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Materials and Methods

Unless otherwise noted, dliorinationreactions were performed in flardeied apparatus under

a nitrogen atmgshere using dry and deoxygenated solvents. A glovewss used to handle
extremely aisensitive and moistugensitive reagents and reactions under a nitrogen atmosphere
(oxygen and moisture levels were maintained i Ppm at all times)The materialswere
purchased from commercial suppliers amskd without further purificatiorDMA, DMF and
DCM were dried by distillation over CaHTHF, Toluene was dried by distillation over
sodium/benzophenone.,® and acetone were distilleAgOTf was purchased frorAlfa Aesar
andAladdin. SelectflugrCDCl; and Acetonel® were purchased from Sigr#ddrich. TLC was
performed on silica gel Huanghai HSGF plates and visualized by quenching of UV
fl uor e sueMam). Siliea gel (20B00 mesh) was purchasedrfr@Qingdao Haiyang
Chemical Co., ChindH NMR, **C NMR and'*F NMR were recorded on a Bruker AVANCE AV
400 (400MHz, 101MHz and 376MHz). Signal positions were recorded in ppm with the
abbreviations s, d, t and m denoting singlet, doublet, triplet, andpfeultespectively. All NMR
chemical shifts were reported with the solvent resonance as internal standattl. RbIR:
CDCl; = 11 7.26 ppm Acetoned® =11 2.05 ppm. For*C NMR: CDC} = i 77.1 ppm Acetoned® =i

29.9 ppm U 2066 ppm. Mass spectra were acquired on Agilent 6520@F LC/MS, Varian

7.0T FTMS and Aligent 7890/5975GS/MSD.
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Experimental Data

Effect of silive salts on the reaction

F
Silive salt (0.2 equiv)
/©/NZBF4 /©/\ Selectfluor (2 equiv) O
F F DMA, N,, 25°C O F
F

1 2 3k

To 4fluorobenzend i azoni um t e(l) (1a6mgp0oednomolaltO@ equiv) and

silver salt (0.0120 mmol, 0.200 equiv) vere addedanhydrousDMA (0.240 mL) and 4-

fluorostyrene 2) (35.8 uL, 0.300 mmol, 5.00 equiv) then followed4-fluoro-1- chloromethyi

l4di azoniabicyclo[ 2. 2. 2328md, ®1A0enmbl,i2@0 equie)tTheapuor ob o
reaction mixture was stirred fd2 hr at25 °C in a sealed vialThen 1-fluoro-3-nitrobenzene

(5.00 nL, 0.0470 mmol) was added to the reaction mixtufee yieldof 4,4-(1-fluoroethane
1,2-diyl)bis(fluorobenzenej3k) wasdetermined by comparirtije integration of thé’F NMR

resonance of,4-(1-fluoroethanel,2-diyl)bis(fluorobenzene}3k) (-171.6 ppm)with that of1-
fluoro-3-nitrobenzene-112.0 ppm) Yields are reported in TablelS

Table Sl: Effect ofsilver saltson thereaction

Silver salts (!g',iﬁ,\%])

- 56
Ag0 68
AgBF, 65
AgOTf 69
AgCO; 65
AgNO; 63
AgSbF, 59
Ag,SO, 59

AgO 68
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AgN(OT), 52
AgOAcC 56
AgSCN 55

AgF; 59

Effect of solvents on the reaction

N.BE AgOTf (0.2 equiv) F
/@/ 2BFa /©/\ Selectfluor (2 equiv)
N >
F solvent, N, 25°C O F
1 2 F 3k

F

To 4fluorobenzend i azoni um t e(l)r(l2f mgp 00600 onma, 1.0 equiv) and

Silver trifluoromethanesulfonat€8.10mg, 00120mmol, 0.200 equiv) vereadded solvent (240

mL) and 4-fluorostyrene 2) (35.8 uL, 0.300 mmol, 5.00 equiv) then followed by4-fluoro-1-
chloromethyl,4di azoni abi cycl o[ 2. 2. 2 }2a3mg, @120emmbli280( t et r ap u
equiv). The reaction mixture was stirred b2 hr at 25 °C in a sealed vialThen 1-fluoro-3-

nitrobenzene 5,00 nL, 0.0470 mmol) was added to the reaction moipe. The yield of 4,4%(1-

fluoroethanel, 2-diyl)bis(fluorobenzene)3k) was determined by comparinthe integration of

the *F NMR resonance oft,4-(1-fluoroethanel,2-diyl)bis(fluorobenzene)3k) (-171.6 ppm)

with that of1-fluoro-3-nitrobenzene-(12.0 ppm). Yields are reported in TableS

Table S2: Effect ofsolvens on thereaction

Solvent \geld [%] Solvent \geld [%]
(*°FNMR) 10:1 (V/v) (°*FNMR)
Dioxane 0 Dioxane/H,O 19
DMF 54 DMF /H,0O 35
DCM 0 DCM /H,O trace
Acetone 0 AcetonéH,O 14
DMA 68 DMA /H,O 66

MeCN 4 MeCNH,0 5
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Effect of fluorinati ng reagents on the reaction

AgOTf (0.2 equiv)

F
N-BF
/©/ 2 f @ Fluorination reagent (2 equiv) O
F F DMA, N,, 25°C O
F

E
1 2

3k

To 4fluorobenzend i azoni um t e(l) (lagpmgp 00600 mmol 1.09 equiv) and
Silver trifluoromethanesulfonaté3.10 mg, 00120 mmol, 0.200 equiv) vere addedanhydrous
DMA (0.240 mL) and 4-fluorostyrene 2) (35.8 uL, 0.300 mmol, 5.00 equiv) then followed
fluorinating reagent (20 mmol, 200 equiv). The reaction mixture was stirred i& hr at25
°C in a sealed vialThen 1-fluoro-3-nitrobenzene 500 ni., 0.0470 mmol) was added to the
reaction mixture. The vyield of 4,4~(1-fluoroethanel,2-diyl)bis(fluorobenzene)(3k) was
determined by comparinitpe integration of thé®F NMR resonance o#,4-(1-fluoroethanel,2-
diyl)bis(fluorobenzene)3k) (-171.6 ppm with that of 1-fluoro-3-nitrobenzene-(12.0 ppm)
Yields are reported in Table8S

Table S3: Effect offluorinating reagentsn thereaction

Fluorinating Yield [%] Fluorinating Yield [%]
reagent (**FNMR) reagent (**FNMR)
i
O\\ _N_ /O
@‘?\ /“7/\@ 0 AgF 0
O O
@IZ BF.®
I 0 KF 0
=

Al@/\CI
/N2/, - 68 Et;N¥ 3HF 0

’

7 Cl

INE/ O 50 TBAF 0
F’ 6

X
| P 0 BF.¥ Et,0 0

CsF 0 Pyridine¢ HF 0
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Effect of ratios of the Starting materialson the reaction

F
AgOTf (0.2 equiv)
/©/N28F4 /©/\ Selectfluor (2 equiv) O
+
F F DMA, N,, 25°C O £
F

1 2 3k

To  4fluorobenzend i azoni um t et (@Ma p(M o requlv)o r and eSilver
trifluoromethanesulfonaté3.10 mg, 00120 mmol, 0.200 equiv) vere addedanhydrousDMA

(0.240 mL) and 4-fluorostyrene (2) (Y equiv), then followed4-fluoro-1- chloromethyil,4-

di azoniabicycl o[ 2. 2. 2]42.2rhgala0 mmol,s200t emuivy. dfeu or o b or a
reaction mixture was stirred fdr2 hr at25 °C in a sealed vialThen 1-fluoro-3-nitrobenzene

(5.00 L, 0.0470 mmol) was added to the reaction mixtuféae yieldof 4,4~(1-fluoroethane
1,2-diyl)bis(fluorobenzene}3k) wasdetermined by comparinigpe integration of théF NMR

resonance o#,4-(1-fluoroethanel,2-diyl)bis(fluorobenzene}3k) (-171.6 ppm)with that of 1-
fluoro-3-nitrobenzene-112.0 ppm) Yields are reported in Table S4.

Table S4 Effect ofratios of the Starting materiate thereaction

R
1.5 68
1:3 60
1:1 43
31 51
51 40

Effect of fluorinati ng reagent amount a the reaction

. F
N.BF AgOTf (0.2 equiv)
+
F F DMA, N2, 25°C O F
F

1 2 3k

To 4fluorobenzend i azoni um t e(l) (ladgpmgp 00600 mmoh 1.09 equiv) and

Silver trifluoromethanesulfonaté3.10 mg, 00120 mmol, 0.200 equiv) vere addedanhydrous

DMA (0.240mL) and4-fluorostyrene @) (35.8pL, 0300 mmol,5.00 equiv) then followed by

4-fluoro-1- chloromethydl,4di azoni abi cycl o[ 2. 2. 2] octane bis(te
mixture was stirred foll2 hr at25 °C in a sealed vialThen 1-fluoro-3-nitrobenzene5.00 ni,
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0.0470 mmol) was added to the reaction mixturEhe vyield of 4,4-(1-fluoroethanel,2-
diyl)bis(fluorobenzene)3k) was determined by comparinthe integration of the'F NMR
resonance o#,4-(1-fluoroethanel,2-diyl)bis(fluorobenzenef3k) (-171.6 ppm)with that of 1-
fluoro-3-nitrobenzene-(12.0 ppm). Yields are reported in Table S5.

Table S5 Effect offluorinating reagent amourdn thereaction

Amount of fluorination reageneguiv) E{;‘;m@)
10 27
1.5 40
2.0 68
25 63
3.0 69
35 70

Effect of silive reagent amount on the reaction

F
AgOTf
N->BF 9
/©/ 2=h4 /©/\ Selectfluor (2 equiv) O
F F DMA, Ny, 25°C O E
F

1 2 3k

To 4fluorobenzendi azoni um t e(l) (126 mgp 00600 mmoh 1.08 equiv) and

Silver trifluoromethanesulfonatevere addedanhydrousDMA (0.240 mL) and4-fluorostyrene

(2) (35.8 pyL, 0300 mmol, 5.00 equiv) then followed by4-fluoro-1- chloromethyil,4-

di azoniabicycl o[ 2. 2. 2]42.2rhgahla0 mmol,s200t emuivi. deu or ob or a
reaction mixture was stirred fdr2 hrat 25 °C in a sealed vialThen 1-fluoro-3-nitrobenzene

(5.00 L., 0.470 mmol) was added to the reaction mixtuféae yieldof 4,4~(1-fluoroethane
1,2-diyl)bis(fluorobenzene}3k) wasdetermined by comparinipe integration of theéF NMR

resonance of,4*(1-fluoroethanel,2-diyl)bis(fluorobenzeng(3k) (-171.6 ppm)with that of 1-
fluoro-3-nitrobenzene-012.0 ppm) Yields are reported in Tableé6S

Table 5. Effect ofsilverreagent amourin thereaction
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Amount ofsilver reagent €quiv) (\g‘;m@)
0.1 61
0.15 60
0.2 63
0.25 62
0.4 69
0.6 63
0.8 66
1.0 65

Effect of concentration on the reaction

F
AgOTf (0.2 equiv)
/©/N28F4 /©/\ Selectfluor (2 equiv) O
F F DMA, N, 25°C O F
F

1 2 3k

To 4fluorobenzend i azoni um t e(l)r(12% mgp 0060 mmolalt06 equiv) and

Silver trifluoromethanesulfonaté3.10 mg, 00120 mmol, 0.200 equiv) vere addedanhydrous

DMA and4-fluorostyrene(2) (35.8 uL, 0.300 mmol,5.00 equiv) then followed by4-fluoro-1-
chloromethytl,4di azoni abicycl o[ 2. 2. 2]428m@ 0.0 mmols (t etr apl
2.00 equiv). The reaction mixture was stirred 1@hr at25°C in a sealed viallhen1-fluoro-3-

nitrobenzeneH.00 ni, 0.0470 mmol) was added to the reaction mixtufde yieldof 4,4-(1-

fluoroethanel, 2-diyl)bis(fluorobenzenej3k) was determined by comparintdpe integration of

the F NMR resonance o#,4-(1-fluoroethanel,2-diyl)bis(fluorobenzene)3k) (-171.6 ppm)

with that of1-fluoro-3-nitrobenzene-(12.0 ppm) Yields are reported in TablerS

Table S7: Effect of concentratioron thereaction

Concentration of reaction system Yield [%]
(mol/L) (“FNMR)
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1.00 23
0.500 60
0.250 68
0.167 61
0.125 65
0.100 63

0.0833 57
0.0500 46

Effect of temperature on the eaction

F
AgOTf (0.2 equiv)
/@/NZBF“ /©/\ Selectfluor (2 equiv) O
F

1 2 3k

To 4fluorobenzendi azoni um t e(l) (126 mgp 00600 mmoh 1.08 equiv) and

Silver trifluoromethanesulfonaté3.10 mg, 00120 mmol, 0.200 equiv) vere addedanhydrous

DMA (0.240mL) and4-fluorostyrene(2) (35.8puL, 0300 mmol,5.00 equiv) then followed by

4-fluoro-1- chloromethy#l,4di azoni abi cycl o[ 2. 2. 2] 4Z3t mgn e bis(t
0.120 mmol, 200 equiv). The reaction mixture was stirred idt hrin a sealed vialThen 1-
fluoro-3-nitroberzene 6.00 i, 0.0470 mmol) was added to the reaction mixtufée yieldof

4,4 (1-fluoroethanel,2-diyl)bis(fluorobenzene) (3k) was determined by comparinghe

integration of thé’F NMR resonance o#,4-(1-fluoroethanel, 2-diyl)bis(fluorobenzenej3k) (-

171.6 ppm)with that of 1-fluoro-3-nitrobenzene-112.0 ppm) Yields are reported in Table8S

Table SB: Effect oftemperatur®n thereaction

Yield [%]

Temperature (19FNMR)

25°C 68
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35°C 56
45°C 46
60°C 40
80°C 23

General procedure and Compound Characterization

4-methylpentan-2-yl-2-vinylbenzoaté (S1)

O
COOH )\/k
©/\/ . )\/OC DMAP, EDCI, EtsN o
= DCM, 23°C =

S$1

To a solution of inyl-benzoic acid @150 g, 1.00 mmol, 1.00 equiv),DMAP (4-
dimethylaminepyridine)§.60 ng, 00200 mmol, 0.200 equivand EtN (0.280mL, 2.14 mmol,
2.14 equiv) in CHCl, (5.00 mL) at 23 °C were added EDCI (dethy-(3-(3-
dimethylamino)propybcarbodiimide hydrochloride)0(316 g, 2.00 mmol, 2.00 equiv) and-4
methylpentar2-ol (0.280ml, 1.00 mmol, 1.00 equiv). The reaction mixture wasmed to 23C
and stirred for 6 hr before quenched witfOH10.0 mL) and extracted 3 times with &Hp (20.0
mL). The combined organic layerawdried over MgSQ The filtrate wasconcentratedh vacuo
andtheresiduewas purified by chromatography on &digel, eluting with hexanes/EtOAc 50:1
(v/v) to afford0.210g 4-methylpentarR-yl-2-vinylbenzoatgS1) as a colourlessil (89% yield).

Ri = 0.5 (hexanes/EtOAc 20:1 (v/v)). NMR SpectroscdpyNMR (400 MHz, CDC}) 11 7.87 (d,
J=6.7 Hz, 1H), 7.63 7.52 (m, 1H), 7.48 (ddJ = 17.2, 4.0 Hz, 2H), 7.30 (s, 1H), 5.65 {d=
17.4 Hz, 1H), 5.33 (1) = 11.9 Hz, 1H), 5.27n, 1H), 1.73 (¢, 2H),1.39 (m, 1H)1.35 @, J= 4.8
Hz, 3H), 0.96 ¢, J = 4.4 Hz,6H). '*C NMR (101 MHz, CDG)) & 165 138.0, 13183 9 .
1301, 129.5, 124, 1272, 1162, 703, 453, 249, 229, 22.4,206. Mass Spectrometry: HRMS
ESI (m/z): Calcd for GH,O-Na [M + NaJ, 255.1361 Found,255.1358

4-methyl-N-(2-nitrophenyl)benzenesulfonamidé? (S2)
N02 NOZ
DMAP [ :I
O: r TS T dine, 0098
NH, yridine, 0 to [TjH
Ts

S2

4-methylbenzenesulfonyl chloridéX.4g, 60.0 mmol, 1.9 equiv) was added to a solution of 2
nitroaniline 6.90g, 50.0 mmol, 1.0 equiv) and 4(dimethylamino)pyridine.610g, 5.00 mmol,
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0.100 equiv) in pyridine §0.0ml) under a nitrogen atmosphexe0 €. The reaction mixture was
slowly warmed t®8 € and stirred for36 h. The reaction mixture was concentrated by removing
the solvent under reduced pressure, diluted with ethyl acdtZden(l) and sequentially washed

with hydrochloric acid (2 M2 x 200 ml), aqueous sodium hydroxide (2 RIx 250 ml). The
combined aqueous extracts were slowly acidified with concentrated hydrochloric acid at 0 €
until pH 2 to obtain a bright yellow precipitate which was extracted with ethyl acetate (300 ml).
The conbined organic extracts were dried over anhydrous magnesium sulfate, filtered, and
evaporated to dryness to obtdimethytN-(2-nitrophenyl)benzensulfonamide(S2) as brilliant
yellow needleg9.60 g,66%).

R: = 0.5 (hexanes/EtOA0:1 (v/v)).NMR Spectoscopy:'H NMR (400 MHz, CDCJ) 119.88 (s,
1H), 8.10 (dJ = 8.3 Hz, 1H), 7.80d, J = 13.3 Hz, 1H), 7.74 (d] = 8.2 Hz, 2H),7.59 (t,J= 7.8
Hz, 1H), 7.26 (d,J = 8.0 Hz, 2H), 7.15 (tJ = 7.8 Hz, 1H), 2.38 (s, 3H}*C NMR (101 MHz,
CDCly) U 144.9, 136.8, 135.9, 135.6, 133.8, 11301273, 126.2, 123.8, 128, 21.6. The
spectroscopic data (NMR) matched those reported in the literatured-foethytN-(2-
nitrophenyl)benzenesulfonamide

tert-butyl benzoyl-L -tyrosinate!® (S3)

o cl Et;N o
NH ’ DCM, 23°C NHBz
HO 2 ’ HO
s3

To a solution of terbutyl L-tyrosinate 2.40 g, 10.2 mmol, 1.00 equiv), BN (1.98 mL, 24.2
mmol, 238 equiv) in CHCI, (50.0 mL) wereadded benzoyl chloridel, 30 ml, 11.2 mmol, 110
equiv) atO °C stirred for0.5 hr. The reaction mixture was warmed to°€3and stirred fod.2 hr
before quenched with & (10.0 mL) and extracted 3 times with &Hy, (20.0 mL). The
combined organic layer as dried over MgSQ The filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexane&&®1 (v/v) to
afford 2.60g tert-butyl benzoyL-tyrosinate £3) as a colorlessolid (75% yield).

Ri = 0.5 (hexanes/EtOAB 1 (v/v)). NMR SpectroscopyH NMR (400 MHz, Acetoneji 8.34 (s,
1H), 7.84 (dJ = 7.4 Hz, 2H), 7.70 (d) = 7.1 Hz, 1H), 7.58 7.47 (m, 1H), 7.43 () = 7.2 Hz,
2H), 7.14 (dJ = 7.6 Hz, 2H), 6.76 (d] = 7.5 Hz, 2H), 4.73 (dd] = 14.3, 6.9 Hz, 1H), 3.13 (d,
= 8.6 Hz, 2H), 1.42 (s, 9HYC NMR (101 MHz Acetone)li 171.7, 1674, 157.1, 135.4, 132.1,
131.2, 129.2, 128.9, 128.1, 116.0, 81.6, 55.8, 37.3, RB&ass Spectrometry: HRMESI (m/z):
Calcd for GoH2.NO4[M -H], 340.1549 Found,340.1549

tert-butyl (S)-2-benzamido3-(4-(((trifluoromethyl)sulfon yl)oxy)phenyl)propanoatd” (S4)

0] J< 0]
pyridine )<
O + TH,0 d O
NHBz 0to 23C NHBz
HO TfO
S3 sS4
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To a solution of terbutyl benzoylL -tyrosinate(S3) (1.60 g,4.69 mmol,1.00 equiy in 10.0mL

of pyridine at OC was slowly added trifluoromethanesulfonic anhydri@®40 mL, 5.59
mmol, 1.20 equiy. The resulting mixture was stirred a€0 for 5 min and then allowed to
warm to 23C and stirred at this temperature for 25 h. The resulting mixture was poured into
water and extracted with ethyl ether. The ether extractwaated sequentially with wat€0.0

ml), 10% aqueous hydrochloric acid soluticf0@ m), water (20.0 ml) and a concentrated
sodium chloride solution, dried (M@%), and concentrated to yield an oil. Chromatography
(flash  column, hexandstOAc 10:) afforded tertbutyl (S)2-benzamides3-(4-
(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoaf€4) as a colorless 0il1(21 g,55%).

