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General Experimental

All reagents were obtained from commercial suppliers (Sigma-Aldrich, Oakwood chemicals, Alfa
Aesar, Matrix Scientific, VWR) and used without further purification unless otherwise noted.
Acetonitrile (CH3CN) was dried over molecular sieves. N,N-diisopropylethylamine was
purchased from Sigma-Aldrich and was distilled and stored over anhydrous potassium hydroxide.
Photocatalysts Ir(ppy)s fac-tris(2-phenyl pyridinato-C?, N)iridium(lll), Ir(tbppy)s fac-tris[2-(4-

tert-butylphenyl)pyridinato-C?, N)Jiridium(l1l), Ir(CFappy)s fac-tris[2-(4-
trifluoromethylphenyl)pyridinato-C?, N)Jiridium(I1l), Ir(Fppy)s, fac-tris[2-(4-
fluorophenyl)pyridinato-C?, N)]Jiridium(ll), Ir(dFppy)s fac-tris(2-(4,6-

difluorophenyl)pyridinato- C2, N)iridium(lIl), [Ir(dF(CFs)ppy)2(dtbbpy)](PFs) [4,4'-Bis(tert-
butyl)-2,2'-bipyridine]bis[3,5-difluoro-2-[5-(trifluoromethyl)-2-pyridinyl]phenyl]iridium(l1I)

hexafluorophosphate, [Ir(dF(CF3)ppy)2(bpy)](PFs) [2,2'-bipyridine]bis[3,5-difluoro-2-[5-
(trifluoromethyl)-2-pyridinyl]phenyl]iridium(l11) hexafluorophosphate,
[Ir(dF(CF3)ppy)2(phen)](PFe) [phenothroline]bis[3,5-difluoro-2-[5-(trifluoromethyl)-2-
pyridinyl]phenyl]iridium(1ll) hexafluorophosphate, [Ir(dFppy)2(dtbbpy)](PFs) [4,4-Bis(tert-
butyl)-2,2'-bipyridine]bis[3,5-difluoro-[2-pyridinyl]phenyl]iridium(I11) hexafluorophosphate,
[Ir(dFppy)2(bpy)](PFe) [2,2'-bipyridine]bis[3,5-difluoro-2-pyridinyl]phenyl]iridium(I11)
hexafluorophosphate, [Ir(Fppy)2(dtbbpy)](PFs) [4,4'-Bis(tert-butyl)-2,2'-bipyridine]bis[3-fluoro-
2-pyridinyl]phenyl]iridium(l1l)  hexafluorophosphate, and  [Ir(Fppy)2(bpy)](PFs) [2,2'-
bipyridine]bis[3 fluoro-2-pyridinyl]phenyl]iridium(I1l) hexafluorophosphate were synthesized
according to literature procedure.! N-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)acetamide
and ethyl (2-(perfluoropyridin-4-yl)acetyl) glycinate were synthesized according to literature
procedures.?® 1-hexyne and 4-octyne were distilled before use. NMR spectra were obtained on a
400 MHz Bruker Avance 11 spectrometer or a 400 MHz Unity Inova spectrometer. 'H and *C
NMR chemical shifts are reported in ppm relative to the residual solvent peak while '°F is set
relative to an external standard. IR spectra were recorded on a Nicolet iS50 FT-IR. Melting points
were determined on a Mel-Temp apparatus. High resolution mass spectra were obtained on LTQ-
OrbitrapXL by Thermo Scientific Itd. Purifications were carried out using Teledyne Isco
Combiflash Rf 200i flash chromatograph with normal phase silica (4 g, 12 g, 24 g, 40 g, or 80 Q)
as well as reverse phase Redisep Rf C18 (26 g) column with product detection at 254, 280 nm and
by ELSD (evaporative light scattering detector). Some isolations were performed using Sorbent
Technology Silica Prep TLC Plates, w/UV254, glass backed, 1000 um, 20 x 20 cm, and were
visualized with ultraviolet light. Substrate synthesis reactions were monitored by thin layer
chromatography (TLC), obtained from Sorbent Technology Silica XHL TLC Plates, w/UV254,
glass backed, 250 um, and were visualized with ultraviolet light or potassium permanganate.

Photocatalytic Reaction Set up

Photocatalytic reactions were set up in a light bath as described below. Strips of blue LEDs (18
LEDs/ft.) were purchased from Solid Apollo. The strips (4.9 ft) were wrapped around the walls
of glass crystallization dish and secured with masking tape and then wrapped with aluminum foil.
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A lid which rest on the top was fashioned from cardboard and holes were made such that NMR
tubes were held firmly in the cardboard lid which was placed on the top of bath. Isopropanol was
added to the bath such that the tubes were submerged in the isopropanol which was maintained at
0 °C by placing a copper coil in the bath that was connected to a recirculating chiller.

Synthesis of (1S,2S,4R)-2-ethynyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol

1. nBuLi, THF
| -78 °C - rt overnight

| 2. K,CO3, MeOH OH

o 1.5h ||

(1S,2S,4R)-2-ethynyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-o0l was synthesized according to
the literature procedure.* To a 100 mL round bottom flask, trimethylsilyl acetylene (2.2 mL, 15.7
mmol) and anhydrous THF (20 mL) were added and cooled to -78 °C under argon atmosphere.
Then nBuLi (9.8 mL, 15.7 mmol) was added slowly and stirred for 50 min. Next, a solution of
camphor (2 g, 13.1 mmol) in THF (8 mL) was added. The reaction was allowed to warm to room
temperature and stirred for overnight. Reaction was quenched with the addition of water (10 mL)
and then the THF was removed by rotary evaporation. The residue was partitioned between water
and ether. Ether portion was washed with brine, dried over anhydrous Na>SOg, filtered and
concentrated. The resultant crude residue was purified by automated flash chromatography using
1% triethyl amine buffered hexane :DCM (0 % DCM for 5 cv and ramped to 100 % DCM for 15-
20 cv and then held at 100% MeOH 20-25 cv) on a 24 g silica column to afford (1S,2R,4R)-1,7,7-
trimethyl-2-((trimethylsilyl)ethynyl)bicyclo[2.2.1]heptan-2-ol in 57% yield (1.86 g, 7.4 mmol)
as a  white solid. To a  solution of (1S,2R,4R)-1,7,7-trimethyl-2-
((trimethylsilyl)ethynyl)bicyclo[2.2.1]heptan-2-0l (1.86 g, 7.4 mmol) in methanol (15 mL),
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potassium carbonate ( 2 g, 14.86 mmol) was added and stirred for 1.5 h at room temperature. The
methanol was removed (in vacuo) and the residue was dissolved in DCM. The DCM portion was
washed with water, dried over anhydrous Na»SOs, filtered and concentrated in vacuo to obtain
(1S,2S,4R)-2-ethynyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol in quant yield. NMR matched
with the literature value.® *H NMR (400 MHz, Chloroform-d) § 2.45 (s, 1H), 2.22 (dt, J = 13.6,
3.9 Hz, 1H), 1.99 (s, 1H), 1.94 — 1.81 (m, 1H), 1.79 (t, J = 4.4 Hz, 1H), 1.70-1.65 (m, 1H), 1.50-
1.44 (m, 1H), 1.2-1.08 (m, 1H), 1.06 (s, 3H), 0.95 (s, 3H), 0.87 (s, 3H).

Synthesis of (1S,2R,5S)-2-isopropyl-5-methylcyclohexyl hex-5-ynoate

- o DCC, DMAP 0
“ + W > & W
‘OH HO DCM:MeCN o
0 °C-rt overnight

(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl hex-5-ynoate was synthesized according to the
literature® procedure. In a 100 mL round bottom flask, L-menthol (1 g, 6.4 mmol), 5-hexynoic
acid (0.68 mL, 6.6 mmol), 4-dimethylaminopyridine (195 mg, 1.6 mmol) in DCM:MeCN (1:1, 13
mL), N,N'-dicyclohexylcarbodiimide (1.5 g, 7.1 mmol) was added dropwise for 10 min at 0 °C.
and then allowed to warm to room temperature and stirred overnight. Reaction mixture was
filtered and concentrated in vacuo. The residue was dissolved in DCM (20 mL) and sequentially
washed with 1M HCI (15 mL), 10% aq. NaHCO3 (15 mL) and water (15 mL). The organic portion
dried over Na,SOQg, filtered, and concentrated in vacuo. The crude material was purified by flash
chromatography using hexane:DCM (0 % DCM for 5 cv and ramped slowly to 100 % EtOAc for
5-20 cv and then held at 100% EtOAc 20-25 cv) on a 24 g silica column to afford (1S,2R,5S)-2-
isopropyl-5-methylcyclohexyl hex-5-ynoate in 38% yield (0.6 g, 2.4 mmol) as a colorless oil.
'H NMR (400 MHz, Chloroform-d) & 4.70 (td, J = 10.9, 4.5 Hz, 1H), 2.44 (t, J = 7.4 Hz, 2H), 2.27
(t, J=7.1Hz, 2H), 1.99 (d, J = 10.9 Hz, 2H), 1.87 (q, J = 7.0 Hz, 2H), 1.74 — 1.64 (m, 2H), 1.43
—1.24 (m, 2H), 1.32 (m, 3H), 1.02 (m, 1H), 0.91 (d, J = 9.4 Hz, 6H), 0.77 (d, J = 7.0 Hz, 3H).

Synthesis of tert-butyldimethyl(pent-1-yn-3-yloxy)silane

OH | DCM, imidazole
AL T Tomrer” N
A /}\ overnight, @ rt X
tert-Butyldimethyl(pent-1-yn-3-yloxy)silane was synthesized according to the literature’
procedure. To a 100 mL round bottom flask, pent-1-yn-3-ol (2.2 mL, 23.8 mmol), tert-

butylchlorodimethylsilane (3.6 g, 23.8 mmol), imidazole (3.24 g, 47.6 mmol), and
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dichloromethane (10 mL) were added and the mixture was stirred at rt overnight. Dichloromethane
was removed via rotary evaporation and residue was dissolved in ether (50 mL). The ether portion
was washed with ag. NH4Cl (20 mL), sat. ag. NaHCO3 (20 mL), brine (20 mL), dried over
anhydrous MgSQg, concentrated to afford tert-butyldimethyl(pent-1-yn-3-yloxy)silane in 100%
yield (4.7 g, 23.8 mmol) as a colorless liquid. NMR matched with the literature value.’

)

o 0

OH @ DCM,TsOH
\)\ + o 0% an > \)\

2-(pent-1-yn-3-yloxy)tetrahydro-2H-pyran was synthesized according to the literature®
procedure. To a 100 mL round bottom flask, pent-1-yn-3-ol (2.2 mL, 23.8 mmol), 3,4-
dihydropyran (3.2 mL, 35.7 mmol), p-tolunesulfonic acid (6 mg, 0.03 mmol), and dichloromethane
(10 mL) were added and the mixture was stirred at 0 °C for 2 h.2 The dichloromethane was
removed via rotary evaporation and residue was dissolved in ether (50 mL) and washed with sat.
aq. NaHCOz3 (20 mL), brine (20 mL), dried over anhydrous MgSQs, and concentrated to afford 2-
(pent-1-yn-3-yloxy)tetrahydro-2H-pyran in 95% yield (3.8 g, 22.6 mmol) as a colorless liquid.

NMR matched with the literature value.®
5

\
A Br OH NaH (0]
+ Y\/ >
THF, overnight

To a flame dried 50 mL two necked round bottom flask, cinnamyl bromide (1 g, 5.08 mmol), 3-
methyl-2-butenol (0.6 mL, 6.09 mmol), and THF (10 mL) were added and the mixture was stirred
at 0 °C for 15 min under argon atmosphere. Sodium hydride (146 mg, 6.09 mmol) was added to
the reaction portionwise. The suspension was stirred for 1 h at 0 °C and then warmed to room
temperature and stirring was continued for overnight. The reaction was quenched with sat. ag.
NH4Cl and extracted with ether (3 x 10 mL), organic phase was washed with brine (20 mL), dried
over anhydrous MgSOs, and concentrated in vacuo. The crude material was purified by flash
chromatography using hexane:ethyl acetate (0 % ethyl acetate for 5 cv and ramped slowly to 100
% EtOAc for 5-20 cv and then held at 100% EtOAc 20-25 cv) on a 24 g silica column to afford
(E)-(3-((3-methylbut-2-en-1-yl)oxy)prop-1-en-1-yl)benzene in 70% vyield (0.7 g, 3.47 mmol) as
a colorless liquid. NMR matched with the literature value®.

Synthesis of 2-(pent-1-yn-3-yloxy)tetrahydro-2H-pyran

Synthesis of (E)-(3-((3-methylbut-2-en-1-yl)oxy)prop-1-en-1-yl)benzene

Synthesis of (E)-(2-methyl-3-((3-methylbut-2-en-1-yl)oxy)prop-1-en-1-yl)benzene
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(E)-(2-methyl-3-((3-methylbut-2-en-1-yl)oxy)prop-1-en-1-yl)benzene was synthesized
according to the literature procedure®,

General Procedure for photocatalytic [2+2] cycloaddition reaction

Me
Ph Me Ph Me
1 mol% photocat.
X ZMe ~ white light H H
DMSO
(@) O
Me
Ph Me % o Ph Me
mol% photocat.
N-Me S\e T white light  Me H
DMSO
(@) (@)

The procedure was adapted from the literature. * To a test tube (18 x 150 mm), 1 mol%
photocatalyst, 1 equiv of styrene substrate, and DMSO (0.01 M) were added. After degassing with
argon for 15 min, the reaction tube was placed in front of two compact fluorescent lamps (each 13
W) and stirred for 7 h. The reaction mixture was diluted with water, and then extracted three times
with ether. The combined organic layers were washed with water, brine, dried over MgSOa,
filtered, and concentrated in vacuo. The mixture was analyzed by *H NMR.

