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1. General Information and Materials

General Information: *H NMR, *F NMR and *C NMR spectra were recorded on the Agilent MR
400, Bruker MR 500and Bruker MR 600 spectrometer, and are calibrated using residual undeuterated
solvent (CHCls at 7.26 ppm *H NMR; 77.0 ppm *3C NMR; CFClsas an external standard and low field
is positive). Chemical shifts (8) are reported in ppm and coupling constants (J) are in Hertz (Hz). The
following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad. NMR yield was determined by °F NMR using fluorobenzene as an
internal standard before working up the reaction. High Resolution Mass spectral data were recorded
on Agilent Technologies 7250 GCQTOF spectrometer in EI mode, or on Agilent Technologies 6224
TOF LC MS spectrometer in ESI mode. IR spectra were recorded on a Bruker TENSOR 27 FTIR

Spectrometer equipped with a Platinum ATR detector.

Materials: All reagents were used as received from commercial sources or prepared as described in
the literature. The 12 W blue LED strips (GreeThink 12V-5050-60; 1 mx12.5 mm>4.4 mm) was
purchased from Taobao.com. Compounds 1b-1f1, 1g2, 1j*, 113, 1m#, 1n°, 10° were known compounds.

1p-1u are commercially available. Compounds 1al, 1h’, 1i® 1k® were prepared according to the

literature.
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Structures of Difluoroalkyl lodides and Bromides 1
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Preparation of compound 1a’.

Zn (1) TMSCF,Br EF
Et0,C._~_Br 1,2-dibromoethane EtO,C NN/ NaOAc, MeCN, -25 °C Et0,C MI
r
TMSCI, I, THF, 60 °C (2) Iy, -25 °C~rt

1a

Ethyl 5,5-difluoro-5-iodopentanoate (1a): To a 250 mL round bottle equipped with a Teflon-coated
magnetic stir bar were added zinc dust (75 mmol, 1.5 equiv), THF (50 mL), and one drop of 1,2-
dibromoethane. The mixture was stirred at 80 °C and two drops of TMSCI were added. The resulting
mixture was then stirred for 15 minutes at 80 °C. Alkyl bromide (50 mmol, 1.0 equiv) was slowly
added. After the resulting mixture was stirred at 80 °C for 18 h, the unreacted zinc was allowed to
settle down. The concentration of organozinc reagent was determined by iodometric titration. A freshly
titrated THF solution of organozinc reagent (40 mmol, 1.0 equiv) was concentrated under vacuum until
the solid or viscous residue was formed. To the resulting residue were added anhydrous MeCN (40
mL) and NaOAc (48 mmol, 1.2 equiv) at room temperature, the reaction flask was cooled to -25 °C,
and the mixture was stirred for 10 minutes at -25 °C. Then, TMSCF.Br (48 mmol, 1.2 equiv) was
added dropwise at -25 °C, and the reaction mixture was stirred at this temperature for 18 h. lodine (42
mmol, 1.05 equiv) was added at -25 °C to the reaction mixture. After dissolution of iodine, the cooling
bath was removed, the mixture was allowed to warm to room temperature and was stirred for additional
5 hours. The resulting reddish-brown mixture was quenched by addition of aqueous of Na»>S»Os until
decoloration, diluted with water, and extracted with PE. The combined organic layers were dried over
Na2SOg, filtered and concentrated. The product (9.5 g, 65% vyield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as a yellow oil. *H NMR (500
MHz, CDCl3) 6 4.11 (q, J = 7.1 Hz, 2H), 2.42 — 2.29 (m, 4H), 1.92 — 1.80 (m, 2H), 1.23 (t, J = 7.1 Hz,
3H). °F NMR (376 MHz, CDCl3) & -36.1 (t, J = 14.9 Hz, 2F). *C NMR (126 MHz, CDCls) & 172.3,
101.4 (t, J = 313.6 Hz), 60.5, 47.1 (t, J = 19.7 Hz), 32.3, 20.5 (t, J = 3.5 Hz), 14.1. IR (thin film) vmax
2982, 1736, 1450 cm™.. MS (EI) m/z (%) 165 (M-I)*, 137 (100), 117, 77. HRMS (FI) calculated for
C7H1102F2: 165.0722; Found: 165.0723 (M-I)".
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Preparation of compound 1h’.

RF 0 FF
e Et;N, DMAP 0
Br>§/0H * Et/s\‘ Br>§/o\sll

o DCM, 0 °C~rt g “Et
1h

2-Bromo-2,2-difluoroethyl ethanesulfonate (1h): To a 100 mL round bottle equipped with a Teflon-
coated magnetic stir bar were added 2-bromo-2,2-difluoroethan-1-ol (10 mmol, 1.0 equiv), CH2Cl> (50
mL), EtsN (20 mmol, 2.0 equiv), and DMAP (1.0 mmol, 10 mol%). Ethanesulfonyl chloride (15 mmol,
1.5 equiv) was then added at 0 °C. The resulting mixture was stirred at room temperature overnight
until the starting material was totally consumed. After the reaction was completed, the reaction mixture
was washed with brine and extracted with EA. The combined organic layers were dried over Na2SOs,
filtered and concentrated. The product (1.9 g, 75% vyield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 30:1) as a yellow oil. *H NMR (400
MHz, CDCl3) § 4.63 (t, J = 11.6 Hz, 2H), 3.26 (q, J = 7.4 Hz, 2H), 1.47 (t, J = 7.4 Hz, 3H). °F NMR
(376 MHz, CDCl3) 6 -57.8 (t, J = 11.6 Hz). 3C NMR (126 MHz, CDCl3) 5 116.7 (t, J = 306.9 Hz),
70.0 (t, J = 27.7 Hz), 46.1, 8.0. IR (thin film) vmax 2987, 2951, 2888, 1458 cm™. MS (El) m/z (%) 173
(M-Br)*, 145 (100), 123, 97. HRMS (FI) calculated for CsH703F2S: 173.0078; Found: 173.0081 (M-
Br)*.

Preparation of compound 1ié.

RF

Br,CF5, EosinY
BZOM 2v'2 BZO\/\/\)<Br

Green LED , THF, 12 h

1i
6-Bromo-6,6-difluorohexyl benzoate (1i): To a 500 mL of Schlenk tube was added EosinY (2.5
mmol, 5 mol%) in the air. The tube was then evacuated and backfilled with Ar (3 times). Alkene (1.0
equiv, 50 mmol) and anhydrous THF (250 mL) were added under Ar. The resulting mixture was
degassed three times by the freeze—pump-thaw procedure. The CF2Br; (6.0 equiv, 300 mmol) was
then added to the mixture via a syringe under Ar. The reaction mixture was stirred under irradiation of
green LEDs strip for 12 h. The reaction mixture was then cooled to room temperature, filtered and
concentrated. The product (8.0 g, 50% vyield) was purified by flash column chromatography on silica

gel (Petroleum ether: Ethyl acetate = 100:1) as a colorless oil. *H NMR (500 MHz, CDCl3) § 8.04 (d,
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J=7.7Hz,2H),7.56 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.7 Hz, 2H), 4.34 (t, J = 6.5 Hz, 2H), 2.42 — 2.31
(m, 2H), 1.85 — 1.77 (m, 2H), 1.74 — 1.67 (m, 2H), 1.58 — 1.51 (m, 2H). *°F NMR (376 MHz, CDCl5)
§-43.5 (t,J = 13.7 Hz, 2F). C NMR (126 MHz, CDCls) § 166.6, 132.9, 130.2, 129.5, 128.3, 122.9 (t,
J =305.8 Hz), 64.5, 44.1 (t, J = 21.4 Hz), 28.4, 25.0, 23.7. IR (thin film) vmax 2949, 1719, 1451 cm™.
MS (E1) m/z (%) 320 (M)*, 123 (100), 105, 77. HRMS (FI) calculated for C13HisO2F2Br: 320.0218;
Found: 320.0223 (M)".

Preparation of compound 1k®.

FF
o DMF, Oxalyl chioride Br)ﬂ(o

BICF,COOH *

rCF,C00 Et;N, DCM, 0 °C~rt o

1k

Mesityl 2-bromo-2,2-difluoroacetate (1k): To a 250 mL of round bottle was added BrCF.CO2H (36
mmol, 1.2 equiv) and then evacuated and backfilled with Ar (3 times). Anhydrous DCM (50 mL) and
DMF (5 mol%, 1.5 mmol) were added under Ar. Oxalyl chloride (1.1 equiv, 33 mmol) was then added
to the mixture via a syringe under Ar at 0°C. After 5 min, the mixture was allowed to warm to rt. After
2 h, the reaction mixture was cooled to 0 <C, and a solution of 2,4,6-trimethylphenol (1.0 equiv, 30
mmol) and EtzN (2.0 equiv, 60 mmol) in DCM (25 mL) was added. The mixture was stirred for 3 h
and then quenched with water, and the aqueous layer was extracted with DCM. The combined organic
layers were washed with brine, dried over Na2SOs, and filtered. The product (7.8 g, 90% yield) was
purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as a
colorless oil. 'H NMR (400 MHz, CDCls) & 6.93 (s, 2H), 2.32 (s, 3H), 2.20 (s, 6H). 1°F NMR (376
MHz, CDCls) & -60.4 (s, 2F). 3C NMR (126 MHz, CDCls) & 157.5 (t, J = 31.9 Hz), 144.6, 136.7,
129.6, 129.2, 108.4 (t, J = 314.5 Hz), 20.7, 15.8. IR (thin film) vmax 2925, 2864, 1789, 1483 cm™. MS
(E1) m/z (%) 292 (M)*, 213, 135 (100), 119, 91. HRMS (FI) calculated for C11H1102F2Br: 291.9905;
Found: 291.9911 (M)".

Alkenes 5a-5k are commercially available. Alkenes 519, 5m!!, 5n'? 503, and 59! were prepared

according to the literature. 5p*4, 5r'4, and 5s* were prepared according to the literature.
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Me,Phsi” X MesSi” > Ph_~ TBSO > Xy Clho~ox

5a 5b 5c 5d 5e
Br/M Bpin\/\ @ Cy\/\ @
5f 59 5h 5i 5j

5k 51 5m 5n 50

2 \/LO o
0 g o
éN 0 Hof H OJV\ o S o "
y BnoTN\)kN N o0 >\/ 3
i T : NC N
5s

Structures of Alkenes 5

Preparation of compounds 5p, 5r, and 5s.

’ 2 DMAP, DCC
R-OH  + R2CO,H R2CO,R!
DCM, rt, overnight

General Procedure: To a 250 mL round bottle equipped with a Teflon-coated magnetic stir bar were
added alcohol (15 mmol, 1.0 equiv), DCM (50 mL), DMAP (0.183 g, 1.5 mmol, 10 mol%) and
carboxylic acid (22.5 mmol, 1.5 equiv). DCC (6.18 g, 30 mmol, 2.0 equiv) was then added. The
resulting mixture was stirred at room temperature overnight until the starting material was totally
consumed. After the reaction was completed, the reaction mixture was washed with brine, dried over

Na2SOyg, filtered and concentrated. The alkene was purified with silica gel chromatography.

1 o But-3-en-1-yl (2S,5R)-3,3-dimethyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-
éN O/\/\
Ho//ﬁﬁ carboxylate (5p). The product (3.7 g, 87% yield) was purified by flash column
(0]
chromatography on silica gel (Petroleum ether: Ethyl acetate = 8:1) as a yellow oil.
'H NMR (400 MHz, CDCl3) & 5.80 — 5.67 (m, 1H), 5.16 — 5.07 (m, 2H), 4.63 — 4.57 (m, 1H), 4.34 (s,
1H), 4.32 — 4.18 (m, 2H), 3.51 — 3.36 (m, 2H), 2.46 — 2.39 (m, 2H), 1.57 (s, 3H), 1.38 (s, 3H). 3C

NMR (126 MHz, CDCls) 6 170.7, 166.8, 133.2, 118.0, 65.2, 63.1, 62.6, 61.0, 38.2, 32.7, 20.2, 18.3.
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IR (thin film) vmax 2981, 2937, 1797, 1754 cm'L. MS (FI) m/z (%) 288 (M+H)*. HRMS (FI) calculated
for C12H180sNS: 288.0900; Found: 288.0896 (M+H)".

§LO o ((3aR,5R,5aS,8aS,8bR)-2,2,7,7-Tetramethyltetrahydro-5H-
:@OM bis([1,3]dioxolo)[4,5-b:4",5'-d]pyran-5-yl)methyl but-3-enoate (5r). The

)Fé product (4.3 g, 86% vyield) was purified by flash column chromatography on
silica gel (Petroleum ether: Ethyl acetate = 10:1) as a yellow solid (m.p. 88 — 90 °C). *H NMR (500
MHz, CDCl3) § 5.97 — 5.86 (m, 1H), 5.54 (d, J = 5.0 Hz, 1H), 5.18 (dd, J = 7.7, 1.4 Hz, 1H), 5.15 (s,
1H), 4.62 (dd, J = 7.9, 2.5 Hz, 1H), 4.35 — 4.29 (m, 2H), 4.26 — 4.16 (m, 2H), 4.05 — 3.99 (m, 1H),
3.13 (d, J = 7.0 Hz, 2H), 1.50 (s, 3H), 1.45 (s, 3H), 1.334 (s, 3H), 1.328 (s, 3H). 13C NMR (126 MHz,
CDCl3) 6 171.5, 130.1, 118.6, 109.6, 108.8, 96.3, 71.0, 70.7, 70.4, 66.0, 63.6, 38.9, 26.0, 25.9, 24.9,
24.5. IR (thin film) vmax 3078, 1735 cm™. MS (DART) m/z (%) 329 (M+H)*. HRMS (DART)

calculated for C16H2507: 329.1595; Found: 329.1593 (M+H)*.

FOQ\{I&OM But-3-en-1-yl 2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-

" carboxylate (5s). The product (5.0 g, 90% vyield) was purified by flash
column chromatography on silica gel (Petroleum ether: Ethyl acetate = 5:1) as a white solid (m.p. 98
— 100 °C). 'H NMR (400 MHz, CDCl3)  8.13 (t, J = 2.2 Hz, 1H), 8.05 (dt, J = 8.8, 2.2 Hz, 1H), 6.98
(d, J = 8.9 Hz, 1H), 5.89 — 5.75 (m, 1H), 5.20 — 5.08 (M, 2H), 4.33 (t, J = 6.6 Hz, 2H), 3.88 (d, J = 6.4
Hz, 2H), 2.73 (s, 3H), 2.52 — 2.44 (m, 2H), 2.25 — 2.10 (m, 1H), 1.08 (s, 3H), 1.06 (s, 3H). 3C NMR
(126 MHz, CDClz) 6 167.1,162.4,161.7,161.1, 133.6, 132.4,131.9, 125.9, 121.7, 117.6, 115.3, 112.5,
102.8, 75.6, 64.2, 33.0, 28.1, 19.0, 17.4. IR (thin film) vmax 3077, 2975, 2232, 1689 cm™. MS (FI) m/z
(%) 370 (M)*, 355, 314, 260 (100), 243. HRMS (F1) calculated for C2oH2203N,S: 370.1346; Found:
370.1348 (M)".
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Table S1. Preparation of alkylzirconocene 2a by reaction of 5a with 6.2

(MepPhsi—s  +  HZiCp,Cl dorane | CICRZI gt 1o
5a (x mmol) 6 (0.9 mmol) rt 2a
entry 6:5a Conv 5a (%)°
1 1:1.2 68.2%
2 1:1.1 70.5%
3 1:1.0 75.3%
4 1:0.9 74.4%
5 1:0.8 91.4%
6 1:0.7 98.4%
7 1:0.6 99.5%

2Reaction conditions (unless otherwise specified): 6 (0.9 mmol), dioxane (1 mL), 1 h. °Determined
by GC-MS using established standard curve.

Procedure: To a 25 mL of Schlenk tube was added ZrCp2HCI (0.9 mmol) in the glovebox. The tube
was taken out of the glovebox, and was then evacuated and backfilled with Ar (3 times). 5a (x mmol)
and anhydrous dioxane (1.0 mL) were added under Ar. The reaction mixture was stirred for about 1 h
at room temperture. The reaction was quenched with H>O. The conversion of 5a was determined by

GC-MS using established standard curve.
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2. Optimization of the Reaction Conditions

Table S2. Optimization of the reaction conditions?

F F F, F

F F conditions Eo.c. X foc.
CICp,Zr _~_, + 52 | + EtOZC\M)\ Ly SiPhMe, 2 M>\H
2a SiPh(Me), s 1 1HE 40-45°C, 12 s
1a (1.0 equiv) 3a 4a

‘ dioxane, rt

| (Me),Phsi” Xy + HZrCp,Cl
! 5a (2.4 equiv) 6 (2.0 equiv)

entry NiBr-DME (10 mol%)  Bpy (10 mol%) Blue LED  3a (%)° 4a (%)°

1 + + - 0 5
2 + + + 51 27
3 - - + 53 33

@Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (2.4 equiv), 6 (2.0
equiv), THF (2.0 mL), 40~45°C, Blue LED (12 W), 12 h. The yield was determined by '°F NMR using
fluorobenzene as an internal standard. "The yield of 3a was calculated based on 1a.

Table S3. Screening of the solvent?
FF

FF Blue LED (12 W) = RS

8 EtOZCW . + EtO ci\)i

CleZZr\/\SiPh(Me)Z + B5a } + EtOZC%I 3 SlPhMe2 2 3 H
4a

solvent, 40~45°C , 12 h
2a 3a

1a (1.0 equiv)
' dioxane, rt
(Me),PhSi” XX  +  HZrCpCl ‘
5a (2.4 equiv) 6 (2.0 equiv) !

entry solvent 3a (%)° 4a (%)°
1 CH3CN 37 17
2 DCM 29 19
3 DMF 31 16
4 Dioxane 36 23
5 THF 53 33
6 NMP 59 34
7 DME 42 25

8Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (2.4 equiv), 6 (2.0
equiv), solvent (2.0 mL), 40~45°C, Blue LED (12 W), 12 h. The yield was determined by *°F NMR
using fluorobenzene as an internal standard. °The yield of 3a was calculated based on 1a.
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Table S4. Screening of the loading amount of NMP?2

FF

FF Blue LED (12 W) R RE

10,03 B0, N~ s EO,C N

CICpzZr\/\SiF,h(,\Ae)2 + 5a } + EtOC N 3 SiPhMe, 2% H
4a

2 NMP (x mL), 40~45°C, 12 h
a 3a

1a (1.0 equiv)
‘ dioxane, rt
| (Me),PhSi”Xx  + HZrCpCl
5a (2.4 equiv) 6 (2.0 equiv) 3

entry NMP (x mL) 3a (%)° 4a (%)°
1 1.0 51 30
2 2.0 59 34
3 3.0 64 31
5 4.0 60 35

@Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (2.4 equiv), 6 (2.0
equiv), NMP (x mL), 40~45°C, Blue LED (12 W), 12 h. The yield was determined by **F NMR using
fluorobenzene as an internal standard. "The yield of 3a was calculated based on 1a.

Table S5. Screening of the loading amount of 5a and 62
F F

FF L FF
L Blue LED (12 W) : K
‘ EtO,C . EtO,C
CICp,Zr . R EtOZC\(V))\ 2 WSPhMe + 2
\ SiPh(Me), * 53 s 1 NMP, 40~45°C 12 h s 2 3 H
a 1a (1.0 equiv) 3a 4a

’ dioxane, rt

D (Me)PhSi”Xx  + HZrCpCl

| Seay) o) |
entry 5a (y equiv) 6 (z equiv) 3a (%)° 4a (%)°
1¢ 1.8 1.5 52 38
2 2.4 2.0 64 31
3 3.0 2.5 73 21
4 3.6 3.0 81 (62) 15
6 4.2 3.5 82 11

@Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (y equiv), 6 (z equiv),
NMP (3.0 mL), 40~45 °C, Blue LED (12 W), 12 h. The yield was determined by **F NMR using
fluorobenzene as an internal standard. ®The yield of 3a was calculated based on 1a, the number given
in parentheses is the isolated yield.
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Table S6. Screening of the reaction temperature?