R = 0.5 (hexanes/EtOAE:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDCJ) 0 7.75 (d,J

= 7.3 Hz, 2H), 7.57 7.48 (m, 1H), 7.44 ({) = 7.5 Hz, 2H), 7.28 ()= 7.8 Hz, 2H), 7.20 (d] =

8.6 Hz, 2H), 6.74 (dJ = 6.9 Hz, 1H), 4.94 (dd] = 12.8, 6.0 Hz, 1H), 3.27 (d,= 5.9 Hz, 2H),
1.42 (s, 9H).*C NMR (101 MHz, CDG)) ti 1705, 166.8, 148.6, 137.2, 133.9, 132.0, 131.4,
128.8, 127.0, 121.3,186 (m, J cr= 2103 Hz), 83.2, 53.9, 37.6, 28.6°F NMR (376 MHz,
CDCly) G -728 (m, 3F. Mass Spectrometry: HRMESI (m/z): Calcd for gH,,FsNOsSNa [M +
Na]’, 496.1018 Found496.1018

tert-butyl (S)-2-benzamido-3-(4-vinylphenyl)propanoate® (S5)

(e} J< O
Pd(PPhs),, LiCl )<
0o + 2 SnBus, 0
0 NHBz 1,4-dioxane, 98°C N NHBz
S4 S5

To a solution of tert-butyl (S)2-benzamides-(4-
(((trifluoromethyl)sulfonyl)oxy)phenyl)propanoa{&4) (1.00 g, 2.10mmol, 1.00 equiy in 11

mL of 1,4-dioxane were added 4nirbutylethenylstannane 8 mg, 210 mmol, 1.00 equiy,

LiCl (264 mg, 5.94 mmaql2.80 equiy, Pd(PPH), (48.0 mg, 0.090 mmol, 0.0200 equi}; and a
few crystals of 2 @li-tertbutyl-4-methytphenol. The resulting suspg@on was heated to reflux
(98 € ) for 4 h, cooled to room temperature, and treated wi0 rhL of pyridine and 20 mL

of pyridinium fluoride (1.0 M solution in THF, 2.8 mmol). The resulting mixture was stirred
at 23€C for 16 h. The mixture as diluted with diethyl ether, filtered through a small pad of
Celite, and washed with water, 10% HCI, water, and a concentrated sodium chloride solution.
The solution was dried (M@h) and concentrated to yield an oil. Chromatogyafftash
column, hexaneEtOAc 20: 1) afforded terbutyl  (S)}2-benzamide3-(4-
vinylphenyl)propanoatéS5 as a colorless oil, which solidified on standing (273 B@%).

Ri = 0.5 (hexanes/EtOAc 20:1 (VWMR Spectroscopy*H NMR (400 MHz, MCls) 1 7.75 (d,
J=7.2 Hz, 2H), 7.51 (t) = 7.2 Hz, 1H), 7.43 (1) = 7.4 Hz, 2H), 7.33 (d] = 6.7 Hz, 2H), 7.26
(d,J = 1.7 Hz, 1H), 7.15 (d] = 6.8 Hz, 2H), 6.75 6.67 (m, 1H), 6.65 (s, 1H), 5.72 @= 17.6

Hz, 1H), 5.22 (dJ = 10.7 Hz, 1H), 4.96 (d] = 5.9 Hz, 1H), 3.31 3.14 (m, 1H), 1.46 9H).

¥C NMR (101 MHz, CDGJ)) U 170.6, 1665, 136.5, 136.3, 135.9, 134.1, 131.8, 129.9, 128.7,
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127.1, 126.3, 113.7, 82.8, 53.9, 37.7, 28.1. Mass Spectrometry: HEBV$M/z): Calcd for
C,,H2sNOzNa [M + NaJ, 374.1732 Found, 34.1728

(8R,9S,13S,148) 3 methyl-17-0x0-7,8,9,11,12,13,14,15,16 Hecahydro-6H-
cyclopenta[a]phenanthren3-yl trifluoromethanesulfonate® (S6)

pyridine
0to 23°C

TfO

To a solution of 1,3,5(16kstratrien3-ol-17-one .70 g,10.0mmol, 1.00 equiy in 25.0 mL of
pyridine at OC was slowly added trifluoromethanesulfonic anhydriti@§ mL, 11.2 mmol,

1.10 equiy. The resulting mixture was stirred a0 for 5 min and then allowed to warm to
23C and stirred athis temperature for 25 h. The resulting mixture was poured into water and
extracted with ethyl ether. The ether extract was washed sequentially with(3¢aeml) 10%
aqueous hydrochloric acid solutiorO@ml), water, and a concentrated sodiurtodde solution,

dried (MgS),), and concentrated to yield an oil. Chromatography (flash column, hexanes
EtOAC 20:l) afforded (8R,9S,13S,1483-methyt17-0x0-7,8,9,11,12,13,14,15,16 17
decahydreH-cyclopenta[a]phenanthretyl trifluoromethanesulfoate(S6) as a colorlessolid
(3.6149, 90%).

R: = 0.5 (hexanes/EtOAc 20:1 (viVIIMR Spectroscopy*H NMR (400 MHz, CDCJ) &1 7.35 (d,
J=8.7 Hz, 1H), 7.05 (dd] = 8.7, 2.5 Hz, 1H), 7.01d(J = 6.4 Hz, 1H), 2.94 (dtJ = 22.6, 11.5

Hz, 2H), 2.59 2.46 (m, 1H), 2.45 2.36 (m, 1H), 2.36 2.25 (m, 1H), 2.18 (ddl = 18.5, 9.4 Hz,
1H), 2.10i 2.02 (m, 2H), 1.99 (dd} = 8.7, 6.3 Hz, 1H), 1.7 1.60 (m, 2H), 1.57 1.44 (m, 4H),
0.93 (s, 3H)*C NMR (101 MHz, CDCJ) 11220.2, 147.4, 140.2, 139.2, 127121.2, 19.6 (m J

= 2123 Hz), 118.2, 50.3, 47.8, 44.1, 37.8, 35.7, 31.4, 29.4, 26.1, 25.7, 21.6;°E3NMR

(376 MHz, CDC}) G-752 (m, 3B. The spectroscopic data (NMR) matched those reported in the
literaturé® for (8R,9S,13S,148)3-methyt-17-0x0-7,8,9,11,12,13,14,15,16,4decahydrebH-
cyclopentala]phenanthrediyl trifluoromethanesulfonate

(8R,9S,13S,14S)3-methyl-3-vinyl-6,7,8,9,11,12,13,14,15, &fecahydro-17H-
cyclopenta[a]phenanthrenr17-oné* (S7)

Pd(PPhgs)y, LiCl
1,4-dioxane, 98°C

To a solution of (8R,9S,13S,1483-methyt17-0x0-7,8,9,11,12,13,14,15,16 ,decahydrecH-
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cyclopenta[a]phenanthrediyl trifluoromethanesulfonatéS6) (3.61g, 9.00 mmol, 1.00 equiy

in 25.0mL of 1,4dioxane were added 4n-butylethenylstannan€©3mg, 9.00 mmol, 1.00
equiy), LiCl (1.13g, 25.4 mmo| 2.80 equiy, Pd(PPk), (207 mg, 0360 mmol, 0.0200 equiy

and a few crystals of 2di-tert-butyl-4-methylphenol. The resulting suspension was heated
to reflux (98€C ) for 4 h, cooled tsoom temperature, and treated widkbOmL of pyridine and
2.00mL of pyridinium fluoride (1.8 M solution in THF,12.8 mmol). The resulting mixture was
stirred at 23 for 16 h. The mixture was diluted with diethyl ether, filtered througbmall

pad of Celite, and washed with water, 10% HCI, water, and a concentrated sodium chloride
solution. The solution was dried (MQJ and concentrated to vyield an oil.
Chromatography (flash column, hexaig©Ac 25: 1) afforded (8R3S,13S,14S)3-methy}3-
vinyl-6,7,8,9,11,12,13,14,15,4ecahydrel 7H-cyclopenta[a]phenanthrelv-one (S7) as a
colorless oil, which solidified on standing.QRg, 75%).

R: = 0.5 (hexanes/EtOAc 20:1 (viVIIMR Spectroscopy*H NMR (400 MHz, CDCJ) ti 7.24 (d,
J=12.7 Hz, 1H), 7.22 7.17 (m, 1H), 7.14 (s, 1H), 6.67 (dt= 17.2, 11.1 Hz, 1H), 5.71 (d=

17.8 Hz, 1H), 5.19 (d] = 10.6 Hz, 1H), 2.92 (dl = 4.2 Hz, 2H), 2.51 (dd] = 18.7, 7.9 Hz, 1H),
2.43 (d,J=11.4 Hz, 1H), 2.30nG, 1H), 2217 2.12 (m, 1H), 2.12 2.00 (m, 2H), 1.97 (d]=9.7

Hz, 1H), 1.62 (ddJ = 20.7, 10.0 Hz, 2H), 1.581.41 (m, 4H), 0.91 (s, 3H}*C NMR (101 MHz,
CDCl) 1 220.9, 139.4, 136.5135.5,135.3, 126.9, 125.5, 123.6, 113.1, 50.5, 48.0, 44.5, 38.1,
35.9, 4.6, 29.4, 26.5, 25.7, 21.6, 13The spectroscopic data (NMR) matched those reported in
the literatur® for (8R,9S,13S,148)3-methyt3-vinyl-6,7,8,9,11,12,13,14,15,decahydrel 7H-
cyclopentala]phenanthretv-one

General procedure for Preparation ofAllylic Alcohols

The Allylic Alcohols were prepared according to literature refbds through thefollowing
routes:

o}
B ; A
| o ., (EtO)Z(O)P\)J\OEt 1) LiCl, DBU, THF N OH
N 2) DIBAL-H, DCM, -78°C (=
R R

At room temperature, a flardried Schlenk flask is charged with LiCl (0.2quiv) and dry THF
underinert atmosphere, followed by addition of neat triethylphosphonoacetate edui/).

Prior to the addition of DBU (10lequiv), the reaction mixture is maintained for 15 min at
this temperature. The neat aldehyde @EQuiv) is the added to the white suspension, which is
allowed to stir for another 2 lat room temperature. After completion of reaction (TLC
monitoring), the reaction mixture is quenched by pouring over ice. Standardigvarfkords

t he c r-unshwratdd efters in good yields, which are used without further purification.
Cinnamic bromide (E:Z > 99:13 commercially available.

In a flamedried Schlenk flask preooled toi78 € containing solution of DIBALH (1M
in cyclohexane, 2(equiv) NCHCl, i s sl owly added a -wsatunated o n
este (1.0 equiv) in dry CHCI,. After completion (TLC monitoring), the reaction mixture is

of
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carefully quenched with 1 HCI solution, and standard woetp furnishes the allylic alcohols
in almost quantitative yields after purification by flasHuoon chromatography on silica gel.
Characterization data in accordancéiather E. Burkst al.

General procedure for Preparation d 2-(cinnamyloxy)aniline

The 2-(cinnamyloxy)anilinewere prepared according to literature reptrtd or through the
following routes:

R_@[NOZ+ ©\/\/ 1) K,CO3, acetone, refluxed R_@[NHZ
Z0H, BT 2)Fe, HOAGH;0, 90°C, 2 mins = O/\/\@

(Method A): To a solution of 2nitrophenol(1.00 equiv) and KCOs; (1.00 equiv) in anhydrous

acetone was added dropwiSanamic bromid€1.00 equiy) at 0 €. The mixture was warmed to

reflux and stirreddr 20 h.The reaction was washed with water and extracted with EtOAc. The

organic phase wawashed with a saturated NaCl and then dried over anhydrous M@&®

crude product was purified by flash column chromatography, furnishing the desired compound

To nitrobenzenel(00 g andiron (2.44 g wereaddedAcOH (14.0 mL) and LD (1.40 mL),The

reaction mixture was stirredntill it was heated to 96C for 3mins. After cooling slowly, the

reaction mixtur e wandwashédtwihrEEOdcthe dystemwgstadjuStediby t e

agueoussaturated NICO; to 8 9, then &tracted with EtOAcThe organic phase wagshed

with agueoussaturated NaCl and then dried over anhydrous Mg3®@e crude product was

purified by flash column chromatography, furnishing tlesired compound

2-(cinnamyloxy)aniline (S8)

NHy Compound Zcinnamyloxy)aniline was prepared followir(§ylethod
o0 NF A) from 2- Nitrophenol(1.39g, 10.0 mmol)yielding it as a palevhite
/\/\© solid (1.81g, 80 %).

R = 0.40 (hexanesFtOAc 10:1 (v/v)). NMR Spetroscopy:'*H NMR
(400 MHz, CDCY}) U 7J.=3.8 Hz( 2H), 7.29 (d] = 7.0 Hz, 2H), 7.23 (d]) = 6.4 Hz, 1H),
6.81 (d,J = 7.0 Hz, 2H), 6.75 6.58 (m, 3H), 6.40 (dt] = 15.3, 5.1 Hz, 1H), 4.65 (d,= 4.9 Hz,
2H), 3.83 6, 2H). ®*C NMR (101 MHz,CDG)) U 146. 0, 1 388.65127.9113665, 4, 132.
124.7, 121.4, 118.4, 115.2, 112.1, 69Mass Spectrometry: HRMBSI (m/z): Calcd for
C1sH1sNONa[M +NaJ*, 248.1051 Found,2481048.

2-(cinnamyloxy)-5-fluoroaniline (S9)

F\©:NH2 Compound  2-(cinnamyloxy)5-fluoroaniline was  prepared
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following (Method A) from 4-fluoro-2-nitrophenol(1.57 g, 10.0 mmol) yielding it as a pale
yellow solid (L.68g, 69 %).

Rr = 0.30 (hexanesEtOAc 10:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) U 7.

(t, J=10.6 Hz,2H), 7.31 (ddJ = 14.1, 8.0 Hz2H), 7.26 (dJ= 6.3 Hz,2H), 6.70 (t,J = 12.0 Hz,
2H), 6.517 6.28 (m,2H), 4.65 (d,J = 4.3 Hz,2H), 3.93 §, 2H). **C NMR (101 MHz, CDG)) u
157.7 (dJ c.r= 200.4 Hz), 142.3 (d} (cr= 103 Hz), 138.0 (dJ c.r= 13.6 Hz), 136.3 (d] (cr=
10.7 Hz), 133.1, 128.7, 128.0, 126.6, 124.6, 11@.9 = 12.5 Hz), 103.4 (d] c.r= 21.3 Hz),
102.2, 69.9.F NMR (376 MHz, CDCJ)) -1R2.2 (, 1. Mass Spectrometry: HRMESI
(m/z): Calcd for CysHi4FNO, 242.0981 Found, 242.0988 The spectroscopic data (NMR)
matched those reported in the literatiféor 2-(cinnamyloxy}5-fluoroaniline

5-bromo-2-(cinnamyloxy)aniline (S10)

Br NH, Compound 5-bromo2-(cinnamyloxy)aniline was  prepared
\©: P following (Method A) from 4-bromo-2-nitrophenol(2.17 g, 10.0
O/\/\© mmol) yielding it as a yellow solidX.73g, 57 %).
R; = 0.30 (hexanesEtOAc 10:1 (v/v)). NMR Spectroscopy’H

NMR (400 MHz, CDC}) U 7 J =608 Hg¢, @H), 7.33 (s, 2H), 7.297.21 (m, 1H), 6.90
6.74 (m, 2H), 6.68 (1) = 9.1 Hz, 2H), 6.41 (dd] = 25.5, 16.9 Hz, 1H), 4.6&l(J = 4.8 Hz, 2H),
3.88 6 2H). °C NMR (101 MHz, CDG)) U 145.2, 138.1, 136.3, 133.4, 128.7, 128.26.7,
124.1, 120.6, 117.4, 113.7, 113.4, 68Mass Spectrometry: HRMBSI (m/z): Calcd for
C1sH14BrNO, 303.0259Found,303.0213

5-chloro-2-(cinnamyloxy)aniline (S11)

Cl NH; Compound 5-chloro-2-(cinnamyloxy)aniline was prepared
\CEO Pz following (Method A) from 4-chloro-2-nitrophenol(1.73 g, 10.0
/\/\© mmol) yieldingit as a pale yellow solidL(83g, 71 %).

R = 0.30 (hexanesEtOAc 10:1 (v/v)). NMR SpectroscopyH
NMR (400 MHz, CDC}) U 7J=4.@ Hz(2H), 7.33 (1) = 7.4 Hz, 2H), 7.29 7.22 (m, 1H),
6.787 6.58 (m, 4H), 6.39 (dt) = 15.9, 5.8 Hz, 1H), 4.66 (d,= 5.7 Hz, 2H), 3.89¢ 2H). **C
NMR (101 MHz, CDC}) Ui 144.9, 137.7, 136.3, 133.3, 128.7, 127.9, 126.7, 126£31217.7,
114.6, 112.8, 68.6Mass Spectrometry: HRMESI (m/z): Calcd for gH14,CINO, 259.0764
Found,259.0740

2-(cinnamyloxy)-4-fluoroaniline (S12)

38
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NH; Compound  2-(cinnamyloxy}4-fluoroaniline was  prepared
F/©io — following (Method A) from 5-fluoro-2-nitrophenol (1.57 g, 10.0
/\/\© mmol) yieldingit as a pale yellow solidX.46g, 60 %).
R; = 0.30 (hexanes/EtOAc 10:1 (v/v)). NMR Spectroscopy’H
NMR (400 MHz, CDC}) U 7J=3%.8 Hz( 2H), 7.27 (d] = 16.8 Hz, 2H), 7.24 (dl = 5.4 Hz,
1H), 6.73i 6.52 (m, 3H), 6.50 (d] = 7.6 Hz, 1H), 6.32 (dd] = 22.8, 15.8 Hz, 1H), 4.50(J =
4.4 Hz, 2H), 3.77 §, 2H). °C NMR (101 MHz, CDGJ) 1i 155.6 (d,J (cp= 212.9Hz), 146.7 @, J
A= 17.6 Hz), 136.1 (d) c.r= 51.3 Hz), 133.4, 132.3 (d,cp= 17.4 Hz), 128.7, 128.1, 126.6
(d, J cr= 28.5 Hz), 124.0, 114.81(J (cr= 44.2 Hz), 106.9, 100.3, 69.5F NMR (376 MHz,

CDCly) -123.9(m, 15. Mass Spectromgt: HRMS-ESI (m/z): Calcd for GH4FNO, 243.1059
Found,243.1028

methyl 4-amino-3-(cinnamyloxy)benzoate (S13)
NH; Compoundmethyl methyl 4amino3-(cinnamyloxy)benzoate
/o\”/©: was prepared followingMethod A) from methyl 3hydroxy

=
o)
o /\/\© 4-nitrobenzoat€1.97g, 1.0 mmol)yieldingit as awhite solid

(2.18g, 77 %).

Rr = 0.30 (hexanesEtOAc 5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz, CDC})) a 7.

(dd,J = 30.3, 16.2 Hz, 2H), 7.38 (@,= 11.0 Hz, 2H), 7.30 (d] = 15.8 Hz, 2H), 7.26 (d] = 6.0
Hz, 1H), 6.68 (ddJ = 17.0, 12.5 Hz, 2H), 6.496.28 (m, 1H), 4.72d, J = 4.8 Hz, 2H), 4.30 §,
2H), 3.84 (s, 3H)**C NMR (101 MHz, CDGCJ) 1167.2, 144.9, 141.3, 136.3, 133.5, 128.7, 128.0,
126.6, 124.3, 124.1, 119.4, 113.3, 112.5, 68.6, Blads Spectrometry: HRMBSI (m/z): Calcd
for C;7H1NOsNa[M +Na]’, 306.1106 Found,306.1105

2-(cinnamyloxy)-4-methylaniline (S14)

NH; Compound  2-(cinnamyoxy)-4-methylaniline was prepared
/©:o P following (Method A) from 5-methyt2-nitrophenol(1.53 g, 1.00
/\/\© mmol) yielding it as a yellow solidX.369g, 57%).

Ri = 040 (hexanes/EtOAc 10:1 (v/v)). NMR SpectroscopyH
NMR (400 MHz, CDC§) U 7. 38 ( 85 17.8 W) 2H), 724 &dB= 4.8 Hz, 1H), 6.77
i 6.53 (m, 4H), 6.49 6.31 (m, 1H), 4.65 (d) = 4.1 Hz, 2H), 3.67 2H), 2.24 (s, 3H)°C
NMR (101 MHz, CDC}) U 146.3, 136.5, 133.8, 132.7, 128.6, 127.9, 12726.6, 124.9121.6,
115.2, 113.1, 68.6, 20.8lass Spectrometry: HRMESI (m/z): Calcd for GH;;NONa[M +Na]’,
262.1208 Found,262.1209

52
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NO, R
©: - = 1) DEAD, PPhg, THF, -5°C to rt NH
OH ANAOH =

2) Fe, HOAc/H,0, 90°C, 2 mins o X
| --R
=

(Method B): 2-Nitrophenol (1.0 equiv) and triphenylphosphine (D.@quiv) were dissolved in
dry tetrahydrofuranAllylic Alcohols (1.00 equiv) wasadded and the mixture cooled tof0.
Diethyl azodicarboxylat€1.00 equiv) was added dropwigerer 15 min. The mixture was stirred
for 2 h and then mordiethyl azodicarboxylate (00® equiv) was addd before stirring for 12 h.
The reaction mixture wasvaporated to dryness, dissolved in ethyl acetate wasthed with
water, aqueous sodium hydroxide and aqueous hydrochloric acicorgaeic phase was then
dried over MgS@and evaporated to dryness dxef purifying by column chromatography to give
the desired compound

To nitrobenzenel(00 g andiron (2.44 g wereaddedAcOH (14.0 mL) and KD (1.40 mL),The
reaction mixture was stirredntill it was heated to 96C for 3mins. After cooling slowly, the
reaction mixtur e wandwashédtwighrEEOdcthe systemuwvgshadjusSted by t e
aqueoussaturated NHICO; to 8 9, then &tracted with EtOAcThe organic phase wagshed
with agueoussaturated NaCl and then dried over anhydrous Mg3®@e crude product was
purified by flash column chromatography, furnishing the desired compound

(E)-2-((3-([1,1"-biphenyl]-4-yl)allyl)oxy)aniline (S15)

NH, Compound  (ER-((3-([1,1-biphenyl}4-yl)allyl)oxy)aniline
o Pz was prepared followingMethod B) from 2-nitrophenol(1.39g,
O 10.0 mmol)yieldingit as a yellow solidX.59mg, 53 %).