General Procedure for C-H Styrenylation of Amines

Ph
SOPhy ot photocat.(s) PhO,S w ~pn
N Xy  CsOAc, Blue LEDs Z-27] N N
y  E-27 DCE Ph I Z-28 | E-28
Ph Ph Ph Ph

The reaction procedure for C-H styrenylation of amines was followed from literature®® . To a dry
test tube (13 x 100 mm), 1 mol% photocatalyst, and (E)-(2- (phenylsulfonyl)vinyl)benzene (122
mg, 0.500 mmol, 1.00 equiv.) were added. The tube was sealed with septum and evacuated and
then refilled with argon. This evacuation and refilling process was repeated for three times. The
reaction tube was taken to the glove box to add CsOAc (288 mg, 1.50 mmol, 3.0 equiv.). After
that the tube was taken out from glove box and then added DCE (5.0 mL) and N-phenylpyrrolidine
(181 uL, 2.50 equiv) under argon. The reaction was degassed for 15 min. The tube was kept infront
of two compact fluorescent light (CFL) bulbs (13 w) and stirred at room temperature. The
conversion was determined by *H NMR and E:Z ratio was determined by GCMS.
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The case in which two photocatalysts were used (Cat 7 and Cat 2, 0.5 mol%, and 0.125%
respectively) in one reaction tube, reaction was performed in blue LED light bath, as described in
the general procedures.

Synthesis of (Z)-1-phenyl-2-styrylpyrrolidine The crude material (91:9 Z:E by GCMS) obtained
from the reaction that contains two photocatalysts was purified by reverse phase flash
chromatography using water:acetonitrile (0 % water for 10 cv and ramped slowly to 100 %
acetontile for 10-40 cv and then held at 100% acetonitrile 40-50 cv) on a 28 g C18 column to
afford (Z)-1-phenyl-2-styrylpyrrolidine in 94% yield (117 mg, 0.47 mmol) as yellow oil. *H
NMR (400 MHz, Chloroform-d) & 7.46 — 7.27 (m, 5H), 7.12 (td, J = 7.2, 1.9 Hz, 2H), 6.72 — 6.65
(m, 1H), 6.55 (d, J = 11.7 Hz, 1H), 6.45 — 6.36 (m, 2H), 5.68 (dd, J = 11.8, 9.2 Hz, 1H), 4.74 -
453 (m, 1H), 3.64 — 3.50 (m, 1H), 3.34-3.26 (m, 1H), 2.47 — 2.31 (m, 1H), 2.24 — 1.85 (m, 3H).

Photocatalytic C-F Alkenylation
Cat (0.25 mol%)

DIPEA 0.75-3 equiv
R Rl : Ru > R
MeCN (0.1 M), 0 °C A Re

Ar, Blue LED's R

General procedure A for the photocatalytic C-F Alkenylation reaction

An NMR tube was charged with fluoroarenes (0.1 mmol, 1.0 equiv), alkyne (0.6 mmol, 6.0 equiv),
N,N-diisopropylethylamine (0.5-3 equiv, amine added portionwise and starting with 0.25 equiv),
fac-tris(2- phenyl pyridinato-C2, N) Iridium(111) (Ir(ppy)s) (0.25 mM, 1 mL in MeCN), and a sealed
glass capillary containing CsDe. It was then capped with NMR septum (Ace glass, part no. 9096-
25). When reaction was run in greater than 0.1 mmol of fluoroarenes, more than one NMR tube
was used to set up reaction and each NMR tube had 1 mL of reaction mixture. The reaction mixture
was degassed via Ar bubbling for 15 min at 0 °C (to avoid evaporation of N,N-
diisopropylethylamine) and then placed in a light bath (vide supra) such that the lower portion of
the tube was submerged under the water bath which was maintained at 0 °C. The reaction was
monitored periodically by °F NMR. At the start of the reaction only 0.25 equiv of amine was
added to the reaction which was monitored by F NMR. After 7-8 h, more amine (0.25 equiv)
was added and the reaction was again degassed, and resubmerged in the light bath. This process
was repeated until the complete consumption of starting material was observed by °F NMR. The
CH3CN was removed via rotavap. The residue was treated with deionized water (2 mL) and
extracted with DCM (3 x 1 mL). The organic portions were combined and dried with anhydrous
MgSOQOs. The crude product was concentrated in vacuo and purified by normal phase or reverse
phase chromatography.

General procedure B for the photocatalytic C-F Alkenylation reaction followed by
isomerization
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An NMR tube was charged with purified alkenylated product (0.1 mmol, 1.0 equiv, fac-tris[2-(4-
fluorophenyl)pyridinato-C?, N)]Jiridium(111) (Ir(Fppy)s) (0.25 mol%, 0.0002 mmol), DMF (0.5
mL), ), sealed glass capillary containing CeéDe and was capped with NMR septum (Ace glass, part
no. 9096-25). and placed in a light bath (vide supra) such that the lower portion of the tube was
submerged under the water bath which was maintained at 65 °C. Isomerization reaction was
monitored by °F NMR. After completion of reaction, reaction mixture was diluted with ether (3
mL) and washed with water (4x2 mL), dried with anhydrous MgSQg, filtered and concentrated in
vacuo. The crude product was purified by normal phase or reverse phase chromatography.

General procedure C for the photocatalytic C-F alkenylation reaction to obtain Z-isomer
The reaction procedure is the same as General procedure A, except the photocatalyst fac-tris[2-
(4-fluorophenyl)pyridinato-C?, N)]Jiridium(111) (Ir(Fppy)s) instead of Ir(ppy)3 used. In some
cases to get better Z:E ratio, isomerization reaction was carried out after the removal of acetonitrile,
excess volatile alkyne and amine, in DMF at 65 °C.

General procedure D for the photocatalytic C-F alkenylation reaction to obtain E-isomer
The reaction procedure is the same as General procedure A, except the photocatalyst fac-tris[2-
(4-tert-butylphenyl)pyridinato-C?, N)]iridium(I11) (Ir(tbppy)s) instead of Ir(ppy)3 used.

General procedure E for the photocatalytic C-F alkenylation reaction
The reaction procedure is the same as General procedure A, except the alkyne (1 equiv),
perfluoroarenes (3 equiv) used.

Optimization of phtocatalytic reaction with different photocatalysts
aDetermined by *°F NMR. °Full conversion.

. F . fac-Ir(ppy)s (0.25 mol%) i .
| 7, || DIPEA (1.2 equiv) | N
~ ~
E N E Blue LEDs, Ar N F
] . 45°C, MeCN (0.1 M)
1 equiv 6 equiv 2a 2a'
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Catalysts Screening

Entry Catalysts 2a/23' Conversion to the product? Time, h
1. Ir(Ppy)s 5 67/70 17/47°
2. Ir(CF3ppy)s 54 38/57 17147
3. Ir(Fppy)s 5.4 37/65 17/47
4. Ir(dFppy); 5.8 9/18 17/47
5. Ir(tBuppy); 4.9 54/74 17147
6. Ir(dF(CF3)ppy)2(phen)PFg 1.7 5 47

7. Ir(dF (CF3)ppy)2(bpy)PFg 4.7 27/45 17/47
8. Ir(dF(CF3)ppy).(dtbbpy)PFg 5 24/39 17/47
9. Ir(dFppy),(bpy)PFg 43 20/36 17147
10. Ir(dFppy),(dtbbpy)PFg 5 34/44 17147
11. Ir(Fppy)2(bpy)PFg 57 14/22 17/47
12. Ir(Fppy)o(dtbbpy)PFg 38 17/33 17147

Optimization of Isomerization reaction
a. analysis was done using *F NMR

N N
FANF BANUF
+

NS NS
F"N"F  F7 N F

catalyst 0.3 mol%

rt, MeCN (0.2 M)
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Catalysts

Entry (triplet state energy) time ratio Z:E?
1. Ir(ppy)s begin 1:0.85
(55.2 Kcal/mol) 40 min 1:0.89
18 h 1:0.84
2. Ir(Fppy)s begin 1:0.88
(58.6 Kcal/mol) 40 min 1:0.84
18 h 1:0.68
3. Ir(dFppy)s begin 1:0.87
(60.1 Kcal/mol) 40 min 1:0.91
18 h 1:0.82
4. Ir(CF3dFppy),bpy begin 1:0.86
(60.4 Kcal/mol) 40 min 1:0.86
18 h 1:0.87
5. Ir(Fppy)2bpy peain 1:0.88
min 1:0.88
51.4 Kcal/mol
( ) 18 h 1:0.87
begin -
6. Ir(tB 1:0.89
;(; ; ipy)lj | 40 min 1:0.88
(54.5 Keal/mol) 18h 1:0.86
7. I(CF3ppy)s begin 1:0.87
(56.4 Kcal/mol) 40 min 1:0.87
18 h 1:0.86
8. Ir(ppy)s begin 1:0.89
@60 °C and in DMF instead of rt and MeCN 45 min 1:0.89
15h 1:0.59
35h 1:0.44
60 h 1:0.35
9. .
Ir(FpF;Y)?’_ _ _ begin 1:0.87
@60 °C instead of rt and in DMF instead of 45 min 1:0.53
rt and MeCN 15 h 1:0.06
10. Ir(dFppy)s begin 1:0.89
@60 °C instead of rt and in DMF instead of 45 min 1:0.85
rt and MeCN 15h 1:0.55
35h 1:0.34
60 h :
11. no catalyst 1:0.23
na na
@60 °C instead of rt and in DMF instead of
rt and MeCN

Started with E or Z isomer for isomerization reaction:
Two isomers were separated by running prep tlc using hexane as a solvent and then performed
isomerization reaction on each isomers. a. **F NMR was used for analysis.
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N time Z:E ratio®

Fa o~ F Ir(Fppy)3 0.3 mol% begin  1:0.04
| >  50min  1:0.05
E7SNT O F @ 60 °C, DMF 0.2 M 16 h 1:0.04
40 h 1:0.03
Z-isomer
A time Z:E ratio®
Fa o~ F Ir (Fppy); 0.3 mol% begin  0.03:1
> 50 min  1:0.71
F7SNT O @ 60 °C, DMF 0.2 M 16h  1:0.02
E-isomer

Optimization of isomerization reaction with various catalyst on disubstituted alkene

J HO

HO
= =
catalyst 0.3 mol% =
F F > E £ OH
| o DMF (0.2M), 60 °C S F B F
~
~
F N F £ N £ F N/ .
E-isomer Z-isomer
Catalysts _ -
Entry (triplet state energy) Time, h Z:E ratio
T Ir(ppy)s begin 1:1.19
55.2 kcal/mol 18 h 1:0.41
35h 1:0.33
2. Ir(Fppy)s begin 1:1.19
58.6 kcal/mol 18 h 1:0.10
3. Ir(CF3ppy)s begin 1:1.19
56.4 kcal/mol 18 h 1:0.23
35h 1:0.19
4. Ir(dFppy)s begin 1:1.19
60.1 kcal/mol 18 h 1:0.07
S. Ir(tBuppy)s begin :]](1)51;2
54.5 kcal/mol 18 h 0.
caymeo 35h 1:0.52
60 h 1:0.40
6. Ir(CF3dFppy),dtbbpy begin 1:1.16
60 kcal/mol 18 h 1:0.11
35h 1:0.08
begin :
7. Ir(Fppy)2bpy 189h A
51.4 kcal/mol 1:0.68
4 Kealimo 35h 1:0.52
60 h 1:0.40
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.Electron and energy transfer study with several catalysts. a. *°F NMR was used for analysis
of conversion to product as well as Z:E ratio. °F NMR spectrum containing both isomers is on
page S110

Cat 0.25 mol% = =
F DIPEA F F F F
F S F & (incremental additionL | AN | X
LT 7( Blue LEDS, Ar 7 ¢ 7SN E
F N F MeCN(0.1M)
1 equiv 6 equiv 0°C Z-isomer E-isomer
Entry Catalysts DIPEA equiv time conversion to product%? Z:E ratio®
1. Ir(ppy)3 0.5 equiv 22h 72 1:8
cat3 1.0 equiv 39h 87 1:2.7
2. Ir(CF3ppy)s 0.5 equiv 20 h 13% 0:1
cat4 1.0 equiv 39 h 19% 1:26
1.5 equiv 59 h 33% 1:17.3
3. Ir(Fppy)s 0.5 equiv 20 h 8% 2:1
cat5 1.0 eqUiV 39 h 15% 2:1
1.5 equiv 59 h 22% 211
4 Ir(tBuppy)s 0.5 equ?v 20 h 17% 01
cat 2 1.0 equiv 39h 23% 0:1
1.5 equiv 59 h 329, 1-50
5. INCFsdFppy)ctobpy 1o cay 207 16% 01
cat 6 1.5 equiv 39h 29% 1:22.5
59 h 40% 1:30
6. Ir(Fppy)2bpy 0.5 equiv 20h 16% 1:9
cat 1 1.0 equiv 39h o .
1.5 equiv 59 h 28% 1:6
35% 1:4.9
7. Ir(dFppy); 1.0 equiv 40 h 11% 2.3:1
cat7 1.5 equiv 66 h 21% 211

Quenching study on E- and Z- of 4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluoropyridine
with catalysts 2, 3 and 5

