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1. General Information and Materials.
General Information: 'H NMR, *C NMR and *F NMR spectra were recorded on a Bruker AM

400 spectrometer and are calibrated using residual undeuterated solvent (CHCIs at 7.26 ppm H
NMR; 77.0 ppm 3C NMR; CFClsas an external standard and low field is positive). Chemical shifts
(6) 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, g = quartet, m = multiplet.
NMR vyield was determined by *F NMR using fluorobenzene as an internal standard before working

up the reaction.

Materials: All reagents were used as received from commercial sources, unless otherwise specified,
or prepared as described in the literature. Ni(OTf). was purchased from Strem Chemicals and used as

received. 1,4-Dioxane was purchased from Energy Chemicals and used as received.

2. Optimization of Ni-Catalyzed Difluoroacetylation-Arylation of N-Vinylacetamide la with
Arylboronic Acid 2a and Bromodifluoroacetate 3a (Tables S1-S4).

To a 25 mL of Schlenk tube were added N-vinylacetamide 1a (1.0 equiv), 4-biphenylboronic acid 2a
(2.0 equiv), [Ni]-catalyst (5 mol %), ligand (5 mol %) and base (3.0 equiv) under argon atmosphere,
followed by addition of BrCF,CO2Et 3a (1.5 equiv), and solvent (4 mL). The tube was screw-capped
and heated to 80 T (oil bath). After stirring for 8 h, the reaction mixture was cooled to room
temperature and fluorobenzene was added. The yield was determined by °F NMR before working up.
The reaction mixture was diluted with ethyl acetate, filtered through a pad of Celite and concentrated.
The residue was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1) to

afford product 4 as a white solid.
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Table S1. Screening of the Ligands.?

o N
B(OH), y NiCly DME (5 mol%) \\r CF,CO,Et CF,CO,Et
/©/ . BICF,CO,Et + o\\rN\/ Ligand (5 mol%) .
Ph K,CO3 (3.0 equiv)
2a 3a 1a 1,4-dioxane, 80 °C, 8 h
Ph Ph
4 4
i ” R! R’ | X
L1, R'=H; L2, R"=Bu —
_ — PRI - - 7 N\ =
) ti ; ;(F)Me ac@—@ca Wan | /\N N N‘ :
N N L5, R' = CO,Me L7, R'=H
L6 L8, R'=Ph L9
entry ligand (L) yields of 4/ 4' (%)
1 L1 4417
2 L2 30/17
3 L3 22 /3
4 L4 32/12
5 L5 36/21
6 L6 60/21
7 L7 2410
8 L8 32/4
9 L9 nd / nd
10 none nd / nd

#Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (0.8 mmol, 2.0
equiv), 3a (1.5 equiv), 1,4-dioxane (4 mL). "Determined by °F NMR using fluorobenzene as an
internal standard. The yield of 4' was based on 3a. nd, not detected.
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Table S2. Screening of the Nickel Sources.?

H
o__N
[Ni] (5 mol%) = CF,CO,Et CF,CO,Et
/©/B(OH)2 . BrCE,COE - 04 H\/ L6 (5 mol%) T
Ph T K,COs3 (3.0 equiv) *
2a 3a 1a 1,4-dioxane, 80 °C, 8 h
Ph Ph
4 4
entry [Ni] yields of 4/ 4' (%)
1 NiCl,-DME 60/21
2 NiBr.-DME 76 /20
3 NiBrz-diglyme 76 /19
4 NiBr2(PPhs)2 36/29
5 NiClz(dppp) trace / 18
6 NiClz(dppe) 10/ 30
7 NiCl; nd / nd
8 Ni(OTs)2 80/20
9 Ni(COD); 64 /3
10 None nd / nd

8Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (0.8 mmol, 2.0
equiv), 3a (1.5 equiv), 1,4-dioxane (4 mL). "Determined by °F NMR using fluorobenzene as an
internal standard. The yield of 4" was based on 3a. nd, not detected.