RF Blue LED (12 W) S RS
CICP'zZI'\/\SiPh(Me)2 + ba } + EtOzC*,)?\I NP, Tomp. 121 EtOQCWSiPhMeZ + EtOZC*/)%\H
2a 1a (1.0 equiv) 3a 4a
' dioxane, rt
(Me),PhSi” XX+ HZrCp,Cl ‘
5a (3.6 equiv) 6 (3.0 equiv) !
entry Temp (°C) 3a (%)° 4a (%)°
1 25 78 18
2 40~45 81 15
3 55 12 23

8Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (3.6 equiv), 6 (3.0
equiv), NMP (3.0 mL), Blue LED (12 W), 12 h. The yield was determined by *F NMR using
fluorobenzene as an internal standard. "The yield of 3a was calculated based on 1a.

Table S7. Screening of the lighting sources®

F, }F Lighting Sources F :‘F F ;F
CICPZr oo, 5 } . Etosz%\l N r— EtOzCWSiPhMeZ . EtOzC\M%\H
2a 1a (1.0 equiv) 3a 4a
' dioxane, rt
(Me),Phsi”Xx  + HZrCp,Cl ‘
: 5a (3.6 equiv) 6 (3.0 equiv) 3
entry lighting sources 3a (%)° 4a (%)°
1 Blue LED 81 15
2 Green LED 79 15
3 White LED 78 17

8Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (3.6 equiv), 6 (3.0
equiv), NMP (3 mL), 12 h. The yield was determined by *F NMR using fluorobenzene as an internal
standard. "The yield of 3a was calculated based on 1a.
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Re-optimized the reaction conditions

Table S8. Screening of the loading amount of 5a and 6 for the reaction with 1a®

F, F

F F FF
K Blue LED (12 W) W 8
: EtO,C ) + EtO CM>\
CICP2ZI_~giphMe), * 52 } + E‘OZCM?\ s SiPhMe; 29415 H
4a

NMP, 40~45 °C, 12 h
2a

fa (1.0 equi)
‘ —
I
| Saeauy) Sequy)
entry 5a (Y equiv) 6 (z equiv) 3a (%)° 4a (%)P
1 2.0 0.1 0 0
2 2.0 0.2 0 2
3 2.0 05 36 16
4 2.0 0.75 54 19
5 2.0 1.0 59 19
6 2.0 1.1 68 22
7 2.0 1.2 67 24
8 15 1.2 56 36
9 2.2 1.2 73 19
10 25 1.2 80 (62) 14
11 3.0 1.2 81 12

@Reaction conditions (unless otherwise specified): 1a (0.3 mmol, 1.0 equiv), 5a (y equiv), 6 (z equiv),
NMP (3.0 mL), 40~45 °C, Blue LED (12 W), 12 h. The yield was determined by **F NMR using
fluorobenzene as an internal standard. ®The yield of 3a was calculated based on 1a, the number given
in parentheses is the isolated yield.
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Table S9. Screening of the loading amount of 5a and 6 for the reaction with 1g#

F F

FF FF
d Blue LED (12 W) 820
: . + BzO
{Clcpzzr\/\SiPh(Me)z + 5a } * BZO\)\Br NSIPhMez Q\H
2a .

NMP, 40~45 °C, 12 h )
1g (1.0 equiv) 3i 4i

‘ dioxane, rt

I (Me)PhSi” Xy  + HZrCpyCl

| Sabveaw) | Seeaw)
entry 5a (y equiv) 6 (z equiv) 3i (%) 4i (%)

1 2.5 1.5 42 35
2 2.5 1.8 45 46
3 2.5 2.0 47 48
4 3.0 1.8 54 19
5 3.5 1.8 69 (65) 19
6 4.0 1.8 68 22

@Reaction conditions (unless otherwise specified): 1g (0.3 mmol, 1.0 equiv), 5a (y equiv), 6 (z equiv),
NMP (3.0 mL), 40~45 °C, Blue LED (12 W), 12 h. The yield was determined by **F NMR using
fluorobenzene as an internal standard. "The yield of 3i was calculated based on 1g, the number given
in parentheses is the isolated yield.

3. Mechanistic Studies
3.1. Preparation of 2a from the reaction of Grignard reagent 7 with ZrCp2Clz and using 2a to

react with la

F F

Etosz}\\

3

ZrCp,Cl, (1.9 equiv) 1a (1.0 equiv)

THF, rt ZrCpCl i
. (Me)zPhSi/\/ rCp! dioxane/NMP 3a
MgB -45 ©
(Me)zPhSi/\/ gBr 2a blue LED, 12 W, 40-45 °C (not observed)

7 (15 equiv)
Procedure: To a 25 mL of Schlenk tube were added ZrCp2Cl> (0.57 mmol, 1.9 equiv, the loading
amount of ZrCp.Cl, was based on 1a) and 7*° (1.32 mL, 0.34 M, 1.5 equiv, the loading amount of 7
was based on l1a) under Ar. The mixture was stirred for 3 h at room temperature to afford
alkylzirconocene 2a. (Note: When Grignard reagent 7 was prepared, ~10% of silylalkene 5a was
generated. Alkene 5a can be trapped by addition of ZrCpHCI 6 (0.06 mmol) to the resulting solution

of 2a. After the mixture was stirred for 1 h, only trace amount of 5a was unreacted. This unreacted 5a
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would lead to <1% vyield of 3a, after the solution of 2a was treated with 1a under the irradiation of
blule light.) To another 25 mL of Schlenk tube were added 1a (0.3 mmol, 1.0 equiv.) and NMP (3.0
mL). The prepared alkylzirconocene 2a was then transferred to the reaction mixture via syringe under
Ar. The resulting reacion mixture was stirred at 40~45 °C for 12 h under irradiation of a 12 W blue
LEDs strip. The reaction was cooled to room temperature, and °F NMR analysis of the reaction

showed that essentially, 3a was not formed during the reaction.

3.2. Preparation of 2a from the reaction of Grignard reagent 7 with ZrCp2Cl2 and using 2a to

react with 1a and 5a

ZrCp,Cl, (1.9 equiv) 1a (1.0 equiv)
THF, rt ZrCpCl 5a (2.0 equiv)
+ T+ (Me)Phsi” P R 3a, 48% yield
loxane
_~_-MgBr
(Me),Phsi 2a blue LED, 12 W, 40-45 °C

7 (15 equiv)
Procedure: To a 25 mL of Schlenk tube were added ZrCp2Cl> (0.57 mmol, 1.9 equiv, the loading
amount of ZrCp»Cl» was based on 1a) and 7 (1.32 mL, 0.34 M, 1.5 equiv, the loading amount of 7 was
based on 1a) under Ar. The mixture was stirred for 3 h at room temperature to afford alkylzirconocene
2a. To another 25 mL of Schlenk tube were added 1a (0.3 mmol, 1.0 equiv), 5a (0.6 mmol, 2.0 equiv),
and NMP (3.0 mL). The prepared alkylzirconocene 2a was then transferred to the reaction mixture via
syringe under Ar. The resulting reacion mixture was stirred at 40~45 °C for 12 h under irradiation of
a 12 W blue LEDs strip. The reaction was cooled to room temperature, and **F NMR analysis of the

reaction showed 48% yield of 3a was afforded.

3.3. Competetive reactions

_ Blue LED (12 W)
(Mepphsi” > ZCPLl ol ta o Wessi TS T 3a and 3w
2a (1.0 equiv) ~ NMP, 40~45°C
5b (0.6 equiv) 3a + 3a' = 80%
. 3a/3a' =2.8:1,
‘ dioxane, rt, 1h determined by GC
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘ FF
: : E10,C N~
(Me)zPhSi/\ + Hzrcp,Cl 3 SiMe,
5a (3.0 equiv) 6 (3.0 equiv) | 3a’

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Procedure: To a 25 mL of Schlenk tube was added ZrCp>HCI 6 (3.0 equiv, 0.9 mmol, the loading

amount of 6 was based on 1a) in the glovebox. The tube was then taken out of the glovebox, and was
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evacuated and backfilled with Ar (3 times). Alkene 5a (3.0 equiv, 0.9 mmol, the loading amount of 5a
was based on 1a) and anhydrous dioxane (1.0 mL) were added under Ar. The resulting mixture was
stirred at room temperature for 1 h until a clear yellow solution was obtained. To another 25 mL of
Schlenk tube were added difluoroalkyl halide 1a (0.3 mmol, 1.0 equiv), 5b (0.18 mmol, 0.6 equiv) and
NMP (3.0 mL) under Ar. The prepared solution of alkylzirconocene 2a and alkene 5a was then added
to the mixture via syringe for 1 min under Ar. The resulting mixture was stirred at 40~45 °C under
irradiation of a 12 W blue LEDs strip for 12 h. The reaction mixture was then cooled to room
temperature. °F NMR analysis of the reaction showed that 80% yield of 3a and 3a' (3a/3a' = 2.8:1,

determined by GC) were afforded.

3.4. Reaction of 2a with silylalkene 5b

THF/NMP
CICp,Z MesSi” X
P2 r\/\SiPh(Me)z + €39l

ICp,Z
CICp, r\/\SiPMea
2a 5b rt

2a' (not observed)

Procedure: To a 25 mL of Schlenk tube was added ZrCp>HCI 6 (5.0 equiv, 0.9 mmol) in the glovebox.
The tube was then taken out of the glovebox, and was evacuated and backfilled with Ar (3 times).
Alkene 5a (5.0 equiv, 0.9 mmol) and anhydrous dioxane (1.0 mL) were added under Ar. The resulting
mixture was stirred at room temperature for 1 h until a clear yellow solution was obtained. Then 5b
(0.28 mmol, 1.0 equiv) and NPM (3 mL) were added to the reaction mixture under Ar. The resulting
mixture was stirred at room temperature for 1 h. GC-MS analysis of the reaction after the reaction was

quenched with H20.

3.5. Reaction of silylalkene 5a with la

FF
) B Blue LED (12 W)
(Me),PhSi” X + EtOzCM%\I 3a (not observed)
; ~AE O
5a (3.6 equiv) 1a (1.0 equiv) dioxane/NMP, 40~45 °C

Procedure: To 25 mL of Schlenk tube were added 1a (0.3 mmol, 1.0 equiv), 5a (1.08 mmol, 3.6
equiv), dioxane (1.0 mL) and NMP (3.0 mL) under Ar. The resulting reacion mixture was stirred at
40~45 °C for 12 h under irradiation of a 12 W blue LEDs strip. The reaction was cooled to room

temperature. 1°F NMR analysis of the reaction showed no 3a was observed.
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3.6 Radical clock experiments.

A. Reaction of 1g with 2b and 16

FF

Br
BzO??: + CICper\/\SiMe3 + Ph% blue LED (12 W) T™S . OBz
dioxane/NMP, 40~45 °C
19 (1.0 equiv) 2b (~1.3 equiv) 16 (2.0 equiv)
17, 8% 18, 13%

Procedure: To a 25 mL of Schlenk tube was added ZrCp>HCI (1.8 equiv, 0.54 mmol) in the glovebox.
The tube was then taken out of the glove box, and was evacuated and backfilled with Ar (3 times).
Silylalkene 5b (3.5 equiv, 1.05 mmol) and anhydrous dioxane (1.0 mL) were added under Ar. The
reaction mixture was stirred for 1 h to provide 2b. To another 25 mL of Schlenk tube were added 1g
(0.3 mmol, 1.0 equiv), 16 (0.6 mmol, 2.0 equiv) and NMP (3.0 mL). The prepared alkylzirconocene
2b (~1.3 equiv., ~ 0.38 mmol) was transferred to the reaction via syringe for about 1 min under Ar.
The reaction mixture was stirred 12 h at 40~45 °C under irradiation of a 12 W blue LEDs strip. The
reaction mixture was then cooled to room temperature. °F NMR analysis of the reaction showed 13%
yield of 18 was provided. The yield of 17 (8% yield) was determined by *H NMR using mesitylene as

the internal standard.

™S (3-(3,4-Dihydronaphthalen-1-yl)propyl)trimethylsilane (17). The product (8%

yield determined by *H NMR) was purified by flash column chromatography on
silica gel (PE) as a colorless oil. 'H NMR (400 MHz, CDCls) § 7.23 (d, J = 7.2 Hz, 1H), 7.21 — 7.06
(m, 3H), 5.92 — 5.77 (m, 1H), 2.73 (t, J = 8.0 Hz, 2H), 2.44 (t, J = 7.2 Hz, 2H), 2.31 — 2.16 (m, 2H),
1.58 — 1.46 (m, 2H), 0.62 — 0.50 (m, 2H), -0.03 (s, 9H). 3C NMR (101 MHz, CDCl3) § 136.7, 136.5,
135.1,127.5,126.4, 126.2, 124.7, 122.6, 36.8, 28.5, 23.1, 23.1, 16.8, -1.6. IR (thin film) vmax 2925 cm"

L MS (EI) m/z (%) 244 (M)*, 227, 170, 144 (100), 73. HRMS (FI) calculated for C1sH24Si: 244.1642;
Found: 244.1645 (M)".

FF 3-(3,4-Dihydronaphthalen-1-yl)-2,2-difluoropropyl benzoate (18). The product (13%

OBz

J=7.4Hz, 1H), 7.48 (t, J = 7.4 Hz, 2H), 7.39 — 7.28 (m, 1H), 7.21 — 7.06 (m, 3H), 6.20 — 6.01 (m,

determined by °F NMR) was purified by flash column chromatography on silica gel

(PE) as a colorless oil. tH NMR (400 MHz, CDCls) § 8.06 (d, J = 7.4 Hz, 2H), 7.61 (t,
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1H), 4.47 (t, J = 12.4 Hz, 2H), 3.21 (t, J = 15.8 Hz, 2H), 2.76 (t, J = 8.0 Hz, 2H), 2.35 — 2.20 (m, 2H).
19F NMR (376 MHz, CDCl3) § -101.7 — -102.0 (m, 2F). 3C NMR (126 MHz, CDCls) § 165.4, 136.3,
134.0, 133.5, 131.7, 129.8, 129.2, 128.5, 127.7, 127.2, 126.3, 123.1, 121.1 (t, J = 244.3 Hz), 63.6 (t, J
=33.1 Hz), 37.1 (t, J = 24.7 Hz), 28.1 (s), 23.2. IR (thin film) vmax 2934, 2858, 1732, 1351 cm'X. MS
(E1) m/z (%) 328 (M*), 222, 186, 141, 105 (100), 77. HRMS (FI) calculated for CaoH1gF20,: 328.12609;
Found: 328.1268 (M").

B. Reaction of 2b with 16

TMS
blue LED (12 W
dioxane/NMP, 40~45 °C

2b (1.0 equiv) 16 (2.0 equiv) 17

15% (with blue light)
not observed (without blue light)

Procedure: To a 25 mL of Schlenk tube was added ZrCpHCI (0.54 mmol) in the glovebox. The tube
was then taken out of the glove box, and was then evacuated and backfilled with Ar (3 times).
Silylalkene 5b (1.05 mmol) and anhydrous dioxane (1.0 mL) were added under Ar. The reaction
mixture was stirred for 1 h to provide 2b (~ 0.38 mmol, 1.0 equiv). To another 25 mL of Schlenk tube
were added 16 (0.76 mmol, 2.0 equiv) and NMP (3.0 mL). The prepared alkylzirconocene 2b was
added to the mixture via syringe for about 1 min under Ar. The reaction mixture was stirred 12 h at
40~45 °C under irradiation of a 12 W blue LEDs strip. The reaction mixture was then cooled to room
temperature. The yield of 17 (15% yield) was determined by *H NMR using mesitylene as the internal

standard. Under the reaction conditions, the product of 17 was not observed without blue light.

C. Reaction of 1g with 16

F F

Br
820y, . Ph% blue LED (12 W) OBz
FF dioxane/NMP, 40~45 °C

19 (1.0 equiv) 16 (2.0 equiv)

18, not observed

Procedure: To a 25 mL of Schlenk tube were added 1g (0.3 mmol, 1.0 equiv), 16 (0.6 mmol, 2.0
equiv) and NMP (3.0 mL). The reaction mixture was stirred at 40~45 °C for 12 h under irradiation of

a 12 W blue LEDs strip. The reaction mixture was then cooled to room temperature. **F NMR analysis
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of the reaction showed no 18 was observed.

3.7 Light-dark experiments

dioxane/NMP FE F

OBz
w/wo blue LED, 12 W, 40~45°C TMS/\)Q/

S T NN
FF

19 (1.0 equiv) 2b (~1.3 equiv)

60

3j yield/%
w S w
o o o

N
o

10

0 2 4 6 8 10 12 14
t/h

Figure S1. Light -dark experiments for the reaction of 1g with 2b

Procedure: To a 25 mL of Schlenk tube was added ZrCp>HCI (1.8 equiv, 0.54 mmol) in the glovebox.
The tube was then taken out of the glovebox, and was evacuated and backfilled with Ar (3 times).
Alkene 5b (3.5 equiv, 1.05 mmol) and anhydrous dioxane (1.0 mL) were added by a syringe under Ar.
The mixture was stirred for 1 h until a clear yellow solution was obtained. To another 25 mL of Schlenk
tube were added 1g (0.3 mmol, 1.0 equiv) and NMP (3.0 mL). The prepared solution of
alkylzirconocene 2b (~1.3 equiv, ~ 0.38 mmol) was added to the reaction mixture over 1 min via a
syringe under Ar. The reaction mixture was stirred for 2h under irradiation of a 12 W blue LEDs strip
at 40~45 °C. The yield was determined by '°F NMR. Then, the reaction was stirred in dark at 45 °C
for 2 h. The yield was determined by '*F NMR. The reaction mixture was then stirred at the same
reaction temperature for 8 h under irradiation of a 12 W blue LEDs strip. The yield was determined

by °F NMR.
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3.8 MS analysis of the reaction of 5¢ with 1g

FF F F
oh Blue LED (12 W)
XN+ Ph/\/\ZGCzCl + Bzo\)\Br BZOM Ph
NMP, 40~45°C, 12 h
5c 2c 1(1.0 equiv) 8a
dioxane 25°C,1h 3 Ph 3
: NN TN '
LoPT Ph !
o ‘ 3 IV-c Iii-c 3
3 Pho HZrCp,Cl 3 L :
f 5c (3.5 equiv) 6 (1.8 equiv) :

MS analysis of the reaction showed that homo-coupling of I11-c and a large amount of 1VV-c were

formed.

A Abundance TIC: 201891-12-41B- D\data.ms.
3e+07
28e+07,
26e+07, NMP
2 4e+07, l
22e+07,
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C  Abundance Scan 2353 (13.418 min). 201891-12-41B- D\data.ms
d
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Figure S2. GC-MS analysis of the reaction of 5¢ with 1g. (A) GC analysis of the reaction; (B) MS
analysis of 1V-c; (C) MS analysis of I11-c.