2.5 uM solutions of 2, 3 and 5 catalysts were prepared in acetonitrile. 50 mM stock solutions of
E and Z- isomers of 4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluoropyridine were prepared in
acetonitrile. 50 mM of E or Z- isomer of 4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-
tetrafluoropyridine (2 mL) was taken in a vial. 1 mL of this solution was transferred to the second
vial and diluted with 1 mL of acetonitrile. 1 mL of this diluted solution was transferred to the third
vial and this way a series of dilution was performed. After that 2.5 uM of catalyst (1 mL) solution
was added to all the vials. The solution was mixed properly and fluorescence was measured.
Catalyst 2,3, and 5 were excited at 390 nm, 385 nm and 380 nm respectively. The emission was
observed at 520 nm, 516 nm, and 485 nm for catalysts 2,3, and 5 respectively.
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Stern Volmer plot for E-isomer
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lo = emission in the absence of quencher
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Alkenylation study with internal alkynes

Perfluoroarene Alkyne Reaction Conditions Result
1 equiv 6 equiv

I
0.0
F F — 0.25 mol% Ir(ppy)3 ~ 19
+ S—\ . o Ir(ppy _ 61% conversion after 16 h by ”F NMR
F F OH 0.25 equiv Hunig's base' GCMS Analysis : four peaks for expected
F MeCN, 0 °C product (1:1 E:Z and 1:1 rr)

F
[s)
E F 0.25 mol% Ir(ppy)3

X . \/\/\/ »  only starting material after 39 h by 19F
| _ Br = 1.25 equiv Hunig's base ~ NMR

F N F MeCN, 0 °C

0.25 mol% Ir(ppy)3 100% conversion after 20 h by '°’F NMR

F
F F OH
fﬁ: + /\/ » 1:3.4 HDF: products by '°F NMR
—
F"ONTF

1.25 equiv Hunig's base GCMS analysis: two peaks for expected
MeCN, 45 °C products ~1:1 E/Z

Synthesis of S-3a (methyl (Z2)-2,3,5,6-tetrafluoro-4-(2-(1-hydroxycyclopentyl)vinyl)benzoate)

| The General procedure A was followed using methyl 2,3,4,5,6-
pentafluorobenzoate (89 uL, 0.6 mmol, 1 equiv), 1-ethynylcyclopentan-1-ol (412
pL, 3.6 mmol, 6 equiv), N,N-diisopropylethylamine (78 pL, 0.45 mmol, 0.75
F F equiv) and 6.0 mL of stock solution of Ir(ppy)3 (0.9 mg, 0.0015 mmol, 0.0025
equiv) in CH3CN was used. The crude material was purified by flash
chromatography using hexane : ethyl acetate (0-5% EtOAc for 30 cv and ramped
to 100% EtOAc for 30-45 cv and then held at 100% EtOAc 45-50 cv), on a 24 g silica column to
afford S-3a in 68% yield (129 mg, 0.41 mmol) as a white solid. **F NMR (376 MHz, Chloroform-
d) 6 -138.38 — -138.70 (m, 2F), -141.01 — -141.33 (m, 2F). 'H NMR (400 MHz, Chloroform-d) §
6.11 (d, J=12.2 Hz, 1H), 6.01 (dt, J = 12.2, 1.4 Hz, 1H), 3.96 (s, 3H), 1.77 (m, 8H), 1.02 (s, 1H).
13C NMR (101 MHz, Chloroform-d) 8 160.5, 145.2, 145.1 (ddt, J = 84.5, 13.2, 5.1 Hz), 142.6 (ddt,
J=74.1,14.0,4.9 Hz), 121.9 (t, J = 19.1 Hz), 110.9, 110.4 (t, J = 15.6 Hz), 83.0, 53.1, 40.8, 23.6.
FT-IR cm™ 3501, 3024, 2979, 1640, 1481. GC/MS (m/z, relative intensity) 318 (M*, 10), 289
(20), 97 (100), 41 (70). HRMS (ESI") m/z calcd. CisH14F4OsNa: 341.0777; found [M+Na]*
341.0763. Melting point 46-48 °C.

HO

Synthesis of S-4a ((Z)-1-(2-(perfluoropyridin-4-yl)vinyl)cyclopentan-1-ol)
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F_N__F The General procedure C was followed using pentafluoropyridine (44 pL, 0.4

i | i mmol, 1 equiv), 1-ethynylcyclopentan-1-ol (274 uL, 2.4 mmol, 6 equiv), N,N-
“ diisopropylethylamine (140 uL, 0.8 mmol, 2 equiv) and 4 mL of stock solution of
HO Ir(Fppy)3 (0.7 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was used. The crude

material was purified by flash chromatography using 1% triethylamine buffered
hexane : ethyl acetate (0-15% EtOAc for 35 cv, ramped to 100% EtOAc for 35-45 cv and then
held at 100% EtOAc for 40-50 cv), on a 12 g silica column to afford S-4a in 63% vyield (66 mg,
0.25 mmol) as a colorless liquid. **F NMR (376 MHz, Chloroform-d) § -92.7 — -93.0 (m, 2F), -
140.8 — -141.2 (m, 2F). *H NMR (400 MHz, Chloroform-d) § 6.15 (d, J = 12.3 Hz, 1H), 6.00 (d,
J=12.3 Hz, 1H), 1.78 (m, 8H), 1.04 (s, 1H). 3C NMR (101 MHz, Chloroform-d) & 146.3, 144.6
—141.5 (m), 140.9 — 137.5 (m), 133.0 — 132.4 (m), 110.5 (t, J = 2.5 Hz), 83.3, 41.1, 23.8. FT-IR
cm™3480, 3024, 2963, 2877, 1644, 1256. GC/MS (m/z, relative intensity) 261 (M*, 15), 232 (50),
204 (25), 97 (100). HRMS (ESI*) m/z calcd. Ci2H11FaNONH4: 279.1121; found [M+NH,]*
279.1194.

Synthesis of S-5a (methyl (Z)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluorobenzoate)

0O The General procedure A was followed wusing methyl 2,3,4,5,6-
F r  pentafluorobenzoate (74 uL, 0.5 mmol, 1 equiv), 3,3-dimethylbut-1-yne (367 uL,
3.0 mmol, 6 equiv), N,N-diisopropylethylamine (65 pL, 0.38 mmol, 0.75 equiv)

F - ':Bu and 5.0 mL of stock solution of Ir(ppy)3 (0.8 mg, 0.00125 mmol, 0.0025 equiv) in

CH3CN was used. The crude material was purified by flash chromatography using
water : MeCN (0-65% MeCN for 45 cv and ramped to 100 % for 45-50 then held at 100% MeCN
50-60 cv), on a 26 g C18 reverse column to afford S-5a in 86% yield (124 mg, 0.43 mmol) as a
colorless liquid. '°F NMR (376 MHz, Chloroform-d) § -138.0 — -138.5 (m, 2F), -140.2 — -140.8
(m, 2F). *H NMR (400 MHz, Chloroform-d) § 6.00 (d, J = 12.6 Hz, 1H), 5.81 (d, J = 12.5 Hz, 1H),
3.98 (s, 3H), 0.98 (s, 9H). ¥C NMR (101 MHz, Chloroform-d) & 160.5, 150.1, 145.4 (ddt, J =
80.8, 13.0, 4.9 Hz), 143.6 — 142.1 (m), 122.1 (t, J = 20.0 Hz), 111.0 (t, J = 15.7 Hz), 108.7, 53.4,
35.0,29.6. FT-IR cm™ 3014, 2957, 2909, 1741, 1473, 1227. GC/MS (m/z, relative intensity) 290
(M*, 20), 275 (60), 259 (10), 59 (75), 41 (100). HRMS (ESI*) m/z calcd. C1aH14F4O2NHLa:
308.1274; found [M+NH4]" 308.1260.

Synthesis of S-6a (methyl (E)-4-(1-ethoxy-1-oxopent-2-en-2-yl)-2,3,5,6-tetrafluorobenzoate)

| The General procedure A was followed using methyl 2,3,4,5,6-

O pentafluorobenzoate (89 uL, 0.6 mmol, 1 equiv), ethyl pent-2-ynoate (395 pL,
F F 3.0 mmol, 6 equiv), N,N-diisopropylethylamine (130 pL, 0.75 mmol, 1.25
. EF equiv) and 6.0 mL of stock solution of Ir(ppy)s (0.9 mg, 0.0015 mmol, 0.0025
A o equiv) in CH3CN was used. The crude material was purified by flash

chromatography using hexane :ethyl acetate (0-45% EtOAc for 41 cv and
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ramped to 100% EtOAc for 41-50 and held at 100% EtOAc for 50-60 cv), on a 24 g silica column
to afford S-6a in 53% vyield (105 mg, 0.3 mmol) as a colorless liquid. **F NMR (376 MHz,
Chloroform-d) & -138.2 — -138.3 (m, 2F), -139.9 — -140.0 (m, 2F). H NMR (400 MHz,
Chloroform-d) 6 7.36 (t, J = 7.8 Hz, 1H), 4.23 (q, J = 7.1 Hz, 2H), 4.00 (s, 3H), 2.06 (p, J=7.6
Hz, 2H), 1.26 (t, J = 7.1 Hz, 3H), 1.07 (t, J = 7.5 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) &
164.3, 160.3, 153.0, 145.6 (ddt, J = 45.3, 13.3, 4.9 Hz), 143.1 (ddt, J = 37.2, 14.1, 4.7 Hz), 119.4
(t, J = 2.0 Hz), 118.3 (t, J = 19.4 Hz), 112.3 (t, J = 16.0 Hz), 61.7, 53.5, 23.9, 14.2, 12.5. FT-IR
cm™2981, 1714, 1473, 1302. GC/MS (m/z, relative intensity) 334 (M*, 30), 306 (30), 261 (60),
59 (100), 43 (80). HRMS (ESI*) m/z calcd. C1sH14Fs04Na: 357.0726; found [M+Na]* 357.0708.

Synthesis of S-7a (Z)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluoropyridine

F_N._F  The General procedure C was followed using pentafluoropyridine (44 pL, 0.40

| _ mmol, 1 equiv), 3,3-dimethylbut-1-yne (293 pL, 2.4 mmol, 6 equiv), N,N-
diisopropylethylamine (60 pL, 0.34 mmol, 0.86 equiv) and 4 mL of stock solution
of Ir(Fppy): (0.6 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was used. After
removal of excess amine, and alkyne, the crude material was resubjected to isomerization reaction
with DMF (2 mL) at 65 °C. The crude product was purified by flash chromatography using hexane
: DCM (0% DCM for 6 cv, ramped to 100% DCM for 6-16 cv and then held at 100% DCM for
16-20 cv), on a 4 g silica column to afford S-7a in 85% yield (79 mg, 0.34 mmol) as a colorless
liquid. *°F NMR (376 MHz, Chloroform-d) § -91.4 — -91.9 (m, 2F), -140.4 — -140.6 (m, 2F). H
NMR (400 MHz, Chloroform-d) 6 6.06 (d, J = 12.8 Hz, 1H), 5.81 (d, J = 12.7 Hz, 1H), 1.00 (s,
9H). 3C NMR (101 MHz, Chloroform-d) § 150.7, 144.8 — 141.5 (m), 140.9 — 137.4 (m), 133.0 —
132.0 (m), 108.1 (t, J = 2.4 Hz), 35.0, 29.3. FT-IR cm™ 3022, 2965, 2877, 1639, 1409, 1256.
GC/MS (m/z, relative intensity) 233 (M*, 20), 218 (60), 198 (30), 41 (100). HRMS (ESI*) m/z
calcd. CiiH11FaNNHa: 251.1171; found [M+NHa]* 251.1246.

F
X Bu

Synthesis of S-8a ((Z)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-en-1-yl)pyridine)

F_N_F  The General procedure C was followed using pentafluoropyridine (44 uL, 0.40
| _ mmol, 1 equiv), 3-methylbut-1-yne (245 pL, 2.4 mmol, 6 equiv), N,N-

F F diisopropylethylamine (139 pL, 0.8 mmol, 2.0 equiv) and 4.0 mL of stock solution
X" of Ir(Fppy)s (0.6 mg, 0.001 mmol, 0.0025 equiv) in CHsCN was used. The crude
material was purified by flash chromatography using hexane : ethyl acetate (0%EtOAc for 7 cv,
ramped to 100% EtOAc for 7-10 cv and then held at 100% EtOAc for 10-14 cv) on a 4 g silica
column to afford S-8a in 74% yield (65 mg, 0.3 mmol) as a colorless liquid. *F NMR (376 MHz,
Chloroform-d) § -91.4 — -91.9 (m, 2F), -141.3 —-142.0 (m, 2F). *H NMR (400 MHz, Chloroform-
d) 5 6.03 —5.88 (m, 2H), 2.32 (m, 1H), 1.02 (d, J = 6.9 Hz, 6H). *C NMR (101 MHz, Chloroform-
d) 6 149.3, 144.9 — 141.7 (m), 140.9 — 137.2 (m), 130.4 (td, J = 17.5, 16.9, 3.0 Hz), 109.5 (t, J =
2.5 Hz), 29.9, 22.0. FT-IR cm™ 2971, 2874, 1647, 1478. GC/MS (m/z, relative intensity) 219
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(M*, 25), 204(35), 184 (35), 164 (30), 56 (100), 39 (70). HRMS (ESI*) m/z calcd. CioHoFsNNHa:
237.1015; found [M+NHa]* 237.1091.

