yn—1-yl)piperidine—1-carboxylate 41
471 MHz, CDCI3
BocN
a483
HEER
IVI Ivl
l 78.'[) 2 -8 é =3 ppm
~9o'.os ~9o'.10 ~9ol.15 ' ppm
|
T T T T T T T T T T ]
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8 &
- o
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(8R,9S,138,14S,17S)-17-(3—-(difluoromethylene)-7-methoxyhept-1-yn-1-yl)-3-methoxy-13-methyl-7,8,9,11,12,13,14,15,16,1 7-decahydro—-6 H-cyclopenta[a]phenanthren-17
500 MHz, CDCI3

( )

MeO
g e
Sk Ao

W
AV N\
""" e R i e | B B S H . OH

4m

10 9 8 7 6 5 4 3 2 1 0 ppm
n
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(8R,9S,138,148,17S)-17-(3-(difluoromethylene)-7-methoxyhept—1-yn-1-yl)-3-methoxy-13-methyl-7,8,9,11,12,13,14,15,16,17-decahydro-6H-cyclopenta[a]phenanthren-1

125 MHz, CDCI3

NAIL‘«/WWMVW\MIW\A 1A Tt

T

T T T T T
161.0 160.5 160.0 159.5 159.0

AN A AV

- - o \e
a R & SE RORrRRCSIouggaYeERINESSenRREINgS2
I = DEVHUAENSARNRARVVVIESHEARAATRGH DN el
gg (2] :3 — - DD SR DN NN ONS DN SRXC T :s :s o e
- - - A ABENENENLNNNNUNDTTOAMAMANCNA -
4 N\
»M"'A’M
T T T T
158.5 158.0 157.5 157.0 ppm

A

T T T T T T T
98.0 97.8 97.6 ppm 78.8 78.6 78.4

T

78.2 78.0 77.8 77.6 77.4 ppm

N 11—

NP | GRIARAEEAY RALERALER] PARREARASY ROSRARALE] RIALIEADS RALRS SN
200 190 180 170 160 150 140 130 120 110 100 90

| DAHARSRLE EASLEEASE] [AARRETAR) RAMIESIEEY RANSAESS S REDHICALAS RALERDAIA] RASESAIM RALALAL ] RASAIALES T RASRLSEAN] Rag | HEREERL PAMRARAR) ALE B IR RESS
80 70 60 50 40
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(8R,9S,138,148,17S)-17—-(3—(difluoromethylene)-7-methoxyhept—1-yn—1-yl)-3-methoxy—13-methyl-7,8,9,11,12,13,14,15,16,17—
decahydro-6H-cyclopenta[a]phenanthren—17-ol

276 MHz, CDCI3 MeO
&3
b
783.5 *83.6 785.7 l ppm
*Bé. 7 785[3. 8 ppm
T T T I T T T T | 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8 |3
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(3aR,5R,6S,6aR)—-6-((6—(difluoromethylene)-10-methoxydec—4—yn-1-yl)oxy)-5-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-2,2—dimethyltetrahydrofuro[2,3-d][ 1

500 MHz, CDCI3
( FeF
+O
2 o = OMe
Olh
(0]
#ﬁm\ _Jmk¥ AWMAK__Jhk.__JW‘___JWNL__MMN___ " OjK?
-
i e e ) PR R PR [RREEEsas: GRS R [RrRRS CARRRERET |EELEEE
5.90 ppm 4.3 2 4.1 4.0 3.9 3.8 3.7 ppm
L " =] ™ T J= 1 T T T
3.4 ppm 2:4 2.3 2:2 2;1 2.0 1.9 1:8 1:7 ppm
I buh‘
""" R s R s o e | B e ] R e e T P B o o B i B e =07 T e B i | e SR 2 s = i |
10 9 7 6 5 2 1 0 ppm

4 3
GuERtzEy [ YELSEE
= O v == v=] =N ™ I=NIMmmon
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(3aR,5R,6S,6aR)—-6-((6-(difluoromethylene)-10-methoxydec—4-yn—1-yl)oxy)-5-((S)-2,2—-dimethyl-1,3-dioxolan-4-yl)-2,2-dimethyltetrahydrofuro[2,3-d][ 1
125 MHz, CDCI3

OMe

WAM\MMMV\MMM LWMAMMMWWL Y %
161 160 159 158 ppm 9

1
O
AN

O

4n O7<
yW\_J\A}\\/w M\N—m )
PPm 7 . 8‘2 ppm

73.0 72.8 72.6 ppm

| RERERAEA) MASRSREALS MRS AREE Js | RA2RA2AER] ROBASAAS LA ACALIL RAs R A | AEEERNY R DERAGEN bR REDSEE] IASAALESS LERLEULR RICHZEL RN RS SRRLA] [ 22L0L02A FARSACERN] JRULIEALE) L AL PORREAAA EAARESALRY [ERbebERM ol