4. (Fluoro)alkylation of Alkenes 5 with (Fluoro)alkylhalides 1 Promoted by Photolysis of
Alkylzirconocenes

General Procedure A

1y2 1y2
R Rl LA Blue LED (12 W) Yoy
3 ; + ~ X S
ZrCp,Cl + R2 X R2 R
5 2 NMP, 40~45°C, 12 h
1 (1.0 equiv) 3,8-10

dioxane ‘ 25°C,1h

X=Br ;Y'=F H;Y2=F H
Tt /\’ ””””””””””””” ' R? = alkyl, = system, F, perfluoroalkyl
RN . HZrCp,Cl

5 (2.5 equiv) 6 (1.2 equiv)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

To a 25 mL of Schlenk tube was added ZrCp2HCI (1.2 equiv, 0.36 mmol) in the glovebox. The tube
was then taken out of the glovebox, and was evacuated and backfilled with Ar (3 times). Alkene 5 (2.5
equiv, 0.75 mmol) and anhydrous dioxane (1.0 mL) were added under Ar. The resulting mixture was
stirred at room temperature for 1 h until a clear yellow solution was obtained. To another 25 mL of
Schlenk tube were added difluoroalkyl halide 1 (0.3 mmol, 1.0 equiv) and NMP (3.0 mL) under Ar.
The prepared solution of alkylzirconocene and alkene was then added to the mixture via a syringe for
1 min under Ar. The reaction mixture was stirred at 40~45 °C under irradiation of a 12 W blue LEDs
strip for 12 h. The reaction mixture was then cooled to room temperature. The reaction mixture was

poured into water (50 mL) and extracted with EA (30 mLx 2). The combined organic layers were
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washed by brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The product was
purified with flash column chromatography.

General Procedure B

F F Blue LED (12 W) RF
Ph ZrCp,Cl + 1 g X
~ N R" ™ + sz\Br N RZ\AR1
_ NMP, 40~45°C, 12 h
2c (~1.5 equiv) 5 (1.5 equiv) 1 (1.0 equiv) 10

Preparation of 2c: To a 25 mL of Schlenk tube was added ZrCp,HCI 6 (2.0 equiv, 0.6 mmol, the
loading amount of 6 was calculated based on 1) in the glovebox. The tube was taken out of the
glovebox, and was then evacuated and backfilled with Ar (3 times). Allylbenzene 5c (1.5 equiv, 0.45
mmol, the loading amount of 5¢c was calculated based on 1) and anhydrous dioxane (1.0 mL) were
added under Ar. The mixture was stirred for 1 h at about 40 °C until a clear yellow solution was
obtained.

Reaction of 5 with 1 in the presence of 2c: To a 25 mL of Schlenk tube were added difluoroalkyl 1
(0.3 mmol, 1.0 equiv), alkene 5 (0.45 mmol, 1.5 equiv), and NMP (3.0 mL). The prepared
alkylzirconocene 2c (~1.5 equiv) was then added to the reaction mixture for 1 min under Ar. The
reaction was stirred at 40~45 °C under irradiation of a 12 W blue LEDs strip for 12 h. The reaction
mixture was then cooled to room temperature. The reaction mixture was poured into water (50 mL)
and extracted with EA (30 mLx2). The combined organic layers were washed by brine, dried over
anhydrous sodium sulfate, filtered, and concentrated. The product was purified by flash column
chromatography.

Note: Excessive ZrCp2HCI 6 used for the preparation of 2¢ can be quenched by NMP.%6 Therefore, it

cannot influence the reaction.

Figure S3. Synthesis of compounds 3, 8-10.
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5. Characterization Data for Compounds 3, 8-10.

., /\Si/\/cooa Ethyl 7-(dimethyl(phenyl)silyl)-5,5-difluoroheptanoate (3a). General

Me” 1

Ph Procedure A: The product (61 mg, 62% yield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil. *H NMR (400
MHz, CDCl3) 6 7.56 — 7.45 (m, 2H), 7.42 — 7.31 (m, 3H), 4.14 (q, J = 7.2 Hz, 2H), 2.34 (t, J = 7.2 Hz,
2H), 1.92 — 1.73 (m, 6H), 1.26 (t, J = 7.2 Hz, 3H), 0.92 — 0.82 (m, 2H), 0.30 (s, 6H). 9F NMR (376
MHz, CDCls) & -99.9 — -100.4 (m, 2F). 23C NMR (126 MHz, CDCl3) § 173.0, 138.1, 133.5, 129.1,
127.9, 125.3 (t, J = 241.2 Hz), 60.4, 34.9 (t, J = 25.8 Hz), 33.7, 30.9 (t, J = 26.7 Hz), 17.8 (t, J = 4.8
Hz), 14.2, 7.7 (t, J = 3.4 Hz), -3.4. IR (thin film) vmax 2922, 1731, 1456 cm™. MS (El) m/z (%), 313,
235, 135 (100), 81. HRMS (FI) calculated for C17H26F202Si: 328.1665; Found: 328.1671 (M)*.

e %OTBS tert-Butyl((6-(dimethyl(phenyl)silyl)-4,4-difluorohexyl)oxy)dimethylsilane

Ph (3b). General Procedure A: The product (74 mg, 64% yield) was purified by
flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as a colorless oil.
'H NMR (400 MHz, CDCl3) § 7.55 — 7.46 (m, 2H), 7.41 — 7.33 (m, 3H), 3.62 (t, J = 6.2 Hz, 2H), 1.95
—1.70 (m, 4H), 1.68 — 1.56 (m, 2H), 0.94 — 0.83 (m, 11H), 0.29 (s, 6H), 0.04 (s, 6H). 1°F NMR (376
MHz, CDCl3) § -99.5 —-99.8 (m, 2F). 3C NMR (126 MHz, CDCl3) § 138.2, 133.5, 129.1, 127.9, 125.8
(t, J = 241.3 Hz), 62.4, 32.2 (t, J = 25. 8 Hz), 30.9 (t, J = 26.7 Hz), 25.9, 25.7 (t, J = 4.2 Hz), 18.3, 7.8
(t, J = 3.3 Hz), -3.3, -5.4. IR (thin film) vmax 2929, 2857, 1463, 1360 cm*. MS (El) m/z (%), 157, 135
(100), 81. HRMS (EI) calculated for C20HssF20Siz: 386.2267; Found: 386.2274 (M)*.

F F
M\/\)W
eSi (0]

Me™ 1
® pPn

Y@” 6-(Dimethyl(phenyl)silyl)-4,4-difluorohexyl 4-chlorobenzoate (3c).
o General Procedure A: The product (81 mg, 66% yield) was purified by
flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil.
'H NMR (400 MHz, CDCl3) § 7.96 (d, J = 8.6 Hz, 2H), 7.52 — 7.46 (m, 2H), 7.40 (d, J = 8.6 Hz, 2H),
7.38—7.34 (m, 3H), 4.33 (t, J = 5.8 Hz, 2H), 2.03 — 1.88 (m, 4H), 1.87 — 1.72 (m, 2H), 0.94 — 0.86 (m,
2H), 0.29 (s, 6H). °F NMR (376 MHz, CDCls) § -100.5 —-100.7 (m, 2F). 3C NMR (126 MHz, CDCl5)
5 165.6, 139.4, 138.0, 133.5, 130.9, 129.2, 128.7, 128.6, 127.9, 125.1 (t, J = 241.8 Hz), 64.5, 32.4 (t,
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J=26.2 Hz), 31.1 (t, J = 26.6 Hz), 21.8 (t, J = 4.5 Hz), 7.8 (t, J = 3.2 Hz), -3.4. IR (thin film) vmax
3049, 2870, 1723, 1450 cm™. MS (DART) m/z (%) 428 (M+NHa4)*. HRMS (DART) calculated for
Co1H29F202NSICl: 428.1619; Found: 428.1612 (M+NHa)*.

EE ¢ 4,4-Difluoro-6-(trimethylsilyl)hexyl 4-chlorobenzoate (3d). General

o Procedure A, Gram-scale Synthesis: To a 50 mL of Schlenk tube was
added ZrCp2HCI (1.2 equiv, 4.8 mmol) in the glovebox. The tube was then taken out of the glovebox,
and was evacuated and backfilled with Ar (3 times). Alkene 5b (2.5 equiv, 10 mmol) and anhydrous
dioxane (13 mL) were added under Ar. The resulting mixture was stirred at room temperature for 1 h
until a clear yellow solution was obtained. To another 100 mL of Schlenk tube were added
difluoroalkyl halide 1c (4 mmol, 1.0 equiv) and NMP (40 mL) under Ar. The prepared solution of
alkylzirconocene and alkene was then added to the reaction mixture via a syringe for 10 min under Ar.
The reaction mixture was stirred at 40~45 °C under irradiation of a 12 W blue LEDs strip for 12 h. The
reaction mixture was then cooled to room temperature. The reaction mixture was poured into water
(200 mL) and extracted with EA (150 mLx 2). The combined organic layers were washed by brine,
dried over anhydrous sodium sulfate, filtered, and concentrated. The product was purified with flash
column chromatography (Petroleum ether: Ethyl acetate = 60:1) to give product 3d (68%, 0.95 g). 1 H
NMR (400 MHz, CDCl3) § 7.97 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 8.6 Hz, 2H), 4.36 (t, J = 5.4 Hz, 2H),
2.08 — 1.91 (m, 4H), 1.89 — 1.70 (m, 2H), 0.70 — 0.56 (m, 2H), 0.01 (s, 9H). °F NMR (376 MHz,
CDCl3) § -100.1 — -100.6 (m, 2F). 3C NMR (101 MHz, CDCls) § 165.6, 139.4, 130.9, 128.7, 128.6,
125.2 (t, J = 242.1 Hz), 64.5, 32.4 (t, J = 26.4 Hz), 31.2 (t, J = 26.7 Hz), 21.8, 8.6, -2.0. IR (thin film)
Vmax 2855, 1724, 1450 cm™. MS (El) m/z (%) 213, 175, 139 (100), 73. HRMS (FI) calculated for

C16H24F20,SiCl: 349.1197; Found: 349.1203 (M+H)".

FE o 7-(Dimethyl(phenyl)silyl)-5,5-difluoroheptyl acetate (3e). General

Me™ L, o~ Procedure A: The product (70 mg, 71% yield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil. *H NMR (400
MHz, CDCl3) § 7.55 — 7.46 (m, 2H), 7.42 — 7.33 (m, 3H), 4.07 (t, J = 6.4 Hz, 2H), 2.05 (s, 3H), 1.92

~1.71 (m, 4H), 1.70 — 1.60 (m, 2H), 1.58 — 1.45 (m, 2H), 0.94 — 0.83 (m, 2H), 0.31 (s, 6H). 1°F NMR
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(376 MHz, CDCl3) 5 -100.1 — -100.3 (m, 2F). 3C NMR (101 MHz, CDCls) & 171.0, 138.1, 133.5,
129.1, 127.9, 125.3 (t, J = 242.8 Hz), 64.0, 35.2 (t, J = 25.9 Hz), 30.9 (t, J = 26.8 Hz), 28.3, 20.9, 18.8
(t, J = 4.7 Hz), 7.8 (t, J = 3.2 Hz), -3.4. IR (thin film) vmax 1740, 1461, 1366 cm™’. MS (FI) m/z (%)
251,179, 135 (100), 95. HRMS (F1) calculated for C17H27F202Si: 329.1743; Found: 329.1741 (M+H)".
mZ:Si/\;i/\/\CN 8-(Dimethyl(phenyl)silyl)-6,6-difluorooctanenitrile (3f). General Procedure

A: The product (59 mg, 67% vyield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 40:1) as a colorless oil. *H NMR (400
MHz, CDCl3) & 7.54 — 7.48 (m, 2H), 7.42 — 7.34 (m, 3H), 2.35 (t, J = 7.0 Hz, 2H), 1.95 — 1.66 (m, 6H),
1.64 —1.54 (m, 2H), 0.94 —0.82 (m, 2H), 0.31 (s, 6H). °F NMR (376 MHz, CDCl3) 5 -100.1 —-100.4
(m, 2F). 3C NMR (101 MHz, CDCls) & 138.0, 133.5, 129.1, 127.9, 125.0 (t, J = 242.3 Hz), 119.3,
34.8 (t, J = 26.2 Hz), 31.1 (t, J = 26.8 Hz), 25.1, 21.5 (t, J = 4.6 Hz), 17.0, 7.8 (t, J = 3.6 Hz), -3.4. IR
(thin film) vmax 3069, 3010, 2247, 1464, 1362 cm™. MS (E1) m/z (%) 295 (M)*, 280, 135 (100), 91.
HRMS (EI) calculated for C16H23F2NSi: 295.1562; Found: 295.1567 (M)".

Measi/\Si/\/\CN 6,6-Difluoro-8-(trimethylsilyl)octanenitrile (3g). General Procedure A,

Gram-scale Synthesis: To a 100 mL of Schlenk tube was added ZrCp,HCI (1.2
equiv, 12 mmol) in the glovebox. The tube was then taken out of the glovebox, and was evacuated and
backfilled with Ar (3 times). Alkene 5b (2.5 equiv, 25 mmol) and anhydrous dioxane (33 mL) were
added under Ar. The resulting mixture was stirred at room temperature for 1 h until a clear yellow
solution was obtained. To another 350 mL of Schlenk tube were added difluoroalkyl halide 1e (10
mmol, 1.0 equiv) and NMP (130 mL) under Ar. The prepared solution of alkylzirconocene and alkene
was then added to the reaction mixture via a syringe for 10 min under Ar. The reaction mixture was
stirred at 40~45 °C under irradiation of a 12 W blue LEDs strip for 12 h. The reaction mixture was
then cooled to room temperature. The reaction mixture was poured into water (200 mL) and extracted
with EA (150 mLx 2). The combined organic layers were washed by brine, dried over anhydrous
sodium sulfate, filtered, and concentrated. The product was purified with flash column

chromatography (Petroleum ether: Ethyl acetate = 40:1) to give product 3g (66%, 1.54 g) as a colorless
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oil. 'TH NMR (400 MHz, CDCl3) § 2.37 (t, J = 6.8 Hz, 2H), 1.97 — 1.57 (m, 8H), 0.70 — 0.48 (m, 2H),
0.01 (s, 9H). F NMR (376 MHz, CDCls) § -99.9 — -100.2 (m, 2F). **C NMR (101 MHz, CDCls) &
125.2 (t, J = 242.2 Hz), 119.3, 34.7 (t, J = 26.1 Hz), 31.1 (t, J = 26.5 Hz), 25.1, 21.5 (t, J = 4.5 Hz),
17.0, 8.6, -2.1. IR (thin film) vmax 2898, 2248, 1465, 1361 cm™. MS (FI) m/z (%) 233 (M)*, 218, 73
(100). HRMS (FI) calculated for C11H21F2NSi: 233.1411; Found: 233.1405 (M)".

e, /\5{/\/\/0 (8-Chloro-3,3-difluorooctyl)dimethyl(phenyl)silane (3h). General
Mo Procedure A: The product (69 mg, 72% yield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as a colorless oil. *H NMR (400
MHz, CDCl3) § 7.57—7.50 (m, 2H), 7.43 — 7.38 (m, 3H), 3.55 (t, J = 6.6 Hz, 2H), 1.93—1.72 (m, 6H),
1.54 — 1.42 (m, 4H), 0.95 — 0.86 (m, 2H), 0.33 (s, 6H). 1%F NMR (376 MHz, CDCl3) & -99.8 — -100.2
(m, 2F). 3C NMR (101 MHz, CDCl3) § 138.1, 133.5, 129.1, 127.9, 125.4 (t, J = 241.5 Hz), 44.7, 35.50
(t, J = 25.8 Hz), 32.3, 30.9 (t, J = 26.9 Hz), 26.6, 21.5 (t, J = 4.7 Hz), -3.4. IR (thin film) vmax 2868,
1670, 1464, 1357 cm™. MS (El) m/z (%) 185, 135 (100), 91, 74. HRMS (FI) calculated for

C1sH2sF2CISi: 318.1377; Found: 318.1380 (M)".

R F : : . .
me. ~__o8z 4-(Dimethyl(phenyl)silyl)-2,2-difluorobutyl benzoate (3i). General Procedure A:

Me” 1
® pPh

3.5 equiv of alkene 5a and 1.8 equiv of 6 were used. The product (68 mg, 65% yield)
was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as
a colorless oil. *H NMR (400 MHz, CDCl3) & 8.04 (d, J = 7.6 Hz, 2H), 7.62 (t, J = 7.2 Hz, 1H), 7.55
— 7.44 (m, 4H), 7.41 — 7.30 (m, 3H), 4.53 (t, J = 12.2 Hz, 2H), 2.19 — 1.82 (m, 2H), 1.13 — 0.88 (m,
2H), 0.34 (s, 6H). 1°F NMR (376 MHz, CDCl3) § -106.7 (tt, J= 16.2 Hz, 12.4 Hz, 2F). 3C NMR (101
MHz, CDClI3) 6 165.5, 137.7, 133.44,133.41, 129.8, 129.1, 128.5, 127.9, 122.2 (t, J = 243.4 Hz), 63.5
(t, J = 34.4 Hz), 28.6 (t, J = 25.1 Hz), 7.33 (t, J = 3.0 Hz), -3.4. IR (thin film) vmax 3069, 2956, 1731,
1451 cm™. MS (EI) m/z (%) 348 (M)*, 333, 135, 105 (100), 77. HRMS (El) calculated for
C1oH22F20,Si: 348.1352; Found: 348.1347 (M)*,
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Me3Si/\;i/OBZ 2,2-Difluoro-4-(trimethylsilyl)butyl benzoate (3j). General Procedure A: 3.5
equiv of alkene 5b and 1.8 equiv of 6 were used. The product (52 mg, 60% yield)
was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as
a colorless oil. 'H NMR (400 MHz, CDCl3) & 8.07 (d, J = 7.8 Hz, 2H), 7.60 (t, J = 7.8 Hz, 1H), 7.47
(t, J = 7.8 Hz, 2H), 4.52 (t, J = 12.6 Hz, 2H), 2.06 — 1.84 (m, 2H), 0.79 — 0.61 (m, 2H), 0.03 (s, 9H).
19 NMR (376 MHz, CDCl3) & -106.8 (tt, J= 16.5 Hz, 12.4 Hz, 2F). 3C NMR (101 MHz, CDCl3) &
165.5, 133.4, 129.8, 129.2, 128.5, 122.27 (t, J = 243.2 Hz), 63.6 (t, J = 34.1 Hz), 28.7 (t, J = 25.0 HZ),
8.1, -2.1. IR (thin film) vmax 2954, 1732, 1452, 1354 cm™X. MS (El) m/z (%) 286 (M)*, 271, 179, 105
(100), 77. HRMS (FI) calculated for C14H20F20,Si: 286.1195; Found: 286.1189 (M)".
RF

Me\Si&)Q/o\suf’ 7-(Dimethyl(phenyl)silyl)-5,5-difluoroheptyl acetate (3k). General Procedure

Me™ 3 & Et
® Ph 0

A: 3.5 equiv of alkene 5a and 1.8 equiv of 6 were used. The product (64 mg, 63%
yield) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate =
10:1) as a colorless oil. 'H NMR (400 MHz, CDCls) § 7.54 — 7.46 (m, 2H), 7.42 — 7.35 (m, 3H), 4.30
(t, J = 11.8 Hz, 2H), 3.17 (q, J = 7.4 Hz, 2H), 1.97 — 1.79 (m, 2H), 1.41 (t, J = 7.4 Hz, 3H), 0.95 - 0.86
(m, 2H), 0.32 (s, 6H). °F NMR (376 MHz, CDCl3) § -107.3 (tt, J = 16.2 Hz, 11.9 Hz, 2F). 3C NMR
(101 MHz, CDCl3) § 137.6, 133.5, 129.2, 127.9, 121.2 (t, J = 243.7 Hz), 66.8 (t, J = 35.0 Hz), 45.5,
28.3 (t, J = 24.6 Hz), 8.0, 7.1 (t, J = 3.0 Hz), -3.5. IR (thin film) vmax 1458, 1462, 1170, 1114, 1057,
1018 cm™. MS (El) m/z (%) 321, 179, 135 (100), 91. HRMS (EI) calculated for C14H22F203SSi:
336.1021; Found: 336.1024 (M)".