Synthesis of S-%9a ((Z2)-N-(2,3,6-trifluoro-5-(3-hydroxypent-1-en-1-yl)-4-
(trifluoromethyl)phenyl)acetamide)

CF; The General procedure C was followed using N-(2,3,5,6-tetrafluoro-4-

F SN (trifluoromethyl)phenyl) acetamide (110 mg, 0.4 mmol, 1 equiv), pent-1-yn-
3-ol (227 L, 2.4 mmol, 6 equiv), N,N-diisopropylethylamine (60 uL, 0.35

F NHA';B mmol, 1.15 equiv) and 4.0 mL of stock solution of Ir(Fppy)s (0.7 mg, 0.001

mmol, 0.0025 equiv) in CH3CN was used. The crude material was purified
by flash chromatography using hexane : ethyl acetate (0-18 % EtOAc for 28 cv, ramped to 100 %
EtOAc for 28-40 cv and then held at 100% EtOAc for 40-45 cv), on a 12 g silica column to afford
S-9a in 51% vyield (70 mg, 0.21 mmol) as a yellow highly viscous liquid. '*F NMR (376 MHz,
Chloroform-d) & -55.08 (dd, J = 25.7, 3.1 Hz, 3F), -119.54 (d, J = 13.3 Hz, 1F), -137.29 (d, J =
21.5 Hz, 1F), -139.64 — -140.01 (m, 1F). H NMR (400 MHz, Chloroform-d) § 6.22 (d, J = 10.6
Hz, 1H), 5.92 (dd, J = 11.5, 8.9 Hz, 1H), 3.89 (q, J = 7.4 Hz, 1H), 2.22 (s, 3H), 1.51 (dtt, J = 38.0,
13.8, 6.9 Hz, 3H), 0.81 (t, J = 7.5 Hz, 3H). *C NMR (101 MHz, Chloroform-d) § 168.6, 149.2
(d, J =244.1 Hz), 146.8 (ddd, J = 86.1, 15.2, 4.1 Hz), 144.3 (ddd, J = 82.0, 15.6, 4.6 Hz), 139.8,
123.8 — 120.6 (m), 119.1 (dd, J = 19.9, 13.2 Hz), 118.4 — 117.6 (m), 118.0, 116.5 — 115.0 (m),
70.5, 29.5, 23.1, 9.3. FT-IR cm™ 3437, 3249, 3193, 3027, 2968, 2877, 1682, 1500, 1454, 1371,
1315. GC/MS (m/z, relative intensity) 341 (M*-29, 5), 292 (60), 250 (20), 202 (15), 46 (100).
HRMS (ESI") m/z calcd. C14H13FsNO2Na: 364.0748; found [M+Na]" 364.0748.

Synthesis of S-10a (((Z)-1-(2-(perfluorophenyl)vinyl)cyclopentan-1-ol)

F The General procedure C was followed using hexafluorobenzene (58 uL, 0.5

F F mmol, 1 equiv), 1-ethynylcyclopentan-1-ol (343 pL, 3.0 mmol, 6 equiv), N,N-
diisopropylethylamine (261 pL, 1.5 mmol, 3.0 equiv) and 5.0 mL of stock

F F solution of Ir(Fppy)sz (0.9 mg, 0.00125 mmol, 0.0025 equiv) in CH3CN was
X used. The crude material was purified by flash chromatography using hexane

HO : ether(0-10% ether for 25 cv, ramped to 100% ether for 25-32 cv and then held

at 100% ether for 32-40 cv), on a 12 g silica column followed by prep tlc in hexane to afford S-
10a in 61% yield (85 mg, 0.31 mmol) as a colorless liquid. °F NMR (376 MHz, Chloroform-d)
0 -139.4 (dt, J = 23.2, 6.4 Hz, 2F), -157.3 (td, J = 20.9, 4.6 Hz, 1F), -163.7 (tt, J = 22.1, 6.4 Hz,
2F). 'H NMR (400 MHz, Chloroform-d) § 6.09 (dd, J=12.1, 6.4 Hz, 1H), 5.98 (dd, J = 12.4,5.0
Hz, 1H), 1.90 — 1.65 (m, 8H), 1.01 (s, 1H). 3C NMR (101 MHz, Chloroform-d) & 145.0, 143.0 —
141.0 (m), 139.3 — 138.1 (m), 136.5 — 135.7 (m), 113.6 — 112.9 (m), 110.7, 83.1, 41.0, 23.7. FT-
IR cm™3480, 2959, 2876, 1518, 1492. GC/MS (m/z, relative intensity) 278 (M*, 20), 249 (40),
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221 (30), 181 (30), 97 (100), 41 (80). ). HRMS (ESI*) m/z calcd. C1sH12FsO: 279.0808; found
[M+H]* 279.0535.

Synthesis of S-1la ((1S,2S,4R)-1,7,7-trimethyl-2-((Z)-2-(perfluoropyridin-4-
yl)vinyl)bicyclo[2.2.1]heptan-2-ol)

The General procedure B was followed using pentafluoropyridine (55 pL, 0.50

mmol, 1 equiv), (1S,2S,4R)-2-ethynyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol

OH (534 mg, 3.0 mmol, 6 equiv), N,N-diisopropylethylamine (43 uL, 0.25 mmol,

\ )= 0.5 equiv) and 5.0 mL of stock solution of Ir(Fppy)s (0.2 mg, 0.0002 mmol,

\ /N 0.0025 equiv) in CH3CN was used. The crude material was purified by reverse

£ g Pphase chromatography using water:acetonitrile (0-75% MeCN for 30 cv, ramped

to 100% MeCN and then held at 100% MeCN for 35-50 cv), on a 26 g of C18

column to afford S-11a in 68% yield (112 mg, 0.34 mmol) as a colorless liquid. After isolation

the compound (112 mg, 0.34 mmol) was resubjected to isomerization reaction in DMF (1.7, mL)

with Ir(Fppy)s (1.1 mg, 0.0015 mmol, 0.004 equiv) to obtain Z-isomer in quantitative yield as a

yellow solid. **F NMR (376 MHz, Chloroform-d) & -90.7 — -91.2 (m, 2F), -140.9 — -141.5 (m,

2F). H NMR (400 MHz, Chloroform-d) & 6.14 (d, J = 11.4 Hz, 1H), 5.76 (t, J = 11.2 Hz, 1H),

2.57 (t, J =9.4 Hz, 1H), 2.49 — 2.36 (m, 2H), 2.16 (t, J = 4.6 Hz, 1H), 1.85 (d, J = 18.4 Hz, 1H),

1.24 (dd, J = 13.0, 4.3 Hz, 2H), 0.96 (s, 3H), 0.84 (s, 3H), 0.72 (s, 3H). **C NMR (101 MHz,

Chloroform-d) & 146.6 — 141.7 (m), 142.8, 139.2 (dd, J = 258.0, 33.8 Hz), 129.8 (t, J = 16.9 Hz),

114.4 (t, J = 2.4 Hz), 62.8, 48.3, 44.3, 42.5, 42.4, 34.7, 20.3, 19.4, 8.1. FT-IR cm™ 2949, 2872,

1650, 1462, 1414. GC/MS (m/z, relative intensity) 327 (M*-2, 10), 244 (20), 124 (60), 98 (100),

41 (60). HRMS (ESI™) m/z calcd. C17H20F4sNO: 330.1481; found [M+H]*330.1403. Melting point
100-103 °C

Synthesis of S-12a (methyl (2)-2,3,5,6-tetrafluoro-4-(3-hydroxypent-1-en-1-yl)benzoate)

| The General procedure A was followed using methyl 2,3,4,5,6-
pentafluorobenzoate (74 pL, 0.50 mmol, 1 equiv), pent-1-yn-3-ol (258 pL, 3.0

F F mmol, 6 equiv), N,N-diisopropylethylamine (100 L, 0.58 mmol, 1.2 equiv) and
5.0 mL of stock solution of Ir(ppy)s (0.7 mg, 0.001 mmol, 0.0025 equiv) in
OH CHsCN was used. The crude material was purified by flash chromatography

X using hexane : ether (0-30% ether for 40 cv, ramped to 100% ether and then held

at 100% ether for 40-50 cv) on a 24 g silica column to afford S-12a in 72% yield (105 mg, 0.36
mmol) as a colorless liquid. *°F NMR (376 MHz, Chloroform-d) § -139.3 —-139.5 (m, 2F), -139.5
—-139.7 (m, 2F). *H NMR (400 MHz, Chloroform-d) & 6.19 (d, J = 11.6 Hz, 1H), 6.07 (ddd, J =
11.2, 9.2, 1.3 Hz, 1H), 4.04 (q, J = 7.7 Hz, 1H), 3.99 (s, 3H), 1.60 (m, 3H), 0.89 (t, J = 7.4 Hz,
3H). 3C NMR (101 MHz, Chloroform-d) § 160.3, 146.3 — 144.7 (m), 143.7 — 142.4 (m), 142.4,
119.5 (t, J = 17.8 Hz), 114.0, 111.6 (t, J = 15.5 Hz), 71.0, 53.5, 29.5, 9.6. FT-IR cm™ 3399, 3030,
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2973, 1741, 1476, 1315. GC/MS (m/z, relative intensity) 292 (M+, 5), 263 (20), 243 (35), 57
(100). HRMS (ESI*) m/z calcd. CisH1aF4O3: 293.0801; found [M+H]* 293.0990.

Synthesis of S-13a ((E)-2-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)but-2-ene-1,4-diol)

CF3 The General procedure C was followed using 1,2,3,4,5-pentafluoro-6-

F F (trifluoromethyl)benzene (65 pL, 0.5 mmol, 1 equiv), but-2-yne-1,4-diol (258
F F mg, 3.0 mmol, 6.0 equiv), N,N-diisopropylethylamine (75 pL, 0.43 mmol, 0.86
HO_\~oy €duiv) and 5.0 mL of stock solution of Ir(Fppy)s (0.9 mg, 0.001 mmol, 0.0025

equiv) in CHsCN was used. The crude material was purified by flash
chromatography using DCM:MeOH (0% MeOH for 45 cv, ramped to 20% MeOH and then held
at 20% MeOH for 45-60 cv) on a 24 g silica column to afford S-13a in 63% yield (76 mg, 0.25
mmol) as a white solid. °F NMR (376 MHz, Acetonitrile-ds) § -57.2 (t, J = 21.8 Hz, 3F), -140.2
(td, J = 15.8, 6.4 Hz, 2F), -143.3 —-143.9 (m, 2F). 'H NMR (400 MHz, Acetonitrile-ds) & 6.20 (t,
J =6.2 Hz, 1H), 4.20 (d, J = 5.1 Hz, 2H), 4.00 — 3.81 (m, 2H), 3.20 (t, J = 6.1 Hz, 1H), 2.87 (t, J
= 5.5 Hz, 1H). ¥C NMR (101 MHz, Acetonitrile-ds) & 146.7 — 146.0 (m), 144.2 — 143.5 (m),
134.6, 126.2 — 118.0 (m, supposed to be g one peak could not observe it might be under CD3CN
peak), 128.3, 123.2 (t, J = 20.4 Hz), 109.6 — 108.2 (m), 65.0, 59.9. FT-IR cm™ 3271, 2963, 2872,
1347. GC/MS (m/z, relative intensity) 286 (M* -18, 30), 273 (20), 258 (100), 169 (40). HRMS
(ESI") m/z calcd. C11H7F702Na: 327.0232; found [M+Na]* 327.0069. Melting point 90-92 °C.

Synthesis of S-14a ((Z2)-2,3,5,6-tetrafluoro-4-(oct-4-en-4-yl)pyridine)

Fe N F The General procedure C was followed using pentafluoropyridine (11 pL,

| _ 0.10 mmol, 1 equiv), oct-4-yne (88 pL, 0.6 mmol, 6 equiv), N,N-
diisopropylethylamine (13 pL, 0.075 mmol, 0.75 equiv) and 1.0 mL of stock
solution of Ir(Fppy)s (0.18 mg, 0.00025 mmol, 0.0025 equiv) in CH3CN was
used. After removal of excess amine, and alkyne, the crude material was resubjected to
isomerization reaction with DMF (0.5 mL) at 65 °C. After completion of reaction, extraction was
done in hexane (2 mL) and washed with water (5x1 mL). Hexane portion was dried over anhydrous
Na>S0s, filtered and concentrated. The crude material was passed through a silica plug and the
compound was eluted with hexane to afford S-14a in 81% yield (21 mg, 0.08 mmol) as a colorless
liquid. '°F NMR (376 MHz, Chloroform-d) § -88.1 — -96.3 (m, 2F), -139.0 — -144.9 (m, 2F). H
NMR (400 MHz, Chloroform-d) 6 5.82 (t, J = 7.1 Hz, 1H), 2.31 (t, J = 7.6 Hz, 2H), 1.80 (9, J =
6.6 Hz, 2H), 1.41.1.31 (m, 4H), 0.90 (td, J = 7.3, 2.4 Hz, 3H), 0.84 (td, J = 7.4, 2.3 Hz, 3H). °C
NMR (101 MHz, Chloroform-d) 6 145.2 — 141.9 (m), 141.1 — 137.5 (m), 134.8, 134.7 — 134.0 (m),
126.3, 38.8, 31.9, 22.3, 21.3, 13.7, 13.5. FT-IR cm™ 2965, 2874, 1642, 1462. GC/MS (m/z,
relative intensity) 261 (M+, 15), 219 (20), 191 (60), 170 (35), 41 (100). HRMS (ESI*) m/z calcd.
Ci3sHisFsN: 261.1141; found [l\/l]+ 261.1089.
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Synthesis of S-15a (methyl (2)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-yl)benzoate)

Ox O The General procedure A was followed using 2 methyl 2,3,4,5,6-
E £ pentafluorobenzoate (60 pL, 0.4 mmol, 1 equiv), cyclohexene (276 uL, 2.4
mmol, 6 equiv), N,N-diisopropylethylamine (52 pL, 0.3 mmol, 0.75 equiv)

F F and 4.0 mL of stock solution of Ir(ppy)s (0.6 mg, 0.001 mmol, 0.0025 equiv)
x Me in CH3CN was used. The crude material was purified by flash

chromatography using water:acetonitrile (0-75% MeCN for 45 cv and ramped to 100% MeCN and
then held at 100% MeCN for 45-50 cv) on a 26 g C18 column to afford S-15a in 82% yield (95
mg, 0.3 mmol) as a colorless liquid. °F NMR (376 MHz, Chloroform-d) & -139.0 — -139.2 (m,
2F), -140.3 — -140.5 (m, 2F). 'H NMR (400 MHz, Chloroform-d) & 6.08 (m, 2H), 3.98 (s, 3H),
2.03 (q, J = 7.2, 2H), 1.40 (p, J = 7.0 Hz, 2H), 1.30 (h, J = 7.0 Hz, 2H), 0.87 (t, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) & 160.5, 146.3 — 144.8 (m), 143.7 — 142.2 (m), 141.8, 120.4
(t, J = 18.7 Hz), 112.8 (t, J = 2.3 Hz), 110.9 (t, J = 15.7 Hz), 53.3 (d, J = 1.4 Hz), 31.0, 30.0 (t, J
= 2.1 Hz), 22.4, 14.0. FT-IR cm™ 3027, 2955, 2864, 1736, 1468, 1433. GC/MS (m/z, relative
intensity) 290 (M*, 5), 234 (85), 203 (70), 41 (100). HRMS (ESI") m/z calcd. C14H14F4O2NHa:
308.1274; found [M+NH4]* 308.1261.