O R = 040 (hexanesEtOAc 10:1 (v/v)). NMR SpectroscopyH
NMR (400 MHz, CDC)) U0 7 .J522.9( 18.@ Hz, 4H),
7.47 (dd,J = 30.4, 16.6 Hz, 4H), 7.37 (d= 6.3 Hz, 1H), 6.86 (ddl = 20.7, 7.2 Hz, 2H), 6.78 (d,
J=14.7 Hz, 3H), 6.51 (dl = 15.7 Hz, 1H), 4.76d, J = 4.6 Hz, 2H), 3.87 §, 2H). **C NMR (101
MHz, CDCk) ti 1462, 140.7, 14®, 136.6, 135.5, 132.4, 128.9, 127.5, 127.4, 127.1, 127.0, 124.9,
121.6, 118.5, 115.3, 112.3, 68Mass Spectrometry: HRMESI (m/z): Calcd for gH;sNO Na
[M +NaJ", 324.1364Found,324.1362

(E)-2-((3-(o-tolyl)allyl)oxy)aniline (S16)

©:NH2 Compound (ER-((3-(o-tolyl)allyl)oxy)aniline was prepared following

o NF (Method B) from 2-nitrophenol(1.39g, 10.0 mmol)yielding it as a
white solid (0.740g, 31 %).

Rr = 0.30 (hexanesEtOAc 10:1 (v/v)). NMR Spectroscopy'H NMR
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(400 MHz, CDC}Y) 0 7J.=83017 He,t1H), 7.27 (ddl = 19.8, 7.0 Hz, 3H), 7.00 (§,= 12.9

Hz, 1H), 6.90 (dtJ = 18.6, 9.7 Hz, 2H), 6.81 (d,= 7.3 Hz, 2H), 6.40 (dtj = 11.7, 5.6 Hz, 1H),

4.80 (d,J = 5.5 Hz, 2H), 3.90g 2H), 2.43 (s, 3H)**C NMR (101 MHz, ©CI,) Ui 146.3, 136.6,
135.5, 130.9, 130,4128.4, 127.8, 126.2, 126.1, 125.8, 121.5, 118.4, 115.0, 112.3, 69.4, 19.8.
Mass Spectrometry: HRMESI (m/z): Calcd for GH;sNONa [M +Na]", 262.1208 Found,
262.1204

(E)-2-((3-(4-(trifluoromethyl)phenylallyl)o xy)aniline (S17)

NH; Compound (ER-((3-(4-(trifluoromethyl)phenyl)allyl)oxy)aniline
©:o = was prepared followingMethod B) from 2-nitrophenol(1.39g,
/\/\©\ 10.0 mmol)yieldingit as a palevhite solid (1.384g, 47 %).

CF

* Ry =030 (hexanesEtOAc 10:1 (v/v)). NMR Speatoscopy:*H
NMR (400 MHz, CDC)) U 7J=&/3 HZ 2H), 7.51 (d) = 7.3 Hz, 2H), 6.84 (dd] = 17.1,
9.5 Hz, 2H), 6.80 6.67 (m, 3H), 6.55 (d] = 15.8 Hz, 1H), 4.76d; J = 4.8 Hz, 2H), 3.87 §, 2H).
*C NMR (101 MHz, CDG)) U 146.1, 139.9, 136.4, 131.1, 1294} { = 75.4Hz), 127.4,
126.7, 125.4, 128.(m, J cr= 275.4 Hz), 121.7, 118.5, 115.1, 112.2, 68°F.NMR (376 MHz,
CDCl;) -@25 (m, 3P. Mass Spectrometry: HRMESI (m/z): Calcd for GH1sFsNO [M +H]",
294.1106 Found,294.1105

(E)-2-((3-(4-(tert-butyl)phenylallyl)oxy)aniline (S18)

NH; Compound (E)-2-((3-(4-(tert-butyl)phenyl)allyl)oxy)aniline was
©: — prepared followingMethod B) from 2-nitrophenol(1.39g, 10.0
mmol) yielding it as a pale yellow solidL(21g, 43 %).

R = 0.30 (hexanesEtOAc 10:1 (v/v)). NMR Sectroscopy’H

NMR (400 MHz, CDC}) U  4H), 6.87((ddJ=19.3,7.6
Hz, 2H), 6.76 (tJ = 10.8 Hz, 3H), 6.53 6.37 (m, 1H), 4.75d, J = 4.6 Hz, 2H), 3.87 §, 2H),
1.38 (s, 9H).®*C NMR (101 MHz, CDGC)) u 151.1, 146.3, 136.6, 133.7, 132.8, 126.4, 125.6,
124.0, 121.4, 118.5, 115.812.2, 69.0, 34.6, 31.8lass Spectrometry: HRMBESI (m/z): Calcd
for CyoH2,NO [M +H]", 282.1858 Found,282.1863

O

General procedure for Preparation of N(2-aminophenyl)}N-cinnamyl-4-
methylbenzenesulfonamide

The N-(2-aminophenybN-cinnamyt4-methylbenzeesulfonamide were prepared according to
literature reports"*2 or through thdollowing routes:
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NO,
NH BT 5 Fe, HOAGH,0, 90°C, 2 mins NTNF
Ts +S

(Method C): NaH (1. equiv) (60 % dispersion in mineral oil) was added portionwise to a
solution of N-(2-nitrophenyl)benzenesulfonamidé.00 equiv) inanhydrousDMF and then was
stirred for 1.5 hour at room temperatu@nnamicbromide (1.9 equiv) was added dropwise to
the previous solution at OC and then stirred for 20 hours at room temperature. The readion w
guenched by NECI (sat), extracted by of diethyl ether, washed with brine, dried over gSO
and thenconcentrated to give a crude product which was purified under silica gel
chromatography with (elution withexaneg EtOAc:5/ 1) to give the désed compound.

To nitrobenzenel(00 g andiron (2.44 g wereaddedAcOH (14.0 mL) and LD (1.40 mL),The
reaction mixture was stirredntill it was heated to 96C for 3mins. After cooling slowly, the
reaction mixtur e wandwasred with EtOAG the systemmuvgshadjuSted by t e
agueoussaturated NICO; to 8 9, then &tracted with EtOAcThe organic phase wagshed

with agqueoussaturated NaCl and then dried over anhydrous Mg3®@e crude product was
purified by flash column chromatogtay furnishing the desired compound

N-(2-aminophenyl)}N-cinnamyl-4-methylbenzenesulfonamide(S19)

NH; Compound N(2-aminophenyPN-cinnamyt4-
NNF methylbenzenesulfonamide was prepared followigthod C) from
Ts 4-methykN-(2-nitrophenyl)benzenesulfonamid@.92 g, 10.0 mmol)

yieldingit as a palavhite solid (2.98g, 7 %).
Ry = 0.30 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz,CDC}) t 7. 62 ( d,
J=6.7 Hz, 2H), 7.34 7.10 (m, 7H), 7.02 (d] = 7.3 Hz, 1H), 6.72 (d] = 7.9 Hz, 1H), 6.48 (dd,
J=12.5, 11.2 Hz, 1H), 6.446.26 (m, 2H), 6.20 6.01 (m, 1H), 4.52 (d] = 13.4 Hz, 1H), 4.12
(s, 2H), 4.04 (d,) = 7.6 Hz, 1H), 2.42 (s,H). °C NMR (101 MHz, CDCJ) 11146.7, 143.7, 136.5,
135.7, 134.1, 129.6, 129.4, 128.8, 128.5, 128.1, 127.8, 126.5, 124.7, 123.8, 117.9, 116.7, 54.0,
21.5. Mass Spectrometry: HRMBSI (m/z): Calcd for @H»N,O,SNa [M +Na]’, 401.1300
Found,401.1298

NO; R 1) Pd(OAG),, PPhs, Ti(OPF), NH
+ @\/\/ toluene refluxed _ @[ 2
NH NSO ) ke HoAGH,0, 90°C, 2 mins NN X
Ts | | --R
Ts =

(Method D): A mixture of 4-methytN-(2-nitrophenyl)benzenesulfonamidé.00 equiv), allyl
alcohol (120 equiv), Pd(OAc)(0.0100 equiv), PPk (0.0400 equiv), Ti(OPh, (0.250 equiv), and
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anhydrougtoluenewa s r e p u xiteogen fornr3cheAfter cooling, the reaction mixture was
yl tered t h am utlgeh solvéne Iwast distilled under reduced pressure. Column
chromatography @hexane/EtOAc 5 : 1) of the residue affordad desirebenzenesulfonamide
compound

To nitrobenene (.0 g andiron (2.44 g wereaddedAcOH (14.0 mL) and kD (1.40 mL),The
reaction mixture was stirredntill it was heated to 96C for 3mins. After cooling slowly, the
reaction mixtur e wandwashédtwihrEEOdcthe systemuwvgaljust€ckbly i t e
aqueoussaturated NHICO; to 8 9, then &tracted with EtOAcThe organic phase wagshed

with agqueoussaturated NaCl and then dried over anhydrous Mg3®@e crude product was
purified by flash column chromatography, furnishing the desiregpooind

(E)-N-(2-aminophenyl)}-4-methyl-N-(3-(o-tolyl)allyl)benzenesulfonamide (S20)

NH; Compound (EN-(2-aminophenybB4-methy+N-(3-(o-
NN tolyl)allyl)benzenesulfonamide was prepared followifdethod D)
Ts from (4-methykN-(2-nitrophenyl)benzenesulfonamid@.92 g, 10.0

mmol) yieldingit as a palavhite solid (2.559, 65 %).

R: = 0.30 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz, CDC}) U0 7. 62 ( s,
2H), 7.371 7.15 (m, 3H), 7.07 (d) = 16.2 Hz, 4H), 6.67 (d] = 49.8 Hz, 1H), 6.48 (tJ = 19.8

Hz, 2H), 6.38 (s, 1H), 5.97 (s, 1H), 4.57 Jd&; 11.3 Hz, 1H), 4.185( 2H), 4.01 (n, 1H), 2.43 (s,

3H), 2.12 (s, 3H)**C NMR (101 MHz, CDG)i 146 . 8, 143. 74,132183180.19, 135. 6
129.6, 129.4, 128.7, 128.1, 127.7, 126.1,0,2624.9, 124.6, 117.8, 116.7, 54.1, 21.6, 1®léss

Spectrometry: HRMSESI (m/z): Calcd for @H..N,O,SNa [M +NaJ’, 415.1456 Found,

415.1455

(E)-N-(2-aminophenyl}4-methyl-N-(3-(m-tolyl)allyl)benzenesulfonamide (S21)

NH, Compound (EN-(2-aminophenyM-methy+N-(3-(m-
NN tolyl)allyl)benzenesulfonamide was prepared followfhgethod D)
.i.s/\/\@/ from 4-methytN-(2-nitrophenyl)benzenesulfonamid2.92 g, 10.0

mmol) yieldingit as acolorless 0il(2.04g, 52 %).

Rr = 0.30 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz,CDC}) U 7. 64 ( d,
J=6.2 Hz, 2H), 7.23 () = 18.6 Hz, 2H), 7.17 7.08 (m, 1H), 7.03 (s, 4H), 6.71 @@= 7.6 Hz,

1H), 6.56i 6.45 (m, 1H), 6.45 6.37 (m, 1H), 6.33 (d) = 15.7 Hz, 1H), 6.20 6.02 (m, 1H),

4.52 (d,J = 13.6 Hz, 1H), 4.195(2H), 4.09i 3.97 (m, 1H), 2.38 3H), 2.28 (s, 3H)**C NMR

(101 MHz,CcDC}) & 146.7, 143.6, 137.9, 136.3, 135.6, 1
128.0, 127.2, 124.6, 123.6, 123.4, 117.7, 116.6, 54.0, 21.5 N#4s8. Spectrometry: HRMBSI

(m/z): Calcd fo CysH,4N,O,SNa[M +Na]’, 415.1456Found,415.1456
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(E)-N-(2-aminophenyl)-4-methyl-N-(3-(p-tolyl)allyl)benzenesulfonamide (S22)

NH; Compound (EN-(2-aminophenyh4-methytN-(3-(p-
©:N Pz tolyl)allyl)benzenesulfonamide was prepared followihethod D)
+S/\/\©\ from 4-methyl-N-(2-nitrophenyl)benzenesulfonami@2.92g, 10.0

mmol) yieldingit as a palevhite solid (2.359, 60 %).

R: = 0.30 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz,CDC)) U 7. 62 ( d,
J=7.4 Hz, 2H), 7.26 (d] = 7.5 Hz, 2H), 7.09 (d] = 10.4 Hz, 2H), 7.08 6.96 (m, 3H), 6.71 (d,

J=7.9 Hz, 1H), 6.48 (d] = 7.3 Hz, 1H), 6.38 (d] = 7.8 Hz, 1H), 6.32 (d] = 15.8 Hz, 1H), 6.04

(dd,J=15.0, 7.0 Hz, 1H), 4.50 (d,= 13.6 Hz, 1H), 4.11 2H), 4.02 (ddJ = 13.2, 7.5 Hz, 1H),

2.42 (s, 3H), 2.29 (s, 3HFC NMR (101 MHz,CDG) U 146.8, 143.7, 137.7,
129.5, 129.4, 129.2, 128.9, 128.1, 126.4, 124.7, 122.7, 117.8, 116.7, 54.1, 21.6Idxk2.
Spectometry: HRMSESI (m/z): Caled for &H,/N,O,SNa [M  +Na]', 415.1456
Found415.1454

(E)-N-(2-aminophenyl)»-N-(3-(4-(tert-butyl)phenyl)allyl) -4-methylbenzenesulfonamide(S23)

NH, Compound (E)-N-(2-aminophenyBN-(3-(4-(tert-
©:N _— butyl)phenylallyly4-methylbenzeesulfonamide was prepared
Ts following (Method D) from4-methykN-(2-

nitrophenyl)benzenesulfonami@2.92g, 10.0 mmol) yielding it
as a palevhite solid (2.60g, 60 %).

R¢ = 0.40 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz,CDC}) u 7. 62 ( d,
J=7.4 Hz, 2H), 7.24 (dd] = 23.1, 10.1 Hz, 4H), 7.16 (d,= 7.8 Hz, 2H), 7.01 (d) = 7.4 Hz,

1H), 6.71 (dJ = 7.9 Hz, 1H), 6.54 6.42 (m, 1H), 6.42 6.33 (m, 1H), 6.31 (s, 1H), 6.06 (di,

= 14.9, 7.3 Hz, 1H), 4.52 (d,= 13.7 Hz, 1H) 4.17 §, 2H), 4.071 3.93 (m, 1H), 2.42 (s, 3H),

1.28 (s, 9H).®*C NMR (101 MHz, CDGC)) u 150.9, 146.8, 143.7, 135.7, 134.0, 133.8, 129.5,

129.4, 128.8, 128.1, 126.3, 125.4, 124.7, 122.9, 117.8, 116.7, 54.1, 34.5, 31.3M&<s6.
Spectrometry: HRMSESI (m/z): Calcd for GgHszoN.O,SNa [M +NaJ’, 457.1926 Found,

457.1922

(E)-N-(2-aminophenyl)}-4-methyl-N-(3-(4-(trifluoromethyl)phenyl)allyl)benzenesulfonamide
(S24)

©:NH2 Compound (E)-N-(2-aminophenyB4-methykN-(3-(4-

N /\/\©\ (trifluoromethyl)phenyl)allyl)benzenesuliamide was prepared
|
Ts CF
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following (Method D) from 4-methytN-(2-nitrophenyl)benzenesulfonami@2.92g, 10.0 mmol)

yieldingit as awhite solid (3.17g, 71 %).

R: = 0.40 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz,CDC)) U 7. 62 ( d,
J=17.6 Hz, 2H), 7.47 () = 19.2 Hz, 2H), 7.29 (dd,= 17.5, 8.8 Hz, 4H), 7.05 {@,= 7.2 Hz, 1H),

6.74 (d,J= 7.5 Hz, 1H), 6.52 (t) = 7.1 Hz, 1H), 6.40 () = 12.0 Hz, 2H), 6.28 6.15 (m, 1H),

4.58 (d,J = 13.1 Hz, 1H), 4.185( 2H), 4.02 (dd,J = 13.4, 7.0 Hz, 1H), 2.43) **C NMR (101

MHz,CDCkL) U0 146. 7, d 1&3129D Hz),1366,.182.6,(13).129.6, 122 (m, J

©r= 212.0 Hz), 128.7, 128.1, 127.6, 126.7, 125.5, 124.7, 118.6, 118.0, 116.8, 53.4)R21.2.

NMR (376 MHz, CDC}) -&8.8 fn, 3B. Mass Spectrometry: HRMESI (m/z): Calcd for
C,3H2F3N,O,SNa [M +Na]’, 469.1174Found,469.1174

(E)-N-(3-([1,1'-biphenyl]-4-yDallyl) -N-(2-aminophenyl}4-methylbenzenesulfonamide(S25)

NH, Compound (EN-(3-([1,1-bipheny] -4-yl)allyl) -N-(2-
O:N = aminophenyb4-methylbenzenesulfonamide was  prepared

Ts O following (Method D) from 4-methykN-(2-

O nitrophenyl)benzenesulfonami@2.92 g, 10.0 mmol) yielding

it as a pale yellow solidL(91g, 42 %).

Ri = 0.30 (hexanesEtOAc 8:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC}) 4 7. 63 (t ,
J=7.0 Hz, 2H), 7.52 (ddl = 16.3, 7.0 Hz, 2H), 7.497.43 (m, 2H), 7.43 7.35 (m, 2H), 7.35

7.22 (m, 5H), 6.73 (dd] = 8.1, 0.9 Hz, 1H), 6.72 (di,= 10.7, 5.3 Hz, 1H), 6.546.48 (m, 1H),

6.437 6.36 (m, 2H), 6.16 (dt] = 15.7, 6.84z, 1H), 4.55 (ddJ = 14.2, 6.1 Hz, 1H), 4.1%,(2H),

4.04 (ddJ = 14.2, 7.5 Hz, 1H), 2.43 (s, 3HJC NMR (101 MHz, CDG)) Ui 146.8, 143.8, 140.6,

1405, 135.7, 135.5, 133.7, 129.6, 129.5, 128.8, 128.1, 127.6, 127.4, 127.2, 127.0, 126.9, 124.8,
123.9,117.9, 116.7, 54.0, 21.8lass Spectrometry: HRMESI (m/z): Calcd for ggH,6N.O,SNa

[M +NaJ", 477.1613 Found,477.1609

(E)-N-(2-aminophenyl)-N-(3-(4-bromophenyl)allyl)-4-methylbenzenesulfonamide(S26)

NH; Compound (EN-(2-aminophenybN-(3-(4-bromophayl)allyl)-4-
O:N = methylbenzenesulfonamide was prepared followihgthod D)
.i.s/\/\@\ from 4-methykN-(2-nitrophenyl)benzenesulfonami@2.92g, 10.0

Br

mmol) yieldingit as a palevhite solid (2.37g, 52 %).
Rr = 0.30 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz,CDC)) U0 7. 61 (d,
J=7.9 Hz, 2H), 7.35 (tJ = 11.6 Hz, 2H), 7.28 (d] = 7.8 Hz, 2H), 7.06 (dd] = 19.3, 7.7 Hz,
3H), 6.73 (dJ= 7.7 Hz, 1H), 6.50 (d] = 7.2 Hz, 1H), 6.42 6.34 (m, 1H), 6.31 (d] = 15.7 Hz,
1H), 6.18i 6.04 (m, 1H), 42 (d,J = 13.4 Hz, 1H), 4.175( 2H), 4.051 3.93 (m, 1H), 2.44 (s,
3H). **C NMR (101 MHz, CDGJ) 11146.7, 143.8, 135.6, 135.5, 132.8, 131.6, 129.6, 129.5, 128.8,
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1283, 1281, 1280, 124.7, 121.6, 118.0, 116.8, 5321.5. Mass Spectrometry: HRMESI
(m/z): Calcd for G,H,;BrN,O,SNa [M +Na]’, 479.0405Found,479.0405

(E)-N-(2-aminophenyl)-N-(3-(4-fluorophenyl)allyl) -4-methylbenzenesulfonamide(S27)

NH; Compound  (EN-(2-aminophenyhN-(3-(4-fluorophenyl)allyl}4-
©:N = methylbenzenesulfonamide was preparedovahg (Method D)
1'.3/\/\@\ from 4-methykN-(2-nitrophenyl)benzenesulfonami@2.92g, 10.0

F

mmol) yieldingit as a palevhite solid (1.949, 49 %).

R: = 0.40 (hexanesEtOAc5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz, CDC)) U 7. 60
J=12.6 Hz, 2H), 7.26 (dd] = 15.4, 9.3 Hz, 2H), 7.19 (dd,= 8.2, 5.6 Hz, 2H), 7.03 (dd,=

19.6, 11.9 Hz, 1H), 6.93 (8 = 8.6 Hz, 2H), 6.73 (dJ = 8.0 Hz, 1H), 6.51 (t) = 7.6 Hz, 1H),

6.36 (ddJ = 14.1, 8.7 Hz, 1H), 6.31 (s, 1H).081 5.94 (m, 1H), 4.53 (dd] = 14.1, 6.0 Hz, 1H),

4.19 6, 2H), 3.99 (ddJ = 14.2, 7.5 Hz, 1H), 2.44 (s, 3HJC NMR (101 MHz, CDC)) 11 162.2

(d, J cr= 224.8Hz), 146.8, 143.8, 135.6 (d,cr= 14.1 Hz), 132.9, 132.7, 129.6, 129.5, 128.8,
128.1,128.0, 124.8d,J cr= 21.7 Hz), 123.6, 118.0, 116.7, 115.5J¢s 5= 21.7 Hz), 53.9, 21.5.

F NMR (376 MHz, CDGJ) li-1141 (m, 1P. Mass Spectrometry: HRMESI (m/z): Calcd for
CoHx1FN,O,SNa[M +NaJ', 419.1205Found,419.1206

General procedurefor Preparation of Aryldiazonium salts

The Aryldiazonium salts were prepared according to literature répbrts.