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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(3aR,5R,6S,6aR)-6—((6—(difluoromethylene)-10-methoxydec—4-yn—-1-yl)oxy)-5—((S)-2,2—-dimethyl-1,3-dioxolan—4-yl)-2,2—
dimethyltetrahydrofuro[2,3-d][1,3]dioxole

4 N\
471 MHz, CDCI3 = F
+O
swen Z = OMe
EEE 0, ~° ~
A% o
4n O7<)
g
*815.7 78;:.8 78!I5.9 pprln
—9(13.4 —9tl). 5 ppm
T T T T T T T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
8
o
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(4—(difluoromethylene)-6,6—dimethylheptyl)benzene
500 MHz, CDCI3

N L T T T T R T

7.4 T3 T2 ppm 2.70 2.65 2.60

245

5 ppm

ppm

40
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(4—-(difluoromethylene)-6,6—dimethylheptyl)benzene
125 MHz, CDCI3

T—152.60
—142.37
128.63
128.61

_——157.12
—154.86

T T T T T
157 156 155 154 ppm

T T T T
88.0 87.8 87.6 ppm

T T T
39.7 39.6 ppm

T
33.2 33.0 ppm 29.8 29.6 ppm

L

87.83
87.70
87.57

]

200 190 180 170 160 150 140 130 120 110 100 90
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F _F
(4—(difluoromethylene)-6,6—dimethylheptyl)benzene
471 MHz, CDCI3

40

-97.52
-97.63

-95.02
-95.13

i
e

T T
-94.8 -95.0 =95.2 ppm

T T T
-97.4 -97.6 -97.8 ppm

T T

T T |
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm

o
S|%
-o
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tert—butyl 2—(2-(difluoromethylene)-5—phenylpentyl)pyrrolidine-1-carboxylate
500 MHz, CDCI3

4p Boc
""""" RRERESTDES SESEEEEE TR T T T
7.3 7.2 ppm 4.0 3.5 ppm
| I | I | | [
2.8 2.4 22 2.0 1.8 1.6 ppm
E ERRE R REES LR T LR T i ! | RREF S FE IS RS ST I [
10 9 8 T 6 5 2 ppm

S314




tert-butyl 2—(2-(difluoromethylene)-5-phenylpentyl)pyrrolidine-1-carboxylate

125 MHz, CDCI3

4p

l‘JA |

T Rasizisn) | T T T 1 T T
200 190 180 170 160 150 140 130 120 110 100 90

I

70 60 50 40 30 20 10 O ppm

80
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tert—butyl 2—(2—(difluoromethylene)-5—phenylpentyl)pyrrolidine-1-carboxylate
471 MHz, CDCI3

-94.01
-94.13
-94.44
-94.56

T T T
-94.0 -94.5 -95.0 ppm

w
N

4p

-20 -40 -60 -80
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1-(1-fluoro—6-methoxyhex—1-en—2-yl)-4-methylbenzene
500 MHz, CDCI3 OMe

Me
4q

S317



1-(1-fluoro—6-methoxyhex—1-en—2-yl)-4-methylbenzene

125 MHz, CDCI3 Ohle
Me
4q
BEINEGIAIRE S N apexey
$ICERASSAD o s RS o
i 7
14;9 l£|18 1z|17 14|16 1<|15 1z|14 |ppm
134;.0 13;.5 ppm T T
127.0 ppm
12;.0 ] ppm 26I.5 PP"I\
241.6 24I.4 ppm 1
et e e P wisies v l“iJAmd e ARt PR A AL e o e AN AN
| RASALELA BAZASNEALS WAALISEE S | B | BOZAGAER] RS LA [FAALAER] RAss | ARSI REDEEANIES LARRESSARY | 58 BARIAUAAR RASAZRSEL | iSE00] PASEAGARES FARSALAGA] MLAARIS | BEAGEALARS JRRRE AR RARSEARAAL AARIDELAT M2 534
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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1-(1-fluoro—6-methoxyhex—1-en-2-yl)-4-methylbenzene
471 MHz, CDCI3

=135.0 -135.5 ppm

OMe

Me'
4q

__—-135.06
T~—-135.73

-20 -40 -60 -80

-100
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1-methyl-4-(1,1,1,2-tetrafluoro-7-methoxyhept-2—en-3-yl)benzene

500 MHz, CDCI3 OMe
Me
4r
i e T e e e B e T T
MUZE 7 <20 T+ 15 7.10 705 740 PP
, T EAE BRI aadiiecal [ ey |
3,35 3.30 ppm 2.6 2.5 ppm 1.6 145 1.4 ppm
""" R e e B e e e e Pl e T e R SR B e ] (e e s I e i R T
10 9 8 6 5 4 3 2 1 ppm
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1-methyl-4-(1,1,1,2-tetrafluoro—7-methoxyhept-2-en-3-yl)benzene
125 MHz, CDCI3