Synthesis of S-16a ((Z)-4-(6-chlorohex-1-en-1-yl)-2,3,5,6-tetrafluoropyridine)

= ci The General procedure C was followed using pentafluoropyridine (55 pL,
FeoxF 0.50 mmol, 1 equiv), 6-chlorohex-1-yne (364 pL, 3.0 mmol, 6 equiv), N,N-
. | N E diisopropylethylamine (152 pL, 0.88 mmol, 1.75 equiv) and 5.0 mL of stock

solution of Ir(Fppy)s (0.9 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was
used. After removal of excess amine, and alkyne, the crude material was resubjected to
isomerization reaction with DMF (2.5 mL) at 65 °C. The crude material was purified by flash
chromatography using hexane : ethyl acetate (0% EtOAc for 25 cv, ramped to 100% EtOAc and
then held at 100% EtOAc for 30-35 cv) on a 12 g silica column to afford S-16a in 64% yield (86
mg, 0.32 mmol) as a colorless liquid. *°F NMR (376 MHz, Chloroform-d) § -91.4 m, 2F), -141.1
—-141.5 (m, 2F). 'H NMR (400 MHz, Chloroform-d) & 6.20 — 6.15 (m, 2H), 3.52 (t, J = 6.4 Hz,
2H), 2.18 — 2.04 (m, 2H), 1.77 (dt, J = 12.6, 6.3 Hz, 2H), 1.62 (p, J = 7.6 Hz, 2H). 3C NMR (101
MHz, Chloroform-d) & 145.0 — 142.1 (m), 142.1, 139.0 (dd, J = 257.8, 33.5 Hz), 130.3 — 129.7
(m), 113.0 (t, J = 2.5 Hz), 44.6, 32.0, 29.5 (d, J = 2.4 Hz), 25.9. FT-IR cm™3032, 2941, 2869,
1644, 1468. GC/MS (m/z, relative intensity) 267 (M™, 5), 232 (5), 177 (85), 41 (100). HRMS
(ESI") m/z calcd. C11H10CIFANNHa4: 285.0782; found [M+NH4]" 285.0915.

Synthesis of S-17a (Z)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-yl)pyridine
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Me The General procedure C was followed using pentafluoropyridine (55 pL,
E E 0.5 mmol, 1 equiv), hex-1-yne (346 pL, 3.0 mmol, 6 equiv), N,N-

| diisopropylethylamine (21 pL, 0.12 mmol, 1.2 equiv) and 4.0 mL of stock
F~ N° °F solution of Ir(Fppy)s (0.9 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was
used. After removal of excess amine, and alkyne, the crude material was resubjected to
isomerization reaction with DMF (2.5 mL) at 65 °C. The crude material was purified by flash
chromatography using hexane : EtOAc (0% EtOAc for 6 cv, ramped to 100% EtOAc and then held
at 100% EtOAc for 10-14 cv), on a 4 g silica column to afford S-17a in 66% vyield (77 mg, 0.33
mmol) as a colorless liquid. *°F NMR (376 MHz, Chloroform-d) & -91.7 (m, 2F), -141.1 —-141.8
(m, 2F). *H NMR (400 MHz, Chloroform-d) § 6.21 —5.97 (m, 2H), 1.98 (g, J = 7.3 Hz, 2H), 1.35
(p,J=7.1Hz),1.24 (h,J=7.2 Hz, 2H), 0.80 (t,J = 7.2 Hz, 3H). **C NMR (101 MHz, Chloroform-
d) & 145.1 — 142.1 (m), 143.3, 139.2 (dd, J = 258.0, 33.5 Hz), 130.5 (it, J = 17.2, 3.3 Hz), 112.4 (t,
J=25Hz),30.9,30.2 (t, J = 2.3 Hz), 22.4, 14.0. FT-IR cm™ 2965, 2866, 1639, 1253. GC/MS
(m/z, relative intensity) 233 (M*, 15), 191 (5), 177 (80), 58 (100), 41 (100). HRMS (ESI*) m/z
calcd. C11H12FsN: 234.0906; found [M+H]* 234.0216.

Synthesis of S-18a (methyl (2)-4-(2-ethoxyvinyl)-2,3,5,6-tetrafluorobenzoate)

| The General procedure A was followed using methyl 2,3,4,5,6-
pentafluorobenzoate (66 pL, 0.45 mmol, 1 equiv), ethoxyethyne (526 pL, 2.7
F F mmol, 6 equiv), N,N-diisopropylethylamine (117 pL, 0.68 mmol, 1.5 equiv) and
4.5 mL of stock solution of Ir(ppy)3 (0.7 mg, 0.001 mmol, 0.0025 equiv) in CH3CN
«_ _OEt Was used. The crude material was purified by flash chromatography using hexane
: EtOAC (0-3% EtOAc for 40 cv and ramped to 100% EtOAc 40-50 cv and then
held at 100% EtOAc 50-60 cv), on a 24 g silica column to afford S-18a in 55% yield (69 mg, 0.25
mmol) as a colorless liquid. **F NMR (376 MHz, Chloroform-d) § -136.9 —-137.5 (m, 2F), -141.1
—-141.5 (m, 2F). *H NMR (400 MHz, Chloroform-d) § 6.48 (d, ] = 6.7 Hz, 1H), 5.15 (dt, ] = 6.8,
1.3 Hz, 1H), 4.01 (q, J = 7.1 Hz, 2H), 3.96 (s, 3H), 1.31 (t, J = 7.1 Hz, 3H). *C NMR (101 MHz,
Chloroform-d) & 160.8, 151.5, 146.4 — 144.9 (m), 143.8 — 142.5 (m), 118.9 (t, J = 18.5 Hz), 109.5
(t, 3 = 15.7 Hz), 89.7 (t, J = 2.6 Hz), 69.7, 53.2, 15.4. FT-IR cm™2990, 2896, 1738, 1644, 1484,
1312. GC/MS (m/z, relative intensity) 278 (M, 30), 250 (45), 220 (100), 143 (40). HRMS (ESI")
m/z calcd. C12H10F403Na: 301.0464; found [M+Na]*™ 301.0449.

Synthesis of S-19a ((2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-(((2)-3-(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)allyl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate)

The General procedure E was followed using 1,2,3,4,5-pentafluoro-

oo F 6-(trifluoromethyl)benzene (77 pL, 0.6 mmol, 3 equiv), 2-propynyl-
OAc F r tetra-O-acetyl-p-D-glucopyranoside (77 mg, 0.2 mmol, 1 equiv), N,N-
diisopropylethylamine (52 uL, 0.3 mmol, 1.5 equiv) and 2.0 mL of

AcO

OAc OAc F CF5
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stock solution of Ir(Fppy)s (0.36 mg, 0.0005 mmol, 0.0025 equiv) in CH3CN was used. The crude
material was purified by flash chromatography using hexane : EtOAc (0-15% EtOAc for 60 cv,
ramped to 100% EtOAc and then held at 100% EtOAc for 65-70 cv) on a 12 g silica column to
afford S-19a in 56% yield (67 mg, 0.11 mmol) as a colorless highly viscous liquid. *F NMR (376
MHz, Chloroform-d) 6 -56.3 (t, J = 21.7 Hz, 3F), -138.4 (td, J = 15.9, 6.0 Hz, 2F), -140.5 — -141.0
(m, 2F). 'H NMR (400 MHz, Chloroform-d) § 6.34 —6.20 (m, 2H), 5.19 (t, J = 9.5 Hz, 1H), 5.08
(t, J = 9.3 Hz, 1H), 5.00 — 4.93 (m, 1H), 4.51 (d, J = 7.9 Hz, 1H), 4.36 (dd, J = 13.6, 5.2 Hz, 1H),
4.25 (dd, J = 12.3, 4.7 Hz, 1H), 4.11 (dt, J = 12.2, 5.0 Hz, 2H), 3.67 (ddd, J = 10.1, 5.0, 2.6 Hz,
1H), 2.06 (s, 3H), 2.04 (s, 3H), 2.02 (s, 3H), 2.00 (s, 3H). *C NMR (101 MHz, Chloroform-d) &
170.7, 170.4, 169.5, 169.4, 145.7 — 144.8 (m), 143.1 — 142.3 (m), 136.9, 122.3 — 119.4 (m), 120.0
(t, J=18.1 Hz), 114.6, 100.4, 100.2 — 99.7 (m), 72.8, 72.0, 71.2, 68.4, 67.0 (t, J = 4.4 Hz), 61.9,
20.8, 20.75, 20.72, 20.71. FT-IR cm™ 3030, 2973, 1757, 1494, 1334. GC/MS (m/z, relative
intensity) 604 (M- sugar unit (-347), 10), 43 (100). HRMS (ESI*) m/z calcd. C2sH23F7010Na:
627.1077; found [M+Na]* 627.1052.

Synthesis of S-20a (ethyl (Z)-(2-(2,3,6-trifluoro-5-(3-hydroxypent-1-en-1-yl)pyridin-4-
yDacetyl)glycinate)

Eto\n/\NH The General procedure C was followed using ethyl (2-(perfluoropyridin-4-
o . yl)acetyl)gly_cmate (155_ mg, 0.5 mmol, 1_eqU|v), pent-1-yn-3-ol (283 pL, 3.0

. mmol, 6 equiv), N,N-diisopropylethylamine (150 pL, 0.86 mmol, 1.7 equiv)

| t \ and 5.0 mL of stock solution of Ir(Fppy)s (0.9 mg, 0.001 mmol, 0.0025 equiv)
F7ON" °Rd in CH3CN was used. The crude material was purified by flash

chromatography using hexane : ethyl acetate (0-30% EtOAc for 45 cv,
ramped to 100% EtOAc and then held at 100% EtOAc for 50-60 cv) on a 12 g silica column to
afford S-20a in 53% yield (95 mg, 0.27 mmol) as a yellow viscous liquid. °*F NMR (376 MHz,
Chloroform-d) 6 -72.3 (dd, J = 27.6, 12.8 Hz, 1F), -89.4 (dd, J = 22.9, 12.7 Hz, 1F), -148.2 (dd, J
=26.3, 24.1 Hz, 1F). 'H NMR (400 MHz, Chloroform-d) § 6.38 (s, 1H), 6.11 (d, J = 11.3 Hz,
1H), 6.01 (dd, J = 11.3, 8.6 Hz, 1H), 4.23 (q, J = 7.2 Hz, 2H), 4.01 (t, J = 5.2 Hz, 2H), 3.94 (q, J
= 7.2 Hz, 1H), 3.80 (dd, J = 15.3, 1.6 Hz, 1H), 3.68 (dd, J = 15.2, 2.3 Hz, 1H), 3.20 (s, 1H), 1.57
(m, 2H), 1.29 (t, J = 7.1 Hz, 3H), 0.90 (t, J = 7.5 Hz, 3H). 3C NMR (101 MHz, Chloroform-d) &
169.7, 167.9, 152.0 (dd, J = 241.8, 11.9 Hz), 147.8 (ddd, J = 245.4, 17.5, 15.2 Hz), 142.4, 141.6
(ddd, J = 253.6, 25.6, 6.0 Hz), 138.2 (d, J = 12.7 Hz), 118.0 (dd, J = 33.6, 6.5 Hz), 117.6 (d, J =
3.3 Hz), 69.9, 62.0, 41.8, 35.4 — 32.0 (m), 29.2, 14.1, 9.6. FT-IR cm™3314, 2976, 2960, 1752,
1714, 1540, 1210. GC/MS (m/z, relative intensity) 360 (M+, 5), 303 (40), 257 (60), 229 (40), 200
(50), 104 (100), 57 (85). HRMS (ESI") m/z calcd. C16H19F3N20OsNa: 383.1195; found [M+Na]"
383.1107.