NH
| A 2 B ELO 'BUONO, THF | XNy V2BF4
+ .
/\\/ 3 =2 -15°C to 0°C /\\/
R R

To boron trifluoride etherate (1.06 450 mmol, 1.50 equiy contained in a threeeck round
bottom flask fitted with two additn funnels and a reflux condenser connected to a gas buret was
added 5.0 mmol of the aromatic amine in a minimal volume of the anhydrous solvent, usually
10.0 mL. Prior to addition of the amine, theron trifluoride etheate was cooled al5€C in an
ice-acetone bath. If a solid amiid=; complex had formed, additional solvent or ethyl ether was
added to produce a homogeneous solutionBlagl nitrite (0.618 g6.00 mmol, 1.20 equiy in
5.00mL of the same solve was added dropwide the rapidly stirred reaction solution over a

10 min period. Following complete addition. the temperature of the reaction solution was
maintained at15 € for 10 min and then allowed to warm to 5 € in aceiwater bath ogr a 20

min period. A crystalline precipitatgsuallyformed during the addition of tebutyl nitrite, and
following the 20min period at 5€ precipitation was completas-Hexane (400 mL) was then
added to the reaction solution, and the solid wasmuétiered, washed witbold ether (2 x10.0

mL), thendissolved inacetone (90 mL) and subsequently poured onto cold dietttyler £0.0

(t,
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U

mL) . The resul tant p r e c urper tniérdgen towgivethe desireée f ul | y y
aryldi azoni um t eThe fluprinationredctmmswaereeémmediately carried owthen
aryldiazonium tetrafluoroborategere gained

2-(1-fluoro-2-(4-fluorophenyl)ethyl)benzoic acid(3a)
AgOTf (0.2 equiv)

COOH
/©/N23F4 ©j\ Selectfluor (2 equiv) O
. _
. COOH DMA, Np, 25°C O
F
F

1 2a 3a 61% yield

To 4fluorobenzend i azoni um t e (18 png, ®.000 nmal, 8 equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.R0O0 equiv) were addedanhydrousDMA

(1.20 mL)and 2vinyl-benzoic acid2a) (44.5 mg, 0.300 mmol,.@0 equiv), then followed by-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0e600bi s (t et
mmol, 200 equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed al. The

reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&GQ0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting viigxanes/EtOAd 0.1 (v/v), to

afford 47.8 mg 2-(1-fluoro-2-(4-fluorophenyl)ethyl)benzoic aci(8a) as awhite solid (61% yield).

Rr = 0.40 (hexanes/EtOA8:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) 4 8. 18 ( d,
J=7.8 Hz, 1H), 7.70 7.64 (m, 2H), 7.51 7.41 (m, 1H), 7.26 (1 = 6.9 Hz, 2H), 6.99 (1) = 8.7

Hz, 2H), 6.54 (ddd) = 49.1, 8.3, 2.3 Hz, 1H), 3.373.19 (m, 1H), 3.00 (ddd, = 22.6, 14.6, 8.4

Hz, 1H)."*C NMR (101 MHz, CDCJ) t1171.4 161.7 (dJ (cr= 268.6 Hz), 143.9 (d] = 19.9

Hz), 134.0, 133.2 (d] c»= 3.2 Hz), 131.7, 131.1 (d,cr= 7.9 Hz), 128.0, 126.2 (d,cr~= 14.3

Hz), 125.2 (dJ = 4.4 Hz), 115.2 (dJ cp= 21.2 Hz), 92.2 (dJcr= 172.6 Hz), 43.3d,J

/= 23.5 Hz)."*F NMR (376 MHz, CDCJ) ti-1165 (m, 1P, -181.7 (n, 1P. Mass Spectrometry:

HRMS-ESI (m/z): Calcd for GH1.,F,0,, 262.0805Found,262.0767.

1-bromo-2-(1-fluoro-2-(4-fluorophenyl)ethyl)benzene(3b)

) Br
AgOTf (0.2 equiv)
/©/N25F4 ©/\Br/ Selectfluor (2 equiv) O
+
- = DMA, Ny, 25°C O
F

F
1 2b 3b 60% yield

To 4fluorobenzend i azoni um t &) G&0mgo0r3@0bmmol,£Q equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.RO0 equiv) were addedanhydrousDMA

(2.20 mL)and tbromo2-vinylbenzeng2b) (275 mg, 1.500 mmol,.60 equiv), then followed

by 4-fluoro-1-chloromethyil,4di azoni abi cycl o[ 2. 2. 2] 2l@trma,n e bis(t
0.600 mmol, 00 equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed vial.

The reaction was diluted with,® (30.0 mL) and extracted 2 times with EtOAEQ0 mL). The
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combined organic layer was dried over MgS®@he filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexanes/EBDAc(v/v), to
afford 53.2 mg 1-bromao-2-(1-fluoro-2-(4-fluorophenyl)ethyl)benzen@b) as a colorlessil (60%
yield).

Rr = 0.30 (hexanes/EtOAd001 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)}) U 7. 55
(d,J=8.0 Hz, 1H), 7.39 (dd} = 7.8, 1.7 Hz, 1H), 7.34 (dd,= 10.8, 4.2 Hz, 1H), 7.267.15 (m,
3H), 7.04i 6.94 (m, 2H), 5.91 (ddd, = 46.8, 8.2, 3.1 Hz, 1H), 3.23 (ddbs= 32.8, 14.7, 3.0 Hz,
1H), 3.04 (ddd, = 22.8, 14.8, 8.2 Hz, 1H}*C NMR (101 MHz, CDGJ) 11 161.8 (dJ cs= 211.0
Hz), 139.1 (dJ cr= 21.8 Hz), 132.7, 132.4 (d,c.p= 2.7 Hz), 131.1 (d) (c.r= 8.0 Hz), 129.7,
127.8, 127.0 (d) cp= 10.3 Hz), 120.6 (d] c.r= 6.0 Hz), 115.3 (d) cp= 21.2 Hz), 3.2 (d,J
= 1245 Hz), 41.6 (dJ cr= 23.8 Hz)."F NMR (376 MHz, CDG)) 1i-1162 (m, 1P), -182.7
(m, 1B. Mass SpectrometnycS-Massgl) (m/z): Calcd for G4H;,BrF,, 296.0012 Found,296.0.
Elemental AnalysisCalcd for C56.59%, H:3.73%Found,C:56.48%, H:3.94%

4-methylpentan-2-yl-2-(1-fluoro -2-(4-fluorophenyl)ethyl)benzoate(3c)

O
N.BF 0 AgOTf (0.2 equiv) )\)\O
/@/ 22t 4 o Selectfluor (2 equiv)
F = DMA, N,, 25°C O F
F

1 2c 3c 59% vyield

To 4fluorobenzend i azoni um t e2) (18 png,®.000 nmal, 8O equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmp 0.200 equiv) were addedanhydrousDMA

(1.20 mL) and 4methylpentarR-yl-2-vinylbenzoate(2¢) (69.7 mg, 0.300 mmol,.Q0 equiv),

then followed by4-fluoro-1-chloromethyil,4di azoni abi cycl o[ 2. 2. 2] octane
(212 mg, 0.600 mmol,.20 equiv). The reaction mixture was stirred 20 hrs at 25 °C in a

sealed vial. The reaction was diluted with,B (30.0 mL) and extracted 2 times with EtOAc

(20.0 mL). The combined organic layer was dried over MgSKkhe filtrate wasconcentratedn
vacuoandtheresiduewas purified bychromatography on silica gel, eluting with hexanes/EtOAc

50:1 (v/v), to afford60.8 mg 4-methylpentarR-yl-2-(1-fluoro-2-(4-fluorophenyl)ethyl)benzoate

(3¢) as a colorlessil (5% yield).

Rr = 040 (hexanes/EtOA@5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 8. 00 ( d,
J=7.7 Hz, 1H), 7.59 (dd] = 13.9, 6.0 Hz, 1H), 7.55 (d,= 7.8 Hz, 1H), 7.39 (t) = 7.4 Hz, 1H),

7.30 (dd,J = 14.1, 8.2 Hz, 2H), 7.01 (§,= 8.6 Hz, 2H), 6.50 (dd] = 49.1, 8.5 Hz, 1H), 5.3B

5.19 (m, 1H), 3.29 (dd] = 35.9, 14.6 Hz, 1H), 3.002.84 (m, 1H), 1.82 1.63 (m, 2H), 1.47

1.38 (m, 1H), 1.35 (1) = 6.3 Hz, 3H), 1.05 0.86 (m, 6H)*C NMR (101 MHz, CDGJ) 1i 166.1

(d, J c.p= 24.2 Hz), 161.5(d, J (cr= 180.4 Hz) 142.7 (dJ cr= 28.8 Hz), 133.3 (d] cr= 19.9

Hz), 132.5, 131.2 (d] .= 7.9 Hz), 130.4, 127.(®, J c.p= 14.3 Hz), 125.9 (d] (cr= 13.7 H2),

115.1 (dJ cp= 21.1 Hz), 92.0 (dJ cp= 130.6 Hz), 70.6d, J cr= 12.6 Hz), 45.1(d, J cr=

14.3Hz), 43.1 (dl, J cp= 62.9 14.2Hz), 25.0(d, J (cr= 28.8Hz), 23.1(d, J (cr= 7.6 Hz), 22.4
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(d, J cr=7-3 Hz), 20.7(d, J 5= 6.8 Hz). *°F NMR (376 MHz, CDGJ) li-1168 (m, 1P), -1816
(m, 1P. Mass Spectrometry: HRMESI (m/z): Calcd for gH,,F0O,Na [M +NaJ’, 369.1642
Found,369.1640.

2-(2-fluoro-2-(4-fluorophenyl)ethyl)-1,3,5trimethylbenzene (3d)

N.BF E AgOTf (0.2 equiv) F
,BF4 \©\/ Selectfluor (2 equiv)
. .
F DMA, Ny, 25°C O F

1d 2 3d 22% yield

To 2,4,6-trimethylbenzendia z oni um t et (A (YU20nmgp 3OO nartole @0 equiv)
andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.B00 equiv) wereaddedanhydrous

DMA (1.20 mL) and4-fluorostyrene(2) (179 uL, 1.50 mmol, 30 equiv), then followed by-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0eL00bi s (t et
mmol, 200 equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed vial.The
reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&GQ0 mL). The
combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexanes/Ef08&¢& (v/v), to

afford 17.1 mg 2-(2-fluoro-2-(4-fluorophenyl)ethyl1,3,5trimethylbenzend3d) as ayellow oll

(22% yield).

R = 0.40 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy*H NMR (400 MHz, CDC)) U i7. 30
7.19 (m, 2H), 7.04 (1) = 8.4 Hz, 2H), 6.85 (s, 2H), 5.53 (ddbs 47.0, 8.0, 5.3 Hz, 1H), 3.31 (td,

J = 14.2, 8.4 Hz, 1H), 3.10 2.93 (m, 1H), 2.26 (s, 3H), 2.21 (s, 6HJC NMR (101 MHz,

CDCl;) U 162.5 (dJ c.r= 226.3 Hz), 137.2, 1368, J c.r= 20.8Hz), 136.3, 130.3, 129.2, 127.

115.4 (d,J cr= 21.5 Hz), 93.6 (dJ cr= 193.4Hz), 37.7 (dJ cr= 25.1 Hz), 20.9, 20.2°F

NMR (376 MHz, CDC}) -1137 (m, 1P, -173.3 (m, 1P. Mass SpectrometnyGS- Mass(El)

(m/z): Calcd fo Ci7H18F», 260.1377 Found, 260.1. Elemental AnalysisCalcd for C78.43%,
H:6.97% Found,C:78.29%, H:6.85%

(1-fluoroethane-1,2-diyl)dibenzene(3e)

AgOTf (0.2 equiv)
N,BF4 ©/\ Selectfluor (2 equiv)
. -
[ j DMA, N, 25°C O F

e 2e 3e 67% yield

To benzendi azoni um t e(leg @p6umng; 0.300 mmad, @0 equiv) and silver
triluoromethanesulfonat¢15.3 mg, 0.060 mmol,.P00 equiv) were addedanhydrousDMA

(1.20 mL) and styreng2e) (170 pL, 1.50 mmol, 00 equiv), then followed by4-fluoro-1-
chloromethyl,4di azoni abi cycl o[ 2. 2at€ P12 g, 8.600 mrbol,.80( t et r ap u
equiv). The reaction mixture was stirred &8 hrs at 25 °C in a sealed vial.The reaction was
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diluted with HO (30.0 mL) and extracted 2 times with EtOAt(Q0 mL). The combined organic
layer was dried over MgSQOThe filtrate wasconcentratedh vacuoandthe residuewas purified
by chromatography on silica gel, eluting with hexanes/Et@8@1 (v/v), to afford40.0 mg (1-
fluoroethanel,2-diyl)dibenzeng3e) as a colorlessolid (67%6 yield).

Rr = 0.40 (hexanes/EtOAAd001 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC}) U 7. 39
T 7.32 (m, 3H), 7.32 7.25 (m, 4H), 7.23 (1) = 5.1 Hz, 1H), 7.17 (d] = 7.0 Hz, 2H), 5.61 (ddd,
J=47.4,8.1, 4.8 Hz, 1H), 3.27 (ddil= 17.5, 14.3, 8.1 Hz, 1H), 3.10 (dddi= 28.7, 14.2, 4.8

Hz, 1H).”*C NMR (101 MHz, CDGJ) 11140.0 (d,J cr= 5.3 Hz), 139.8, 136.8 (d,cr= 9.7 Hz),

129.6, 128.5, 126.8, 125.8, 125.7 Jdcr= 6.9 Hz), 94.7 (dJ c.r= 123.1 Hz), 44.0 (d) cr=

21.6 Hz)."*F NMR (376 MHz, CDGJ) 1i-1732 (m, 1F). The spectroscopic data (NMR) matched

those reported in the literat{iféfor (1-fluoroethanel,2-diyl)dibenzene

1-fluoro-4-(1-fluoro-2-phenylethyl)benzeng3f)

F
AgOTf (0.2 equiv)
NzBF4 /©/\ Selectfluor (2 equiv)
[ j DMA, N, 25°C O F

e 2 3f 59% vield

To benzendi azoni um t e(leg @p6umng; 0.300 mal,t 180 equiv) andsilver
triluoromethanesulfonat¢l5.3 mg, 0.060 mmol,.P00 equiv) were addedanhydrousDMA
(1.20 mL)and4-fluorostyreng(2) (179puL, 1.50 mmol, 300 equiv), then followed by-fluoro-1-
chloromethyil,4-diazoniabicyclo[2.2.2]octank i s ( t et r a R1Raong, ©®.B0® m=dl,.80) (
equiv). The reaction mixture was stirred &8 hrs at 25 °C in a sealed vial.The reaction was
diluted with HO (30.0 mL) and extracted 2 times with EtOAE(,0 mL). The combined organic
layer was dried wver MgSQ. The filtrate wasconcentratedh vacuoandthe residuewas purified

by chromatography on silica gel, eluting with hexanes/Et@®8@1 (v/v), to afford38.4mg 1-
fluoro-4-(1-fluoro-2-phenylethyl)benzengsf) as a colorlessolid (59% yield).

Rr = 0.40 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy*H NMR (400 MHz, CDC)}) 0 i7. 32
7.26 (m, 2H), 7.26 7.21 (m, 3H), 7.14 (d] = 6.8 Hz, 2H), 7.04 (i) = 8.5 Hz, 2H), 5.60 (ddd]
=47.0,7.7, 5.3 Hz, 1H), 3.27 (ddd= 17.4, 14.2, 7.8 Hz, 1H), 3.09 (ddb 26.7, 14.1, 5.2 Hz,

1H). ®C NMR (101 MHz, CDGJ) 11 162.2 (dJ cr= 172.2 Hz), 136.3d J c 5= 8.2 Hz), 135.5

(d, J cr= 26.4 Hz), 129.5, 128.5, 1B7(d, J c.r= 24.2 Hz), 126.9, 115.4 (d] c.r= 21.5 Hz),

93.9 (d,J c.p= 162.0 Hz), 43.9 (d) (cr= 33.6Hz). “F NMR (376 MHz, CDCJ) Ui -1135 (m,

1P, -1709 (m, 1F. Mass SpectrometryGS-Massgl) (m/z): Calcdfor CyHiF,, 218.0907
Found,218.1. Elemental AnalysisCalcd for C77.05%, H:5.54%Found,C:76.80%, H’5.84%.
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1-bromo-4-(2-fluoro-2-(4-fluorophenyl)ethyl)benzene(3g)

F
AgOTf (0.2 equiv)
/©/N28F4 /©/\ Selectfluor (2 equiv) O
+
Br F DMA, Nj, 25°C O E
Br

19 2 3g 81% yield

To 4bromdbenzendi azoni um t e(lgr (8p2unmyy M3BO mnzol, .@0 equiv) and

silver trifluoromethanesulfonat¢1l5.3 mg, 0.060 mmol, .00 equiv) were addedanhydrous

DMA (1.20 mL) and 4-fluorostyrene(2) (179 L, 1.50 mmol, S0 equiv), then followed by4-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0eL00bi s(t et
mmol, 200 equiv). The reaction mixture was stirred &0 hrs at 25 °C in a sealed vial.The

reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA@0.0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting with hexanes/EfD&& (v/v), to

afford 72.6 mg 1-bromo4-(2-fluoro-2-(4-fluoropheny)ethyl)benzeng3g) as a colorlessolid

(81% vyield).

Rr = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 40 ( d,
J=8.3 Hz, 2H), 7.24 (dd} = 12.9, 5.0 Hz, 2H), 7.05 (d,= 8.5 Hz, 2H), 7.00 (d] = 8.2 Hz, 2H),

5.56 (dddJ = 46.9, 7.3, 5.4 Hz, 1H), 3.19 (dd#i= 18.1, 14.3, 7.6 Hz, 1H), 3.05 (ddbl= 26.2,

14.2, 5.1 Hz, 1H)**C NMR (101 MHz, CDG)) U 162.6 (d,J cr= 249.2Hz), 135.2 (dJ cr=

4.4 Hz), 135.1d, J cr= 6.8 Hz), 131.6, 131.4, 126 (d, J cr= 7.8 Hz), 120.9, 115.5 (d] cp=

21.7 Hz), 93.5 (dJ cr= 167.4 Hz), 43.1d, J cr= 34.8 Hz)."F NMR (376 MHz, CDCJ) U -

113.2 (m, 1P, -1715 (m, 1F. Mass SpectrometrycGS-Massgl) (m/z): Calcd for G4H1:BrF,,

296.0012 Found,296.0. Elemental AnalysisCalcd for C56.59%, H:3.73%Found,C:56.89%,

H:3.59%

1-(tert-butyl) -4-(2-fluoro -2-(4-fluorophenyl)ethyl)benzene(3h)

F
AgOTf (0.2 equiv)
N,BF, /©/\ Selectfluor (2 equiv)
. .
E DMA, Ny, 25°C O F

1h 2 3h 69% yield

To 4tertbutylbenzend i az oni um t e(thy(aptung, r0.800 onmal, 1ACkequiv) and
silver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.RP00 equiv) were addedanhydrous
DMA (1.20 mL) and 4-fluorostyrene(2) (179 uL, 1.50 mmol, S0 equiv), then followed by4-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0eBO00bi s (t et
mmol, 200 equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed vial.The
reaction was diluted with # (30.0 mL) and extracted 2 times with EtOA&0.0 mL). The
combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexanes/Ef08&¢& (v/v), to
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afford 57.0 mg 1-(tertbutyl)-4-(2-fluoro-2-(4-fluorophenyl)ethyl)benzeng3h) as a colorless
solid (69% yield).

R¢ = 0.40 (hexanes/EtOA80:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) u 7. 34 ( d,
J=8.3 Hz, 2H), 7.31 7.27 (m, 2H),7.13 (d] = 8.1 Hz, 2H), 7.07 (1) = 8.6 Hz, 2H), 5.60 (ddd,
J=47.2,8.2, 4.8 Hz, 1H), 3.25 (dd#i= 17.1, 14.4, 8.2 Hz, 1H),® (ddd,J = 27.1, 141,5.2
Hz, 1H), 1.33 (s, 9H)'°C NMR (101 MHz, CETl3) 1162.1 (dJ cr= 148.7 Hz), 149.7, 135.8l(
J cr= 14.5 Hz), 133.4d, J cr= 13.4 Hz), 129.2, 127.7 (d,c.r= 8.2Hz), 125.4, 115.3d, J (c.
= 21.2Hz), 94.1 (dJ cp= 159.3 Hz), 43.2d, J cr= 44.8 Hz), 34.3, 31.4°F NMR (376 Mz,
CDCly) -1135 (m, 1P, -1707 (m, 1P. Mass SpectrometrycS-Massgl) (m/z): Calcd for
CigHooF,, 274.1533 Found, 274.2. Elemental AnalysisCalcd for C78.80%, H:7.35%Found,
C:78.75%, H:7.83%

1-fluoro-4-(1-fluoro-2-(p-tolyl)ethyl)benzene(3i)

F
AgOTf (0.2 equiv)
/O/NZBF4 /©/\ Selectfluor (2 equiv) O
+
F DMA, Ny, 25°C O F

1i 2 3i 73% vyield

To 4methylbenzend i azoni um t e(lr (618 ung,r0OB@oNMmM®lt.@0 equiv) and

silver trifluoromethanesulfonat¢l5.3 mg, 0.060 mmol,.200 equiv) were addedanhydrous

DMA (1.20 mL) and 4-fluorostyrene(2) (179 uL, 1.50 mmol, S0 equiv), then followed by4-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0e600bi s (t et
mmol, 200 equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed vial.The

reaction was diluted wh H,O (30.0 mL) and extracted 2 times with EtOA&GQO0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting with hexanes/Ef08&¢& (v/v), to

afford 50.9mg 1-fluoro-4-(1-fluoro-2-(p-tolyl)ethyl)benzeng3i) as a colorlessolid (73% yield).