Me:Si/\M\/OBZ 8-(Dimethyl(phenyl)silyl)-6,6-difluorooctyl benzoate (3l). General
Procedure A: 3.5 equiv of alkene 5a and 1.8 equiv of 6 were used. The

product (55 mg, 45% yield) was purified by flash column chromatography on silica gel (Petroleum
ether: Ethyl acetate = 80:1) as a colorless oil. *H NMR (400 MHz, CDCls) § 8.05 (d, J = 7.6 Hz, 2H),
7.56 (t, J = 7.0 Hz, 1H), 7.53 — 7.48 (m, 2H), 7.44 (t, J = 7.4 Hz, 2H), 7.40 — 7.33 (m, 3H), 4.32 (t, J =
6.6 Hz, 2H), 1.93 — 1.68 (m, 6H), 1.58 — 1.42 (m, 4H), 0.94 — 0.82 (m, 2H), 0.30 (s, 6H). °F NMR
(376 MHz, CDCl3) § -99.7 —-100.1 (m, 2F). *3C NMR (126 MHz, CDCl3) § 166.6, 138.1, 133.5, 132.8,
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130.4, 129.5, 129.1, 128.3, 127.9, 125.5 (t, J = 241.3 Hz), 64.8, 35.6 (t, J = 25.6 Hz), 30.9 (t, J = 26.8
Hz), 28.5, 25.9, 21.9 (t, J = 4.5 Hz), 7.8 (t, J = 3.4 Hz), -3.4. IR (thin film) vmax 2867, 1719, 1451 cm’
1 MS (FI) m/z (%) 241, 135, 105 (100), 77. HRMS (EI) calculated for C23Hz0F20Si: 404.1978; Found:
404.1980 (M)*,

E

Moo F (3-Cyclohexyl-3,3-difluoropropyl)dimethyl(phenyl)silane (3m). General

vb Procedure A: The product (38 mg, 43% vyield) was purified by flash column
chromatography on silica gel (PE) as a colorless oil. *H NMR (400 MHz, CDCls3) & 7.55 — 7.48 (m,
2H), 7.41 — 7.33 (m, 3H), 1.86 — 1.70 (m, 7H), 1.23 — 1.08 (m, 6H), 0.93 — 0.84 (m, 2H), 0.29 (s, 6H).
F NMR (376 MHz, CDCl3) § -107.4 — -107.5 (m, 2F). 3C NMR (126 MHz, CDCls) § 138.3, 133.5,
129.1,128.2, 126.2 (t, J = 243.4 Hz), 43.1 (t, J = 23.9 Hz), 28.4 (t, J = 27.4 Hz), 26.0, 25.8, 25.7 (t, J
= 4.5Hz), 7.10 (t, J = 3.7 Hz), -3.3. IR (thin film) vmax 2932, 2855, 1453, 1379 cm™. MS (EI) m/z (%)
185, 135 (100), 81. HRMS (EI) calculated for C17H26FSi: 296.1766; Found: 296.1771 (M)*.

EF Mesityl  4-(dimethyl(phenyl)silyl)-2,2-difluorobutanoate  (3n). General
MezPhSiA)SfOMeS . e
o Procedure A: The product (96 mg, 85% yield) was purified by flash column

chromatography on silica gel (Petroleum ether: Ethyl acetate = 60:1) as a colorless oil. *H NMR (400
MHz, CDCl3) § 7.59 — 7.53 (m, 2H), 7.46 — 7.39 (m, 3H), 6.93 (s, 2H), 2.32 (s, 3H), 2.30 — 2.16 (m,
2H), 2.14 (s, 6H), 1.10 — 1.03 (m, 2H), 0.40 (s, 6H). °F NMR (376 MHz, CDCls) § -106.2 (t, J = 16.0
Hz, 2F). C NMR (101 MHz, CDCl3) § 162.3 (t, J = 34.9 Hz), 144.9, 137.4, 136.1, 133.4, 129.5, 129.3,
129.2, 128.0, 117.0 (t, J = 251.9 Hz), 29.5 (t, J = 24.2 Hz), 20.7, 16.0, 7.1, -3.4. IR (thin film) vimax
3049, 2925, 2862, 1785, 1437 cm. MS (DART) m/z (%) 394 (M+NH.)*. HRMS (DART) calculated
for C21H3002NF2Si: 394.2008; Found: 394.2002 (M+NH.)".

%ﬁo 4-(Dimethyl(phenyl)silyl)-2,2-difluoro-1-morpholinobutan-1-one (30).
Me:si N
M Bn 0 General Procedure A: The product (80 mg, 82% vyield) was purified by flash

column chromatography on silica gel (Petroleum ether: Ethyl acetate = 10:1) as a colorless oil. H

NMR (400 MHz, CDCl3) & 7.57 — 7.49 (m, 2H), 7.42 — 7.32 (m, 3H), 3.75 — 3.67 (m, 4H), 3.67 — 3.60
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(M, 4H), 2.20 — 2.04 (m, 2H), 1.03 —0.92 (m, 2H), 0.33 (s, 6H). 1°F NMR (376 MHz, CDCls) § -100.9
(t, J=17.5Hz, 2F). *C NMR (101 MHz, CDCl3) & 162.0 (t, J = 30.3 Hz), 137.9, 133.4, 129.0, 127.8,
119.5 (t, J = 255.0 Hz), 66.7, 66.6, 46.4 (t, J = 6.4 Hz), 43.2, 29.3 (t, J = 24.3 Hz), 6.7 (t, J = 2.7 Hz),
-3.4. IR (thin film) vmax 2923, 2857, 1670, 1435, 1363 cm™. MS (EI) m/z (%) 312 (100), 250, 135.
HRMS (EI) calculated for C16H23F2NO2Si: 327.1461; Found: 327.1468 (M)".

FF (3,3-Difluoro-5-(triisopropylsilyl)pent-4-yn-1-yl)dimethyl(phenyl)silane (3p).
Ph mers  General Procedure A: The product (79 mg, 67% yield) was purified by flash
column chromatography on silica gel (PE) as a colorless oil. tH NMR (400 MHz, CDCl3) § 7.55 — 7.48
(m, 2H), 7.42 — 7.35 (m, 3H), 2.07 — 1.91 (m, 2H), 1.16 — 1.07 (m, 21H), 1.07 — 1.00 (m, 2H), 0.32 (s,
6H). 19F NMR (376 MHz, CDCl3) 6 -84.3 (t, J = 13.9 Hz, 2F). 13C NMR (126 MHz, CDCl3) & 137.9,
133.5,129.2,128.0, 115.3 (t, J = 233.6 Hz), 99.1 (t, J =39.5 Hz), 89.9 (t, J=5.5 Hz), 34.3 (t, J =27 .4
Hz), 18.5, 10.9, 8.8, -3.3. IR (thin film) vmax 2867, 1463, 1367 cm™. MS (EI) m/z (%) 199, 135 (100),
77. HRMS (EI) calculated for C22HasF2Si2: 394.2318; Found: 394.2326 (M)".

R F

. tert-Butyl((6,6-Difluoro-8-(trimethylsilyl)oct-4-yn-1-
MeSS'A)\NOTBs
yl)oxy)dimethylsilane (3q). General Procedure A: The product (71 mg,

68% yield) was purified by flash column chromatography on silica gel (PE) as a colorless oil. 'H NMR
(400 MHz, CDCl3) & 3.69 (t, J = 6.0 Hz, 2H), 2.43 — 2.32 (m, 2H), 2.02 — 1.85 (m, 2H), 1.80 — 1.68
(m, 2H), 0.90 (s, 9H), 0.76 — 0.66 (m, 2H), 0.06 (s, 6H), 0.02 (s, 9H). 1°F NMR (376 MHz, CDCl3) §
-83.1 (tt, J = 14.3, 4.9 Hz, 2F). 3C NMR (101 MHz, CDCl3) § 115.8 (t, J = 232.6 Hz), 88.1 (t, J = 6.6
Hz), 74.1 (t, J = 40.6 Hz), 61.2, 34.4 (t, J = 28.0 Hz), 30.9, 25.9, 18.3, 14.8, 9.2, -2.0, -5.4. IR (thin
film) vmax 2929, 2858, 2251, 1361 cm*. MS (EI) m/z (%) 333, 199, 171, 105 (100). HRMS (EI)
calculated for C17H34F20Si»: 348.2111; Found: 348.2119 (M)*.

RF . ) )
395?‘“)%“ 2-(3-(Dimethyl(phenyl)silyl)-1,1-difluoropropyl)-5-

Ph
OOCHs methylbenzo[d]oxazole (3r). General Procedure A: The product (65 mg, 63%

yield) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate =
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30:1) as a colorless oil. tH NMR (400 MHz, CDCls) § 7.59 (s, 1H), 7.55 — 7.49 (m, 2H), 7.47 (d, J =
8.2 Hz, 1H), 7.42 — 7.32 (m, 3H), 7.26 (d, J = 8.2 Hz, 1H), 2.49 (s, 3H), 2.45 — 2.30 (m, 2H), 1.05 —
0.96 (m, 2H), 0.33 (s, 6H). 1°F NMR (376 MHz, CDCl3) § -100.1 (t, J = 16.2 Hz, 2F). 13C NMR (126
MHz, CDClz) 6 158.3 (t, J = 34.7 Hz), 148.9, 140.2, 137.7, 135.2, 133.5, 129.2, 127.9, 127.8, 120.9,
117.3 (t, J = 242.2 Hz), 110.7, 30.9 (t, J = 24.8 Hz), 21.4, 7.0, -3.4. IR (thin film) vmax 3022, 2926,
2869, 1458, 1358 cm™X. MS (F1) m/z (%) 330, 268, 191, 135 (100), 77, 91. HRMS (EI) calculated for
C19H21F2NOSi: 345.1355; Found: 345.1361 (M)".

w 2,2-Difluoro-5-phenylpentyl benzoate (8a). General Procedure A: 3.5 equiv of

> alkene 5c and 1.8 equiv of 6 were used. The product (55 mg, 58% yield was purified
by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless
oil. H NMR (400 MHz, CDCl3) & 8.01 (d, J = 7.2 Hz, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.6
Hz, 2H), 7.27 (t, J = 7.6 Hz, 2H), 7.30 — 7.14 (m, 3H), 4.47 (t, J = 12.4 Hz, 2H), 2.69 (t, J = 7.4 Hz,
2H), 2.10 — 1.82 (m, 4H). 1°F NMR (376 MHz, CDCl3) § -105.3 (tt, J = 15.8, 12.8 Hz, 2F). 13C NMR
(101 MHz, CDCls) 6 165.5, 141.1, 133.5, 129.8, 129.1, 128.5, 128.43, 128.37, 126.1, 121.7 (t, J =
243.0 Hz), 64.1 (t, J = 34.1 Hz), 35.2, 33.34 (t, = 34.2 Hz), 23.3. IR (thin film) vimax 2856, 1731, 1452
cm™. MS (E1) m/z (%) 304 (M)*, 182, 153, 105 (100), 91, 77. HRMS (EI) calculated for C1gH1sF202:
304.1269; Found: 304.1268 (M)".

MOSO 2,2-Difluoro-5-phenylpentyl ethanesulfonate (8b). General Procedure A:

© 3.5 equiv of alkene 5¢ and 1.8 equiv of 6 were used. The product (48 mg, 55%
yield) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate =
10:1) as a colorless oil. 'H NMR (400 MHz, CDCls) § 7.35 — 7.27 (m, 2H), 7.25 — 7.16 (m, 3H), 4.28
(t, J = 11.8 Hz, 2H), 3.19 (q, J = 7.6 Hz, 2H), 2.69 (t, J = 7.2 Hz, 2H), 2.07 — 1.77 (m, 4H), 1.43 (t, J
= 7.6 Hz, 3H). °F NMR (376 MHz, CDCl3) 5 -105.9 (tt, J = 16.5, 12.0 Hz). 3C NMR (101 MHz,
CDCl3) 5 140.9, 128.5, 128.3, 126.1, 120.8 (t, J = 244.3 Hz), 67.3 (t, J = 35.2 Hz), 45.5, 35.1, 32.9 (t,
J=23.5Hz),23.1 (t,J = 3.9 Hz), 8.0. IR (thin film) vmax 2946, 1454, 1362 cm™’. MS (El) m/z (%) 292
(M)*, 182, 153, 91 (100). HRMS (EI) calculated for C1sH1sF203S: 292.0939; Found: 292.0942 (M)*.
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@\/\MM 6,6-Difluoro-9-phenylnonanenitrile (8c). General Procedure A: 3.5 equiv
CN
of alkene 5c and 1.8 equiv of 6 were used. The product (37.0 mg, 49% yield)

was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 20:1) as
a colorless oil. tH NMR (400 MHz, CDCls3) § 7.29 (t, J = 7.2 Hz, 2H), 7.23 — 7.15 (m, 3H), 2.66 (t, J
= 6.4 Hz, 2H), 2.35 (t, J = 6.8 Hz, 2H), 1.93 — 1.75 (m, 6H), 1.74 — 1.54 (m, 4H). %F NMR (376 MHz,
CDCls) 6 -98.3 —-98.6 (m, 2F). *C NMR (101 MHz, CDCls) & 141.4, 128.4, 128.3, 126.0, 124.6 (t, J
=241.9 Hz), 119.2, 35.9 (t, J = 25.6 Hz), 35.5 (d, J = 26.0 Hz), 35.3, 25.1, 23.9 (t, J = 4.5 Hz), 21.5 (t,
J = 4.7 Hz), 17.0. IR (thin film) vmax 3086, 3027, 2247, 1454 cm'. MS (EI) m/z (%) 251 (M)*, 104,
91 (100). HRMS (FI) calculated for C15H19F2N: 251.1480; Found: 251.1483 (M)*.

©\/\5£/\/\ )OK 5,5-Difluoro-8-phenyloctyl acetate (8d). General Procedure A: 3.5 equiv
(6]
of alkene 5c¢ and 1.8 equiv of 6 were used. The product (41 mg, 48% vyield)

was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as
a colorless oil. tH NMR (400 MHz, CDCls) § 7.29 (t, J = 7.2 Hz, 2H), 7.22 — 7.14 (m, 3H), 4.06 (t, J
= 6.6 Hz, 2H), 2.66 (t, J = 7.0 Hz, 2H), 2.05 (s, 3H), 1.92 — 1.75 (m, 6H), 1.69 — 1.59 (m, 2H), 1.55 —
1.45 (m, 2H). °F NMR (376 MHz, CDCls) § -98.2 — -98.5 (m, 2F). *C NMR (126 MHz, CDCl3) &
171.2, 1415, 128.4, 128.4, 126.0, 125.0 (t, J = 241.0 Hz), 64.0, 36.0 (t, J = 25.7 Hz), 35.9 (t, J = 25.5
Hz), 35.4, 28.3, 24.0 (t, J = 4.5 Hz), 21.0, 18.9 (t, J = 4.7 Hz). IR (thin film) vmax 2928, 2855, 1730,
1454 cm®. MS (E1) m/z (%) 284 (M)*, 184, 117, 104 (100), 91. HRMS (FI) calculated for C1sH22F202:
284.1582; Found: 284.1579 (M)".

11-((tert-Dutyldimethylsilyl)oxy)-5,5-difluoroundecyl acetate (8e).

R F o

TBsO/“\//\V/“\/><v/“\/”\OJL\

General Procedure A: 3.5 equiv of alkene 5d and 1.8 equiv of 6
were used. The product (59 mg, 52% yield) was purified by flash column chromatography on silica
gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil. 'H NMR (400 MHz, CDCls) § 4.07 (t, J
= 6.4 Hz, 2H), 3.60 (t, J = 6.4 Hz, 2H), 2.05 (s, 3H), 1.93 — 1.75 (m, 4H), 1.71 — 1.62 (m, 2H), 1.57 —
1.40 (m, 6H), 1.37 — 1.30 (m, 4H), 0.89 (s, 9H), 0.04 (s, 6H). °F NMR (376 MHz, CDCls) & -98.1 —
-98.4 (m, 2F). 3C NMR (151 MHz, CDCls) & 171.2, 125.1 (t, J = 240.4 Hz), 64.0, 63.1, 36.4 (t, J =
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25.1 Hz), 35.9 (t, J = 25.7 Hz), 32.6, 29.2, 28.3, 26.0, 25.6, 22.3 (t, J = 4.5 Hz), 21.0, 18.9 (t, J = 4.6
Hz), -5.3. IR (thin film) vmax 2929, 2856, 1743, 1463 cm™. MS (El) m/z (%) 323, 261, 117 (100), 55.
HRMS (FI) calculated for C19H39F203Si: 381.2631; Found: 381.2634 (M+H)".

12-((tert-Butyldimethylsilyl)oxy)-6,6-difluorododecanenitrile  (8f).

R F

NC/\/\)WOTBS

General Procedure A: 3.5 equiv of alkene 5d and 1.8 equiv of 6 were

used. The product (52 mg, 50% yield) was purified by flash column chromatography on silica gel
(Petroleum ether: Ethyl acetate = 20:1) as a colorless oil. tH NMR (400 MHz, CDCls) § 3.60 (t, J =
6.2 Hz, 2H), 2.37 (t, J = 6.4 Hz, 2H), 1.93 — 1.60 (m, 8H), 1.55 — 1.39 (m, 4H), 1.39 — 1.24 (m, 4H),
0.89 (s, 9H), 0.04 (s, 6H). 1°F NMR (376 MHz, CDCls) § -98.2 —-98.6 (m, 2F). 1*C NMR (126 MHz,
CDCl3) 8 124.8 (t, J = 240.6 Hz), 119.3, 63.1, 36.4 (t, J = 25.3 Hz), 35.4 (t, J = 25.8 Hz), 32.6, 29.1,
25.9, 25.6, 25.1, 22.3 (t, J = 4.5 Hz), 21.6 (t, J = 4.6 Hz), 18.3, 17.1, -5.3. IR (thin film) vmax 2932,
2857, 2248, 1431 cm™. MS (EI) m/z (%) 332, 317, 117, 140 (100), 77. HRMS (FI) calculated for
C1gH3sF2NOSi: 348.2529; Found: 348.2535 (M+H)".
C|\/\/\5{/\/002Et Ethyl 10-chloro-5,5-difluorodecanoate (8g). General Procedure A: 3.5
equiv of alkene 5e and 1.8 equiv of 6 were used. The product (41 mg, 51% yield) was purified by flash
column chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil. *H
NMR (400 MHz, CDCl3) § 4.14 (q, J = 7.2 Hz, 2H), 3.54 (t, J = 6.4 Hz, 2H), 2.36 (t, J = 6.4 Hz, 2H),
1.91 — 1.72 (m, 8H), 1.50 — 1.42 (m, 4H), 1.26 (t, J = 7.2 Hz, 3H). 1°F NMR (376 MHz, CDCls) & -
103.5 —-103.9 (m, 2F). 13C NMR (126 MHz, CDCl3) § 173.0, 124.8 (t, J = 240.4 Hz), 60.4, 44.8, 36.2
(t, J = 25.4 Hz), 35.6 (t, J = 25.7 Hz), 33.6, 32.3, 26.5, 21.5 (t, J = 4.6 Hz), 17.8 (t, J = 4.9 Hz), 14.2.
IR (thin film) vmax 2940, 2870, 1735, 1463 cm™. MS (EI) m/z (%) 270 (M)*, 160, 102 (100), 55. HRMS
(FI) calculated for C12H2:F202Cl: 270.1193; Found: 270.1191 (M)".