Synthesis of S-21a ((Z)-1-(4-bromo-2,3,5,6-tetrafluorostyryl)cyclopentan-1-ol)
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Br The General procedure C was followed using 1,4-dibromo-2,3,5,6-
F F tetrafluorobenzene (62 mg, 0.20 mmol, 1 equiv), 1-ethynylcyclopentan-1-ol (137
pL, 1.2 mmol, 6 equiv), N,N-diisopropylethylamine (104 pL, 0.6 mmol, 3 equiv)
and 2.0 mL of stock solution of Ir(Fppy)s (0.36 mg, 0.0005 mmol, 0.0025 equiv)
HO in CH3CN was used. The crude material was purified by flash chromatography
using hexane : DCM (0-45% DCM for 30 cv, ramped to 100% DCM and then
held at 100% DCM for 40-50 cv), on a 12 g silica column to afford S-21a in 78% vyield (53 mg,
0.16 mmol) as a yellow liquid. **F NMR (376 MHz, Chloroform-d) § -135.0 — -135.2 (m, 2F), -
137.9 —-138.2 (m, 2F). *H NMR (400 MHz, Chloroform-d) § 6.10 (d, J = 12.2 Hz, 1H), 5.97 (dt,
J=12.2,1.4 Hz, 1H), 1.92 — 1.65 (m, 8H), 1.03 (s, 1H). C NMR (101 MHz, Chloroform-d) &
146.0 — 144.7 (m), 145.0, 143.70 — 142.28 (m), 118.1 (t, J = 19.4 Hz), 111.3,97.9 (t, J = 22.4 Hz),
83.1, 41.0, 23.7. FT-IR cm™ 3472, 3030, 2960, 1462. GC/MS (m/z, relative intensity) 338 (M*-
1, 25), 309 (30), 281 (30), 174 (25), 97 (100). ). HRMS (ESI") m/z calcd. C13H12BrF40: 339.0008;
found [M+H]"339.1771.

Synthesis of S-22a (methyl 2,3,5,6-tetrafluoro-4-((2)-6-(((1R,2R,5R)-2-isopropyl-5-
methylcyclohexyl)oxy)-6-oxohex-1-en-1-yl)benzoate)

F O The General procedure E was followed using methyl 2,3,4,5,6-
F o Pentafluorobenzoate (45 pL, 0.3 mmol, 3 equiv), (1R,2R,5R)-2-isopropyl-5-
| methylcyclohexyl hex-5-ynoate (25 mg, 0.1 mmol, 1 equiv), N,N-
diisopropylethylamine (83 pL, 0.48 mmol, 1.2 equiv) and 1.0 mL of stock
solution of Ir(Fppy)z (0.18 mg, 0.00025 mmol, 0.0025 equiv) in CH3CN was
used. The crude material was purified by flash chromatography using hexane :
oo DCM (0-15% DCM for 30 cv, ramped to 100 % DCM and then held at 100%
k DCM for 45-50 cv) on a 12 g silica column to afford S-22a in 72% yield (33 mg,
/@ 0.07 mmol) as a colorless viscous liquid. **F NMR (376 MHz, Chloroform-d) §
-138.9 (td, J = 15.7, 4.7 Hz, 2F), -139.9 — -140.2 (m, 2F). 'H NMR (400 MHz,
Chloroform-d) 6 6.25 — 6.01 (m, 2H), 4.66 (td, J = 10.9, 4.5 Hz, 1H), 3.98 (s, 3H), 2.28 (t, J=7.5
Hz, 2H), 2.08 (q, J = 7.4 Hz, 2H), 1.94 (dq, J = 12.5, 3.8, 3.3 Hz, 1H), 1.87 — 1.72 (m, 3H), 1.66
(ddd, J = 13.4, 6.5, 3.1 Hz, 2H), 1.47 (td, J = 6.2, 3.2 Hz, 1H), 1.34 (ddt, J = 14.1, 10.9, 3.1 Hz,
1H), 1.04 (qd, J = 13.5, 12.8, 3.8 Hz, 2H), 0.88 (dd, J = 6.7, 4.3 Hz, 7H), 0.73 (d, J = 7.2 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 172.8, 160.5, 146.4 — 144.7 (m), 143.8 — 142.3 (m), 140.5
(d,J=7.7Hz),120.4-119.7 (m), 113.8, 111.5-110.7 (m), 74.3,53.4 (d, J = 8.6 Hz), 47.1 ,41.1
(d, J=6.9 Hz), 34.6 — 34.3 (m), 34.1 (d, J = 8.5 Hz), 31.5, 29.6 (d, J = 6.1 Hz), 26.4, 24.3, 23.6,
22.1,20.8, 16.4 FT-IR cm™3024, 2955, 2869, 1725, 1650, 1473, 1229. GC/MS (m/z, relative
intensity) 458 (M*- 138 loss of menthol unit, 40), 288 (25), 260 (20), 138 (30), 80 (100). HRMS
(ESI") m/z calcd. CasH30F4O4Na: 481.1978; found [M+Na]* 481.1947.

Synthesis of S-23a ((E)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluoropyridine)
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Bu The General procedure D was followed using pentafluoropyridine (55 L, 0.50
= mmol, 1 equiv), 3,3-dimethylbut-1-yne (367 pL, 3.0 mmol, 6 equiv), N,N-
F g diisopropylethylamine (174 pL, 1.0 mmol, 2 equiv) and 5.0 mL of stock solution of
| Ir(tBuppy)s (1.0 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was used. The crude
F-N° 'F material was purified by flash chromatography using hexane : EtOAc (0% EtOAc for
15 cv, ramped to 100% EtOAc and then held at 100% EtOAc for 20-25 cv) on a 4 g silica column
to afford S-23a in 77% yield (90 mg, 0.39 mmol) as a colorless liquid. **F NMR (376 MHz,
Chloroform-d) § -92.4 —-92.8 (m, 2F), -143.9 —-148.0 (m, 2F). *H NMR (400 MHz, Chloroform-
d) 8 6.90 (d, J = 16.6 Hz, 1H), 6.32 (d, J = 16.6 Hz, 1H), 1.16 (s, 9H). *C NMR (101 MHz,
Chloroform-d) 8 156.6, 143.9 (dt, J=245.9, 15.7 Hz), 141.4 - 137.7 (m), 130.6 — 129.6 (m), 110.3,
35.1, 28.9. FT-IR cm™ 2963, 2880, 1636, 1476, 1315. GC/MS (m/z, relative intensity) 233 (M*,
20), 218 (45), 198 (30), 170 (20), 69 (40), 42 (100). HRMS (ESI*) m/z calcd. C11H11FsNNHa:
251.1171; found [M+NHaJ]* 251.12486.

Synthesis of S-24a (E)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-en-1-yl)pyridine
iPr
= The General procedure D was followed using pentafluoropyridine (22 uL, 0.20
F AF mmol, 1 equiv), 3-dimethylbut-1-yne (123 pL, 1.2 mmol, 6 equiv), N,N-
| P diisopropylethylamine (52 pL, 0.3 mmol, 1.5 equiv) and 2.0 mL of stock solution of
F* 'N° "F Ir(tBuppy)s (0.4 mg, 0.0005 mmol, 0.0025 equiv) in CH3CN was used. The crude
material was passed through silica pipette using hexane to afford S-24a in 66% yield (29 mg, 0.13
mmol) as a colorless liquid. *°F NMR (376 MHz, Chloroform-d) & -92.4 — -92.8 (m, 2F), -145.4
—-146.3 (m, 2F). *H NMR (400 MHz, Chloroform-d) § 6.85 (dd, J = 16.4, 7.1 Hz, 1H), 6.38 (dd,
J =16.5, 1.3 Hz, 1H), 2.70 — 2.45 (m, 1H), 1.14 (d, J = 6.8 Hz, 6H). GC/MS (m/z, relative
intensity) 219 (M*, 25), 204(50), 184 (40), 164 (35), 56 (100), 39 (70). FT-IR cm™ 2965, 1647,
1478. HRMS (ESI*) m/z calcd. C10HoFsNNH4: 237.1015; found [M+NH4]* 237.1090.

Synthesis of S-25a (E)-1-(2-(perfluoropyridin-4-yl)vinyl)cyclopentan-1-ol

The General procedure D was followed pentafluoropyridine (44 pL, 0.40 mmol,

oH 1 equiv), l-ethynylcyclopentan-1-ol (275 pL, 2.4 mmol, 6 equiv), N,N-

Z diisopropylethylamine (52 pL, 0.3 mmol, 0.75 equiv) and 4.0 mL of stock solution

F A of Ir(tBuppy)s (0.8 mg, 0.0015 mmol, 0.0025 equiv) in CH3CN was used. The
| P crude material was purified by flash chromatography using DCM : MeOH (0-10%

F- N 'F  MeOH for 30 cv, ramped to 20% MeOH and then held at 20% MeOH for 30-35
cv) on a 12 g basic alumina column to afford S-25a in 71% yield (74 mg, 0.28 mmol) as a white
solid. °F NMR (376 MHz, Methylene Chloride-dz) § -93.3 — -93.7 (m, 2F), -145.2 — -146.3 (m,
2F). H NMR (400 MHz, Methylene Chloride-d2) § 7.00 (d, J = 16.3 Hz, 1H), 6.78 (d, J = 16.3

Hz, 1H), 2.09 — 1.67 (m, 8H), 1.26 (5, 1H). 3C NMR (101 MHz, Methylene Chloride-dy) § 151.1
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(t, J = 7.3 Hz), 145.2 — 142.2 (m), 141.2 — 137.9 (m), 129.6 — 129.1 (m), 111.2 (t, J = 3.0 Hz),
82.2,40.9, 24.0. FT-IR cm™3397, 2952, 2874, 1744, 1481. GC/MS (m/z, relative intensity) 261
(M+, 10), 232 (15), 199 (20) 97 (45), 41 (100). HRMS (ESI*) m/z calcd. C12H11FsNOK: 300.0414;
found [M+K]"300.0473. Melting point 77-79 °C.

Synthesis of S-26a (1S,2S,4R)-1,7,7-trimethyl-2-((E)-2-(perfluoropyridin-4-
yl)vinyl)bicyclo[2.2.1]heptan-2-ol
The General procedure D was followed using pentafluoropyridine (49 uL, 0.45
mmol, 1 equiv), (1S,2S,4R)-2-ethynyl-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ol
(480 mg, 2.7 mmol, 6 equiv), N,N-diisopropylethylamine (52 pL, 0.3 mmol, 0.75
N equiv) and 4.5 mL of stock solution of Ir(tBuppy)z (0.9 mg, 0.001 mmol, 0.0025
F Fequiv) in CH3CN was used. The crude material was purified by flash
chromatography using hexane : ethyl acetate (0-3% EtOAc for 25 cv, ramped to
100% EtOAc and then held at 100% EtOAc for 35-40 cv) on a 12 g silica column to
afford S-26a in 68% yield (101 mg, 0.31 mmol) as a colorless liquid. °F NMR (376 MHz,
Chloroform-d) § -92.1 (m, 2F), -144.9 — -145.2 (m, 2F). 'H NMR (400 MHz, Chloroform-d) &
6.48 — 6.31 (m, 2H), 2.79 — 2.68 (m, 1H), 2.44 (dddd, J = 15.7, 10.6, 8.0, 3.6 Hz, 2H), 2.21 (t, J =
4.6 Hz, 1H), 1.87 (d, J = 18.2 Hz, 1H), 1.38 (dd, J = 13.0, 4.3 Hz, 1H), 1.25 (s, 1H), 1.07 (s, 3H),
0.90 (s, 3H), 0.89 (s, 3H). *C NMR (101 MHz, Chloroform-d) § 145.9 (t, J = 7.8 Hz), 145.2 —
142.1 (m), 141.0 - 137.7 (m), 128.8 — 128.4 (m), 116.0 (t, J = 2.9 Hz), 63.0, 48.3, 47.0, 43.9, 42.4,
34.4,20.2,19.2, 8.1. FT-IR cm™ 3472, 2963, 1636, 1482. GC/MS (m/z, relative intensity) 329
(M*-2, 10), 284 (20), 244 (20), 124 (30), 98 (100), 41 (80). ). HRMS (ESI") m/z calcd.
C17H20F4NO: 329.1403; found [M]"329.1370.

Synthesis of S-27 ((Z)-1-(perfluoropyridin-4-yl)pent-1-en-3-ol)

F_N.__F The General procedure A was followed using pentafluoropyridine (55 pL, 0.5
| mmol, 1 equiv), pent-1-yn-3-ol (258 pL, 3.0 mmol, 6 equiv), N,N-
OH diisopropylethylamine (101 pL, 0.58 mmol, 1.16 equiv) and 5.0 mL of stock

X solution of Ir(ppy)s (0.8 mg, 0.00125 mmol, 0.0025 equiv) in CH3CN was used.
The crude material was purified by flash chromatography using hexane : ether(0-20% Ether for 30
cv, ramped to 100% ether and then held at 100% ether for 30-40 cv), on a 24 g silica column to
afford S-27 in 64% vyield (76 mg, 0.32 mmol) as a colorless liquid. °F NMR (376 MHz,
Chloroform-d) § -90.8 —-91.1 (m, 2F), -141.6 —-141.8 (m, 2F). *H NMR (400 MHz, Chloroform-
d) 6 6.27 —6.13 (m, 2H), 4.10 (g, J = 7.2, 3.8 Hz, 1H), 1.81 (b, 1H), 1.76 — 1.47 (m, 2H), 0.93 (t,
J=7.4Hz, 3H). 3C NMR (101 MHz, Chloroform-d) § 143.6, 143.4 (dddd, J = 245.2, 16.9, 13.2,
2.9 Hz), 141.0 — 137.3 (m), 129.7 (tt, J = 17.0, 3.0 Hz), 113.2 (t, J = 2.4 Hz), 70.9 (t, J = 1.8 Hz),
29.4,9.4. FT-IR cm™ 3390, 2961, 1630, 1460. GC/MS (m/z, relative intensity) 235 (M*-1, 5),
216 (5), 206 (70), 138 (20), 57 (100).