Rr = 040 (hexanes/EtOAS&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 26 ( d,
J=3.6 Hz, 2H), 7.24 (d) = 5.7 Hz,1H), 7.08 () = 7.2 Hz, 2H), 7.04 (1) = 8.3 Hz, 3H), 5.56
(ddd,J=47.0, 7.7, 5.3 Hz, 1H), 3.22 (dd#l= 17.2, 14.2, 7.8 Hz, 1H), 3.04 (ddb= 26.7, 14.1,

5.3 Hz, 1H), 2.32 (s, 3H}°C NMR (101 MHz CDCk) 11 162.4 (d,J (cp= 197.2 Hz), 136.4 (d]

c-r= 10.8 Hz), 135.6d, J c.r= 26.9 Hz), 133.1, 129.5, 129.2, 127.6 ¢t~ 20.5 Hz), 115.4

(d, J cp= 21.6 Hz), 94.3 (dJ cp= 129.9 Hz), 43.4 (d) cr= 30.1 Hz), 20.9°F NMR (376

MHz, CDCE) U -113.6 m, 1B, -1707 (m, 1F. Mass SpectrometrycS-Massgl) (m/z): Calcd

for CisHi4F, 232.1064 Found,232.1. Elemental AnalysisCalcd for C77.57%, H:6.08%Found,

C.77.65%, H:6.17%
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1-fluoro-4-(2-fluoro-2-phenylethyl)benzeng3))

AgOTf (0.2 equiv)
/©/N28F4 ©/\ Selectfluor (2 equiv) O
+
E DMA, N,, 25°C O F
F
1 2e 3j 74% vyield

To 4fluorobenzend i azoni um t &) 6&0mgo0r3@0bmmol,0 equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.RP00 equiv) were addedanhydrousDMA

(2.20 mL) and styreng2¢) (170 puL, 1.50 mmol,5.00 equiv), then followed by4-fluoro-1-
chloromethyl,4di azoni abi cycl o[ 2. 2. 2Pl2mg, 8600 mmol,.8(t et rapu
equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed vial.The reaction was

diluted with HO (30.0 mL) and extracted 2 times with EtOAE(Q,0 mL). The combined organic

layer was dried over MgSQOThe filtrate wasconcentrated vacuoandthe residuewas purified

by chromatography on silica gel, eluting with hexanes/Et@@@1 (v/v), to afford48.1mg 1-
fluoro-4-(2-fluoro-2-phenylethyl)benzeng)) as a colorlessolid (74% vyield).

R = 0.40 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy*H NMR (400 MHz, CDC)) U i7. 38
7.31 (m, 3H), 7.27 (d) = 7.4 Hz, 2H), 7.11 (dd] = 8.3, 5.6 Hz, 2H), 6.96 ({1 = 8.7 Hz, 2H),

5.57 (dddJ = 47.3, 7.8, 4.9 Hz, 1H), 3.22 (ddii= 18.2, 14.4, 7.9 Hz, 1H), 3.08 (ddblz 27.7,

14.3, 4.8 Hz, 1H)*C NMR (101 MHz, CDG)) 1 161.7 (d,J cr= 233.6Hz), 139.6 (dJ cr=

20.0 Hz), 132.3d, J (cr= 3.6 Hz), 131.1 (d) c.r= 7.9 Hz), 128.5, 128.5, 125.7 @ (c.r= 6.7

Hz), 115.3 (dJ cr= 21.2 Hz), 94.4 (d) cr= 101.6 Hz), 43.1 (dJ cr= 24.6 Hz)."F NMR

(376 MHz, CDCk) U -116.3 M, 1B, -1737 (m, 1P. Mass SpectrometryGS-Massgl) (m/z):

Calcd for G4H1oF,, 218.0907 Found,218.1. Elemental AnalysisCalcd for C77.05%, H:5.54%

Found, C:77.10%, H:5.50%.

4,4'-(1-fluoroethane-1,2-diyl)bis(fluorobenzene)(3k)

F
AgOTf (0.2 equiv)
/©/NZBF4 /©/\ Selectfluor (2 equiv) O
+
F F DMA, Ny, 25°C O F
F

1 2 3k 80% yield

To 4fluorobenzend i azoni um t &) ©G&0mgo0r3@0bmmol,£Q equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.R00 equiv) were addedanhydrousDMA

(1.20 mL)and4-fluorostyreneg(2) (179puL, 1.50 mnol, 5.00 equiv), then followed by-fluoro-1-
chloromethyl,4di azoni abi cycl o[ 2. 2. 2Pl@mg, 8600 mol,.8(t et rapu
equiv). The reaction mixture was stirred fifi hrs at 25 °C in a sealed vial.The reaction was

diluted with HO (30.0 mL) and extracted 2 times with EtOAt(Q0 mL). The combined organic

layer was dried over MgSQOThe filtrate wasconcentrated vacuoandthe residuewas purified

by chromatography on silica gel, eluting with hexanes/Et@@@1 (v/v), to afford56.7 mg4,4-

(1-fluoroethanel, 2-diyl)bis(fluorobenzene(3k) as a colorlessolid (80% vyield).
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Ri = 040 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC}) U i7. 30
7.18 (m, 2H), 7.12 7.05 (m, 3H), 7.02 (d] = 8.5 Hz, 1H), 6.96 (1) = 8.7 Hz, 2H), 5.56 (ddd,

=46.9, 7.4, 5.4 Hz, 1H), Addd,J =17.2, 8.4, 52 Hz, 1H), 3.06 (dddJ = 26.1, 14.3, 5.1 Hz,

1H). ®*C NMR (101 MHz, CDGJ) 1 163.3 (dJ cr= 56.6 Hz), 161.0 (] cr= 58.2 Hz), 135.2

(d, J cr= 31.0 Hz), 131.8d, J c.r= 20.1 Hz), 131.1 (d) c./= 7.9 Hz), 127.5 (d) cr= 48.1

Hz), 115.5 (d)J c.n= 14.7 Hz), 115.3 (d] (.= 14.3 Hz), 93.9 (d) c.r= 174.2 Hz), 43.1 (d] .

= 24.8 Hz)."*F NMR (376 MHz, CDCJ) ti-1133 (m, 1P, -1161 (m, 1P, -1716 (m, 1P. Mass
Spectrometry:GS-Massgl) (m/z): Calced for GHyuFs, 236.0813 Found, 236.1. Elemental
Analysis Calcd for C71.18%, H:4.69%Found C:71.31%, H:4.54%.

1-bromo-4-(1-fluoro-2-(4-fluorophenyl)ethyl)benzene(3l)

Br
AgOTf (0.2 equiv)
/©/N25F4 /©/\ Selectfluor (2 equiv) O
+
. Br DMA, N,, 25°C O F
F

1 2i 31 72% yield

To 4fluorobenzend i azoni um t &) G&0mgo0r3@0bmmol,£Q equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.R00 equiv) were addedanhydrousDMA

(2.20 mL)and tbromao4-vinylbenzeng2l) (196.5pL, 1.50 mmol, 200 equiv), then followed

by 4-fluoro-1-chloromethyil,4di azoni abi cycl o[ 2. 2. 2] 2l1@trma,n e bis(t
0.600 mmol, 20 equiv). The reaction mixture was stirred fif¥ hrs at 25 °C in a sealed vial.

The reaction was diluted with # (30.0 mL) and extracted 2 times with EtOAEQ0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting with hexan@s&L00 1 (v/v), to

afford 64.0 mg 1-bromo4-(1-fluoro-2-(4-fluorophenyl)ethyl)benzen€3l) as a colorlessolid

(72% yield).

Rr = 040 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 48 ( d,
J=8.2 Hz, 2H), 7.11 (dd] = 9.0, 6.3 Hz, 2H), 7.12 7.05 (m, 2H), 7.0 6.91 (m, 2H), 5.55
(ddd,J=46.9, 7.4, 5.2 Hz, 1H), 3.20 (dd#i>= 18.8, 14.3, 7.5 Hz, 1H), 3.07 (ddb= 26.0, 14.3,

5.1 Hz, 1H).”*C NMR (101 MHz, CDGCJ) Ui 161.5(d, J (cr= 165.6 Hz), 138.4d, J cr= 18.8

Hz), 131.8, 131.6, 131.1 (d,c.r= 7.9 Hz), 127.4 (d) c.r= 6.8 Hz), 122.2d, J (c.r= 35.9 Hz),

115.3 (d,J cp= 21.3 Hz), 93.7 (dJ (cr= 192.5 Hz), 43.0 (dJ cp= 24.4 Hz)."F NMR (376

MHz, CDCl;) U -116.0 (m, 1F), -1744 (m, 1F). Mass SpectrometryaS-Massgl) (m/z): Calcd

for Ci4H11BrF,, 296.0012 Found, 296.0. Elemental AnalysisCalcd for C56.59%, H:3.73%
Found,C:56.42%, H:3.85%
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1-chloro-4-(1-fluoro-2-(4-fluorophenyl)ethyl)benzene(3m)

N.BF AgOTf (0.2 equiv) cl
/@/ 25F4 /©/\ Selectfluor (2 equiv)
N
F cl DMA, Ny, 25°C O L
F
1 2m 3m 66% yield

To 4fluorobenzend i azoni um t &) G&0mgo0r3@0bmmol,£0 equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol, .00 equiv) were addedanhydrousDMA

(2.20 mL)and Xchloro-4-vinylbenzeng2m) (180pL, 1.50 mmol, 00 equiv), then followed by
4-fluoro-1-chloromethyil, 4d i azoni abi cycl o[ 2. 2. 2]2D02cmga6B0 bi s (t et
mmol, 200 equiv). The reaction mixture was stirred ftf¥ hrs at 25 °C in a sealed vial.The

reaction was dited with HO (30.0 mL) and extracted 2 times with EtOA&@QO0 mL). The
combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexanes/Ef08& (v/v), to

afford 50.0mg 1-chloro-4-(1-fluoro-2-(4-fluorophenyl)ethyl)benzen@m) as awhite solid (66%

yield).

R = 040 (hexanes/EtOA&0:1 (v/iv)). NMR Spectroscopy'H NMR (400 MHz, CDC}) U 7. 31
(dd,J=13.7,5.2 Hz, 2H), 7.18 (d,= 8.2 Hz, 2H), 7.09 (dd] = 8.2, 5.7 Hz, 2H), 6.97 (§,= 8.7

Hz, 2H), 5.56 (ddd) = 46.9, 7.3, 5.3 Hz, 1H), 3.20 (ddd+ 18.7, 14.3, 7.5 Hz, 1H), 3.07 (ddH,

= 26.0, 14.3, 5.1 Hz, 1HJ°C NMR (101 MHz CDCb) {i 161.6 (d,J (cp= 176.7 Hz), 137.9d, J

cp= 155 Hz), 134.3(d, J (c.n= 18.6 Hz), 131.8, 131.1 (dl = 8.0 Hz), 128.7, 127.1 (d,c.r=

6.7 Hz), 115.3 (dJ cp= 21.2 Hz), 93.6 (d) cr= 144.4 Hz), 43.0 (d] 5= 24.5 Hz).°F NMR

(376 MHz, CDC}) 0 -116.0 (m 1P, -1735 (m, 1P. Mass SpectrometryGS-Massgl) (m/z):

Calcd for G4Hi;CIF,, 252.0517 Found, 252.1. Elemental Analysis Calcd for C66.55%,

H:4.39% Found,C:66.42%, H:4.25%

1-(tert-butyl) -4-(1-fluoro -2-(4-fluoro phenyl)ethyl)benzeng3n)

AgOTf (0.2 equiv)
/@/NZBF“ A Selectfluor (2 equiv) O
. -
F DMA, Ny, 25°C O £
F

1 2n 3n 44% yield

To 4fluorobenzend i azoni um t &2 6A0mgo0r3@0mmol,40 equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.RO0 equiv) were addedanhydrousDMA

(2.20 mL) and 1-(tertbutyl)-4-vinylbenzene(2n) (275 pL, 1.50 mmol, 200 equiv) then

followed by4-fluoro-1-chloromethyl,4d i azoni abi cycl o[ 2. 2. 221@dctane bi
mg, 0.600 mmol, 20 equiv). The reaction mixture was stirred 16r hrs at 25°C in a sealed vial.

The reaction was diluted with,B (30.0 mL) and extracted 2 times with EtOAEQ0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
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residuewas purified by chromatography on silica geltiglg with hexanes/EtOA&0C1 (v/v), to
afford 36.0 mg 1-(tertbutyl)-4-(1-fluoro-2-(4-fluorophenyl)ethyl)benzeng3n) as a colorless
solid (44% yield).

R¢ = 0.40 (hexanes/EtOA80:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) u 7. 39 ( d,
J=8.1Hz, 2H), 7.24 (d) = 7.8 Hz, 2H), 7.14 (dt] = 16.3, 8.2 Hz, 2H), 6.97 {,= 8.6 Hz, 2H),
5.54 (dddJ = 47.5, 8.4, 4.3 Hz, 1H), 3.23 (dd#l= 17.3, 14.6, 8.5 Hz, 1H),® (ddd,J = 27.2,
142, 5.6 Hz,, 1H), 1.32 (s, 9H)*C NMR (101 MHz, CDC}) i161.3 (dJ = 168.7 Hz), 151.6
(d, J (c-r= 16.5 Hz), 136.5d, J (cr= 17.7 Hz), 12.8, 131.0 (dJ cr= 7.9 Hz), 125.6 (d) c.r=
6.3 Hz), 125.5, 115.3 (d, c.p= 21.2 Hz), 94.8 (d) cr= 173.3 Hz), 43.0 (d) cr= 246 Hz),
34.7, 31.42°F NMR (376 MHz, CDGCJ) Ui -1164 (m, 1P, -172.1 (n, 1P. Mass Spectrometry:
GS-MassgEl) (m/z): Calcd for GgHxoF,, 274.1533 Found,274.2. Elemental AnalysisCalcd for
C:78.80%, H:7.35%Found,C:78.47%, H:7.70%

1-fluoro-4-(2-fluor o-2-(p-tolyl)ethyl)benzene(30)

AgOTf (0.2 equiv)
/©/NZBF4 /©/\ Selectfluor (2 equiv) O
+
F DMA, N,, 25°C O F
F
1 20 30 85% yield

To 4fluorobenzend i azoni um t &2 G6A0mgo0r3@0bmmol,£0 equiv) andsilver
triluoromethanesulfonat¢l5.3 mg, 0.060 mmol,.P00 equiv) were addedanhydrousDMA

(2.20 mb and Xmethyt4-vinylbenzeng20) (197 L, 1.50 mmol, 300 equiv), then followed by
4-fluoro-1-chloromethyl, 4d i azoni abi cycl o[ 2. 2. 2]2D02cmga6B0 bi s (t et
mmol, 200 equiv). The reaction mixture was stirred fif¥ hrs at 25 °C in a sealed vial.The

reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&GQ0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica geltiglg with hexanes/EtOAE001 (v/v), to

afford 59.4mg 1-fluoro-4-(2-fluoro-2-(p-tolyl)ethyl)benzen€30) as awhite solid (85% yield).

R = 0.40 (hexanes/EtOA80:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 17 (s,
4H), 7.12 (ddJ = 8.4, 5.5 Hz, 2H), 7.01 6.93 (m, 2H), 5.54 (ddd] = 47.3, 7.9, 4.9 Hz, 1H),

3.23 (ddd,J = 17.6, 14.4, 8.0 Hz, 1H), 3.07 (ddbi= 27.7, 14.3, 4.9 Hz, 1H), 2.36, (3H). **C

NMR (101 MHz, CDC}) Ui 161.6 (d,J c.s= 207.5Hz), 138.4 (d,) cr= 1.9 Hz), 136, 132.5 {,

J cr= 3.6 Hz), 131.1 (dJ cr= 7.9 Hz), 129.2, 125.8 (d,cr= 6.4 Hz), 115.2 (d) c.r= 21.2

Hz), 94.1 (dJ cr= 190.6 Hz), 43.1 (d] cr= 24.9 Hz), 21.3°F NMR (376 MHz, CDCJ)) - U

1165 (m, 1P, -1717 (m, 1F). Mass SpectrometryGS-Massgl) (m/z): Calcd for GHuF,

232.1064 Found,232.1. Elemental AnalysisCalcd for C77.57%, H:6.08%Found,C:77.55%,

H:6.28%.
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4-(1-fluoro-2-(4-fluorophenyl)ethyl)-1,1-biphenyl (3p)

AgOTf (0.2 equiv) g
/@/N2BF4 O A Selectfluor (2 equiv) O
+
F O DMA, N,, 25°C |O F
F
1 2p 3p 63% yield

To 4fluorobenzend i azoni um t &) (6&0pmg,00r3@0bmonol, &0 equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.RP00 equiv) were addedanhydrousDMA

(1.20 mL)and 4vinyl-1,1-biphenyl(2p) (270 mg, 1.50 mmol,.BO equiv), then followed by-
fluoro-1-chloromethydl,4d i azoni abi cycl o[ 2. 2. 2] 212 mg, 0600 bi s(t et
mmol, 200 equiv). The reaction mixture was stirred ft hrs at 25 °C in a sealed vial.The

reaction was diluted with 0 (30.0 mL) and extracted 2 times witBtOAc (10.0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting with hexanes/Ef0&¢& (v/v), to

afford 55.6 mg 4-(1-fluoro-2-(4-fluorophenyl)¢hyl)-1,1-biphenyl (3p) as awhite solid (63%

yield).

Rr = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC})) & 7. 61 (s,
4H), 7.521 7.44 (m, 2H), 7.42 7.32 (m, 3H), 7.14 (t) = 15.5 Hz, 2H), 7.05 6.93 (m, 2H),

566 (ddd,J = 475, 7.7, 42 Hz, 1H), 3.® (ddd,J = 174, 8.2,5.4 Hz, 1H), 3.15 (ddd) = 27.7,

14.2, 4.3 Hz, 1H)™C NMR (101 MHz, CDG)) 1 1617 (d,J cr= 221.5Hz), 141.4 (dJ cr=

10.7 Hz), 140.5 (d) c.r= 23.0 Hz), 138.6, 138.4, 132.131.1 (dJ cr= 7.9 Hz), 128.9, 127.6,

127.2 (d,J crp= 4.6 Hz), 126.2, 115.3 (d,cr= 21.2 Hz), 94.4 (d) c.r= 162.8 Hz), 43.1 (dJ

cp= 24.6 Hz)."F NMR (376 MHz, CDG) U -116.2 (, 1P, -1732 (m, 1P. Mass
Spectrometry:GS-Massgl) (m/z): Calcd for GHigF2, 294.1220 Found, 294.1. Elemental

Analysis Calcd for C81.61%, H:5.48%Found,C:81.79%, H:5.56%

1-(2-fluoro-2-(4-fluorophenyl)ethyl)-2-methylbenzene(3q)

AgOTf (0.2 equiv) F
©/\NZBF4 /©/\ Selectfluor (2 equiv)
+
F DMA, Ny, 25°C O E

1q 2 3q 82% vyield

To 2-methybenzend i azoni um t e(lgy (&p8unmyy C03B0omneolt .®) equiv) and
silver trifluoromethanesulfonat¢1l5.3 mg, 0.060 mmol, .00 equiv) were addedanhydrous
DMA (1.20 mL)and4-fluorostyrene(2) (179 uL, 1.50 mmol, 500 equiv), then followed by-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0eBO00bi s (t et
mmol, 200 equiv). The reaction mixture was stirred fifi hrs at 25 °C in a sealed vial.The
reaction was diluted withtd,0 (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The
combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
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residuewas purified by chromatography on silica gel, eluting with hexanes/EfiDA& (v/v), to
afford 57 mg 1-(2-fluoro-2-(4-fluorophenyl)ethyb2-methylbenzeng3q) as a colorlesssolid
(82% vyield).

R = 0.40 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) U i7. 27
7.21 (m, 2H), 7.15 (dd] = 5.4, 1.7 Hz, 2H), 7.12 (s, 1H), 7.1Z.06 (m, 1H), 7.03 (tJ = 8.6 Hz,
2H), 5.59 (ddd, = 46.8, 7.7, 5.4 Hz, 1H), 3.27 (dd#i= 16.2, 14.3, 7.8 Hz, 1H), 3.07 (ddbF
26.6, 14.3, 5.3 Hz, 1H), 2.23 (s, 3H)C NMR (101 MHz, CDC}) 11162.3 (d,J = 190.6 Hz),
136.7 (dJ c.r= 8.5 Hz), 135.8, 134.@l(J c.n= 10.8 Hz), 130.4, 127.5 (d,c.r= 6.7 Hz), 127.4,
127.0, 126.1, 115.4 (d,cr= 21.6 Hz), 93.8 (d) c.p= 157.5 Hz), 41.0 (d] (c.H= 47.7 Hz) 19.1.
% NMR (376 MHz, CDGQJ) 1i-1135 (m, 1P, -1716 (m, 1P. Mass SpectrometnGS-MassEl)
(m/z): Calcd for GHy4F, 232.1064 Found,232.1. Elemental AnalysisCalcd for C77.57%,
H:6.08% Found,C:77.39%, H:6.25%

Methyl -2-(2-fluoro-2-(4-fluorop henyl)ethyl)thiophene 3-carboxylate (3r)

CO,M AgOTf (0.2 equiv)
2ne = Selectfluor (2 equiv) MeO,C
R . -

S NzBF4 DMA, N2, 25°C \ S

F
1r 2 3r 34% yield

To 2-((tetrafluoroboranyl)diazenyl)thiophet¥ecarboxylate (1r) (76.8 mg, 0.300 mmol, .@0

equiv) andsilver trifluoromethanesulfonat€l5.3 mg, 0.060 mmol,.200 equiv) were addel

anhydrousDMA (1.20 mL) and 4-fluorostyrene(2) (179 uL, 1.50 mmol, 30 equiv), then

followed by4-fluoro-1-chloromethyl,4d i azoni abi cycl o[ 2. 2. 221@8ctane bi
mg, 0.600 mmol, D0 equiv). The reaction mixture was stirred 16r hrs at 25 °C in a sealed vial.

The reaction was diluted with,® (30.0 mL) and extracted 2 times with EtOA£Q0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting with hexanes/EBDAc(v/v), to

afford 33 mg Methyl2-(2-fluoro-2-(4-fluorophenyl)ethyl)hiophene3-carboxylate (3r) as a

colorlesssolid (34% yield).