FE 11-Chloro-6,6-difluoroundecanenitrile (8h). General Procedure A: 3.5
C'\/\/\)WCN

equiv of alkene 5e and 1.8 equiv of 6 were used. The product (35 mg, 49%

yield) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate =
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40:1) as a colorless oil. 'H NMR (500 MHz, CDCls) & 3.54 (t, J = 6.5 Hz, 2H), 2.38 (t, J = 6.7 Hz, 2H),
1.91 — 1.76 (m, 6H), 1.76 — 1.69 (m, 2H), 1.68 — 1.61 (m, 2H), 1.52 — 1.47 (m, 4H). °F NMR (376
MHz, CDCl3) & -98.5 — -98.8 (m, 2F). 13C NMR (126 MHz, CDCls) § 124.5 (t, J = 240.7 Hz), 119.3,
44.7,36.3 (t, J = 25.3 Hz), 35.5 (t, J = 25.9 Hz), 32.3, 26.5, 25.1, 21.55 (t, J = 3.8 Hz), 21.51 (t, J =
3.8 Hz), 17.1. IR (thin film) vmax 2958, 2871, 2247, 1464 cm™. MS (El) m/z (%) 236 (M-H)*, 202,
182, 99 (100), 77. HRMS (EI) calculated for C11H17NCIF,: 236.1012; Found: 236.1015 (M-H)*.

FF o 11-Bromo-5,5-difluoroundecyl acetate (8i). General Procedure A:
BFMWO)K 3.5 equiv of alkene 5f and 1.8 equiv of 6 were used. The product (51
mg, 52% yield) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl
acetate = 80:1) as a colorless oil. *H NMR (400 MHz, CDCls) § 4.07 (t, J = 6.4 Hz, 2H), 3.41 (t, J =
6.8 Hz, 2H), 2.05 (s, 3H), 1.92 — 1.73 (m, 6H), 1.72 — 1.63 (m, 2H), 1.58 — 1.52 (m, 2H), 1.50 — 1.41
(m, 4H), 1.40 — 1.32 (m, 2H). °F NMR (376 MHz, CDCls) 5 -98.2 — -98.7 (m, 2F). 3C NMR (126
MHz, CDCl3) & 171.2, 124.9 (t, J = 240.5 Hz), 64.0, 36.3 (t, J = 21.6 Hz), 35.9 (t, J = 21.9 Hz), 33.8,
32.5,28.5,28.3,27.9,22.1 (t, J = 4.6 Hz), 21.0, 18.9 (t, J = 4.6 Hz). IR (thin film) vmax 2935, 2857,
1739, 1461 cm™. MS (EI) m/z (%) 309, 248 (100), 167, 149. HRMS (FI) calculated for C13H23BrF205:
328.0844; Found: 328.0846 (M)*.
Br/\/\/\Bi/OBZ 8-Bromo-2,2-difluorooctyl benzoate (8j). General Procedure A: 3.5 equiv of
alkene 5f and 1.8 equiv of 6 were used. The product (60 mg, 57% yield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil. *H NMR (400
MHz, CDCl3) § 8.12 —8.00 (m, 2H), 7.60 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H), 4.49 (t, J = 12.4
Hz, 2H), 3.40 (t, J = 6.8 Hz, 2H), 2.07 — 1.91 (m, 2H), 1.90 — 1.80 (m, 2H), 1.65 — 1.52 (m, 2H), 1.51
—1.35 (m, 4H). F NMR (376 MHz, CDCl3) 6 -105.1 — -105.8 (m, 2F). 13C NMR (126 MHz, CDCls)
§165.5,133.5,129.8, 129.0, 128.5, 121.7 (t, = 241.9 Hz), 64.1 (t, J = 34.1 Hz), 33.8 (t, J = 23.7 H2),
33.7,32.4, 28.4,27.8, 21.5 (t, J = 4.4 Hz). IR (thin film) vmax 2935, 2857, 1731, 1452 cm™.. MS (EI)
m/z (%) 348 (M)*, 249, 105 (100), 77. HRMS (EI) calculated for CisH19BrF202: 348.0531; Found:
348.0527 (M)".
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R F

Bpin._~__Y._OBz 2,2-Difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl  benzoate
(8k). General Procedure A: 3.5 equiv of alkene 5g and 1.8 equiv of 6 were used. The product (61
mg, 60% yield) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl
acetate = 10:1) as a colorless oil. *H NMR (400 MHz, CDCls) § 8.07 (d, J = 8.0 Hz, 2H), 7.59 (t, J =
7.4 Hz, 1H), 7.46 (t, J = 7.6 Hz, 2H), 4.48 (t, J = 12.4 Hz, 2H), 2.16 — 1.91 (m, 2H), 1.72 — 1.64 (m,
2H), 1.22 (s, 12H), 0.85 (t, J = 7.8 Hz, 2H). °F NMR (376 MHz, CDCl3) § -105.2 (tt, J = 16.5, 12.8
Hz, 2F). 3C NMR (126 MHz, CDCls3) § 165.6, 133.4, 129.8, 129.2, 128.5, 121.7 (t, J = 242.3 Hz),
83.1, 64.1 (t, J = 34.0 Hz), 36.3 (t, J = 23.6 Hz), 29.7, 24.8, 16.5. IR (thin film) vmax 2929, 1732, 1452
cm. MS (EI) m/z (%) 353 (M)*, 339, 105 (100), 77. HRMS (FI) calculated for CisH25°BF204:
353.1845; Found: 353.1851 (M)*.

MOBZ 2-((1S,4R)-Bicyclo[2.2.1]heptan-2-yl)-2,2-difluoroethyl benzoate (8l). General

Procedure A: Alkylzirconocene was prepared as following: To a 25 mL of Schlenk
tube was added ZrCp2HCI 6 (1.8 equiv, 0.54 mmol) in the glovebox. The tube was then taken out of
the glovebox, and was evacuated and backfilled with Ar (3 times). Alkene 5h (3.5 equiv, 1.05 mmol)
and anhydrous dioxane (1.0 mL) were added under Ar. The resulting mixture was stirred at 50 °C for
1 h until a clear yellow solution was obtained. The product (64 mg, 76% yield, dr > 20:1) was purified
by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as a colorless
oil. H NMR (400 MHz, CDCl3) & 8.13 — 8.02 (m, 2H), 7.60 (t, J = 7.6 Hz, 1H), 7.47 (t, J = 7.6 Hz,
2H), 450 (t, J = 12.8 Hz, 2H), 2.54 — 2.44 (m, 1H), 2.36 — 2.27 (m, 1H), 2.08 — 1.92 (m, 1H), 1.67 —
1.44 (m, 5H), 1.23 — 1.13 (m, 3H). 2°F NMR (376 MHz, CDCl3) § -108.7 — -109.6 (m, 1F), -111.4 — -
112.8 (m, 1F). 3C NMR (101 MHz, CDCl3) § 165.6, 133.4, 129.8, 129.2, 128.5, 122.4 (t, J = 245.0
Hz), 63.6 (t, J = 33.5 Hz), 45.2 (t, J = 22.4 Hz), 37.2, 36.7, 35.8, 32.0, 30.6, 28.1. IR (thin film) Vmax
2874, 1731, 1452, 1371 cm™. MS (E1) m/z (%) 280 (M)*, 138, 105 (100), 77. HRMS (FI) calculated
for C16H1sF202: 280.1269; Found: 280.1272 (M)*.
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Bpin omes  Mesityl 2,2-difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

V\)SO( yl)pentanoate (8m). General Procedure A: 3.5 equiv of alkene 5g and 1.8 equiv
of 6 were used. The product (75 mg, 65% vyield) was purified by flash column chromatography on
silica gel (Petroleum ether: Ethyl acetate = 20:1) as a colorless oil. *H NMR (400 MHz, CDCls) § 6.89
(s, 2H), 2.34 — 2.18 (m, 5H), 2.12 (s, 6H), 1.82 — 1.66 (m, 2H), 1.24 (s, 12H), 0.90 (t, J = 7.8 Hz, 2H).
19 NMR (376 MHz, CDCls) & -105.1 (t, J = 16.9 Hz, 2F). 3C NMR (126 MHz, CDCl3) § 162.4 (t, J
= 33.1 Hz), 145.0, 136.1, 129.5, 129.3, 116.5 (t, J = 250.9 Hz), 83.2, 36.7 (t, J = 22.7 Hz), 24.8, 20.7,
16.2 (t, J = 4.4 Hz), 16.0. IR (thin film) vmax 1785, 1411, 1380 cm®. MS (EI) m/z (%) 382 (M)*, 136
(100), 91. HRMS (F1) calculated for C2oH29°BF204: 381.2158; Found: 381.2155 (M)*.

M Mesityl 5-cyclohexyl-2,2-difluoropentanoate (8n). General Procedure A: 3.5
OMes
o equiv of alkene 5i and 1.8 equiv of 6 were used. The product (69 mg, 68% vyield)

was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as
a colorless oil. *H NMR (400 MHz, CDCl3) 6 6.90 (s, 2H), 2.29 (s, 3H), 2.27 — 2.14 (m, 2H), 2.13 (s,
6H), 1.80 — 1.68 (m, 4H), 1.67 — 1.58 (m, 3H), 1.36 — 1.13 (m, 6H), 0.97 — 0.82 (m, 2H). °F NMR
(376 MHz, CDCl3) 6 -105.0 (t, J = 16.9 Hz, 2F). 13C NMR (101 MHz, CDCls) § 162.4 (t, J = 34.1 Hz),
145.0, 136.2, 129.5, 129.2, 116.7 (t, J = 251.5 Hz), 37.3, 36.9, 34.83 (t, J = 23.0 Hz), 33.2, 26.6, 26.3,
20.7,18.9 (t, J = 3.9 Hz), 16.0. IR (thin film) vmax 2924, 2851, 1785, 1448, 1378 cm™%. MS (EI) m/z
(%) 338 (M)*, 136 (100), 121. HRMS (EI) calculated for CzoH2sF202: 338.2052; Found: 338.2053
(M)™.
RF

TBSO/\/\/\)S(OMeS Mesityl  8-((tert-butyldimethylsilyl)oxy)-2,2-difluorooctanoate  (80).

o
General Procedure A: 3.5 equiv of alkene 5d and 1.8 equiv of 6 were used.

The product (96 mg, 75% yield) was purified by flash column chromatography on silica gel (Petroleum
ether: Ethyl acetate = 60:1) as a colorless oil. *H NMR (400 MHz, CDCls) § 6.91 (s, 2H), 3.63 (t, J =
6.4 Hz, 2H), 2.34 — 2.18 (m, 5H), 2.13 (s, 6H), 1.72 — 1.59 (m, 2H), 1.58 — 1.49 (m, 2H), 1.48 — 1.36
(m, 4H), 0.92 (s, 9H), 0.07 (s, 6H). 1°F NMR (376 MHz, CDCls) & -105.1 (t, J = 16.9 Hz, 2F). 13C
NMR (101 MHz, CDClz3) 6 162.3 (t, J = 34.5 Hz), 145.0, 136.2, 129.5, 129.2, 116.6 (t, J = 251.5 Hz),
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63.0, 34.4 (t, J = 23.2 Hz), 32.6, 29.0, 25.9, 25.5, 21.5 (t, J = 3.9 Hz), 20.7, 18.3, 16.0, -5.3. IR (thin
film) vmax 2829, 2857, 1786 cm™. MS (EI) m/z (%) 371, 137, 121 (100), 107, 77. HRMS (FI) calculated
for C23HagF203Si: 429.2631; Found: 429.2634 (M+H)*.

" omes Mesityl  2-cyclohexyl-2,2-difluoroacetate  (8p). General Procedure A:
m Alkylzirconocene was prepared as following: To a 25 mL of Schlenk tube was added
ZrCp2HCI 6 (1.8 equiv, 0.54 mmol) in the glovebox. The tube was then taken out of the glovebox, and
was evacuated and backfilled with Ar (3 times). Alkene 5j (3.5 equiv, 1.05 mmol) and anhydrous
dioxane (1.0 mL) were added under Ar. The resulting mixture was stirred at 50 °C for 1 h until a clear
yellow solution was obtained. The product (62 mg, 70% vyield) was purified by flash column
chromatography on silica gel (Petroleum ether: Ethyl acetate = 100:1) as a colorless oil. *H NMR (400
MHz, CDCl3) & 6.90 (s, 2H), 2.35 — 2.33 (m, 4H), 2.14 (s, 6H), 2.02 — 1.82 (m, 4H), 1.80 — 1.70 (m,
1H), 1.50 — 1.13 (m, 5H). 1°F NMR (376 MHz, CDCl3) § -112.3 (d, J = 14.7 Hz). 3C NMR (101 MHz,
CDCl3) 6 162.4 (t,J = 34.3 Hz), 145.1, 136.1, 129.5, 129.2, 117.6 (t, J = 253.5 Hz), 42.1 (t, J = 21.7
Hz), 25.8, 25.3, 24.8 (t, J = 3.7 Hz), 20.7, 16.1. IR (thin film) vmax 2934, 2858, 1784, 1453, 1378 cm’
L MS (EI) m/z (%) 296 (M)*, 136 (100), 91. HRMS (EI) calculated for C17H22F20,: 296.1582; Found:
296.1586 (M)".

R F

0 Mesityl 2,2-difluoro-2-((1S,2S,4R)-1,2,3,4-tetrahydro-1,4-epoxynaphthalen-2-
OMes

yl)acetate (8q). General Procedure A: Alkylzirconocene was prepared as following:
To a 25 mL of Schlenk tube was added ZrCp>HCI 6 (1.8 equiv, 0.54 mmol) in the glovebox. The tube
was then taken out of the glovebox, and was evacuated and backfilled with Ar (3 times). Alkene 5k
(3.5 equiv, 1.05 mmol) and anhydrous dioxane (1.0 mL) were added under Ar. The resulting mixture
was stirred at 50 °C for 1 h until a clear yellow solution was obtained. The product (65 mg, 60% yield,
dr > 20:1) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate
= 40:1) as a white solid (m.p. 80 — 82 °C). *H NMR (400 MHz, CDCls) § 7.35 — 7.28 (m, 2H), 7.25 —
7.19 (m, 2H), 6.91 (s, 2H), 5.69 (s, 1H), 5.52 (d, J = 4.8 Hz, 1H), 2.70 — 2.56 (m, 1H), 2.39 (dt, J =
12.0, 4.8 Hz, 1H), 2.29 (s, 3H), 2.16 (s, 6H), 1.80 (dd, J = 12.0, 8.8 Hz, 1H). °F NMR (376 MHz,
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CDCl3) §-105.6 (dd, J = 260.8, 12.8 Hz, 1F), -107.9 (dd, J = 260.8, 16.9 Hz, 1F). 3C NMR (101 MHz,
CDClI3) 6 162.0 (t, J = 33.7 Hz), 145.5, 145.1, 144.2, 136.3, 129.5, 129.2, 127.3, 127.0, 119.4, 119.1,
116.5 (t, J = 255.7 Hz), 78.7, 78.4 (t, J = 3.4 Hz), 45.7 (t, J = 22.9 Hz), 29.1, 20.7, 16.1.IR (thin film)
vmax 3012, 2958, 1774, 1457, 1365 cm™. MS (El) m/z (%) 358 (M)* 136, 118 (100), 91. HRMS (EI)
calculated for Co1H20F20s: 358.1375; Found: 358.1380 (M)".

/\)F<F Dimethyl(phenyl)(3,3,3-trifluoropropyl)silane (9a). General Procedure A: The
Me-si F

M product (49 mg, 70% vyield) was purified by flash column chromatography on silica gel

(PE) as a colorless oil. *H NMR (400 MHz, CDCl3) § 7.57 — 7.48 (m, 2H), 7.46 — 7.35 (m, 3H), 2.14
—1.92 (m, 2H), 1.07 — 0.95 (m, 2H), 0.35 (s, 6H). °F NMR (376 MHz, CDCl3) 5 -68.7 (t, J = 10.5 Hz,
3F). 3C NMR (101 MHz, CDCls) § 137.4, 133.5, 129.4, 128.0, 127.7 (q, J = 277.9 Hz), 28.8 (g, J =
30.1 Hz), 7.6, -3.5. IR (thin film) vmax 3071, 3012, 1446, 1365 cm™’. MS (El) m/z (%) 232 (M)*, 154,
135 (100), 91, 77. HRMS (EI) calculated for C11H1sFsSi: 232.0890; Found: 232.0896 (M)*.

FEFRFFRF

Me. W Dimethyl(phenyl)(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl)silane  (9b).

s CF,
Me™ b FFEFF

General Procedure A: The product (95 mg, 66% yield) was purified by flash
column chromatography on silica gel (PE) as a colorless oil. tH NMR (400 MHz, CDCl3) § 7.57 — 7.48
(m, 2H), 7.44 — 7.38 (m, 3H), 2.13 — 1.92 (m, 2H), 1.06 — 0.96 (m, 2H), 0.35 (s, 6H). 1°F NMR (376
MHz, CDCl3) 6 -80.92 (t, J = 9.8 Hz, 3F), -115.7 — -116.5 (m, 2F), -121.9 — -122.3 (m, 2F), -122.9 — -
123.2 (m, 2F), -123.2 — -123.5 (M, 2F), -126.2 — -126.4 (m, 2F). 3C NMR (151 MHz, CDCls) § 137.3,
133.5,129.4,128.1,118.4,117.2, 111.3, 111.1, 110.3, 108.5, 25.9, 5.2, -3.5. IR (thin film) vmax 2922,
2112 cm™. MS (El) m/z (%) 482 (M)*, 467, 135 (100), 91. HRMS (FI) calculated for CisHi5F13Si:
482.0730; Found: 482.0726 (M)*.

/\54}* Ethyl 4-(dimethyl(phenyl)silyl)-2-fluorobutanoate (9c). General Procedure A:
Me:§i COOEt

Ph The product (50 mg, 62% vyield) was purified by flash column chromatography on

Me

silica gel (Petroleum ether: Ethyl acetate = 80:1) as a colorless oil. *H NMR (400 MHz, CDCls) § 7.55
—7.44 (m, 2H), 7.41 — 7.31 (m, 3H), 4.95 — 4.74 (m, 1H), 4.24 (9, J = 7.1 Hz, 2H), 2.00 — 1.76 (m,
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2H), 1.29 (t, J = 7.1 Hz, 3H), 0.97 — 0.78 (m, 2H), 0.29 (s, 6H). 1°F NMR (376 MHz, CDCl3) § -192.5
(dt, J = 49.3, 24.4 Hz, 1F). 3C NMR (101 MHz, CDCl3) & 169.8 (d, J = 24.5 Hz), 138.2, 133.5, 129.1,
127.9,90.4 (d, J = 185.5 Hz), 61.3, 27.1 (d, J = 21.9 Hz), 14.2, 9.8 (d, J = 1.7 Hz), -3.3 (d, J = 4.7 Hz).
IR (thin film) vmax 3069, 2955, 1739, 1427, 1374 cm'™. MS (F1) m/z (%) 268 (M)*, 253, 135 (100), 77.
HRMS (EI) calculated for C14H2:FO2Si: 268.1289; Found: 268.1294 (M),

& Ethyl  1-(2-(dimethyl(phenyl)silyl)ethyl)cyclobutane-1-carboxylate  (9d).
Me-g; COOEt

Me” ph General Procedure A: 3.5 equiv of alkene 5a and 1.8 equiv of 6 were used. The
product (57 mg, 65% yield) was purified by flash column chromatography on silica gel (Petroleum
ether: Ethyl acetate = 50:1) as a colorless oil. 'H NMR (400 MHz, CDCls) § 7.55 — 7.45 (m, 2H), 7.40
—7.31(m, 3H), 4.13 (q, J = 7.1 Hz, 2H), 2.45 — 2.27 (m, 2H), 1.92 — 1.78 (m, 4H), 1.78 — 1.69 (m,
2H), 1.23 (t, J = 7.1 Hz, 3H), 0.66 — 0.55 (m, 2H), 0.27 (s, 6H). 3C NMR (101 MHz, CDCl3) & 177.1,
139.0, 133.5,128.9,127.7,60.1, 49.2, 32.1, 29.4, 15.3, 14.3, 10.2, -3.2. IR (thin film) vmax 2927, 2854,
1727, 1445, 1366 cm™. MS (EI) m/z (%) 290 (M)*, 275, 247, 213, 135 (100), 105. HRMS (EI)

calculated for C17H260Si: 290.1697; Found: 290.1695 (M)".