525



Synthesis of S-27a (E)-1-(perfluoropyridin-4-yl)pent-1-en-3-ol

The General procedure E was followed using pentafluoropyridine (165 pL, 1.5
mmol, 3 equiv), pent-1-yn-3-ol (45 pL, 0.50 mmol, 1 equiv), N,N-
% diisopropylethylamine (101 pL, 0.58 mmol, 1.16 equiv) and 5.0 mL of stock solution

F AF of Ir(tBuppy)s (1 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was used. The crude
| P material was purified by flash chromatography using hexane : DCM (0-5% EtOAc

F” "N~ “F for 18 cv, ramped to 100% EtOAc then held at 100% EtOAc for 18-40 cv), on a 24

g silica column to afford S-27a in 84% yield (99 mg, 0.42 mmol) as a colorless liquid.

HO

The General procedure D was followed using pentafluoropyridine (44 pL, 0.40 mmol, 1 equiv),
tert-butyldimethyl(pent-1-yn-3-yloxy)silane (476 pupL, 24 mmol, 6 equiv), N,N-
diisopropylethylamine (70 pL, 0.4 mmol, 1.0 equiv) and 4.0 mL of stock solution of Ir(tBuppy)s
(1 mg, 0.001 mmol, 0.0025 equiv) in CH3CN was used. After the completion of reaction, solvent
was removed. The crude material, S-27b, was dissolved in THF (2 mL) and treated with TBAF
(2 mL) and stirred for 1 h at room temperature. THF was removed and the desilylated crude
material was purified by prep tlc using hexane ether (70:30) to afford S-27a in 41% vyield (39 mg,
0.17 mmol) as a colorless liquid.

The General procedure D was followed using pentafluoropyridine (66 pL, 0.60 mmol, 1 equiv),
2-(pent-1-yn-3-yloxy)tetrahydro-2H-pyran (600 mg, 3.6 mmol, 6 equiv), N,N-
diisopropylethylamine (130 pL, 0.75 mmol, 1.25 equiv) and 6.0 mL of stock solution of
Ir(tBuppy)s (1.2 mg, 0.0015 mmol, 0.0025 equiv) in CH3CN was used. After the completion of
reaction solvent was removed. The crude material, S-27c, was dissoled in MeOH (2 mL) and 2M
HCI (1 mL) added and then stirred overnight at room temperature. After removal of methanol, the
crude material was purified by prep tlc using hexane:ether (70:30) to afford S-27a in 85% yield
(120 mg, 0.51 mmol) as a colorless liquid. *°F NMR (376 MHz, Chloroform-d) & -91.7 — -92.2
(m, 2F), -144.7 — -145.2 (m, 2F). *H NMR (400 MHz, Chloroform-d) & 6.81 (dd, J = 16.4, 5.0 Hz,
1H), 6.64 (dd, J = 16.4, 1.6 Hz, 1H), 4.29 (b, 1H), 1.68 — 1.59 (m, 2H), 0.95 (t, J = 7.4 Hz, 3H).
FT-IR cm™ 3394, 2971, 2877, 1634, 1468. GC/MS (m/z, relative intensity) 235 (M*, 5), 218 (5),
206 (50), 57 (100), 43 (25). HRMS (ESI*) m/z calcd. C1oH10F4sNO: 236.0699; found [M+H]*
236.0399.
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F NMR (376 MHz, Chloroform-d, at rt) of S-3a (methyl (2)-2,3,5,6-tetrafluoro-4-(2-(1-

hydroxycyclopentyl)vinyl)benzoate)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-3a (methyl (2)-2,3,5,6-tetrafluoro-4-(2-(1-
hydroxycyclopentyl)vinyl)benzoate)
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13C NMR (101 MHz, Chloroform-d, at rt) of 3a (methyl (2)-2,3,5,6-tetrafluoro-4-(2-(1-
hydroxycyclopentyl)vinyl)benzoate)
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GC and MS of 3a (methyl (2)-2,3,5,6-tetrafluoro-4-(2-(1-
hydroxycyclopentyl)vinyl)benzoate)
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BF NMR (376 MHz, Chloroform-d, at rt) of S-4a (2)-1-(2-(perfluoropyridin-4-

ylhvinyl)cyclopentan-1-ol)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-4a (2Z)-1-(2-(perfluoropyridin-4-
ylhvinyl)cyclopentan-1-ol)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-4a (Z2)-1-(2-(perfluoropyridin-4-
ylhvinyl)cyclopentan-1-ol)
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GC and MS of S-4a (2)-1-(2-(perfluoropyridin-4-yl)vinyl)cyclopentan-1-ol)
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F NMR (400 MHz, Chloroform-d, at rt) of S-5a (methyl (2)-4-(3,3-dimethylbut-1-en-1-yl)-
2,3,5,6-tetrafluorobenzoate)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-5a (methyl (Z2)-4-(3,3-dimethylbut-1-en-1-yl)-
2,3,5,6-tetrafluorobenzoate)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-5a (methyl (2)-4-(3,3-dimethylbut-1-en-1-yl)-
2,3,5,6-tetrafluorobenzoate)
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GC and MS of S-5a of S-5a (methyl (2)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-
tetrafluorobenzoate)
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BF NMR (376 MHz, Chloroform-d, at rt) of S-6a (methyl (E)-6-(1-ethoxy-1-oxopent-2-en-2-
yD)-2,3,5,6-tetrafluorobenzoate)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-6a (methyl (E)-4-(1-ethoxy-1-oxopent-2-en-2-
yD)-2,3,5,6-tetrafluorobenzoate)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-6a (methyl (E)-4-(1-ethoxy-1-oxopent-2-en-2-
yD)-2,3,5,6-tetrafluorobenzoate)
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GC and MS of
tetrafluorobenzoate)

S-6a  (methyl (E)-4-(1-ethoxy-1-oxopent-2-en-2-yl)-2,3,5,6-
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F NMR (376 MHz, Chloroform-d, at rt) of S-7a (Z)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-
tetrafluoropyridine
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'H NMR (400 MHz, Chloroform-d, at rt) of S-7a (Z)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-
tetrafluoropyridine
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13C NMR (101 MHz, Chloroform-d, at rt) of S-7a (Z)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-

tetrafluoropyridine
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GC and MS of S-7a 3(Z)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluoropyridine
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F NMR (376 MHz, Chloroform-d, at rt) of S-8a ((Z2)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-
en-1-yl)pyridine)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-8a ((Z)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-
en-1-yl)pyridine
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13C NMR (101 MHz, Chloroform-d, at rt) of S-8a ((2)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-
en-1-yl)pyridine)
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GC and MS of S-8a ((Z)-2,3,5,6-tetraf|uoro-4-(3-methy|but-l-en-l-yl)pyridine)
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F NMR (376 MHz, Chloroform-d, at rt) of S-9a (Z)-N-(2,3,6-trifluoro-5-(3-hydroxypent-1-
en-1-y)-4-(trifluoromethyl)phenyl)acetamide)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-9a (Z)-N-(2,3,6-trifluoro-5-(3-hydroxypent-1-
en-1-y)-4-(trifluoromethyl)phenyl)acetamide)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-9a ((Z)-N-(2,3,6-trifluoro-5-(3-hydroxypent-
1-en-1-yl)-4-(trifluoromethyl)phenyl)acetamide)
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GC and MS of S-9a
(trifluoromethyl)phenyl)acetamide)
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BF  NMR (376 MHz, Chloroform-d, at rt) of S-10a (2)-1-(2-
(perfluorophenyl)vinyl)cyclopentan-1-ol
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H NMR (400 MHz, Chloroform-d, at rt of S-10a (2)-1-(2-
(perfluorophenyl)vinyl)cyclopentan-1-ol
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13C NMR (101 MHz, Chloroform-d, at rt) of S-10a (2)-1-(2-
(perfluorophenyl)vinyl)cyclopentan-1-ol
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GC and MS of S-10a (Z)-1-(2-(perfluorophenyl)vinyl)cyclopentan-1-ol
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BF NMR (376 MHz, Chloroform-d, at rt) of S-11a ((1S,2S,4R)-1,7,7-trimethyl-2-((Z)-2-
(perfluoropyridin-4-yl)vinyl)bicyclo[2.2.1]heptan-2-ol)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-11a ((1S,2S,4R)-1,7,7-trimethyl-2-((Z)-2-
(perfluoropyridin-4-yl)vinyl)bicyclo[2.2.1]heptan-2-ol)
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13C NMR of (101 MHz, Chloroform-d, at rt) S-11a ((1S,2S,4R)-1,7,7-trimethyl-2-((2)-2-
(perfluoropyridin-4-yl)vinyl)bicyclo[2.2.1]heptan-2-ol)

- O

Is8— % | o

Pl | =

€07 =
LrE— ]

b,

- =t

- R

L =

o

- 2

CQ'GZI‘\

FEIL (TR T = L =
t't‘[[}- 96'6Z1f i

CLLET
GO BET~E B

: TE0F1 -
o sor) :
% IR 1|

9TH1 S c -

| LETFL

h
(=]
2
nl
140

LI =T - =] hod
== e T e -+
Ieaasdsy g

-

1 I I 1 I I
38 136 134 132 0 128 126 124

fl (ppm)
T T T T ! i 1 i ! i 1 1 !
140 130 120 110 100 20 20
£l (ppm)

142

1
160

144

L1 081
St = E8 Tl
a1 98 tT1
611 00 SHl

et I ﬁéﬁi} i

I
146

=
W
=+
I_'_I‘_
L]
148

S62



GC and MS of S-1la ((1S,25,4R)-1,7,7-trimethyl-2-((Z)-2-(perfluoropyridin-4-
yhvinyl)bicyclo[2.2.1]heptan-2-ol)
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BF NMR (376 MHz, Chloroform-d, at rt) of S-12a (methyl (2)-2,3,5,6-tetrafluoro-4-(3-
hydroxypent-1-en-1-yl)benzoate)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-12a (methyl (2)-2,3,5,6-tetrafluoro-4-(3-
hydroxypent-1-en-1-yl)benzoate)

-
-
=
- =
Ul
- &
L8°0 {
53'0} o€ -
160 B - =
151
£§'Ii ]
Pl !
9s1 = Fere
861
091 | o
o1 2
£01
o1 .
o1 - o
691
=
- o
Ul
-
66°€ .
woF 7 g
2 76
0T = K[y [38
<0 r{ =
LO0F -\1
- 3
=
- -
Ul
09 -
<09 i
L0°9
- =
09 —_— 0 |
L09 = Foo1
609 R -
01’9 e
L19 ©
079
-
o
oL — = =
O Ny
T
[ o =
o |
L L [=-]
=

S65



13C NMR (101 MHz, Chloroform-d, at rt) of S-12a (methyl (2)-2,3,5,6-tetrafluoro-4-(3-
hydroxypent-1-en-1-yl)benzoate)
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GC and MS of S-12a (methyl (2)-2,3,5,6-tetrafluoro-4-(3-hydroxypent-1-en-1-yl)benzoate)
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F NMR (376 MHz, Acetonitrile-ds, at rt) of S-13a ((E)-2-(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)but-2-ene-1,4-diol)
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'H NMR (400 MHz, Acetonitrile-ds, at rt) of S-13a ((E)-2-(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)but-2-ene-1,4-diol)
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13C NMR (101 MHz, Acetonitrile-ds, at rt) of S-13a ((E)-2-(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)but-2-ene-1,4-diol)
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GC and MS of S-13a ((E)-2-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)but-2-ene-1,4-
diol)

Chrometosram ASS004-06-34 & GLMEsolution Datz Project ] Waaver Anuradhs Alkeavlztion s2pl 5-2015 ASS004-D8-34.g2d

3,554,801

L__ JTIZ*100

f m f T 1
1 200 3 344
CFs
Fo o -F
Spectrum ]1 I
An==:1 BTime:14 B{Scans1171) B
. 12 14.8{1172) Bas=Peak:238{3T1471) -18 HO., A
o= = s e i o o OH
LI L DL L L B L DL N L A L L L BN B BN B B | I'r;.'l