Rr = 0.30 (hexanes/EtOA@5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 43 ( d,
J=5.0 Hz, 1H), 7.36 (dd] = 8.1, 5.6 Hz, 2H), 7.11 6.99 (m, 2H), 6.97 (1) = 8.9 Hz, 1H), 5.70

(ddd,J = 47.6, 8.8, 3.8 Hz, 1H), 3.87 (s, 3H), 3.65 (ddi¢, 18.0, 14.6, 4.3 Hz, 1H), 3.48 (ddH,

= 16.5, 14.2, 8.8 Hz, 1H)’C NMR (101 MHz, CDCk) Ui 163.0, 1&.6 (d, J cr= 196.7 Hz),

145.2 (dJ cp= 2.7 Hz), 135.8d, J cr= 16.7 Hz), 131.8, 130.5, 127.7, 127d, J ¢ = 8.6 Hz),

115.4 (dJ c.p= 21.7 Hz), 93.6 (d) .= 173.9 Hz), 52.0, 37.8 (d,c.p= 98 Hz). F NMR (376

MHz, CDCk) 1 -1138 (m, 1F), -1747 (m, 1F). Mass Spectrometry: HRMBESI (m/z): Calcd for
CuH1,F,0,SNa[M +NaJ’, 305.0424 Found,305.0420.
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tert-butyl (2S)-2-benzamido 3-(4-(1-fluoro-2-(4-fluorophenyl)ethyl)phenyl)propanoate (3s)

(0]
AgOTf (0.2 equiv)
NZBFM Selectfluor (2 equiv) O O
NHBz DMA, Ny, 25°C NHBz
F
F

1 2s 3s 41% yield

To 4fluorobenzend i azoni um t &) (35mg,00rls0bmool, &0 equiv) andsilver
trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.RP00 equiv) were addedanhydrousDMA
(2.20 mL) and tert-butyl (S)2-benzamide3-(4-vinylphenyl)prgpanoate(2s) (158 mg, 0.450
mmol, 300 equiv), then followed by4-fluoro-1-chloromethyil,4-diazoniabicyclo[2.2.2]octane
bi s(tetr apRl2mg, 6.600 mmot,.@ )equiv). The reaction mixture was stirred f@r
hrs at 25 °C in a sealed vialThe eaction was diluted with 40 (30.0 mL) and extracted 2 times
with EtOAc (10.0 mL). The combined organic layer was dried over MgSThe filtrate was
concentratedh vacuoandtheresiduewas purified by chromatography on silica gel, eluting with
hexanes/EDAc 1001 (v/v), to afford28.8 mg tertbutyl (2S)2-benzamide3-(4-(1-fluoro-2-(4-
fluorophenyl)ethyl)phenyl)propanoatgs) as a colorlessolid (41% yield).

Ri = 0.5 (hexanes/EtOAc 20:1 (ViVIIMR Spectroscopy'H NMR (400 MHz, CDC}) ti 7.74 (d,
J=7.3 Hz, 2H), 7.57 7.48 (m, 1H), 7.43 (t} = 7.2 Hz, 2H), 7.17 (s, 4H), 7.06 (s, 2H), 6.93](t,
= 8.1 Hz, 2H), 6.65 (d] = 6.2 Hz, 1H)5.55(ddd, J =47.2,7.8,5.6 Hz, 1H), 4.96 (d,J= 5.9 Hz,
1H), 3.39i 3.14 (m, 3H), 3.12 2.92 (m,1H), 1.45 (s, 9H)**C NMR (101 MHz, CDGJ) ii170.7,
166.7, 1.8 (d, J crp= 196.2 Hz), 138.2 (dJ (cr= 31.9 Hz), 136.6, 134.1, 131.8, 131d] { .
= 9.3 Hz), 129.8, 128.6 (d, cr= 16.0 Hz), 127.0, 125.81(J cr= 6.2 Hz), 115.1d, J c.p=
15.2 Hz), 94.3 (dJ cr= 136.1 Hz), 82.8, 53.9, 43.0 (@cr= 24.3 Hz), 37.8, 31.0, 28.5F
NMR (376 MHz, CDC)) -116.1 (m, 1P, -1736 (m, 1P. Mass Spectrometry: HRMESI
(m/z): Calcd for GgH,oF,NOsNa [M +Na]’, 488.2013Found,488.2010.

(8R,9S,13S,14S3-(1-fluoro -2-(4-fluorophenyl)ethyl)-13-methyl-6,7,8,9,11,12,13,14,15,46
decahydro-17H-cyclopenta[a]phenanthren17-one (3t)

N,BF,
o
F

1 2t 3t 43% yield

To 4fluorobenzend i azoni um t &) 6&0mg,00r3@0bmonol,&Q equiv) andsilver
triluoromethanesulfonat¢15.3 mg, 0.060 mmol,.P00 equiv) were addedanhydrousDMA
(1.20 mL) and (8R,9S,13S,14898-methy}3-vinyl-6,7,8,9,11,12,13,14,15,&decahydrel 7H-
cyclopenta[a]phenanthretv-one (2t) (420 mg, 1.50 mmol, .80 equiv), then followed by4-

AgOTf (0.2 equiv)
Selectfluor (2 equiv)

DMA, N,, 25°C
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fluoro-1-chloromethyt1,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0e600 b i s (t et
mmol, 200 equiv). The reaction mixture was stirred ft hrs at 25 °C in a sealed vial.The
reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&@QO0 mL). The
combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexanes/Ef0&¢& (v/v), to
afford 51.1 mg (8R,9S,13S,14S3-(1-fluoro-2-(4-fluoropheny)ethyl)-13-methyk
6,7,8,9,11,12,13,14,15 Acahydrel 7H-cyclopenta[a]phenanthreti’-one (3t) as a colorless
solid (43 % yield).

R: = 0.5 (hexanes/EtOAc 20:1 (VIVIIMR Spectroscopy*H NMR (400 MHz, CDC}) & 7.30 (d,
J=5.7 Hz, 1H), 7.16 (dd] = 17.0, 11.4 Hz, 2H), 7.10 7.02 (m, 2H), 6.98 () = 8.6 Hz, 2H),
5.51 (dddJ = 47.5, 8.4, 4.3 Hz, 1H), 3.22 (td= 15.8, 8.8 Hz, 1H), 3.142.97 (m, 1H), 2.92 (d,
J=5.1 Hz, 2H), 2.59 2.47 (m, 1H), 2.47 2.40 (m, 1H), 2.33 (dJ = 9.1 Hz, 1H), 2.24 2.11
(m, 1H), 2.117 1.91 (m, 3H), 1.63 (ddd} = 17.8, 10.5, 6.8 Hz, 2H), 1.571.40 (m, 4H), 0.95
0.86 (m, 3H)°C NMR (101 MHz, CDGCJ) 11220.8, 162.0 (dJ cr= 214.2 Hz), 140.1 (d] cr=
15.2 Hz),1371 (d, J (cr= 8.2 Hz), 136.8, 132.(d, J cp= 7.4 HZz), 131.0 ¢, J (c.H= 7.2 Hz),
126.5, 125.6 (d) c.r= 5.6 Hz), 123.2, 115.2(J cr= 13.5 Hz), 94.6 (d) c.r= 149.6 Hz), 50.5,
47.8, 44.4, 42.9d, J cr= 20.3 Hz), 38.0, 35.9, 31.89.4, 26.4, 25.7, 21.5, 13.9F NMR (376
MHz, CDCkL) -1164 (m, 1P, -1725 (m, 1P. Mass Spectrometry: HRMESI (m/z): Calcd for
CaeHogF,ONa[M +Na]’, 417.2006 Found,417.2008.

3-(fluoro(phenyl)methyl)-2,3-dihydrobenzofuran (5a)

N2BF4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
@ /
O/\/\© DMA’ N2, 25°C

4a 5a 81% yield
(dr=14:1)

To 2-cinnamyloxyenzend i a z 0 n i uonobotate(4ay (872 mg, 0.300 mmol,.Q0 equiv)

and silver trifluoromethanesulfonatg15.3 mg, 0.0600 mmol, .BO0 equiv) were added

anhydrous DMA (2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-

di azoniabicycl o[ 2. 2. 2]2&2rhga 0.&00 roniok .Q0t equiv).aTiher or obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was

dried over MgSQ The filtrate was concentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting with hexanes/EtQ86:1 (v/v), to afford 55.6 mg 3-
(fluoro(phenyl)methyh2,3-dihydrobenzofuran(5a) as a colorlessolid (81% yield). Further

purificationby preparativel LC gave thdransisomer for collecting data.

Rr = 0.30 (hexanes/EtOAS0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)}) U i7. 49
7.37 (m, 3H), 7.32 (d] = 3.9 Hz, 2H), 7.12 () = 7.4 Hz, 1H), 6.81 (d] = 8.0 Hz, 1H), 6.66 ({J
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=75 Hz, 1H), 6.29 (dJ = 7.4 Hz, 1H), 5.39 (dd] = 47.3, 8.7 Hz, 1H), 4.80 (dd,= 9.3, 4.6 Hz,
1H), 4.66 (tJ = 9.1 Hz, 1H), 4.07 3.86 (m, 1H).*C NMR (101 MHz, CDC)) i 160.7, 137.3,
129.3 (dJ (cr= 2.2 Hz), 129.3, 128.6, 127.3 @c.r= 5.9 Hz), 125.9, 124.6 (d] c.r= 9.2 Hz),
120.2, 109.8, 95.2 (dl cr= 186.8 Hz), 73.7 (d) cr= 2.7 Hz), 48.6 (dJ cr= 26.0 Hz)™*F

NMR (376 MHz, CDCJ) 10 -1701 (dd,J = 47.3, 13.4 Hz1P. Mass Spectrometry: HRMESI

(m/z): Calcd for GsH.sFONa[M +NaJ*, 251.0848 Found,251.0843

3-(fluoro(o-tolyl)methyl) -2,3-dihydrobenzofuran (5b)

N2BF4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
o =

DMA, N,, 25°C

4b S5b 71% yield
(dr=7:1)

To 2-(E)-(o-tolyl)allyloxybenzend i azoni um t e(4by (2a0d wmg, r0.800 onmal, tQE
equiv) andsilver trifluoromethanesulfoate (15.3 mg, 0.060 mmol,.P00 equiv) were added
anhydrous DMA (2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-
di azoniabicycl o[ 2. 2. 2]2&2crhga 0.&00 rhniok .Q0t equiv).aTiheror obor a-
reaction mixture was stirred f@ hrs at 25 °C in a sealed vial.The reaction was diluted with
H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was
dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silicgel, eluting with hexanes/EtOA®00:1 (v/v), to afford 515 mg 3-
(fluoro(o-tolyl)methyl)-2,3-dihydrobenzofuran(5b) as a colorlesssolid (71% yield). Further
purificationby preparativel LC gave thdransisomer for collecting data.

R = 0.30 (hexanes/EtOA50:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) U i7. 52
7.42 (m, 1H), 7.36 7.25 (m, 2H), 7.18 7.05 (m, 2H), 6.81 (d] = 8.0 Hz, 1H), 6.62 (t)= 7.4

Hz, 1H), 6.19 (d,) = 7.4 Hz, 1H), 5.65 (dd] = 47.0, 9.0 Hz, 1H), 4.86 (dd,= 9.4, 3.9Hz, 1H),

4.697 4.58 (m, 1H), 3.90 (dtd] = 12.8, 8.6, 4.0 Hz, 1H), 1.94 (s, 3HJC NMR (101 MHz,

CDCl;) 11160.8, 136.2 (d) c.r= 5.1 Hz), 135.9 (d) c.r= 18.9 Hz), 130.5, 129.3, 128.9, 126.6
(d,J cr= 6.4 Hz), 126.5, 125.6, 124.4 @®lcr= 9.9 Hz), 120.4, 109.8, 91.4 @ c.r= 119.1Hz),

74.0 (d,J cp= 1.4 Hz), 48.3d, J c.p= 45.1 Hz), 19.1°°F NMR (376 MHz, CDG)) -1i728 (dd,

J = 47.0, 13.5 Hz1P. Mass Spectrometry: HRMBSI (m/z): Calcd for gH;sFONa [M +NaJ’,
265.1005Fourd, 265.0994



Supporting Information Al

3-((4-(tert-butyl)phenyl)fluoromethyl) -2,3-dihydrobenzofuran (5c)
©:N25F4 AgOTf (0.2 equiv) F O
Selectfluor (2 equiv)

=
0 DMA, Ny, 25°C O
(@]

4c 5¢c 64% yield
(dr=14:1)

To 2-(E)-4-(tertbutyl)-allyloxybenzend i az oni um t e(4cr (alp m@ 10.800 onmal,t e

1.00 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.B00 equiv) wereadded

anhydrous DMA (2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-

di azoniabicycl o[ 2. 2. 2]2t2rmhga 6.&00 rhniok .Q0t equiv).aTiher or obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was

dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica get|uting with hexanes/EtOAZ00:1 (v/v), to afford54.2 mg 3-((4-
(tert-butyl)phenyl)fluoromethyi?,3-dihydrobenzofuran(5¢c) as a colorlessolid (64% yield).
Furtherpurification by preparativelT LC gave thdrans-isomer for collecting data.

Rr = 0.30 (hexanes/EtOA0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 43 ( d,
J=7.1Hz, 2H), 7.25 (d] = 6.0 Hz, 2H), 7.12 (t) = 7.0 Hz, 1H), 6.80 (d] = 7.6 Hz, 1H), 6.67

(d,J=6.7 Hz, 1H), 6.33 (d] = 6.8 Hz, 1H), 5.37 (dd] = 47.3, 8.0 Hz, 1H}4.74 (t,J = 15.0 Hz,

1H), 4.66 (tJ = 8.6 Hz, 1H), 3.98 (d] = 4.8 Hz, 1H), 1.35 (s, 9H}°C NMR (101 MHz, CDGJ)

0160.9, 152.5, 134.5 (d,c.p= 19.9 Hz), 129.2, 127.0 (d,cr= 5.6 Hz), 125.8, 125.6, 124.8 (d,

J cr= 9.2 Hz), 120.2, 109.8, 96(d,J cp= 174.8 Hz), 73.6 (d) cr= 2.1 Hz), 48.3 (1) cr=

30.2 Hz), 34.5, 31.4°F NMR (376 MHz, CDG)) -1691 (dd, J = 47.3, 13.5 Hz1P). Mass

Spectrometry: HRMESI (m/z): Calcd for GH,;FONa[M +Na]J*, 307.1474Found,307.1471

3-(fluoro(4-(trifluoromethyl)phenyl)methyl) -2,3-dihydrobenzofuran (5d)

N2BF4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
o =
DMA, Ny, 25°C
CF3
4d 5d 56% vyield

(dr=13:1)

To 2-(E)-4-(trifluoromethyl}allyloxybenzend i azoni um t e(dd) @¥Buy,r0a3600r at e
mmol, 100 equiv) andsiver trifluoromethanesulfonatél5.3 mg,0.060 mmol, ®00 equiv)

were added anhydrous DMA (2.00 mL), then followed by4-fluoro-1-chloromethyil,4-

di azoni abicycl o[ 2. 2. 2]262crhga 8.@00 romok .@0t equiv).aTfhei or obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealé vial. The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was

dried over MgSQ@ The filtrate wasconcentratedn vacuo and the residuewas purified by
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chromatography on silica gel, elutingitiv hexanes/EtOAC75:1 (v/v), to afford 50 mg 3
(fluoro(4-(trifluoromethyl)phenyl)methykR,3-dihydrobenzofuran(5d) as a white solid (56%
yield). Furtherpurificationby preparativel LC gave thdransisomer for collecting data.

Rr = 0.30 (hexanes/EtOA80:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) u 7. 68 ( d,
J=7.9 Hz, 2H), 7.41 (d) = 7.7 Hz, 2H), 7.15 (1) = 7.5 Hz, 1H), 6.82 (d] = 8.0 Hz, 1H), 6.70

(t,J=7.4 Hz, 1H), 6.36 (d] = 7.2 Hz, 1H), 5.45 (dd] = 47.0, 8.3 Hz, 1H), 4.78 (dd,= 9.4, 4.0

Hz, 1H), 4.62 (tJ = 9.0 Hz, 1H), 4.00 3.82 (m, 1H)."*C NMR (101 MHz, CDG)) ii 160.7,

141.3 ¢, J cr= 15.5 Hz), 1324 (M, J (c»= 15.5 Hz), 129.6, 127.4 (d, c.r= 6.3 Hz), 125.7,

125.6 (dJ cr= 7.5 Hz), 125.3, 124.0v(, J cp= 218.7 Hz), 122.6, 120.4, 110.1, 94.4 {dcr~

177.8 Hz), 73.3 (dJ cp= 3.2 Hz), 48.7 (dJ = 25.3 Hz)."*F NMR (376 MHz, CDG)) i-62.6

(m, 3B, -174.0 (ddJ = 47.0, 14.0 Hz1P. The X-ray Crystaldata of the produavas displayed

in this iformation.

3-([1,1'-biphenyl]-4-ylfluoromethyl) -2,3-dihydrobenzofuran (5e)
N,BF,
©: AgOTf (0.2 equiv) E O
o = O Selectfluor (2 equiv)
DMA, N, 25°C O
® .

4e 5e 46% yield
(dr=13:1)

To 2-(E)-[1,1-biphenyl}4-yl-allyloxybenzend i azoni um t e(d4e (420 ung,rOB®or at e
mmol, 100 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.P00 equiv)
were added anhydrous DMA (2.00 mL), then followed by4-fluoro-1-chloromethyil,4-
di azoniabicycl o[ 2. 2. 2]2t2rhga 0.&00 rbniok .Q0t equiv).aTiheror obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with
H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was
dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gedluting with hexanes/EtOAT00:1 (v/v), to afford42.4mg 3-([1,1*-
biphenyl}4-ylfluoromethyl}-2,3-dihydrobenzofurari5e) as a colorlessolid (46% yield). Further
purificationby preparativel LC gave thdransisomer for collecting data.

Rr = 0.30 (hexanes/EtOAC50:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDCf) 4 7. 65
(dd,J = 7.5, 4.5 Hz, 4H), 7.48 (§ = 7.5 Hz, 2H), 7.43 7.34 (m, 3H), 7.13 (t) = 7.6 Hz, 1H),

6.82 (d,J = 8.0 Hz, 1H), 6.67 (1 = 7.5 Hz, 1H), 6.38 (d] = 7.4 Hz, 1H), 5.43dd,J = 47.2, 8.7

Hz, 1H), 4.82 (dd) = 9.4, 4.6 Hz, 1H), 4.69 (= 9.1 Hz, 1H), 4.09 3.93 (m, 1H).*C NMR

(101 MHz, CDC}) Ui 160.9, 142.1, 140.4 (d, cr= 15.1 Hz), 136.3d, J cr= 18.9 Hz), 129.3,

129.0, 127.8, 127.7, 127.3, 127.2, 125.94.62d,J cr= 9.1 Hz), 120.3, 109.9, 95.3 @ cr=

175.8 Hz), 73.7 (dJ cr= 2.6 Hz), 48.6 (dJ cr= 26.2 Hz)."F NMR (376 MHz, CDG)) i -

1697 (dd, J = 47.3, 13.3 Hz1F. Mass SpectrometrnyGS-Massgl) (m/z). Calcd for G;H/FO,
304.1263 Found, 304.1. Elemental Analysisalcd for C82.87%, H:5.63%Found,C:82.87%,

H:5.81%
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6-fluoro -3-(fluoro(phenyl)methyl)-2,3-dihydrobenzofuran (5f)
N,BF, AgOTf (0.2 equiv) R O
/@[ P Selectfluor (2 equiv)
F o/\/\@ DMA, Ny, 25°C O
F o

af 5f 71% yield
(dr=7:1)

To 2-(cinnamyloxy}4-fluorobenzend i azoni um t g4f)(183dpmg, ®.600 mmal, A e
equiv) andsilver trifluoromethanesulfonat€l5.3 mg, 0.060 mmol,.R00 equiv) were added
anhydrous DMA (2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-
di azoniabicycl o[ 2. 2. 2]2&2rhga 0.&00 ronok .Q0t equiv).aTiheror obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with
H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was
dried over MgSQ The filtrate wasconcentratedn vaao and the residuewas purified by
chromatography on silica gel, eluting with hexanes/EtQ86:1 (v/v), to afford 52.4 mg 6
fluoro-3-(fluoro(phenyl)methyh2,3-dihydrobenzofuraisf) as a colorlessil(71% yield). Further
purificationby preparativel LC gave theransisomer for collecting data.

Rr = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy*H NMR (400 MHz, CDC)}) 0 i7. 49
7.38 (m, 3H), 7.34 7.27 (m, 2H), 6.58 6.42 (m, 1H), 6.41 6.27 (m, 1H), 6.17 (dd1=8.2, 5.8

Hz, 1H), 5.34 (ddJ = 47.2, 8.7 Hz, 1H), 4.82 (dfi = 28.0, 14.0 Hz, 1H), 4.71 d,= 9.1 Hz, 1H),

3.997 3.83 (m, 1H).°*C NMR (101 MHz, CDCJ) 11 163.6 (dJ cr= 196.4Hz), 162.0 ¢, J cr=

16.5 Hz), 137.0d, J (cr= 25.5 Hz), 129.4 (d) cr= 2.3 Hz), 128.7, 127.2 (d c.r= 6.0 Hz),

126.2 (d,J crp= 10.5 Hz), 120.2 (d) (cr= 20.3 Hz), 106.9 (d) c.r= 22.8 Hz), 98.3 (d) (cr~

26.5 Hz), 8.2 (d, J cr= 163.5 Hz), 74.9 (dJ cr= 2.6 Hz), 47.9 (dJ cr= 26.3 Hz)!*F NMR

(376 MHz, CDC}) U -1126 (m, 1F), -170.3 (dd,J = 47.2, 13.1 Hz1F. Mass Spectrometry:
HRMS-ESI (m/z): Calcd for gH,F,ONa[M +NaJ’, 269.0754 Found,269.0750

3-(fluoro(phenyl)methyl)-6-methyl-2,3-dihydrobenzofuran (5g)

N,BF,4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
o/\/\©

DMA, N,, 25°C

49 59 61% yield
(dr=14:1)
To 2-(cinnamyloxy}4-methylbenzend i azoni um t e(#g @0 uny,r 03000l e
1.00 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.B00 equiv) wereadded
anhydrous DMA (2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-
diazoniabicyclo[2.2.2]octane bis(tatb u o r 0 b24% rag, €.600 romol, .20 equiv). The
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reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with
H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was
dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting with hexanes/EtQA86:1 (v/v), to afford44.4mg 3
(fluoro(phenyl)methyh6-methyt2,3-dihydrobenzofuran(5g) as a white solid (61% yield).
Furtherpurificationby preparativel LC gave thdransisomer for collecting data.