COOEt Diethyl 2-(2-(dimethyl(phenyl)silyl)ethyl)malonate (9¢). General Procedure A:

Me g COOEt
Me” 1

Ph 3.5 equiv of alkene 5a and 1.8 equiv of 6 were used. The product (39 mg, 40% yield)
was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 40:1) as
a colorless oil. *H NMR (400 MHz, CDCls) § 7.55 — 7.45 (m, 2H), 7.40 — 7.31 (m, 3H), 4.25 — 4.09
(m, 4H), 3.28 (t, J = 7.4 Hz, 1H), 1.98 — 1.84 (m, 2H), 1.25 (t, J = 7.2 Hz, 6H), 0.83 — 0.71 (m, 2H),
0.29 (s, 6H). 3C NMR (101 MHz, CDCls) § 169.3, 138.5, 133.5, 129.0, 127.8, 61.2, 55.0, 23.5, 14.1,
13.5, -3.30. IR (thin film) vmax 3049, 2957, 1732, 1446, 1369 cm>. MS (EI) m/z (%) 322 (M), 307,
245, 161, 135 (100), 105. HRMS (DART) calculated for C17H3004NSi: 340.1937; Found: 340.1931

(M +NHa)*.
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W@BOC tert-Butyl  4-(2-(dimethyl(phenyl)silyl)ethyl)piperidine-1-carboxylate  (9f).
Ph General Procedure A: 3.5 equiv of alkene 5a and 1.8 equiv of 6 were used. The
product (62 mg, 60% yield) was purified by flash column chromatography on silica gel (Petroleum
ether: Ethyl acetate = 25:1) as a colorless oil.'H NMR (400 MHz, CDClz) § 7.55 — 7.45 (m, 2H), 7.41
—7.30 (M, 3H), 4.21 — 3.92 (m, 2H), 2.73 — 2.52 (m, 2H), 1.74 — 1.58 (m, 2H), 1.45 (s, 9H), 1.34 —
1.20 (m, 3H), 1.11 — 0.94 (m, 2H), 0.79 — 0.66 (M, 2H), 0.26 (s, 6H). 13C NMR (101 MHz, CDCl3) §
154.9,139.3,133.5,128.8,127.7,79.1, 38.9, 31.8, 30.5, 28.5, 12.4, -3.2. IR (thin film) vmax 2916, 2848,
1694, 1449, 1364 cm™. MS (ESI) m/z (%) 370 (M+Na)*, 348 (M+H)*. HRMS (ESI) calculated for
C20H34NO2Si: 348.2356; Found: 348.2355 (M+H)™.

3\ \ FCOOMeS Mesityl 2-(3-benzyl-2,4-dioxo-3-azabicyclo[3.2.0]heptan-6-yl)-2,2-
Ph 07/ difluoroacetate (10a). General Procedure B: The product (64 mg, 50% vyield,
dr > 20:1) was purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate
=20:1) as a white solid (m.p. 92 — 94 °C). *H NMR (400 MHz, CDCl3) § 7.41 (d, J = 6.8 Hz, 2H), 7.36
—7.28 (M, 3H), 6.90 (s, 2H), 4.72 (s, 2H), 3.58 — 3.51 (m, 1H), 3.40 — 3.32 (m, 1H), 3.28 — 3.13 (m,
1H), 2.91—2.80 (m, 1H), 2.44 — 2.34 (m, 1H), 2.28 (s, 3H), 2.11 (s, 6H). °F NMR (376 MHz, CDCls)
§-112.4 (dd, J = 267.7, 14.3 Hz, 1F), -115.2 (dd, J = 267.7, 17.3 Hz, 1F), 3C NMR (126 MHz, CDCls)
6177.8,176.1,160.7 (t, J = 33.3 Hz), 144.7, 136.5, 135.5, 129.5, 129.0, 128.74, 128.72, 128.1, 114.9
(t, J = 252.9 Hz), 42.8, 39.26 (t, J = 25.2 Hz), 38.6 (dd, J = 5.9, 3.4 Hz), 36.1, 23.1 (dd, J = 6.3, 3.1
Hz), 20.7, 16.0. IR (thin film) vmax 3068, 2921, 1772, 1703 cm™. MS (ESI) m/z (%) 450 (M+Na)*, 428
(M+H)*. HRMS (ESI) calculated for C24H23NO4F2Na: 450.1487; Found: 450.1482 (M+Na)™.

(0]

Ph*HWCOOMeS

FF

Mesityl 5-benzamido-2,2-difluoropentanoate (10b). General Procedure B:
The product (70 mg, 62% yield) was purified by flash column chromatography
on silica gel (Petroleum ether: Ethyl acetate = 8:1) as a white solid (m.p. 96 — 98 °C). *H NMR (400
MHz, CDCls) 8 7.77 (d,J = 7.4 Hz, 2H), 7.48 (t, J = 7.4 Hz, 1H), 7.40 (t, J = 7.4 Hz, 2H), 6.88 (s, 2H),
6.72 — 6.58 (M, 1H), 3.55 (g, J = 6.7 Hz, 2H), 2.41 — 2.28 (m, 2H), 2.27 (s, 3H), 2.10 (s, 6H), 1.99 —
1.90 (m, 2H). *F NMR (376 MHz, CDCls3) § -105.0 (t, J = 17.1 Hz, 2F). 3C NMR (126 MHz, CDCl3)
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5 167.8, 162.1 (t, J = 33.6 Hz), 144.8, 136.2, 134.2, 131.5, 129.5, 129.1, 128.5, 126.8, 116.2 (t, J =
251.2 Hz), 39.1, 31.9 (t, J = 23.3 Hz), 21.9 (t, J = 3.5 Hz), 20.7, 15.9. IR (thin film) vimax 3256, 3071,
2924, 2863, 1770 cm'X. MS (ESI) m/z (%) 398 (M+Na)*, 376 (M+H)*. HRMS (ESI) calculated for
Ca1H2sNOsF2Na: 398.1538; Found: 398.1529 (M+Na)*.

Phio/\/\/\;i/OBz 2,2-Difluorooctane-1,8-diyl dibenzoate (10c). General Procedure B:
The product (67 mg, 57% yield) was purified by flash column chromatography on silica gel (Petroleum
ether: Ethyl acetate = 20:1) as a white solid (m.p. 48 — 50 °C). *H NMR (400 MHz, CDCls) § 8.05 (t,
J = 8.8 Hz, 4H), 7.62 — 7.52 (m, 2H), 7.49 — 7.39 (m, 4H), 4.49 (t, J = 12.4 Hz, 2H), 4.32 (t, J = 6.6
Hz, 2H), 2.07 — 1.92 (m, 2H), 1.82 — 1.74 (m, 2H), 1.64 — 1.55 (m, 2H), 1.53 — 1.40 (m, 4H). °F NMR
(376 MHz, CDCl3) § -105.4 (tt, J = 16.9, 12.4 Hz, 2F). 3C NMR (126 MHz, CDCl3) & 166.6, 165.5,
133.5,132.8, 130.3, 129.8, 129.5, 129.1, 128.5, 128.3, 121.7 (t, J = 242.5 Hz), 64.8, 64.1 (t, J = 34.1
Hz), 33.9 (t, J = 23.8 Hz), 28.9, 28.5, 25.8, 21.6 (t, J = 4.4 Hz). IR (thin film) vmax 3064, 2866, 1723
cm™. MS (EI) m/z (%) 390 (M)*, 248, 105 (100), 77. HRMS (F1) calculated for C22H2404F»: 390.1637;
Found: 390.1642 (M)*.

6,6-Difluoro-9-(((8R,9S,13S,14S)-13-methyl-17-o0xo-

NC o 0L 7,8,9,11,12,13,14,15,16,17-decahydro-6H-
T cyclopenta[a]phenanthren-3-yl)oxy)nonanenitrile (10d).
General Procedure B: The product (55 mg, 41% yield) was purified by flash column chromatography
on silica gel (Petroleum ether: Ethyl acetate = 4:1) as a colorless oil. 'H NMR (400 MHz, CDCls) &
7.20 (d, J = 8.5 Hz, 1H), 6.70 (dd, J = 8.5, 2.3 Hz, 1H), 6.64 (d, J = 2.3 Hz, 1H), 3.97 (t, J = 5.8 Hz,
2H), 2.94 — 2.84 (m, 2H), 2.55 — 2.45 (m, 1H), 2.38 (t, J = 7.0 Hz, 3H), 2.29 — 2.20 (m, 1H), 2.18 —
1.82 (m, 10H), 1.76 — 1.38 (m, 10H), 0.91 (s, 3H). °F NMR (376 MHz, CDCls) 5 -98.9 — -99.2 (m,
2F). *C NMR (126 MHz, CDCls) § 220.9, 156.7, 137.8, 132.2 126.3, 124.5 (t, J = 241.3 Hz), 119.3,
114.5,112.0, 66.9, 50.3, 47.9, 43.9, 38.3, 35.8, 35.7 (t, J = 25.8 Hz), 33.20 (t, J = 25.7 Hz), 31.5, 29.6,

26.5,25.9, 25.1, 22.3 (1, J = 4.3 Hz), 21.53, 21.51 (t, J = 5.0 Hz), 17.0, 13.8. IR (thin film) vimax 2929,
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2868, 2246, 1737 cm™. MS (DART) m/z (%) 444 (M+H)*. HRMS (DART) calculated for
Co7H3sNO2F2: 444.2709; Found: 444.2706 (M+H)".

Oﬁ:ﬁio 9-Cyano-5,5-difluorononyl (2S,5R)-3,3-dimethyl-7-ox0-4-thia-1-
Me
o 57’\\0 Moo L N azabicyclo[3.2.0]heptane-2-carboxylate 4,4-dioxide (10e). General

Procedure B: The product (60 mg, 48% yield) was purified by flash column chromatography on silica
gel (Petroleum ether: Ethyl acetate = 2:1) as a white solid. *H NMR (500 MHz, CDCl3) § 4.61 (dd, J
=4.2,19 Hz, 1H), 4.38 (s, 1H), 4.28 — 4.15 (m, 2H), 3.49 (dd, J = 16.2, 4.2 Hz, 1H), 3.44 (dd, J = 16.2,
1.9 Hz, 1H), 2.38 (t, J = 6.8 Hz, 2H), 1.93 — 1.80 (m, 4H), 1.78 — 1.69 (m, 4H), 1.68 — 1.62 (m, 2H),
1.61 (s, 3H), 1.60 — 1.54 (m, 2H), 1.41 (s, 3H). °F NMR (376 MHz, CDCl3) & -98.6 — -99.7 (m, 2F).
13C NMR (126 MHz, CDCls) & 170.7, 166.9, 124.3 (t, J = 240.9 Hz), 119.3, 65.9, 63.2, 62.6, 61.0,
38.3,35.8 (t, J = 25.6 Hz), 35.6 (t, J = 25.7 Hz), 28.1, 25.0, 21.5 (t, J = 4.6 Hz), 20.3, 18.6 (t, J = 4.6
Hz), 18.5, 17.1. IR (thin film) vmax 2875, 2246, 1797, 1754 cm™X. MS (ESI) m/z (%) 443 (M+Na)*, 421
(M+H)*. HRMS (ESI) calculated for C1gH26N20sF2NaS: 443.1422; Found: 443.1419 (M+Na)*.

. (5S,8S)-5-Benzyl-14,14-difluoro-8-isobutyl-3,6,9-trioxo-
QOKH%NJ\?%V\BLVOE(O 1-phenyl-2-oxa-4,7,10-triazaheptadecan-17-yl 4-

chlorobenzoate (10f). General Procedure B: The product
(107 mg, 51% yield) was purified by flash column chromatography on silica gel (Petroleum ether:
Ethyl acetate = 2:1) as a colorless oil. *H NMR (500 MHz, CDCl3) § 7.96 (d, J = 8.5 Hz, 2H), 7.41 (d,
J =85 Hz, 2H), 7.37 — 7.31 (m, 3H), 7.31 — 7.23 (m, 5H), 7.16 (d, J = 7.0 Hz, 2H), 6.42 — 6.31 (m,
1H), 6.24 (d, J = 8.0 Hz, 1H), 5.23 (d, J = 6.0 Hz, 1H), 5.08 (d, J = 12.3 Hz, 1H), 5.05 (d, J = 12.3 Hz,
1H), 4.45 — 4.35 (m, 2H), 4.34 (t, J = 5.8 Hz, 2H), 3.30 — 3.13 (m, 2H), 3.08 (d, J = 6.5 Hz, 2H), 2.04
—1.92 (m, 4H), 1.91 — 1.80 (m, 2H), 1.72 — 1.64 (m, 3H), 1.51 — 1.34 (m, 2H), 0.88 (d, J = 2.5 Hz,
3H), 0.86 (d, J = 2.6 Hz, 3H). °F NMR (376 MHz, CDCls) & -98.7 — -99.4 (m, 2F). 3C NMR (126
MHz, CDCl3) 6 171.5, 171.0, 165.7, 156.4, 139.5, 135.8, 131.0, 129.2, 128.9, 128.8, 128.6, 128.5,
128.5, 128.1, 127.4, 124.5 (t, J = 241.0 Hz), 67.4, 64.4, 56.5, 51.9, 40.4, 38.9, 33.8 (t, J = 25.6 Hz),
33.2 (t,J = 26.0 Hz), 29.7, 24.7, 22.9, 22.4 (t, J = 4.0 Hz), 21.8 (t, J = 4.4 HZ), 21.7. IR (thin film) Vmax
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3293, 3064, 2851, 1721, 1645 cm™. MS (ESI) m/z (%) 722 (M+Na)*, 700 (M+H)*,. HRMS (ESI)
calculated for C37H4aN30sF2NaCl: 722.2778; Found: 722.2769 (M+ Na)".

00{) 1-Ethyl 9-(((3aR,5R,5a$,8aS,8bR)-2,2,7,7-
E10,67 " o tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4",5"-d]pyran-
5-yl)methyl) 5,5-difluorononanedioate (10g). General Procedure
B: The product (76 mg, 51% yield) was purified by flash column chromatography on silica gel
(Petroleum ether: Ethyl acetate = 4:1) as a colorless oil. tH NMR (400 MHz, CDCl3) § 5.52 (d, J =5.2
Hz, 1H), 4.64 — 4.57 (m, 1H), 4.36 — 4.26 (m, 2H), 4.25 — 4.07 (m, 4H), 4.05 — 3.97 (m, 1H), 2.40 (t,
J=7.0 Hz, 2H), 2.34 (t, J = 6.8 Hz, 2H), 1.94 — 1.74 (m, 8H), 1.49 (s, 3H), 1.44 (s, 3H), 1.31 (s, 3H),
1.32 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H). 1°F NMR (376 MHz, CDCl3) & -98.6 — -98.9 (m, 2F). 3C NMR
(126 MHz, CDCl3) 6 172.9, 172.8, 124.5 (t, J = 241.4 Hz), 109.6, 108.7, 96.3, 71.0, 70.7, 70.4, 65.9,
63.4, 60.4, 35.51 (t, J = 25.4 Hz), 35.48 (t, J = 25.4 Hz), 33.6, 33.5, 25.92, 25.90, 24.9, 24.4, 17.8,
17.7,14.2. IR (thin film) vmax 2982, 2935, 1735, 1456 cmX. MS (DART) m/z (%) 495 (M+H)*. HRMS
(DART) calculated for C23Hs709F2: 495.2400; Found: 495.2396 (M+H)".

\ @\fﬁomsi/vcooa 9-Ethoxy-5,5-difluoro-9-oxononyl 2-(3-cyano-4-
\
NG N isobutoxyphenyl)-4-methylthiazole-5-carboxylate (10h).

General Procedure B: The product (72 mg, 45% yield) was purified by flash column chromatography
on silica gel (Petroleum ether: Ethyl acetate = 4:1) as a white solid (m.p. 46 — 48 °C). *H NMR (400
MHz, CDCl3) § 8.16 (d, J = 2.0 Hz, 1H), 8.07 (dd, J = 8.8 Hz, 1H), 7.00 (d, J = 8.8, 2.0 Hz, 1H), 4.30
(t, J=6.4 Hz, 2H), 4.11 (q, J = 7.2 Hz, 2H), 3.88 (d, J = 6.4 Hz, 2H), 2.74 (s, 3H), 2.35 (t, J = 6.8 Hz,
2H), 2.24 — 2.13 (m, 1H), 1.96 — 1.75 (m, 8H), 1.67 — 1.57 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H), 1.08 (s,
3H), 1.07 (s, 3H). 1%F NMR (376 MHz, CDCl3) 5 -98.5 — -98.8 (m, 2F). 3C NMR (126 MHz, CDCl3)
6172.9,167.2,162.4,161.9, 161.2, 132.5, 132.0, 125.9, 124.6 (t, J = 241.0 Hz), 121.6, 115.3, 112.6,
102.9, 75.6, 64.8, 60.4, 35.8 (t, J = 25.6 Hz), 35.6 (t, J = 25.8 Hz), 33.5, 28.3, 28,1, 19.0, 18.8 (t, J =
4.5 Hz), 17.8 (t, J = 4.9 Hz), 17.4, 14.2. IR (thin film) vmax 2961, 2228, 1733, 1712 cm™. MS (ESI)
m/z (%) 559 (M+Na)*, 537 (M+H)*. HRMS (ESI) calculated for C27H35N20sF2S: 537.2229; Found:
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537.2218 (M+H)*.

6. Transformations of Compounds 3

Systhesis of compounds 11d, 11h, and 111.%

1) TBAF, 3A MS L L

FF ’ : :
X~ THF, 70°C HOM>\/\0H o Cy>\/\OH
alkyl SiPhMe,

_ 2) KF, NaHCO3, H,0, 11d, n =4, 85% 11, 76%
3e, 3i, or 3m MeOH, 70 °C 1h n=1,92% ’

General Procedure: To a 25 mL of Schlenk tube were added TBAF (1.0 mL, 1.0 mmol, 10 equiv,
1M in THF), 3A molecular sieve (200 mg, 0.2g/mmol). The reaction mixture was stirred at room
temperature for 15 min. Subsequently, a solution of compound 3 (0.1 mmol, 1.0 equiv) in THF (1.0
mL) was added. The reaction mixture was stirred at 70 °C for 1.5 h. The reaction mixture was allowed
to cool down to room temperature and then KF (20 mg, 0.35 mmol, 3.5 equiv), NaHCOs3 (19 mg, 0.23
mmol, 2.3 equiv), MeOH (1.0 mL, 10 mL/ mL THF) and H20O> (0.35 mL, 30% in H>O) were added.
The reaction mixture was stirred at at 70 °C for overnight. The reaction mixture was poured into
Na>SOz aqueous (50 mL) and extracted with EA (30 mLx 2). The combined organic solution was
washed by brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The product was

isolated by flash column chromatography.