T T T T T
144 143 142 141 ppm
T T T T T T T T T
124 123 122 121 120 119 118 117 ppm
ol l allal L ’ ]'

OMe
Me
4r
AN A
KNS
- -
o N

—72.55
—58.83

| REREREEA] BASREREALS MAASAAEE] ARLARAADY RAZBAAARY RASRAERSN S RIALEN) R22-0ERER RASSRESN | ReBEEADEA L RAE LS

""" | PRSI RACEZESET] RASREAAAT IAALESIASA FERAECRAM] RILAARAS L) RALGHUSHRS PRORELS LI RAREEEAN RS S0A] Rzl

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 O ppm
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1-methyl-4-(1,1,1,2-tetrafluoro—7-methoxyhept—2—en-3-yl)benzene oM
471 MHz, CDCI3 ©
Me
4r
nmen Je=agyes
sg;? BgRanaen
~6‘l1.4 76:1.6 -6“1.8 ppm ~13]1.0 —13‘1.2 ppml
—13‘0.0 —13‘0.2 Ippm
_ 1\ B
T T T T T T " T T T 1
-20 -40 -60 -80 -100 -120 -140 -160 -180 ppm
88 R|&
™ Ol
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F. F
N-(5-(5-((x)-bicyclo[2.2.1]heptan—2-yl)-2—-methoxyphenyl)-6,6-difluorohex—5-en—1-yl)acetamide
500 MHz, CDCI3 NHAC
OMe
9 (£)-4s
"""" R I e B (N T 2 O S T O T N T
[ T.+0 6.9 ppm
fipertasttetat=) Jrt =t =butarh =t = [y x T X T v
3.2 ppm 2.6 2.4 ppm
""" AR 2 U T PN N I A L B0 ] VLB DA A R 2
1.8 0y 1.6 1.5 1.4 1.3 ppm
ll “ A i ‘ f N\ .um
..... e o
10 9 8 7 6 o 4 3 2 1 0 ppm
g33 E 5 7 BEIEEREaE
- oo o o~ ~N O I NOINI= MMM =IO
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N-(5—(5-((*)-bicyclo[2.2.1]heptan—2-yl)-2-methoxyphenyl)-6,6—difluorohex—5-en-1-yl)acetamide

125 MHz, CDCI3
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N—(5-(5-((x)-bicyclo[2.2.1]heptan—2—-yl)-2—-methoxyphenyl)—6,6—difluorohex—5-en—-1-yl)acetamide
471 MHz, CDCI3 - o
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6—(3,3,3—trifluoroprop—1-en-2-yl)-2,3-dihydro-1H-inden-1-one
500 MHz, CDCI3 OMe
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()
6-(1,1-difluoro-6-methoxyhex—1-en-2-yl)-2,3-dihydro-1H-inden-1-one OMe
125 MHz, CDCI3
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()
6—-(1,1-difluoro—6-methoxyhex—1-en-2-yl)-2,3-dihydro-1H-inden-1-one
471 MHz, CDCI3 Qe
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Potassium Trifluoro(3,3,3-trifluoroprop—1-en-2-yl)borate
500 MHz, acetone-d6
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Potassium Trifluoro(3,3,3—trifluoroprop—1-en—2-yl)borate

CF3
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Potassium Trifluoro(3,3,3-trifluoroprop—1-en-2-yl)borate CF3
471 MHz, CDCI3 =
BF3K
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Potassium 2-Hydroxy—4-phenylbutyltrifluoroborate

125 MHz, acetone—-d6
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Potassium Trifluoro(3,3,3—trifluoroprop—1-en—2-yl)borate E )

158 GFs
128 MHz, acetone-d6 \”\7; /\BF3K
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'H-°F HOESY Spectra of 4r Isomers

(E)-Isomer, Major
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'H-°F HOESY of the “F” region of the isomers of 4r. The red numbers correspond to the intensity of the cross peak normalized to
the weakest signal followed by normalization to the number of proton corresponding to that signal. The HOESY spectrum was
collected on a 500 MHz NMR spectrometer. A hoseyph pulse sequence was used with 8 scans of a 4k X 256 matrix collected. The
spectrum was obtained using a relaxation delay of 1 s, mixing time of 0.8 s, and a phase-sensitive TPPI method. The fluorine spectrum
was not calibrated to hexafluorobenzene. Processing was performed using MestReNova.
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(E)-Isomer, Major
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'H-F HOESY of the “CF5” region of the isomers of 4r. The red numbers correspond to the intensity of the cross peak normalized to
the weakest signal followed by normalization to the number of proton corresponding to that signal. The HOESY spectrum was
collected on a 500 MHz NMR spectrometer. A hoseyph pulse sequence was used with 8 scans of a 4k X 256 matrix collected. The
spectrum was obtained using a relaxation delay of 1 s, mixing time of 0.8 s, and a phase-sensitive TPPI method. The fluorine spectrum
was not calibrated to hexafluorobenzene. Processing was performed using MestReNova.
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