Rq = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) U i7. 47
7.36 (m, 3H), 7.31 (dddl = 5.2, 3.3, 2.1 Hz, 2H), 6.63 (s, 1H), 6.46 ¢ 7.6 Hz, 1H), 6.13 (d,
J=7.6 Hz, 1H), 5.34 (dd] = 47.3, 8.8 Hz, 1H), 4.78 (ddd= 9.4, 4.6, 0.7 Hz, 1H), 4.64 (=

9.0 Hz, 1H), 3.99 3.85 (m, 1H), 2.27 (s3H). *C NMR (101 MHz, CDCJ) & 161.0, 139.5,

137.3 ¢, J c.r= 38.4 Hz), 129.3, 128.6, 127.3 (Mcp= 5.9 Hz), 125.4, 121.5I(J (cp= 7.6 HZ),

121.0, 110.5, 95.3 (d, c.r= 134.7 Hz), 74.0 (d) c.r= 2.5 Hz), 48.2d, J cr= 27.7 Hz), 21.6.

F NMR (376 MHz, CDC)) -1897 (dd, J = 47.3, 13.2 Hz1P). Mass SpectrometryGS-
Massgl) (m/z): Calcd for GeHisFO, 242.1107 Found, 242.1. Elemental AnalysisCalcd for
C:76.32%, H:6.24%Found C:76.25%, H:625%.

Methyl -3-(fluoro(phenyl)methyl)-2,3-dihydrobenzofuran-6-carboxylate (5h)

N2>BF4 AgOTf (0.2 equiv) F. O
Selectfluor (2 equiv)
Y o NF
DMA, Ny, 25°C O
0 (0]

6]

4h O 5h 62% yield
(dr=14:1)

To Benzendiazonium2-(cinnamyloxy}4-benzoatd et r a p u @tn) (Lb5amgy,e013@0 mmol,
1.00 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.B00 equiv) wereadded
anhydrous DMA (2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-
diazoniabicycl o[ 2. 2. 2]262rmga 6.&00 roniok .Q0t equiv).aTiher or obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was dilutedith
H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was
dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting with hexanes/EtQBa (v/v), to aford 52.8 mg Methy}
3-(fluoro(phenyl)methyh2,3-dihydrobenzofurai-carboxylate (5h) as a colorlessolid (62%
yield). Furthemurificationby preparativel LC gave thdransisomer for collecting data.

R¢ = 0.40 (hexanes/EtOAA5:1 (v/v)). NMR Spectroscop '"H NMR (400 MHz, CDC)) u 7. 41 ( d,
J=11.6 Hz, 4H), 7.37 (s, 1H), 7.28 (s, 2H), 6.34X&, 7.5 Hz, 1H), 5.39 (dd] = 47.1, 8.4 Hz,

1H), 4.881 4.78 (m, 1H), 4.69 (t) = 9.0 Hz, 1H), 3.96 (tJ = 15.2 Hz, 1H), 3.87 (s, 3H}*C

NMR (101 MHz, CDC})) Ui 166.8, 160.9, 136.9 (d, cr= 23.5 Hz), 131.4 (d) c.n= 23.8 Hz),

130.0, 129.5, 128.7, 127.1 @lcr= 5.9 Hz), 125.6, 122.1, 110.6, 94.7 J¢k.r= 158.5 Hz), 73.6

(d, J cp= 58.9 Hz), 52.3, 48.6 (d,.cr= 26.4 Hz)."*F NMR (376 MHz, CD;) i-171.2(dd,J =

47.1, 13.7 Hz 1P. Mass Spectrometry: HRMESI (m/z): Calcd for GHi;sFOsNa [M +Nal’,
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309.0903Found,309.0899

5-fluoro -3-(fluoro(phenyl)methyl)-2,3-dihydrobenzofuran (5i)
F N2BFy4 AgOTf (0.2 equiv) F
\©: Selectfluor (2 equiv)
o N F
o]

4i 5i 51% vyield
(dr=7:1)

To 2-(cinnamyloxy}5-fluorobenzend i azoni um t e4i)(183mgo0r3@0mmol,&0Q0 e
equiv) andsilver trifluoromethanesulfonat€l5.3 mg, 0.060 mmol,.P00 equiv) were added
anhydrous DMA(2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-
diazoniabicyclo[2.2.2]loctand i s ( t et r a [RL2omgp @EHG mrhok Q0 ¢équiv). The
reaction mixture was stirred f@ hrs at 25 °C in a sealed vial.The reaction was diluted with
H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was
dried over MgSQ. The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting with hexanes/EtQ86:1 (v/v), to afford37.3 mg 5
fluoro-3-(fluoro(phenyl)methyh2,3-dihydrobenzofuran(5i) as a colorlesssolid (51% yield).
Furtherpurification by preparativelT LC gave thdrans-isomer for collecting data.

R: = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) U i7. 53
7.36 (m, 3H), 7.30 (d) = 3.2 Hz, 2H), 6.80 (td] = 8.8, 2.3 Hz, 1H), 6%(dd,J = 8.6, 4.1 Hz,

1H), 6.04i 5.87 (m, 1H), 5.38 (ddl = 47.1, 8.6 Hz, 1H), 4.79 (dd= 9.4, 4.8 Hz, 1H), 4.67 (3,

= 9.1 Hz, 1H), 4.03 3.82 (m, 1H).*C NMR (101 MHz, CDGJ) li 157.4 (d,J (cr= 139.4 Hz),

155.6 (dJ (cr= 42.1 Hz), 136.9d, J (cr~= 25.8 Hz), 129.6 (d] cr= 2.2 Hz), 128.8, 127.1 (d,

©r= 5.8 H2),126.02 (t,J cr= 9.0 Hz) 115.5 (d,J cr= 24.2 Hz), 112.9 (dJ cr= 25.3 Hz),

109.9 (dJ c.r= 8.5 Hz), 94.9 (d) cp= 162.5 Hz), 74.3 (d] c.r= 2.7 Hz), 8.6 (dd, J (cr~= 42.3
37.2Hz). F NMR (376 MHz, CDG)) ti-124.2 (m, 1P, -170.5 (ddJ = 47.1, 13.4 Hz1P). Mass
Spectrometry:GS-Massgl) (m/z): Calcd for GsH1.F0, 246.0856 Found, 246.1. Elemental
Analysis Calcd for C73.16%, H:4.91%Found,C:73.17%, H:5.10%.

5-chloro-3-(fluoro(phenyl)methyl)-2,3-dihydrobenzofuran (5j)
Cl NoBF4 AgOTTf (0.2 equiv) F
\©: Selectfluor (2 equiv)
OM\@ ; Cl
DMA, N, 25°C O
(0]

4 5j 53% yield
(dr=9:1)

To 5chloro-2-(cinnamyloxy}benzend i azoni um t ety (408 ung,rOBWommalt e
1.00 equiv) andsilver trifluoromethanesulfonatél5.3mg, 0.060 mmol, 200 equiv) wereadded
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anhydrous DMA(2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-

di azoniabicycl o[ 2. 2. 2]262rmhga 6.&00 rhniok .Q0t equiv).aTiher or obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a saled vial. The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was

dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluirwith hexanes/EtOAd0C:1 (v/v), to afford41.8 mg 5
chloro-3-(fluoro(phenyl)methyh2,3-dihydrobenzofuran(5j) as a colorlessolid (51% yield).
Furtherpurification by preparativelT LC gave thdrans-isomer for collecting data.

R: = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) U i7. 51
7.38 (m, 3H), 7.28 (t) = 8.3 Hz, 2H), 7.07 (dd] = 8.5, 1.9 Hz, 1H), 6.71 (d,= 8.5 Hz, 1H),

6.26 (s, 1H), 5.38 (ddl = 47.1, 8.3 Hz, 1H), 4.77 (dil,= 26.2, 13.1 Hz, 1H), 4.65 d,= 9.1 Hz,

1H), 4.01i 3.81 (m, 1H)"°C NMR (101 MHz, CDG)) & 15 9 d, 5= 12262),92965

(d,J cr= 12.7 Hz), 129.2, 128.8, 127.0 (tc.r= 6.0 Hz), 126.6 (d] c.p= 8.8 HZz), 125.9, 124.9,
110.5, 94.7 (dJ cr= 160.2 Hz), 74.0d, J (cr= 15.8 Hz), 48.5 (dJ cr= 47.5Hz). “F NMR

(376 MHz, CDC}) -1¥21 (dd,J=47.1, 14.1 Hz1F. Mass Spectrometry{GS-Massgl) (m/z):

Calcd for GsHi.CIFO, 262.0561 Found, 262.1. Elemental AnalysisCalcd for C68.58%,
H:4.60% Found,C:68.60%, H:4.83%.

5-bromo-3-(fluoro(phenyl)methyl)-2,3-dihydrobenzofuran (5k)
Br NoBF4 AgOTf (0.2 equiv) E
\©: Selectfluor (2 equiv)
DMA, Ny, 25°C O
o]

4k 5k 41% yield
(dr=11:1)

To 5-broma2-(cinnamyloxy}benzend i azoni um t ek @21 ung,rOB@ommalt e

1.00 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.08 mmol, 0200 equiv) wereadded

anhydrous DMA(2.00 mL), then followed by 4-fluoro-1-chloromethyil,4-
diazoniabicycl o[ 2. 2. 2]2t2rmga 6.&00 roniok .Q0t equiv).aTihet or obor a-
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vla The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was

dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting witlexanes/EtOAc100:1 (v/v), to afford37.3mg 5
bromao3-(fluoro(phenyl)methyh2,3-dihydrobenzofuran5k) as a colorlessolid (41% yield).
Furtherpurification by preparativel LC gave thdrans-isomer for collecting data.

Rr = 0.30 (hexanes/EtOA&0:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) & 7. 43 (s,
3H), 7.28 (s, 2H), 7.21 (& = 7.3 Hz, 1H), 6.67 (d) = 7.4 Hz, 1H), 6.40 (s, 1H), 5.38 (di#i=

47.0, 7.1 Hz, 1H), 4.761(, 1H), 4.65 (dJ = 8.6 Hz, 1H), 3.92r, 1H). **C NMR (101 MHz,

CDCl;) 1160.0, 137.0d, J cr= 14.3 Hz), 136.8, 132.1, 129.5, 128.8, 1Ad.1J = 8.6 Hz),

127.0 (dJ cp= 5.9 Hz), 111.9, 111.4, 94.5 @ cr= 125.1 Hz), 73.8 (d] (c.r= 47.3 Hz), 48.3
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(d, J cp= 57.9 Hz).”F NMR (376 MHz, CDGJ) Ui -1726 (dd, J = 47.0, 14.2 Hz1P. Mass
Spectrometry:GS-Massgl) (m/z): Calcd for GsH;,BrFO, 306.0056 Found, 306.0. Elemental
Analysis Calcd for C58.65%, H:3.94%Found,C:58.76%, H:4.04%

3-(fluoro(phenyl)methyl)-1-tosylindoline (5I)

N2BF, AgOTf (0.2 equiv)
Selectfluor (2 equiv)

NN

| °
o DMA, Ny, 25°C
a1

\
Ts

51 70% yield
(dr=5:1)

To Benzendiazonium2-[cinnamy[(4-methylphenyl)sulfonyllaminet et r a p u 4h) @480 r at e

mg, 0.300 mmol, DO equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,.R00

equiv) were addedanhydrousDMA(2.00 mL), then followed by-fluoro-1-chloromethyil,4-

di azoniabicycl o[ 2. 2. 2]262crhga 0.&00 rohniok .@0t equiv).aTiheror obor a-

reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with @Ac (10.0 mL). The combined organic layer was

dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by

chromatography on silica gel, eluting with hexanes/Et@Arl (v/v), to afford80.5 mg 3

(fluoro(phenyl)methyh1-tosylindoline (51) as a colorlessolid (70% vyield). Furtherpurification

by preparativel LC gave thdransisomer for collecting data.

Rr = 040 (hexanes/EtOAQ&5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 71 ( d,
J=8.2 Hz, 2H), 7.67 (d) = 8.1 Hz 1H), 7.36 (dJ = 7.0 Hz, 4H), 7.28 (s, 1H), 7.20 @t= 7.7

Hz, 1H), 7.07 (dJ = 6.6 Hz, 2H), 6.76 () = 7.5 Hz, 1H), 6.16 (d] = 7.5 Hz, 1H), 4.68 (dd] =

47.0, 8.5 Hz, 1H), 4.23 (dd,= 11.4, 3.6 Hz, 1H), 3.97 (dd= 11.3, 8.9 Hz, 1H), 3.663.49 (m,

1H), 2.39 (s, 3H)"*C NMR (101 MHz, CDGCJ) Ui 144.4, 142.8, 137.0 (d,.cr= 19.7Hz), 134.0

(d, J cp= 5.5 Hz), 129.8, 129.3, 129.2, 129.1, 128.6, 127.5, 127.0 (= 6.0 Hz), 126.1,

123.4, 115.3, 96.(d, J cr= 152.1Hz), 52.3 (I, J cr= 11.0 Hz), 46.7 (d) cr= 31.5 Hz), 21.7.

F NMR (376 MHz, CDGC)) -1¥19 (dd, J = 46.8, 13.9 Hz1P). Mass Spectrometry: HRMS

ESI (m/z): Calcd for @H,FNO,SNa[M +NaJ’, 404.1096 Found,404.1095

3-(fluoro(o-tolyl)methyl) -1-tosylindoline (5m)

NoBF,4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
NN

, DMA, Ny, 25°C

Ts !
Ts
4am 5m 65% yield
(dr=4:1)

To Benzendiazonium 2-[(o-tolyl)allyl [(4-methylphenyl)sulfonyllaminet et r apu @mp bor at e
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(147 mg, 0.300 mmol,.@0 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,

0.200 equiv) were added anhydros DMA(2.00 mL), then followed by 4-fluoro-1-
chloromethyil,4di azoni abicycl o[ 2. 2. 2]22 mg 0600 Immd,( t et r ap
2.00 equiv). The reaction mixture was stirred &6r hrs at 25 °C in a sealed vial The reaction

was diluted with HO (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined

organic layer was dried over Mg@Qhe filtrate wasoncentratedh vacuoandthe residuewas

purified by chromatography on silica gel, eluting with hexanes/Et@AL (v/v), to afford77.6

mg 3-(fluoro(o-tolyl)methyl)-1-tosylindoline (5m) as a colorlessolid (65% yield). Further

purificationby preparativel LC gave thdransisomer for collecting data.

R¢ = 0.40 (hexanes/EtOAA5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) u 7. 76 ( d,
J=8.2 Hz, 2H), 7.69 (d] = 8.1 Hz, 1H), 7.32 (d] = 6.9 Hz, 1H), 7.26 (d] = 7.4 Hz, 4H), 7.22

T 7.16 (m, 1H), 7.03 (d) = 6.7 Hz, 1H), 6.72 (tJ = 7.5 Hz, 1H), 6.02 (d] = 7.5 Hz, 1H), 4.97

(dd,J=46.8, 9.1 Hz, 1H), 4.37 (dd,= 11.5, 2.3 Hz1H), 3.98 (ddJ = 11.5, 8.5 Hz, 1H), 3.61

3.43 (m, 1H), 2.37 (s, 3H), 1.57 (s, 3H)C NMR (101 MHz, CDG)) 11 144.4, 142.7, 135.9 (d,

A= 5.2 Hz), 135.6, 135.4, 134.2, 130.3, 129.9, 129.1, 129.D{ey= 14.2 Hz), 127.5, 126.5,

126.4 (dJ cp= 7.6 Hz), 125.9, 123.5, 115.0 (d,c.r= 21.6 Hz), 91.0 (d) c.r= 152.2 Hz), 52.5

(d, J cr= 35.4 Hz), 46.7d, J cr= 38.6 Hz), 21.4, 18.7°F NMR (376 MHz, CDC)) -1v34

(dd,J=46.9, 12.8 Hz1F. Mass Spectrometry: HRMESI (m/z): Calcdor C,3H,,FNO,SNa[M

+Na]J", 418.1253Found,418.1250

3-(fluoro(m -tolyl)methyl) -1-tosylindoline (5n)

N,>BF4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
L
'}1 DMA, N,, 25°C
Ts/\/\@/

\
Ts

5n 61% yield
(dr=4:1)

To Benzendiazonium 2-[(m-tolyl)allyl[(4-methylphenyl)sulfonyllaminet et r apu @dnobor at e
(147 mg, 0.300 mmol,.@0 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,

0.200 equiv) wereaddedanhydrousDMA(2.00 mL), then followed by-fluoro-1-chloromethyi

l4di azoniabicyclo[ 2. 2. 2RIy, »H.600 mimdl, &) ¢qeiv).Mepuor obor
reacton mixture was stirred fa20 hrs at 25 °C in a sealed vial.The reaction was diluted with

H,O (30.0 mL) and extracted 2 times with EtOA&Q0 mL). The combined organic layer was

dried over MgSQ@ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting with hexanes/EtQAc (v/v), to afford72.6 mg 3
(fluoro(m-tolyl)methyl)-1-tosylindoline(5n) as a colorlessolid (61% yield). Furtherpurification

by preparativel LC gave thdrans-isomer for collectig data.

Rr = 040 (hexanes/EtOAd5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC}) u 7. 70 (t ,
J=6.7 Hz, 2H), 7.67 (d] = 8.1 Hz, 1H), 7.27 (d] = 6.6 Hz, 2H), 7.20 (dd] = 15.5, 8.9 Hz, 3H),
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6.89 (d,J=13.6 Hz, 1H), 6.83 () = 11.0 Hz, 1H)6.77 (t,J= 7.4 Hz, 1H), 6.20 (d] = 7.4 Hz,
1H), 4.68 (ddJ = 47.2, 8.3 Hz, 1H), 4.26 4.15 (m, 1H), 3.97 () = 10.1 Hz, 1H), 3.60 (d] =
9.5 Hz, 1H), 2.39 (s, 3H), 2.34 (s, 3H)C NMR (101 MHz, CDGJ) t1144.3, 142.8, 138.3, 136.9
(d, J cp= 137 Hz), 134.1, 130.0, 129.8, 129.4 {dc.n= 8.7 Hz), 129.0, 128.5, 127.6 M.~
6.3 Hz), 127.5, 126.1, 124(d, J c.r= 5.9 Hz), 123.4, 115.2, 94.7 #c.n= 148.2Hz), 52.0 (dJ]
cr= 59.9 Hz), 46.7 (d) cr= 25.7 Hz), 29.8, 21.6 (dl cr= 14.3 Hz).”F NMR (376 MHz,
CDCl) 0-171.9 (dd,J = 47.1, 14.2 Hz1H). Mass Spectrometry: HRMESI (m/z): Calcd for
CuaH:FNO,SNa [M +NaJ', 418.1253Found,418.1253

3-(fluoro(p -tolyl)methyl) -1-tosylindoline (50)

NoBF4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
L
N DMA, Ny, 25°C
v L

\
Ts

50 75% yield

(dr=4:1)
To Benzendiazonium 2-[(p-tolyl)allyl [(4-methylphenyl)sulfonyllaminet et r apu q4ojobor at e
(147 mg, 0.300 mmol,.@0 equiv) andsilver trifluoromethanesulfonatél5.3 mg, 0.060 mmol,
0.200 equiv) wereaddedanhydrousDMA(2.00 mL), then followed by-fluoro-1-chloromethyi
l4di azoniabicyclo[ 2. 2. 2RIy, »H.600 mimdl, &) ¢qeiv).Mepuor obor
reaction mixture was stirred f@0 hrs at 25 °C in a sealed vial.The reaction was diluted with
H,O (30.0 mL) and extracted 2 times with @Ac (10.0 mL). The combined organic layer was
dried over MgSQ The filtrate wasconcentratedn vacuo and the residuewas purified by
chromatography on silica gel, eluting with hexanes/Et@Arl (v/v), to afford89.4 mg 3
(fluoro(p-tolyl)methyl)-1-tosylindoline (50) as a colorlessolid (75% yield). Furtherpurification
by preparativel LC gave themaintransisomer for collecting data.