3,3-Difluoroheptane-1,7-diol (11d). The product (14 mg, 85% yield) was

RF

HOMOH

purified by flash column chromatography on silica gel (Petroleum ether: Ethyl
acetate = 2:5) as a colorless oil. *H NMR (400 MHz, CDCls) & 3.85 (t, J = 5.6 Hz, 2H), 3.66 (t, J = 5.6
Hz, 2H), 2.21 — 2.04 (m, 2H), 2.02 — 1.82 (m, 3H), 1.71 (s, 1H), 1.66 — 1.51 (m, 4H). *°F NMR (376
MHz, CDCl3) & -96.7 — -97.0 (m, 2F). 3C NMR (101 MHz, CDCl3) § 125.0 (t, J = 241.6 Hz), 62.3,
57.1(t, J =5.6 Hz), 38.9 (t, J = 24.5 Hz), 36.6 (t, J = 25.1 Hz), 32.1, 18.6 (t, J = 4.9 Hz). IR (thin film)
vmax 3354, 2940, 1462, 1389 cm™*. MS (DART) m/z (%) 169 (M+H)*, 118, 100, 60 (100), 55. HRMS
(DART) calculated for C7H1sF202: 169.1035; Found: 169.1035 (M+H)",

2,2-Difluorobutane-1,4-diol (11h). The product (12 mg, 92% yield) was purified by

FF

HO\)K/\OH

flash column chromatography on silica gel (Petroleum ether: Ethyl acetate = 2:5) as a
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colorless oil. *H NMR (400 MHz, CDCl3) § 3.91 —3.86 (m, 2H), 3.81 (t, J = 12.6 Hz, 2H), 2.31 — 2.15
(m, 2H). °F NMR (376 MHz, CDCls) § -104.9 — -105.2 (m, 2F). 3C NMR (126 MHz, CDCls) § 122.9
(t, J = 243.1 Hz), 64.3 (t, J = 33.4 Hz), 56.8 (t, J = 6.6 Hz), 36.9 (t, J = 24.6 Hz). IR (thin film) Vimax
3370, 2926, 2852, 1427 cmt. MS (El) m/z (%) 107, 88, 78 (100), 75. HRMS (FI) calculated for
C4HsF202: 126.0487; Found: 126.0490 (M)*.

3-Cyclohexyl-3,3-difluoropropan-1-ol (11l). The product (14 mg, 76% Yyield) was

R F

e " purified by flash column chromatography on silica gel (Petroleum ether: Ethyl acetate =

2:1) as a colorless oil. tH NMR (400 MHz, CDCls) § 3.89 (t, J = 6.0 Hz, 2H), 2.19 — 2.01 (m, 2H),
1.90 — 1.65 (m, 6H), 1.31 — 1.07 (m, 5H).°F NMR (376 MHz, CDCl3) & -104.4 — -104.7 (m, 2F). 13C
NMR (126 MHz, CDCl3) & 126.3 (t, J = 243 Hz), 57.1 (t, J = 5.3 Hz), 44.5 (t, J = 23.4 Hz), 36.4 (t, J
=24.5Hz), 25.9, 25.8 (t, J = 4.6 Hz), 25.6. IR (thin film) vmax 3446, 2924, 2853, 1457, 1377 cm™*. MS
(EI) m/z (%) 149, 95, 55 (100). HRMS (DART) calculated for CoH20F.ON: 196.1507; Found:
196.1507 (M+NHa)".

Gram-scale synthesis of 3p

F F
= Br FF
Me,PhSi” X  +  HZrCp,Cl TIPS 1m (1.0 equiv) /\/\SiPhMe2
5a (2.5 equiv) 6 (1.2 equiv) blue LED (12 W) TIPS
dioxane/NMP, 40~45°C, 12 h 3p, 62%, 1.45¢g

Procedure: To a 10 mL of Schlenk tube was added ZrCp.HCI (1.2 equiv, 7.2 mmol) in the glovebox.
The tube was then taken out of the glovebox, and was evacuated and backfilled with Ar (3 times).
Alkene 5a (2.5 equiv, 15 mmol) and anhydrous dioxane (20 mL) were added under Ar. The resulting
mixture was stirred at room temperature for 1 h until a clear yellow solution was obtained. To another
350 mL of Schlenk tube were added difluoroalkyl halide 1m (6 mmol, 1.0 equiv) and NMP (60 mL)
under Ar. The prepared solution of alkylzirconocene and alkene was then added to the reaction mixture
via a syringe for 10 min under Ar. The reaction mixture was stirred at 40~45 °C under irradiation of a
12 W blue LEDs strip for 12 h. The reaction mixture was then cooled to room temperature. The reaction
mixture was poured into water (200 mL) and extracted with EA (150 mL>2). The combined organic

layers were washed by brine, dried over anhydrous sodium sulfate, filtered, and concentrated. The
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product was purified with flash column chromatography (Petroleum ether) to give compound 3p (1.45

g, 62% yeild) as a colorless oil.

Synthesis of copound 12.

F

F
N TBAF, -78 °C /\)\
PhMeZSi/\)\ ———————  PhMe,Si N

THF
3p TIPS 12

(3,3-Difluoropent-4-yn-1-yl)dimethyl(phenyl)silane (12): To a solution of 3p (400 mg, 1.0 mmol,
1.0 equiv) in THF (5.0 mL) was added TBAF (1.2 mL, 1.2 equiv, 1.0 M in THF) at -78 °C. The reaction
mixture was stirred for 1 h, and was quenched with saturated ag. NH4Cl. The resulting mixture was
extracted with ethyl acetate. The combined organic layers were dried with Na2SO4 and concentrated.
The residue was purified by flash column chromatography (Petroleum ether: Ethyl acetate = 100:1) to
give compound 12 (202 mg, 85% yeild) as a colorless oil. *H NMR (400 MHz, CDCl3) & 7.68 — 7.47
(m, 2H), 7.45 — 7.32 (m, 3H), 2.74 (t, J = 4.6 Hz, 1H), 2.09 — 1.91 (m, 2H), 1.09 — 0.93 (m, 2H), 0.33
(s, 6H). 1%F NMR (376 MHz, CDCls) & -86.0 (td, J = 14.4, 4.6 Hz, 2F). 3C NMR (126 MHz, CDCls)
§137.8,133.5,129.2, 127.9, 115.1 (t, J = 233.4 Hz), 76.5 (t, J = 41.2 Hz), 75.1 (t, J = 6.8 Hz), 34.0 (t,
J =26.9 Hz), 8.2, -3.4. IR (thin film) vmax 3303, 2924, 2856, 2133, 1448 cm™*. MS (EI) m/z (%) 238
(M)*, 154, 135 (100), 91. HRMS (EI) calculated for C1sH1sF2Si: 238.0984; Found: 238.0986 (M)".

Synthesis of copound 13.

FF o
g 1) nBuLi, PACHO  PhMe,Si ~
PhMe,Si N o Ph
2) DBU, THF, RT FF
12 13

(E)-6-(Dimethyl(phenyl)silyl)-4,4-difluoro-1-phenylhex-2-en-1-one  (13): To a solution of
compound 12 (200 mg, 0.84 mmol, 1.0 equiv) in THF (3 mL) was added n-BuLi (1.0 mmol, 1.2 equiv)
at -78 °C under Ar. After the mixture was stirred for 1 h at -78 °C, benzaldehyde (133 mg, 1.26 mmol,
1.5 equiv) in THF (1.0 mL) was slowly added. The reaction was warmed to room temperature and
stirred for another 8 h. The reaction mixture was concentrated and the residue was redissolved in THF
(4 mL), DBU (255 mg, 1.68 mmol, 2.0 equiv) was then added. The resulting mixture was stirred at

room temperature overnight. The reaction was quenched with saturated aqueous NH4Cl and extracted
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with CH2Cl,. The combined organic layers were washed with water, dried over Na>SOs, filtered and
concentrated. The residue was purified with silica gel chromatography (Petroleum ether: Ethyl acetate
= 40:1) to give copound 13 (150 mg, 52%) as a colorless oil. *H NMR (500 MHz, CDCl3) & 8.00 —
7.94 (m, 2H), 7.62 (t, J = 7.4 Hz, 1H), 7.53 — 7.48 (m, 4H), 7.40 — 7.35 (m, 3H), 7.31 (dt, = 15.5, 1.9
Hz, 1H), 6.85 (dt, J = 15.5, 11.6 Hz, 1H), 2.02 — 1.87 (m, 2H), 0.97 — 0.87 (m, 2H), 0.31 (s, 6H). °F
NMR (376 MHz, CDCls) & -99.9 — -100.4 (m, 2F). 3C NMR (126 MHz, CDCls) 5 189.3, 138.7 (t, J
=27.3 Hz), 137.7, 136.8, 133.6, 133.5, 129.2, 128.8, 128.7, 127.9, 127.6 (t, J = 7.3 Hz), 121.6 (t, J =
240.3 Hz), 32.0 (t, J = 27.3 Hz), 7.7 (t, J = 2.5 Hz), -3.4. IR (thin film) vmax 2928, 2899, 1427 cm'%.
MS (El) m/z (%) 201, 135 (100), 77. HRMS (EI) calculated for CaoH22F20Si: 344.1402; Found:
344.1398 (M)*.

Synthesis of compound 14.'8

O yZ o
PhMe,Si x . N BF3Et,0 )
- Ph —————  PhMe,Si
FF N DCM, RT 1 Ph
Me F F
13 14

To a solution of compound 13 (100 mg, 0.3 mmol, 1.0 equiv) in DCM (2 mL) was added BFsEt.O
(8.4 mg, 0.06 mmol, 0.2 equiv) at room temperature. After the reaction mixture was stirred for 0.5 h,
the 1-methyl-1H-indole (78 mg, 0.6 mmol, 2.0 equiv) in DCM (1.0 mL) was added. The mixture was
stirred at room temperature until 13 was disappeared. The reaction was then quenched with saturated
aqueous NaHCOs and extracted with CH2Cl,. The combined organic layers were dried over NazSOs,
filtered and concentrated. The residue was purified with silica gel chromatography (Petroleum ether:
Ethyl acetate = 40:1) to give compound 14 (100 mg, 70%) as a colorless oil. *H NMR (400 MHz,
CDCl3) § 7.92 (d, J = 7.2 Hz, 2H), 7.80 (d, J = 7.6 Hz, 1H), 7.51 (t, J = 6.8 Hz, 1H), 7.40 (t, J = 7.2
Hz, 2H), 7.36 — 7.21 (m, 7H), 7.20 — 7.14 (m, 1H), 6.99 (s, 1H), 4.55 — 4.28 (m, 1H), 3.86 — 3.74 (m,
1H), 3.68 (s, 3H), 3.56 (dd, J = 17.2, 8.3 Hz, 1H), 1.94 — 1.65 (m, 2H), 1.08 — 0.86 (m, 2H), 0.16 (s,
6H). 1°F NMR (376 MHz, CDCls) & -102.5 (dtd, J = 236.4, 19.5, 6.2 Hz, 1F), -103.3 — -104.5 (m, 1F).
13C NMR (126 MHz, CDCl3) § 197.8, 138.1, 136.9, 136.7, 133.4, 132.9, 128.8, 128.4, 128.0, 127.78,
127.7,127.1, 126.8 (t, J = 246.7 Hz), 121.6, 119.6 (d, J = 2.6 Hz), 119.3, 111.3 (d, J = 8.9 Hz), 109.2,

38.7,37.4 (t, J = 25.2 Hz), 32.6, 29.7 (t, J = 26.2 Hz), 7.6, -3.2, -3.6. IR (thin film) vmax 2954, 2928,
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1688 cm™. MS (ESI) m/z (%) 476 (M+H)*. HRMS (ESI) calculated for C29H32NOF,Si: 476.2216;
Found: 476.2211 (M+H)".

Synthesis of compound 15.°

TBAF(10 equiv)
3AMS
THF, 70 °C, 1.5 h

then KF (3.5 equiv)
NaHCO3; (2.3 equiv)
MeOH, H202
70 °C, overnight

4,4-Difluoro-6-hydroxy-3-(1-methyl-1H-indol-3-yl)-1-phenylhexan-1-one (15). Compound 15 was
prepared according to the procedure of synthesis of compound 11d. The product 15 (20 mg, 56% yield,
0.1 mmol scale) was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 3:1) as
a white solid (m.p. 121-123 °C). 'H NMR (400 MHz, CDCl3)  8.03 (d, J = 6.0 Hz, 2H), 7.88 (d, J =
6.8 Hz, 1H), 7.72 — 7.60 (m, 1H), 7.58 — 7.48 (m, 2H), 7.44 — 7.32 (m, 2H), 7.30 — 7.23 (m, 1H), 7.16
(s, 1H), 4.60 - 435 (m, 1H), 4.03 — 3.80 (m, 6H), 3.69 (dd, J = 17.0, 7.9 Hz, 1H), 2.39 — 2.07 (m, 2H),
1.78 (s, 1H). °F NMR (376 MHz, CDCl3) § -97.8 —-101.0 (m, 1F), -103.3 — 104.5 (m, 1F). 3C NMR
(126 MHz, CDCls) 5 197.6, 136.8 (d, J = 1.5 Hz), 133.0, 128.5, 128.0, 127.1, 126.2 (t, J = 246.3 Hz),
121.8,119.5 (d, J = 3.5 Hz), 119.5, 111.0 (d, J = 9.2 Hz), 109.3, 57.0 (t, J = 5.0 Hz), 39.0 (t, J = 24.6
Hz), 38.4 (t, J = 2.5 Hz), 37.9 (t, J = 23.6 Hz), 32.8. IR (thin film) vmax 3387, 2933, 1683 cm™*. MS
(ESI) m/z (%) 380 (M+Na)*. HRMS (ESI) calculated for C21H2:NF202Na: 380.1432; Found: 380.1432
(M+Na)™.
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8. Copies of 'H NMR, *F NMR and ¥C NMR Spectra of Compounds 1, 3, 5, 8-15

Ethyl 5,5-difluoro-5-iodopentanoate (1a)
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2-Bromo-2,2-difluoroethyl ethanesulfonate (1h)
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6-Bromo-6,6-difluorohexyl benzoate (1i)
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F

BzO

Exact Mass: 320.02
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F F
BZON\’}\Br

Chemical Formula: C43H,sBIF 20
Exact Mass: 320.02

'C NMR. (126 MHz. CDCL,)
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Chemical Formula: CyqHy4BrF20,
Exact Mass: 201.99

—-60.443

“F NMR (376 MHz, cdcl,)

o)
3
o
@
|
T
o
=
-60.44
1 (ppm)
|
8
™
30 20 10 0 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190
f1 (ppm)
0 < — P~ -~ 00 < @ o =
= O = dMNONO [o; e N o~ —
F F [ | [To N ST e o] @ w w0
Meso\”)kar bhb IS8 S35 =
— - = — o
) N S/ I
Chemical Formula: CqqHq4BIF 20,
Exact Mass: 291.99
“C NMR (126 MHz, CDCL)
]
I |
1
I L
210 190 170 150 130 110 90 80 70 60 50 40 30 20 10 O
f1 (ppm)

S55



But-3-en-1-yl (2S,5R)-3,3-dimethyl-7-0x0-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate (5p)
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Chemical Farmula: CqyHy7NOgS

Exact Mass: 287.08

H NMRE (400 MHz, cdcly)
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Chemical Formula: CyoHNOsS

Exact Mass: 287.08

*C NMR (126 MHz, CDCL)
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((3aR,5R,5aS,8aS,8bR)-2,2,7,7-Tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-b:4",5"-

d]pyran-5-yl)methyl but-3-enoate (5r)

[} O MO0O0O®M O —0M —O— O~ 00w = P Sp oo
w N OOMODT @OOMMELND 0NN~ O oOF ™ o O
r GOy 0 QLW W~ s e 000707 03 0] (N Ly e el
y—O o s DWWV WD WD WD WLW <<t T << e
[s) ’k/\ ——— e N ~n
0 2
o
o
Chemical Formula: CygH,407
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‘H NMR. (300 MHz, CDCL)
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Chemical Formula: CygHs 07
Exact Mass: 328,15

'C NMR (126 MHz, CDCLy)
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But-3-en-1-yl 2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-carboxylate (5s)
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Chemical Formula: CogHaoMN2035
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Exact Mass: 370,14

"H NMR. (400 MHz, cdels)
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Chemical Formula: CagHzoN20355

Exact Mass: 370.14

*C NMR (126 MHz, CDCL)
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Ethyl 7-(dimethyl(phenyl)silyl)-5,5-difluoroheptanoate (3a)
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Exact Mass: 328.17
H NMR (400 MEz, edcl))
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Chemical Formula: CzgHzsF 2030z
Exact Mass: 386.2273

"H NMR (400 MHz, cdels)
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6-(Dimethyl(phenyl)silyl)-4,4-difluorohexyl 4-chlorobenzoate (3c)
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Chemical Formula: CzH-sCIFZ0,31

Exact Mass: 410.1280

‘H NME. (400 MHz, cdels)
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Chemical Formula: Gz HzsCIFZ0 580

Exact Mass: 410.13

“F NMR (376 MHz, cdcl;)
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Chemical Formula: CoyHosCIF-0-Si

Exact Mass: 410.1280

"C NMR (126 MHz, CDCL)
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Chemical Formula: C4gHz2CIF 0,50
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Exact Mass: 348.1124

‘H NME (400 MHz, cdely)
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Chemical Formula: CygH45CIF,0,Si
Exact Mass: 248.11
“F NMR (376 MHz, cdcl))
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Chemical Formula: CqgH2zCIF0050
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-5,5-difluoroheptyl acetate (3e)
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Chemical Formula: C7HagF20:S
Exact Mass: 3281670
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Chemical Formula: C 7H2aF2 0081
Exact Mass: 328 1670

'CNMR (101 MHz, cdely)
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Chemical Formula: CigHaaFaNSi
Exact Mass: 295.1568
H NMR (400 MHz, cdels)
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Chemical Formula: Cy5Hp3FoNSI
Exact Mass: 295.16
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Chemical Formula: CygHaaFaNSi
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6,6-Difluoro-8-(trimethylsilyl)octanenitrile (3g)
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Chemical Formula: €, {Ho,FNSI
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Chermical Formula: C HyFNSi

MeSi

Exact Wass: 2331411

C NMR (101 MEE, cdel;)
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Chemical Formula: CqgHpsCIFZSI
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4-(Dimethyl(phenyl)silyl)-2,2-difluorobutyl benzoate (3i)
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Chemical Formula: CycHoF,0550

Exact Mass: 345.1357

'H NMR (400 MHz, cdcl))
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Chemical Formula: CygHaaFs0,8i

Exact Mass: 348.1357
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Chemical Formula; Cy4HzoF 20,81

Exact Mass: 286.12

“F NMR (376 MHz, cdcly)
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Chemical Formula: C14H20F2025i

Exact Mass: 286.1201

“C NMR (101 MHz, cdcl:)
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7-(Dimethyl(phenyl)silyl)-5,5-difluoroheptyl acetate (3k)
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Chemical Formula: CqaHzaF20358i

ExactMass: 336.1027

'HNMR (400 MHz, cdcly)

== 1202

I|l =Z0'%

u&?o.w |

— 20T |

—= 0072

+00€
~ooe

I

7.5

=009 |

8.5

9.5

10.5

0.5 -05

1.5

25

Gl L0L-
48¢L0L-
§.eL0L-
95e L0L-
rre L0L-
L L0L-
ZLe Lo
aoe LoL-
692 L0L-

35

45
f1 (ppm)

55

85
0.
O,:S “Et

SII
Ph
Chemical Farmula: Cy4HaoF 0555

Me.
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Exact Mass: 336.10

“F NMR (376 MHz, cdcl,)
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Chemical Fomula: CigHeaFz0388i

ExactMass: 3361027

“C NMR (101 MHz, cdel;)
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Chermical Formula: CaaHzFz02S8i
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Exact Mass: 4041983

(400 MHz, cdcly)
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Chemical Formula: CazHagFaOa5i
Exact Mass: 404 1983
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Chemical Formula: CaaHzFz0:2Si
Exact Mass: 4041083
"C NMR (126 MHz, CDCl,)
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(3-Cyclohexyl-3,3-difluoropropyl)dimethyl(phenyl)silane (3m)
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Chemical Formula: ©47HaeF 5Si
Exact Mass: 286.1772
H NMR. (400 MHz, cdcly)
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Chemical Formula: Cy7HagF 2Si
ExactMass: 296.1772
"C NMR (126 MEz, CDCL)
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Chemical Formula: CaHaeF20,5i
Exact Mass: 376.17
'H NMR (400 MHz, cdcls)
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Chemical Formula: Ca HaeF20:Si
Exact Mass; 376,17
“F NMR (376 MHz, cdcl,)
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Chemical Formula: CaHaeF20,8i
Exact Mass: 376.17
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4-(Dimethyl(phenyl)silyl
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Chemical Formula: GgHp 1FaNCySI
Exact Mass: 327.1466