360 350 20 50 BQ 51

S71



F NMR (376 MHz, Chloroform-d, at rt) of S-14a ((2)-2,3,5,6-tetrafluoro-4-(oct-4-en-4-
yDpyridine)
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'H NMR (376 MHz, Chloroform-d, at rt) of S-14a ((2)-2,3,5,6-tetrafluoro-4-(oct-4-en-4-
yDpyridine)
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13C NMR (376 MHz, Chloroform-d, at rt) of S-14a ((2)-2,3,5,6-tetrafluoro-4-(oct-4-en-4-
yDpyridine)
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GC and MS of of S-14a ((2)-2,3,5,6-tetrafluoro-4-(oct-4-en-4-yl)pyridine)
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F NMR (376 MHz, Chloroform-d, at rt) of S-15a (methyl (Z2)-2,3,5,6-tetrafluoro-4-(hex-1-

en-1-yl)benzoate)
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H NMR (400 MHz, Chloroform-d, at rt) of S-15a (methyl (Z2)-2,3,5,6-tetrafluoro-4-(hex-1-
en-1-yl)benzoate)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-15a (methyl (Z2)-2,3,5,6-tetrafluoro-4-(hex-1-
en-1-yl)benzoate)
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GC and MS of S-15a (methyl (2)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-yl)benzoate)
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F NMR (376 MHz, Chloroform-d, at rt) of S-16a ((Z)-4-(6-chlorohex-1-en-1-yl)-2,3,5,6-

tetrafluoropyridine)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-16a ((Z)-4-(6-chlorohex-1-en-1-yl)-2,3,5,6-
tetrafluoropyridine)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-16a ((Z)-4-(6-chlorohex-1-en-1-yl)-2,3,5,6-

tetrafluoropyridine)
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GC and MS of S-16a ((Z)-4-(6-chlorohex-1-en-1-yl)-2,3,5,6-tetrafluoropyridine)
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F NMR (376 MHz, Chloroform-d, at rt) of S-17a (Z)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-
yDpyridine
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'H NMR (400 MHz, Chloroform-d, at rt) of S-17a (Z)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-
yDpyridine
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13C NMR (101 MHz, Chloroform-d, at rt) of S-17a S-(Z)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-
yDpyridine
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GC and MS of S-16a S-17a S-(Z2)-2,3,5,6-tetrafluoro-4-(hex-1-en-1-yl)pyridine
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F NMR (376 MHz, Chloroform-d, at rt) of S-18a (methyl (Z)-4-(2-ethoxyvinyl)-2,3,5,6-

tetrafluorobenzoate)

arrow represents minor E isomer
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'H NMR (400 MHz, Chloroform-d, at rt) of S-18a (methyl (Z)-4-(2-ethoxyvinyl)-2,3,5,6-
tetrafluorobenzoate)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-18a (methyl (Z)-4-(2-ethoxyvinyl)-2,3,5,6-
tetrafluorobenzoate
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GC and MS of S-18a (methyl (Z)-4-(2-ethoxyvinyl)-2,3,5,6-tetrafluorobenzoate)
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F NMR (376 MHz, Chloroform-d, at rt) of S-19a ((2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-
(((2)-3-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)allyl)oxy)tetrahydro-2H-pyran-3,4,5-
triyl triacetate)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-19a ((2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-
(((2)-3-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)allyl)oxy)tetrahydro-2H-pyran-3,4,5-
triyl triacetate)
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13C NMR (151 MHz, Chloroform-d, at rt) of S-19a ((2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-
(((2)-3-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)allyl)oxy)tetrahydro-2H-pyran-3,4,5-
triyl triacetate)
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GC and MS of S-19a ((2R,3R,4S,5R,6R)-2-(acetoxymethyl)-6-(((Z)-3-(2,3,5,6-tetrafluoro-4-
(trifluoromethyl)phenyl)allyl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate)
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F NMR (376 MHz, Chloroform-d, at rt) of S-20a (ethyl (Z2)-(2-(2,3,6-trifluoro-5-(3-
hydroxypent-1-en-1-yl)pyridin-4-yl)acetyl)glycinate
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'H NMR (400 MHz, Chloroform-d, at rt) of S-20a (ethyl (Z)-(2-(2,3,6-trifluoro-5-(3-
hydroxypent-1-en-1-yl)pyridin-4-yl)acetyl)glycinate
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13C NMR (101 MHz, Chloroform-d, at rt) of S-20a (ethyl (Z2)-(2-(2,3,6-trifluoro-5-(3-
hydroxypent-1-en-1-yl)pyridin-4-yl)acetyl)glycinate

96—
Tri—

Z'ISL'\_
BEE
B'EE}
6EE

3Ir—

CDCI3

Nt g

-

I |

133 130 123 120 113
f1 (ppm)

140

S98

o

L

Lo

o e

A

10

20

160 150 140 130 120 110 100 90 80 70 60 50 40
f1 (ppm)

170



GC and MS of S-20a (ethyl (2)-(2-(2,3,6-trifluoro-5-(3-hydroxypent-1-en-1-yl)pyridin-4-
ylacetyl)glycinate
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BF NMR (376 MHz, Chloroform-d, at rt) of S-21a (Z)-1-(4-bromo-2,3,5,6-
tetrafluorostyryl)cyclopentan-1-ol
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'H NMR (400 MHz, Chloroform-d, at rt) of S-2la (Z)-1-(4-bromo-2,3,5,6-
tetrafluorostyryl)cyclopentan-1
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13C NMR of (101 MHz, Chloroform-d, at rt) S-2la (Z)-1-(4-bromo-2,3,5,6-
tetrafluorostyryl)cyclopentan-1-ol
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GC and MS of S-21a ((2)-1-(4-bromo-2,3,5,6-tetrafluorostyryl)cyclopentan-1-ol
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BF NMR (376 MHz, Chloroform-d, at rt) of S-22a (methyl 2,3,5,6-tetrafluoro-4-((Z)-6-

((1R,2R,5R)-2-isopropyl-5-methylcyclohexyl)oxy)-6-oxohex-1-en-1-yl)benzoate)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-22a (methyl 2,3,5,6-tetrafluoro-4-((Z)-6-

((1R,2R,5R)-2-isopropyl-5-methylcyclohexyl)oxy)-6-oxohex-1-en-1-yl)benzoate)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-22a (methyl 2,3,5,6-tetrafluoro-4-((2)-6-
((1R,2R,5R)-2-isopropyl-5-methylcyclohexyl)oxy)-6-oxohex-1-en-1-yl)benzoate)
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GC and MS of S-22a (methyl 2,3,5,6-tetrafluoro-4-((2)-6-(((1R,2R,5R)-2-isopropyl-5-
methylcyclohexyl)oxy)-6-oxohex-1-en-1-yl)benzoate)

Chrometoeram A56116-54 & WGEMSsolution Datz Projact]l 'Weaver Anuradha Alkenylation's=pl 5-101 5\ A561 1654 ged

JIZ*1.00

-n

Spactrum

Line=:1 F.Time:21.95can=:2015)
3 -138 F

zle 21.8(2029) BassPea83(213343) r

1 ' ' ' T I T I T I T I LI B | III
110 130 150 170 1%0 210 230 250 270 280 310 330 350 370 380 410

m'z

S107



F NMR (376 MHz, Chloroform-d, at rt) of S-23a ((E)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-

tetrafluoropyridine)
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'H NMR (400 MHz, Chloroform-d, at rt) of S-23a ((E)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-
tetrafluoropyridine)
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13C NMR (101 MHz, Chloroform-d, at rt) of S-23a ((E)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-
tetrafluoropyridine)
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GC and MS of S-23a ((E)-4-(3,3-dimethylbut-1-en-1-yl)-2,3,5,6-tetrafluoropyridine)
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F NMR (376 MHz, Chloroform-d, at rt) of S-23a and S-7a((E/Z)-4-(3,3-dimethylbut-1-en-
1-yI)-2,3,5,6-tetrafluoropyridine)
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F NMR (376 MHz, Chloroform-d, at rt) of S-24a (E)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-

en-1-ypyridine
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'H NMR (400 MHz, Chloroform-d, at rt) of S-24a (E)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-
en-1-ypyridine
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GC and MS of of S-24a (E)-2,3,5,6-tetrafluoro-4-(3-methylbut-1-en-1-yl)pyridine
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F NMR (376 MHz, Methylene Chloride-dz, at rt) of S-25a (E)-1-(2-(perfluoropyridin-4-

ylvinyl)cyclopentan-1-ol
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'H NMR (400 MHz, Methylene Chloride-dz, at rt) of S-25a (E)-1-(2-(perfluoropyridin-4-
ylvinyl)cyclopentan-1-ol
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13C NMR (101 MHz, Methylene Chloride-dz, at rt) of S-25a (E)-1-(2-(perfluoropyridin-4-
yl)vinyl)cyclopentan-1-ol
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GC and MS of S-25a (E)-1-(2-(perfluoropyridin-4-yl)vinyl)cyclopentan-1-ol
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F NMR (376 MHz, Chloroform-d, at rt) of S-26a (1S,2S,4R)-1,7,7-trimethyl-2-((E)-2-

(perfluoropyridin-4-yl)vinyl)bicyclo[2.2.1]heptan-2-ol
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'H NMR (400 MHz, Chloroform-d, at rt) of S-26a (1S,2S,4R)-1,7,7-trimethyl-2-((E)-2-
(perfluoropyridin-4-yl)vinyl)bicyclo[2.2.1]heptan-2-ol
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13C NMR (101 MHz, Chloroform-d, at rt) of S-26a (1S,2S,4R)-1,7,7-trimethyl-2-((E)-2-
(perfluoropyridin-4-yl)vinyl)bicyclo[2.2.1]heptan-2-ol
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GC and MS of S-26a (1S,25,4R)-1,7,7-trimethyl-2-((E)-2-(perfluoropyridin-4-
ylhvinyl)bicyclo[2.2.1]heptan-2-ol
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F NMR (376 MHz, Chloroform-d, at rt) of S-27 (Z)-1-(perfluoropyridin-4-yl)pent-1-en-3-
ol
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'H NMR (400 MHz, Chloroform-d, at rt) of S-27 (Z)-1-(perfluoropyridin-4-yl)pent-1-en-3-0
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13C NMR (101 MHz, Chloroform-d, at rt) of S-27 (Z)-1-(perfluoropyridin-4-yl)pent-1-en-3-
ol
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F NMR (376 MHz, Chloroform-d, at rt) of S-27 (E)-1-(perfluoropyridin-4-yl)pent-1-en-3-

ol
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'H NMR (400 MHz, Chloroform-d, at rt) of S-27 (E)-1-(perfluoropyridin-4-yl)pent-1-en-3-ol
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GC and MS of S-27a (Z)-1-(perfluoropyridin-4-yl)pent-1-en-3-ol
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Spectrum
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'H NMR (400 MHz, Chloroform-d, at rt) of (Z)-1-phenyl-2-styrylpyrrolidine
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Calculated photocatalyst structures

Geometry optimized structures were produced using standard ground-state optimization
calculations of the tested photocatalysts using Gaussian09.12 The TPSS functional and QZVP basis
set were selected due to their expected quality for describing noble metal complex geometry and
energetics.}%12 These gas-phase geometry optimizations were performed until variation in
structure energies between optimization cycles fell below 0.059 kcal/mol (0.1 ksT at standard
temperature). Images in the 0.001 e-/A3 electron density isosurfaces and PDB coordinates for the
final molecular structures are provided below.

Cat-1, Ir(Fppy)2bpy*

HETATM 1 IR LIG 1 0.136 -0.000 0.000 1.00 0.00 Ir
HETATM 2 C LIG 1 -1.978 1.014 2.006 1.00 0.00 c
HETATM 3 C LIG 1 -1.311 1.181 0.786 1.00 0.00 c
HETATM 4 C LIG 1 -1.641 2.321 0.001 1.00 0.00 c
HETATM 5 C LIG 1 -2.605 3.247 0.437 1.00 0.00 c
HETATM 6 C LIG 1 -3.257 3.071 1.649 1.00 0.00 c
HETATM 7 C LIG 1 -2.923 1.952 2.406 1.00 0.00 c
HETATM 8 N LIG 1 -0.001 1.444 -1.479 1.00 0.00 N
HETATM 9 C LIG 1 0.723 1.449 -2.620 1.00 0.00 c
HETATM 10 C LIG 1 0.586 2.427 -3.589 1.00 0.00 c
HETATM 11 C LIG 1 -0.340 3.452 -3.377 1.00 0.00 c
HETATM 12 C LIG 1 -1.087 3.454 -2.210 1.00 0.00 C
HETATM 13 C LIG 1 -0.918 2.442 -1.254 1.00 0.00 c
HETATM 14 C LIG 1 -1.978 -1.014 -2.006 1.00 0.00 c
HETATM 15 C LIG 1 -1.311 -1.181 -0.786 1.00 0.00 c
HETATM 16 C LIG 1 -1.641 -2.321 -0.001 1.00 0.00 c
HETATM 17 C LIG 1 -2.605 -3.247 -0.437 1.00 0.00 c
HETATM 18 C LIG 1 -3.257 -3.071 -1.649 1.00 0.00 c
HETATM 19 C LIG 1 -2.923 -1.952 =-2.406 1.00 0.00 c
HETATM 20 N LIG 1 -0.001 -1.444 1.479 1.00 0.00 N
HETATM 21 C LIG 1 0.723 -1.449 2.620 1.00 0.00 c
HETATM 22 C LIG 1 0.586 -2.427 3.589 1.00 0.00 c
HETATM 23 C LIG 1 -0.340 -3.452 3.377 1.00 0.00 c
HETATM 24 C LIG 1 -1.087 -3.454 2.210 1.00 0.00 C
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Cat-6, Ir(diFPhCFsPyr)2dtbbpy*
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Cat-7, fac-1r(diFppy)s
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fac-1r(ppy)s structure comparison

To validate the use of the TPSS density functional theory DFT calculations for quantitative
depiction of photocatalyst geometries, we performed structural comparisons between the
calculated geometry of fac-Ir(ppy): and the available gas-phase electron diffraction (GED)
structure.!® A structural alignment of the heavy atoms for both systems was performed resulting in
a root-mean-square deviation of atomic positions of 0.094 A (0.122 A with hydrogen atoms
present). Comparisons of the atom-metal coordination distances and angles, comparisons of the
torsion angle between the aromatic rings of the 2-phenylpyridine molecules, and image of the
superimposed structural alignment (GED = orange; TPSS = blue) are included below.

Structural parameters of fac-Ir(ppy)s measured from a gas-phase electron diffraction structure!®
and TPSS DFT calculations.

GED TPSS
Ir-N (A) 2.158(7) 2.155
Ir-C (A) 2.033(6) 2.030
N-Ir-Np (deg) 98(1) 97
C-Ir-Cp (deg) 93(1) 96
1(C—-C—C-N) (deg) -5(3) -1
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