Rr = 040 (hexanes/EtOAAS5:1 (v/v)). NMR SpectroscopyH NMR (400 MHz, CDC)) 4 7. 71
(d,J = 8.3 Hz, 2H), 7.67 (dJ = 8.1 Hz, 1H), 7.27 (dJ = 5.4 Hz, 2H), 7.20 (tJ = 6.6 Hz, 1H),

7.187 7.13 (m, 2H), 6.96 (d] = 7.3 Hz, 2H), 6.76 (1) = 7.4 Hz, 1H), 6.18 (d]) = 7.7 Hz, 1H),

4.64 (dd,J = 47.0, 8.6 Hz, 1H), 4.27 4.14 (m, 1H), 3.98 (dd] = 11.4, 8.9 Hz, 1H), 3.65 3.52

(m, 1H), 2.39 (s, 3H), 2.37 (s, 3HJC NMR (101 MHz, CDGJ) 11 143.2, 1398, 1342 (d, J cr=

13.8 Hz), 1340, 129.8, 12% (d, J c.p= 8.8 Hz), 129.3, 129.0, 127.5, 137d, J 5= 7.8 Hz),
127.1,126.2, 123.4, 115.3, 94.6 (@,cr= 1471 Hz), 52.1 (dJ cr= 80.7 Hz), 46.6 (dJ cr=

34.8 Hz), 216, 21.4 F NMR (376 MHz, CDG)) ii -169.8 (dl, J = 40.8, 20.6 Hz1F). Mass
Spectrometry: HRMSESI (m/z): Caled for @HxFNO,SNa [M +NaJ’, 418.1253 Found,
418.1250
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3-(fluoro(4-(trifluoro methyl)phenyl)methyl)-1-tosylindoline (5p)

N2BF 4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
N =
I /\/\©\ DMA, N, 25°C
Ts
CF

4p 5p 57% yield
(dr=5:1)

To Benzendiazonium 2-[4-(trifluoromethyl)phenyl)allyl(4-methylphenyl)sulfonyl]Jaming]
tetr apu®p qlbdomga @.390 mmol, .00 equiv) andsilver trifluoromethanesulfonate
(15.3 mg, 0.060 mmol,.RO0 equiv) wereaddedanhydroudDMA(2.00 mL), then followed by-
fluoro-1-chloromethydl,4d i azoni abi cycl o[ 2. 2. 2] 212 mg,n0LO0bi s(t et
mmol, 200 equiv). The reaction mixture was stirred &0 hrs at 25 °C in a sealed vial.The
reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&@Q0 mL). The
combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica galjting with hexanes/EtOA20:1 (v/v), to
afford 77.0 mg 3-(fluoro(4-(trifluoromethyl)phenyl)methyhl-tosylindoline (5p) as a colorless
solid (57% vyield). Further purification by preparativeTLC gave themain transisomer for
collecting data

Rs = 0.40 (hexanes/EtOAA5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) u 7. 71 ( d,
J=7.7 Hz, 2H), 7.68 (d] = 8.3 Hz, 1H), 7.61 (d] = 7.3 Hz, 2H), 7.27 (d] = 8.1 Hz, 3H), 7.19

(d,J=7.5Hz, 2H), 6.81 (1) = 6.2 Hz, 1H), 6.24 (d] = 7.0 Hz, 1H), 85 (dd,J = 46.8, 7.7 Hz,

1H), 4.22 (d,J = 11.2 Hz, 1H), 3.92 (t) = 9.8 Hz, 1H), 3.59r0, 1H), 2.38 (s, 3H)**C NMR

(101 MHz, CDC}) U 144.5, 142.8, 140.8, 133.8, 129.8 {¢s.r= 10.4 Hz), 129.3, 12B(m, J .

r= 15.7 Hz), 127.5, 127.4 (d, cr»= 3.1 Hz), 127.2, 126.9 125.9, 12518, (»=216.3 Hz),

123.5, 115.2 (d) (cr= 9.7 Hz), 93.5 (dJ c.r= 134.2 Hz), 52.0 (d] c.r= 3.3 Hz), 46.7 (dJ .

5= 22.7 Hz), 21.6°F NMR (376 MHz, CDGJ) Ui -62.6 (n, 3P, -1756 (dd, J = 46.6, 14.5 Hz

1F). Mass Spectrometry: HRMESI (m/z): Calcd for gH:oF,NO,SNa [M +NaJ’, 472.0970
Found,472.0968.

3-([1,1'-biphenyl]-4-ylfluoromethyl) -1-tosylindoline (5q)
N2BF. AgOTf (0.2 equiv
@[ o Seﬁectflu(or (Zegqui\)/) i O O

NN
‘ .
o O DMA, N, 25°C O
N
Ts

4q 5q 42% yield
(dr=4:1)

To Benzendiazonium 2-[([1,1-biphenyl}4-yl)allyl [(4-methylphenyl)sulfonyllamino]
tetr apué@gqlbeomga @.390 mmol,.Q0 equiv) andsilver trifluoromethanesulfonate
(15.3 mg, 0.060 mmol,.RO0 equiv) wereaddedanhydroudDMA(2.00 mL), then followed byi-



Supporting Information S51

fluoro-1-chloromethydl1,4-diazoniabicyclo[2.2.2lo t a n e bi s(te?2lP ang,u0b00 bor at e)
mmol, 200 equiv). The reaction mixture was stirred &0 hrs at 25 °C in a sealed vial.The

reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&@QO0 mL). The

combined organic layer wasield over MgSQ. The filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica gel, eluting with hexanes/E&DAc(v/v), to

afford 58.0 mg 3([1,1-biphenyl}4-ylfluoromethyl)1-tosylindoline (5q) as a colorlesssolid

(42% vyield). Furtherpurification by preparativeTLC gave themain transisomer for collecting

data.

R¢ = 0.40 (hexanes/EtOAA5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) u 7. 71 ( d,
2H), 7.68 (dJ = 7.9 Hz, 1H), 7.59 (dd] = 8.0 Hz, 4H), 7.44 (dd = 14.0, 6.6 Hz, 2H), 7.37 (d,

= 6.5 Hz, 1H), 7.26 (d] = 8.2 Hz, 2H), 7.22 (d] = 8.0 Hz, 1H), 7.14 (d] = 7.4 Hz, 2H), 6.78 (t,

J=7.2 Hz, 1H), 6.27 (d) = 7.3 Hz, 1H), 4.75 (dd] = 46.9, 8.2 Hz, 1H), 4.22 (§,= 14.9 Hz,

1H), 4.05i 3.96 (m,1H), 3.61 (dJ = 30.2 Hz, 1H), 2.36 (s, 3HYC NMR (101 MHz, CDG)) U

144.4, 142.8, 143, 140.3, 132 (d, J cp= 146 Hz), 134.1 (dJ cr= 9.5 Hz), 129.8, 129.1,

129.0, 127.8, 127.6, 127.5 @cp= 4.7 Hz), 127.5, 127.3, 127.2, 126.2, 123155.3, 94.5 (dJ

= 182.6 Hz), 52.1 (dJ cp= 46.9 Hz), 46.6 (dJ cr= 29.3 Hz), 21.5F NMR (376 MHz,

CDCl) -1¥15 (dd, J = 40.6, 20.2 Hz1F. Mass Spectrometry: HRMESI (m/z): Calcd for
CueH24FNO,SNa [M +NaJ*, 480.1409Found,480.1408

3-((4-(tert-butyl)phenyl)fluoromethyl) -1-tosylindoline (5r)

N,BF, AgOTf (0.2 equiv)
Selectfluor (2 equiv)
=
N DMA, Ny, 25°C
Ts
/\/\©\’< L

4r 5r 51% yield
(dr=4:1)

To Benzendiazonium 2-[4-(tert-butyl)phenyl)ally[(4-methylphenyl)sulfonyl]amine]

t etr apu@r)d1b0omga@.300 mmol, .00 equiv) andsilver trifluoromethanesulfonate

(15.3 mg, 0.060 mmol,.R00 equiv) wereaddedanhydrousDMA(2.00 mL), then followed by-
fluoro-1-chloromethyl,4di azoni abi cycl o[ 2. 2. 2] 212 mgn0eL00bi s(t et
mmol, 200 equiv). The reaction mixture was stirred & hrs at 25 °C in a sealed vial.The

reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&GQ0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatograpton silica gel, eluting with hexanes/EtO&6:1 (v/v), to

afford 67.0 mg 3-((4-(tert-butyl)phenyl)fluoromethyhl-tosylindoline (5r) as a colorlessolid

(51% yield). Furtherpurification by preparativeTLC gave themain transisomer for collecting

data

Rr = 040 (hexanes/EtOAd5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 71 ( d,
J=7.7 Hz, 2H), 7.67 (d] = 8.3 Hz, 1H), 7.37 (d] = 7.5 Hz, 2H), 7.24 (1) = 9.6 Hz, 2H), 7.18

(d,J=7.4 Hz, 1H), 7.02 (d) = 7.3 Hz, 2H), 6.77 (1) = 6.9 Hz,1H), 6.22 (dJ = 7.1 Hz, 1H),
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4.70 (ddJ=47.0, 7.9 Hz, 1H), 4.18 (§,= 12.8 Hz, 1H), 3.98 (1) = 10.0 Hz, 1H), 3.60 (d] =
6.0 Hz, 1H), 2.38 (s, 3H), 1.32 (s, 9H)C NMR (101 MHz, CDGCJ) 111525, 143.2, 134.1, 131,
129.8(d,J (c.r= 15.8 Hz),1296, 129.0, 127.5(d) c.n= 7.8 HZz), 127.0, 126.7 (d, cp= 5.8 Hz),
126.0, 125.6, 123.4, 115.2, 94.4 Jdc.r= 142.5 Hz), 52.0 (d) c.r= 57.8 Hz), 46.5d, J (cr=
28.1 Hz), 34.2, 31.4, 21.8°F NMR (376 MHz, CDG)) Ui -1716 (dd, J = 47.1,14.3 Hz 1P.
Mass Spectrometry: HRMESI (m/z): Calcd for gH,sFNO,SNa [M +Na]J*, 460.1722 Found,
460.1720.

3-(fluoro(4-fluorophenyl)methyl)-1-tosylindoline (5s)

AgOTf (0.2 equiv)

N,BF,4 Selectfluor (2 equiv)
[ :[ 'Tl/\/\@\ DMA, Ny, 25°C
Ts
F

\
Ts

4s 5s 77% yield
(dr=3:1)
To Benzendiazonium 2-[(4-fluorophenylally[(4-methylpheyl)sulfonyllamino}

tetr apuddp ¢1B9%mgad.360 mmol, .00 equiv) andsilver trifluoromethanesulfonate
(15.3 mg, 0.060 mmol,.RO0 equiv) wereaddedanhydroudDMA(2.00 mL), then followed by-

fluoro-1-chloromethyil,4-diazoniabicyclo[2.2.2]octanéb i s (t et r a p202o mg W.600at e )

mmol, 200 equiv). The reaction mixture was stirred &0 hrs at 25 °C in a sealed vial.The
reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&@Q0 mL). The
combined organic layer was driedes MgSQ. The filtrate wasconcentratedn vacuoandthe
residuewas purified by chromatography on silica gel, eluting with hexanes/E&DAc(v/v), to
afford 92.0 mg 3(fluoro(4-fluorophenyl)methyh1-tosylindoline (59 as a colorlessolid (77%
yield). Furtherpurificationby preparativel LC gave themaintransisomer for collecting data.

Rr = 040 (hexanes/EtOAA&5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz, CDC)) & 7.

J=8.2 Hz, 2H), 7.67 (d] = 8.2 Hz, 1H), 7.27 (d] = 8.2 Hz, 2H), 7.21 (= 5.9 Hz, 1H), 7.04
(s, 2H), 7.02 (s, 2H), 6.77 @,= 7.5 Hz, 1H), 6.18 (d] = 7.6 Hz, 1H), 4.68 (dd] = 46.6, 8.7 Hz,
1H), 4.21 (dd) = 11.4, 3.5 Hz, 1H), 3.96 (dd,= 11.4, 8.8 Hz, 1H), 3.57 (ddd~= 18.1, 8.9, 4.4
Hz, 1H), 2.38 (s, 3H)°C NMR (101 MHz, CDC})) U 144.3 (d,J cr= 25.1 Hz), 12.5, 1341,
129.8 (dJ cr= 7.2 Hz), 129.2, 129.0, 12B(d, J (c5= 14.6Hz), 127.5, 127.4, 12B(d, J cr=
9.2 Hz), 126.2, 123.8, 123.4, 115.9 {dcr= 24.8 Hz), 115.3, 114.8, 93.8 @#cr= 116.9 Hz),
52.3 (d,J c.p= 18.4 Hz), 46.6 (d] cp= 53.2 Hz), 21.3'°F NMR (376 MHz, CDCJ) 1i-111.8 (m,
1F), -1695 (dd, J = 46.7, 12.0 Hz 1P. Mass Spectrometry: HRMBESI (m/z): Calcd for
C,H1oF,NO,SNa[M +NaJ', 422.1002Found,422.0999.

71

(

(d,
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3-((4-bromophenyl)fluoromethyl)-1-tosylindoline (5t)

N2BF,4 AgOTf (0.2 equiv)
Selectfluor (2 equiv)
N =
I /\/\©\ DMA, Ny, 25°C
Ts
Br

Ts

4t 5t 77% yield
(dr=4:1)
To Benzendiazonium 2-[(4-bromophenyl)allyfi(4-methylphenyl)sulfonyllamine]

tetr apu i) (L670mmga@.360 mmol,.@0 equiv) andsilver trifluoromethanesulfonate

(15.3 mg, 0.060 mmol,.200 equiv) wereaddedanhydrou®DMA (2.00 mL), then followed by-
fluoro-1-chloromethydl,4d i azoni abi cycl o[ 2. 2. 2] 212 mg,n0LO0bi s(t et
mmol, 200 equiv). The reaction mixture was stirred &0 hrs at 25 °C in a sealed vial.The

reaction was diluted with 0 (30.0 mL) and extracted 2 times with EtOA&@Q0 mL). The

combined organic layer was dried over MgSThe filtrate wasconcentratedn vacuoandthe

residuewas purified by chromatography on silica geltielg with hexanes/EtOA20:1 (v/v), to

afford 106 mg 3-((4-bromophenyl)fluoromethyi}l-tosylindoline (5t) as a colorlessolid (77%

yield). Furtherpurificationby preparativel LC gave thanaintransisomer for collecting data.

Rr = 040 (hexanes/EtOAQ&5:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC)) & 7. 72 ( d,
J=8.1Hz, 2H), 7.68 (d] = 8.3 Hz, 1H), 7.49 (d] = 7.8 Hz, 2H), 7.27 () = 7.4 Hz, 2H), 7.07

(d,J=8.1 Hz, 1H), 6.95 (d) = 7.8 Hz, 2H), 6.81 (tJ = 7.4 Hz, 1H), 6.26 (d] = 7.4 Hz 1H),

4.72 (dd,J = 46.7, 8.3 Hz, 1H), 4.21 (d,= 11.4 Hz, 1H), 3.95 () = 10.9, 9.2 Hz, 1H), 3.68

3.50 (m, 1H), 2.39 (s, 3H}°C NMR (101 MHz, CDG)) Ui 144.4, 142.8, 135.9d(J = 16.0

Hz), 134.0, 131.8, 129.8, 129.3, 128.7, 128.6)(dr= 6.0 Hz), 128.3 (d) cr= 7.6 Hz), 127.5,

126.1, 123.5, 115.2, 93.9 @c.r= 177.0 Hz), 52.1 (d] cr= 34.6 Hz), 46.5d, J (cr= 25.1 Hz),

21.5.%F NMR (376 MHz, CDGJ)) -1r2.2 (dd,J = 46.7, 13.7 Hz1P. Mass Spectrometry:

HRMS-ESI (m/z):Calcd for G,H1sBrFNO,SNa[M +Na]*, 482.0202 Found,482.0198.

The mechanismstudy

AgOTf (0.2 equiv) N
N2BF4 Selectfluor (2 equiv) Ne)
©: TEMPO (2.5 equiv)
o =
/\/\@ DMA., Ny, 25°C O
(@]

4a 5 56% yield
(dr=3:1)

To 2-cinnamyloxyenzend i azoni um t e(4ar (872 ung,r0O@d anmal,t@@ equiv)
andsilver trifluoromethanesulfonatél5.3 mg, 060 mmol, 00 equiv) were addedanhydrous
DMA (2.00 mL), then followed by4-fluoro-1-chloromethyil,4-diazoniabicyclo[2.2.2]octane
bi s(tetr apRl?2amg, 6.600 mmot,.@ )equiv). The reaction mixture was stirred &6
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hrsat25°C in a sealedial. The reaction was diluted with,8 (30.0 mL) and extracted 2 times
with EtOAc (10.0 mL). The combined organic layer was dried over MgSthe filtrate was
concentratedn vacuoandtheresiduewas purified by chromatography on silica gel, eluting with
hexanes/EtOAQ0QC:1 (v/v), to affordthe desire produdp) as a colorlessil (56% yield).

R = 0.40 (hexanes/EtOAS80:1 (v/v)). NMR Spectroscopy'H NMR (400 MHz,CDC}) & 7. 21 (d,
J=6.4 Hz, 3H), 7.10 (d] = 6.2 Hz, 2H), 7.04 (d] = 7.5 Hz, 1H), 87 (d,J= 7.1 Hz, 1H), 6.70

(t,J=7.3 Hz, 1H), 6.64 (d] = 7.8 Hz, 1H), 4.84 (d] = 7.2 Hz, 1H), 4.60 (d] = 7.2 Hz, 2H),

4.357 4.16 (m, 1H), 1.46 (d] = 11.9 Hz, 3H), 1.36 (dl = 27.8 Hz, 4H), 1.29 (s, 7H), 1.01 (s,

4H), 0.88 (s, 1H), 0.37 (s, 3HC NMR (101 MHz, CDCJ) 11160.8, 139.2, 129.9, 128.5, 127.9,
127.5,127.2, 126.4, 119.8, 109.3, 87.6, 730/5,616.1, 40.5, 34.0, 20.3, 17.

The EPR study

To 4fluorobenzend i azoni um t e(l)r(l2f mgp 00600 onmal, t1.80 equiv) and

silver trifluoromethanesulfonat€3.10 mg, 00120 mmol, 0.200 equiv) vere addedanhydrous

DMA (0.240mL) and4-fluorostyrene 2) (35.8puL, 0300 mmol,5.00 equiv) then followed by-
fluoro-1-chloromethyl,4d i azoni abi cycl o[ 2. 2. 2]4@8MaME0 bi s(tet
mmol, 2. @ equiv). The reaction mixture was stirred b hrin a sealed vial. fien the reation
systemwasadded into the DMA solution of DMP@énd detecte by EPRspectrometefThe detial

of reationsare reported in TabledS

Table 3: The EPR studyn thereaction

Experiment Number Reaction condition
1 Without 1 and2
2 Without 1
3 Without 2

4 With 1 and2
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Experiment1

Experiment2

A

h | {
Experiment 3 I ' |

| '.Ii( \

|

(!
Experment4
St acn “’”"“‘"""""“-J\/\J"\ \/\/V\'WM-‘—“—'WMVV'#M

The result of EPR

Typical spectrometer parameters were: Receiver Gain = 2.00*105; Phasg=Hadmonic= 1;
Mod. Frequency = 100 kHz; Mod. Amplitude = 1G; Center Field = 3510; Sweep width = 120;
Resolution = 1024; Conversion = 163.84 ms; Time const = 40.96 m; Sweep time = 167.77s;

power= 1 mw. DMPO (5;8limethyt1-pyrroline N-oxide) was employeds the radical trapper
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Gram-scale syntless of4,4'-(1-fluoroethane-1,2-diyl)bis(fluorobenzene)(3k)

F
AgOTf (0.2 equiv)
/©/N23F4 /©/\ Selectfluor (2 equiv) O
+
F F DMA, N, 25°C O F
F

1 2 3k, 62% vyield

To 4fluorobenzend i azoni um t e(l) (1DPpg) 76 mrhoy .00 tequiv) andsilver
trifluoromethanesulfonatf.244g, 0.952mmol, 0.200 equiv) vereaddedanhydrousDMA (19.0

mL) and 4-fluorostyrene(2) (2.84 mL, 23.8 mmol, 5.00 equiv) then followed by4-fluoro-1-
chloromethyil,4di azoni abi cycl o[ 2. 2. 2]38¢g, a52enmoh 200( t et r apu
equiv). The reaction mixture was stirred f@@ hr at 25 °C in a sealed vialThe reaction was

washed withtH,O (100mL) and extracted 3 times with EtOA80,0 mL). The combined organic

layer was dried over MgSQOThe filtrate wasconcentratedh vacuoandtheredduewas purified

by chromatography on silica gel, eluting with hexanes/Et@@@1 (v/v), to afford692mg 4,4~

(1-fluoroethanel, 2-diyl)bis(fluorobenzene]3k) as a colorlessolid (62% yield).
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Spectroscopic Data

'H NMR spectrum ofS1

'H NMR spectrum (80 MHz, CDC}, 23 € ) of S1
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3C NMR spectrum ofS2

%C NMR spectrum(101 MHz,CDCl;, 23 € ) of S2
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¥3C NMR spectrum ofS3
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3C NMR spectrum(101 MHz Acetoned®, 23 € ) of S3
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'H NMR spectrum (@0 MHz, CDC}, 23 €) of S4
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3C NMR spectrum ofS4
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¥C NMR spectrum(101 MHz,CDCl,, 23 € ) of S4
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FNMR spectrum(375 MHz, CDC}, 23 €) of S4
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'H NMR spectrum ofS5
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3C NMR spectrum of S5

¥C NMR spectrum(101 MHz,CDCl;, 23 € ) of S5
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'H NMR spectrum ofS6

'H NMR spectrum (@0 MHz, CDC}, 23 € ) of S6
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3C NMR spectrum ofS6
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¥C NMR spectrum(101 MHz,CDCl;, 23 € ) of S6




Supporting Information

S70

% NMR spectrum 056
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'H NMR spectrum (80 MHz, CDC}, 23€) of S7
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3C NMR spectrum ofS7

¥C NMR spectrum(101 MHz,CDCl;, 23 € ) of S7
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'H NMR spectrum (@0 MHz, CDC}, 23 €) of S8
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FNMR spectrum(375 MHz, CDC}, 23 €) of S9
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'H NMR spectrum (80 MHz, CDC}, 23 €) of S11
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'H NMR spectrum (@0 MHz, CDC}, 23 €) of S13
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3C NMR spectrum(101 MHz,CDCl;, 23 € ) of S17
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'H NMR spectrum (@0 MHz, CDC}, 23 € ) of S18
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'H NMR spectrum (80 MHz, CDC}, 23 €) of S21
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3C NMR spectrum(101 MHz, CDCl;, 23 € ) of S21
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3C NMR spectrum(101 MHz,CDCl;, 23 € ) of S23



Supporting Information S108

|

W

~

CF3

'H NMR spectrum ofS24
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'H NMR spectrum (80 MHz, CDC}, 23 € ) of S26
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'H NMR spectrum (80 MHz, CDC}, 23 €) of S27
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3C NMR spectrum(101 MHz,CDCl;, 23 € ) of S27
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% NMR spectrum 027

FNMR spectrum(375 MHz, CDC}, 23 €) of S27
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3C NMR spectrum(101 MHz,CDCl;, 23 €) of 3a
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¥C NMR spectrum oBk

%C NMR spectrum(101 MHz,CDCl;, 23 € ) of 3k












































































































































































































































































