HNMR (400 MHz, cdcl:)

7539

o

-2,2-difluoro-1-morpholinobutan-1-one (30)

o D - ~ < v @ OO Oy -
D 00 M~ O W= O W I— @
e @ QQ —ee QO
[ 3 e NN N

[
X
A

—0.333

Tk b T T T
w < ~— I w w [o)]
(=N — 3 =) = @
™™ < ™ ™~ w
10.5 9.5 8.5 75 6.5 55 45 35 25 1.5 0.5 -0.5
f1 (ppm)
25D
RS 522
bes A 888
Me"hy o -
Chemical Formula CygHy sF2NO:S
Exact Mass: 327.1466
“F NMR.(376 MHz, cdely)
— <
8B5S
S88
1/
1 I
S
(=]
(=]
(o]
-100.6 -101.0 -101.4
1 (ppm)
|
8
o™
80 40 0 -50 -100 -170 -240
f1 (ppm)



< o4 WO O o
D ) oMY O~ 0w O W — @0y O Gy 0O -
O - DO~ O T m ~ O M~ v = © W0 I~ -
N P R P @ @D SNae oo @l 3
WD W WD 20D NN — — w W W OWwom O oO; - o)
T~ T T T v v ww A s e I A | w0 w [
~ VS SENES ~ N ~ |
F F 0
e~y
Fh o]
Chemical Formula: Cy5H; ;FaNQ,Si
Exact Mass: 327.1466
‘C NMR (101 MHz, edel3)
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(3,3-Difluoro-5-(triisopropylsilyl)pent-4-yn-1-yl)dimethyl(phenyl)silane (3p)
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Chemical Fomula: CzzHagF2Siz
Exact Mass: 394,2324
HNMR (400 MHz, cdcl;)
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Chermical Formula: CzzHasF2Siz
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“F NME.(376 MHz, cdcly)
(oo R an]
NN O
NN
R
S
|
|'|
||‘ |
}r\J L
i—v—( B
8
o~
-84.1 -84.5
1 (ppm)
|
8
o™
110 80 60 40 20 0 -30 -60 -90 -130 -170
f1 (ppm)
DT NO OO
FF Ioa8 282 3ER%8E ESY 2 8o 2
Me /\)\ 288 ~w o = e e f29g N o
e < eeNY  SEE gRBRPY 333 ¢ 25 o
Me’l \\ Oy O 3y 0 O © ©) ) o I
Ph TIPS N S S I —~ AN
Chemical Formula: CzzHasF2Siz
Exact Mass: 394, 2324
"*C NMR (126 MHz, CDCL)
|
| | ‘
| l
_ jid ' .
180 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10 0 -10

f1 (ppm)

S82



t-Butyl((6,6-difluoro-8-(trimethylsilyl)oct-4-yn-1-yl)oxy)dimethylsilane (3q)
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Chemical Formula: Cy7HaF208iz
Exact Mass: 3482116
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Chemical Formula: Cy7HaaF208iz

Exact Mass: 348.2118

*C NMR.(101 MHz, edels)
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2-(3-(Dimethyl(phenyl)silyl)-1,1-difluoropropyl)-5-methylbenzo[d]oxazole (3r)
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Chemical Formula: CqgHaqFaNOSI

Exact Mass: 345.1260

H NMRE. (400 MHz, cdcl))
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Chemical Formula: CgHzyFaNOSI
Exact Mass: 345.1380

“F NMR (376 MHz, cdcly)
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2,2-Difluoro-5-phenylpentyl benzoate (8a)
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Chemical Formula: CigHyaF2Ca

Exact Mass: 304.1275

H NMR (400 MHz, cdcl:)
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Chemical Formula: CigH d 2

Exact Mass: 204.1275

“F NMR (376 MHz, cdcl,)
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Chemical Formula: CigH, &2

Exact Mass: 2041275

YO NMRE (101 MHz, cdcl,)
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2,2-Difluoro-5-phenylpentyl ethanesulfonate (8b)
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Chemical Formula: CysHiF 205
Exact Mass: 262.0945

"H NMR (400 MHz, cdcls)
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Chemical Formula: Cy3H;sF2058
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Exact Mass: 282.0945

15650k
0ZE'saL- /
20660}~
188 me-v B
5L8'50)-
e me-%
1£8'50L- x
B6L G0L-

“FNMR (376 MHz, cdcl;)

-105.8 -106.1

-105.5

f1 (ppm)

Fooz |

-170 -190

-150

-90
f1 (ppm)

10

-130

-110

-30 -50 -70

-10

0

20

30

ae0e—

POl cZ—

659'C¢E
mmm.wmw.
§Cl'ee
£0l'5e

L09'SP—

826699
LPE L9~
9699

_‘hm.m_‘_‘/
98L0Ch~
802°¢Th~
LZ1'82h~
Speacl
957 BZL

LIE0PL—

o]

1]
0S—Et

1]

@]

=

F
Chemical Formula: Cy3H;sF2058

Ph

Exact Mass: 282.0945

*C NMR (101 MHz, cdels)
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6,6-Difluoro-9-phenylnonanenitrile (8c)
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Chemical Formula: C4gH, gF5N
ExactMass: 251.1456

H NMR (400 MHz, cdcl,)

s pom
883 53 8°
o o N O <
10.5 9.5 85 75 6.5 55 45 35 25 15 05 -0.5
f1 (ppm)
~OMWwdm
DN o
CN ) o) = D
00 @ o ©
@N?(FW S ak A
R Py
Chemical Formula: C4gH,4FoN
Exact Mass: 251.1486
"“F NMR (376 MHz, cdcl))
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Chemical Formula: C5H,4FoN
Exact Mass: 251.1486

'C NME (101 MHz, cdcl:)
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5,5-Difluoro-8-phenyloctyl acetate (8d)
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Chemical Formula: CygHzaF205

Exact Mass: 284.1588

'HNMR (400 MHz, cdels)
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Chemical Formula: CqgHzFa04

F

Exact Mass: 284.1558

“F NMR. (376 MHz, cdcl,)
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Chemical Formula: CigHazF205

Exact Mass: 2641588

*CNMR (126 MHz, CDCL)
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11-((tert-Dutyldimethylsilyl)oxy)-5,5-difluoroundecyl acetate (8e)
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Chemical Formula: CygH33F2048i
Exact Mass: 380.26
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Exact Mass: 380.26
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Chemical Formula: CygHz5F,045i
Exact Mass: 380.26

“C NMR (126 MHz, CDCL)
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12-((tert-Butyldimethylsilyl)oxy)-6,6-difluorododecanenitrile (8f)
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Exact Mass: 347.25
Molecular Weight: 347.57
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Exact Mass: 347.25
Molecular Weight: 347.57
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Ethyl 10-chloro-5,5-difluorodecanoate (89)
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Exact Mass: 270.12

Molecular Weight: 270,74

'HNMR (400 MHz, cdel)
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Exact Mass: 270.12
Molecular Veight: 270.74

*C NMR (126 MHz, CDCL)
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Exact Mass: 237.11
Molecular WWeight: 237.72

HNMRE (500 MHz, CD(L:)
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Exact Mass: 237.11
Molecular Weight: 237.72

“F NMR (376 MHz, cdcly)
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Exact Mass: 237.11

Molecular Weight: 237.72
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11-Bromo-5,5-difluoroundecyl acetate (8i)
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Chemical Formula: €43HgsBrF,0,
Exact Mass: 328.08

H NMR (400 MEHz, cdcly)
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Chemical Formula: Cy3Hz;BrF,0;
Exact Mass: 328.08

"F NMR. (376 MHz. cdcl)
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Chemical Formula: Cy3H5;BrF 0,

Exact Mass: 328.08

"C NMR (126 MHz, CDCL)
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8-Bromo-2,2-difluorooctyl benzoate (8j)
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Chemical Formula: CygHqgBIF;0,

Exact Mass: 348.05

H NMR (400 MHz, cdcl,)
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Chemical Formula: CygHygBrFz0,

Exact Mass: 342.05

76 MHz, cdcly)
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Chemical Formula: CygH9BrF;0;

Exact Mass: 348.05

“C NMR (126 MHz, CDCL)
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2,2-Difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentyl benzoate (8k)
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Chemical Formula; CyoHy5F-05
Exact Mass: 227.0%

H NMR (400 MEHz, cdcly)
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Chemical Formula: CyoH;3F200

Exact Mass: 227 .09

“F NMR. (376 MHz, cdcl,)
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Chemical Formula; CygHysF 0

Exact Mass: 227.0%

“C NMR. (126 MHz, CDCL)
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2-((1S,4R)-Bicyclo[2.2.1]heptan-2-yl)-2,2-difluoroethyl benzoate (8l)
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Chemical Formula: CygH,sF2C;

Exact Mass: 260,13

'HNMR (400 MHz, cdel)
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Chemical Formula: CygH, gF;

Exact Mass: 280.13

HCNMR (101 MHz, cdel;)

-30

-10

220 200 180 160 140 120 100 80 60 40 20
1 (ppm)

240

S103



Mesityl 2,2-difluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pentanoate
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Chemical Formula: CqiaHy #2000
Exact Mass: 2651197
"H NMR (400 MHz, cdel,)
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Chemical Formula: CyqHy 202
Exact Mass: 255.1197
“F NMR (376 MHz, cdcly)
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Chemical Formula: CqqH; 5

Exact Mass: 2551167

'C NMR.(126 MHz, CDCL;)
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Mesityl 5-cyclohexyl-2,2-difluoropentanoate (8n)
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Chemical Formula: CapgHadF 205

Exact Mass: 3382057

H NMR. (400 MHz, cdel)
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Chemical Formula: CogHagF 202
Exact Mass: 338.2057
“F NMR (376 MHz, cdcl,)
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Chemical Formula: CagHzgF202
Exact Mass: 338.2057
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Mesityl 8-((tert-butyldimethylsilyl)oxy)-2,2-difluorooctanoate (80)
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Chemical Formula: CpaHagdF 20580
Exact Mass: 428 2658
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Chemical Formula: CogHagF055i0

Exact Mass: 428.2558

*C NMR (101 MHz, cdel,)

R —

-20

0

10

90 80 70 60 50 40 30 20

f1 (ppm)

180 170 150 130 110

2

Mesityl 2-cyclohexyl-2,2-difluoroacetate (8p)
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Chemical Formula: CqfHodF 200

ExactMass: 2861588
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Chemical Formula: CqfHad 400
ExactMass: 296.1588
“F NMR. (376 MHz, cdcls)
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Chemical Formula CiH2F 02
Exact Mass' 296 1588

€ NMR (101 MEE, cdel))
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Mesityl 2,2-difluoro-2-((1S,4R)-1,2,3,4-tetrahydro-1,4-epoxynaphthalen-2-yl)acetate (8q)
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Chemical Formula: CaqHzpF205

Exact Mass: 358.14

H NMR (400 MEHz, cdcly)
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Chemical Formula: Gz HaoF203

Exact Mass, 35814

“F NMR. (376 MHz, cdcl)
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Chemical Formula: CzyHzgF205

Exact Mass: 358.14
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Dimethyl(phenyl)(3,3,3-trifluoropropyl)silane (9a)
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Chemical Formula: CyqHysFaSi
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Exact Mass: 232 0895

'HNMR (400 MHz, cdel))
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Chemical Formula: CyqHygFsSi ~
Exact Mass: 232.0885
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Exact Mass: 2320885
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Dimethyl(phenyl)(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl)silane (9b)
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Chemical Formula; CygHqsF 1581
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Exact Mass: 482.0725

HNMR (400 MEEZ, edel,)
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Chemical Formula: CygHqsF 1350
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Exact Mass: 4820735

"F NMR. (376 MHz, cdels)
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Chermical Fommula: CygHqsF15580
Exact Mass: 482.0725

'C NME. (151 MHz, cdcls)
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Chemical Fomula: €1 Hz FO:Si
Exact Mass: 268.1295
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Ethyl 1-(2-(dimethyl(phenyl)silyl)ethyl)cyclobutane-1-carboxylate (9d)
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Chemical Formula: CqH260-8i
Exact Mass: 290.1702
"H NME.(400 MHz, cdel,)
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Chemical Formula: CqH2g0:8i
Exact Mass: 2001702

C NME.(101 MHz. cdcly)
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Diethyl 2-(2-(dimethyl(phenyl)silyl)ethyl)malonate (9e)
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Chemical Formula: Cq7Hag0451
Exact Mass: 3221600
HNMR (400 MHz, cdcl,)
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Chemical Formula: CqH250451
Exact Mass: 222 1600
“C NMR (101 MHz, cdel;)
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tert-Butyl 4-(2-(dimethyl(phenyl)silyl)ethyl)piperidine-1-carboxylate (9f)
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Chemical Fomula: CagHa NG5S0
Exact Mass: 247,2281
'HNME. (400 MHz, cdcl,)
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Chemical Formula: CagHaaNO,SI
Exact Mass: 3472281

YC NMR (101 MHz, cdcly)
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Mesityl 2-(3-benzyl-2,4-dioxo-3-azabicyclo[3.2.0]heptan-6-yl)-2,2-difluoroacetate (10a)
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Chemical Formula: GyqHasF:NOy

Exact Mass: 427.16

'HNMR (400 MHz, cdcl.)
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Chemical Formula: CpgHya sNOy

Exact Mass: 427.16

“F NMR (376 MHz, cdcly)
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Chemical Formula: CogHasF NGy

Exact Mass: 427.16

C NMR.(126 MHz, CDCLy)
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Mesityl 5-benzamido-2,2-difluoropentanoate (10b)
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Chemical Formula: CzqHzsFaNOs
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Exact Mass: 375.16

'HNMR (400 MEEz, cdel)
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Chemical Formula: CaqHz3FoNO3
Exact Mass: 375.16
"F NMR (376 MHz, cdcls)
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Chemical Formula: CaqHzzFzNO3
Exact Mass: 375.16

“C NMR.(126 MHz, CDCL) |
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Exact Mass: 380,16
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Chemical Formula: CagHagFaOy

Exact Mass: 33016

C NMR. (126 MHz, CDCL)
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9-Cyano-5,5-difluorononyl (2S,5R)-3,3-dimethyl-7-ox0-4-thia-1-azabicyclo[3.2.0]heptane-2-

carboxylate 4,4-dioxide (10e)
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Molecular Weight: 700.22

“F NMR. (376 MHz, cdel)
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Exact Mass: 699.29
Molecular Weight: 700.22

*CNMR. (126 MHz, CDCL)
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1-Ethyl 9-(((3aR,5R,5aS,8aS,8bR)-2,2,7,7-tetramethyltetrahydro-5H-bis([1,3]dioxolo)[4,5-
b:4'5'-d]pyran-5-yl)methyl) 5,5-difluorononanedioate (10g)
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Chemical Formula; Cy3HagF20g
Exact Mass: 494.23

H NMR (400 MHz, cdcl,)
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Chemical Formula; Cy3HagFaOg
Exact Mass: 494.23
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CNMR (126 MHz, CDCL)

Chemical Formula: CpaHagF 204
Exact Mass: 494.23
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9-Ethoxy-5,5-difluoro-9-oxononyl 2-(3-cyano-4-isobutoxyphenyl)-4-methylthiazole-5-

carboxylate (10h)
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Chemical Formula: Cz7H34FN-058

Exact Mass: §36.22

"H NMR (400 MHz, cdcls)
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Exact Mass: 538.22
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Chemical Formula: Co7Hz4F:MN2058

“C NMR (126 MHz, CDCl.)

Exact Mass: 536.22

Chemical Formula: CoHg FoMNo058
“F NMR (376 MHz, cdcl,)
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3,3-Difluoroheptane-1,7-diol (11d)
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Chemical Fommula: CiHy4F-02
Exact Mass: 1680862
"H NMR (400 MHz, cdcl)
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"F NMR (376 MHz, cdel,)
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Chemical Formula: CHq4F200
Exact Mass: 168.0962
“C NMR (101 MHz, edely)
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2,2-Difluorobutane-1,4-diol (11h)
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3-Cyclohexyl-3,3-difluoropropan-1-ol (11I)
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Chemical Formula: CgH1sM20
Exact Mass: 178.1189

H NMR (400 MEz cdel)
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“F NMR (376 MHz, cdcl;)
N — ) O) v~ @
) - 00 v ¢ O
W0 O O M~ - M~
II23Z3
SN I P
Pl
q \W
|U\
1
I
T
g
o™
-104.5 -104.7 -104.9
1 (ppm)
|
!
g
o™~
30 20 10 0 -10 -30 -50 -70 -90 -130 -150 -170 -190
f1 (ppm)



RF

Hm)b

Chemical Formula: CgHgF20
Exact Mass: 178. 1169

“C NMR (126 MHz, CDCL)
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(3,3-difluoropent-4-yn-1-yl) Dimethyl(phenyl)silane (12)
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Exact Mass: 238.10
Molecular Weight: 238.35
"H NMR (400 MHz, cdels)
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(E)-6-(dimethyl(phenyl)silyl)-4,4-Difluoro-1-phenylhex-2-en-1-one (13)
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Exact Mass: 344.14
Molecular Weight: 344.48
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Exact Mass: 344.14
Molecular Weight: 344.48

“C NMR (126 MHz, CDCls)
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6-(dimethyl(phenyl)silyl)-4,4-Difluoro-3-(1-methyl-1H-indol-3-yl)-1-phenylhexan-1-one (14)
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Exact Mass: 475.21
Molecular Weight: 475.65
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Exact Mass: 475.21
Malecular Weight: 475.65

“F NMR (376 MHz, cdcls)
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*C NMR (126 MHz, CDCL)
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4,4-Difluoro-6-hydroxy-3-(1-methyl-1H-indol-3-yl)-1-phenylhexan-1-one (15)
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Exact Mass: 357.15

Molecular Weight: 357.40

'H NMR. (400 MHz, cdel,)
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Exact Mass: 357.15

Molecular Weight: 357.40
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“F NMR. (376 MHz, cdcl:)
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Exact Mass: 357.15
Molecular Weight: 357.40

'C NMR (126 MHz, CDCL)
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(3-(3,4-Dihydronaphthalen-1-y)propyl)trimethylsilane (17)
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Chemical Formula: C4gH24Si

Exact Mass: 244.1647

HNME (400 MHz, cdel)

Er0E

Fes'l

EL'e

Eioz
kepz

Feso

Z8'e
ao'k

6.5

10.5

45 3.5 25 1.5 0.5 -0.5

55

7.5

85

9.5

f1 (ppm)

S141



weg l-—

r8'ol—
§80°ET

D:..mmv
vE¥ 8T —

¥SL 98—

mmm.NN_L__
Nmm.vw_‘%
mvw.mw_.v.
w.ow..mw_.x,.
vl LTl
c90°8EL—
6r59cl
peL9tl

TS

O

Chemical Formula: CqdHa4Si

Exact Mass: 2441647

'C NMR (101 MHz, cdel)
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3-(3,4-Dihydronaphthalen-1-yl)-2,2-difluoropropyl benzoate (18)

170 150 130 110

190

1922
1822

622

ez
Wi T
alz
L8L 1\
LaLe

02 %
gpz ¢

Pl
piv VW
5051

00L'9—

9el'L
ele'l
L5PL

9iv L
56F L
L85 L

0L9'L
gz
5508,
€087

OBz

20

Chemical Formula: CopHy fF 202

Exact Mass: 328 1275

HNMR (400 MHz, cdcl:)
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Chemical Formula; CuyHy 20,

Exact Mass: 328.1275

°F NMR (376 MHz, cdcly)
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Chemical Formula; CopHy F .04

Exact Mass: 228.1275

“C NMR (126 MHz, CDCL)
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