Table S3. Screening of the Bases.?

o N
B(OH), ’ Ni(OTf), (5 mol%) \\r CF,CO,Et CF,CO,Et
/©/ +  BICFCOEt + OnNF L6 (5 mol%)
Ph T Base (3.0 equiv) *
2a 3a 1a 1,4-dioxane, 80 °C, 8 h
Ph Ph
4 4
entry base yields of 4/ 4' (%)
1 K2CO3 80/20
2 KHCO3 76 /20
3 K3POg4 40/1
4 KOACc nd/nd
5 Na,CO3 20/4
6 NaHCO3 12/2
7 Cs2C0O3 nd/nd
8 none nd/nd

8Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (0.8 mmol, 2.0
equiv), 3a (1.5 equiv), 1,4-dioxane (4 mL). "Determined by °F NMR using fluorobenzene as an
internal standard. The yield of 4* was based on 3a. nd, not detected.
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Table S4. Screening of Loading Amount of Ni(OTf)2 and L6.2

H

o_N
B(OH), . Ni(OTf), (X mol%) \j’ CF,CO,Et CF,CO,Et
/©/ +  BICF,COEt + O\TN\/ L6 (x mol%) .
Ph K,CO; (3.0 equiv)
2a 3a 1a 1,4-dioxane, 80 °C, 8 h
Ph Ph
4 4
entry X yields of 4/ 4' (%)
1 5 80/20
2 3 74116
3 15 44 /2

8Reaction conditions (unless otherwise specified): 1a (0.4 mmol, 1.0 equiv), 2a (0.8 mmol, 2.0
equiv), 3a (1.5 equiv), 1,4-dioxane (4 mL). "Determined by °F NMR using fluorobenzene as an
internal standard. The yield of 4' was based on 3a.

3. Preparation of N-Vinylamides 1

O

o 1) EtsN (1.2 equiv)

)‘k * )’L )L /\

R™ >l HONT RTONTX
H 2) NaOH (3.0 equiv) THF H

1

General Procedure: The preparation of 1 is according to the literature.! N-Vinylformamide (100
mmol, 1.0 equiv), triethylamine (120 mmol, 1.2 equiv), and anhydrous THF (250 mL) were added to
a three-necked round-bottomed flask. The reaction mixture was cooled to 0 °C with an ice-water bath.
The corresponding acid chloride (115 mmol, 1.15 equiv) was added dropwise over a period of 5 h
with stirring. A solution of 5 N NaOH was then slowly added at 0-5 °C over 1 h and the resulting
mixture was stirred for 8 h. The reaction mixture was extracted with EtOAc three times. The organic
layers were combined, washed with brine, dried over anhydrous Na2SO4 and filtered. The filtrate was

concentrated, the residue was purified with silica gel chromatography (petroleum) to afford 1.

0] 0] 0]
X
)LN/\ H)LN/\ BocHN™ ™% Et)LN/\
H H H
1a 1b 1c 1d
o] o] o] o
S
nPr)LN/\ iPr)LN/\ N I NI
H H H \ H
1e 1f 19 1h

Note: Compounds 1la and 1b are commercially available. Compounds 1c-1f and 1h are known.
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BocHN X

tert-Butyl vinylcarbamate (1c). The reaction was carried out on 50 mmol-scale. Compound 1c (5.48
g, 77% yield)) as a white solid was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 5: 1). This compound is known.? *H NMR (400 MHz, CDCls) § 6.65 (br, 1H), 6.40 (br, 1H),
4.40 (d, J = 16 Hz, 1H), 4.20 (d, J = 7.2 Hz, 1H), 1.45 (s, 9H).

(0]
\)J\N/\
H
N-Vinylpropionamide (1d). Compound 1d (3.84 g, 39% yield) as a white solid was purified with
silica gel chromatography (Petroleum ether: Ethyl acetate = 5: 1). This compound is known.® *H
NMR (400 MHz, CDCls) 6 8.03 (br, 1H), 7.00 — 6.88 (m, 1H), 4.60 (d, J = 16.0 Hz, 1H), 4.35(d, J =

8.8 Hz, 1H), 2.25 (q, J = 7.6 Hz, 2H), 1.14 (t, J = 7.6 Hz, 3H).

o]

/\)L/\

N
N-Vinylbutyramide (1e). Compound 1e (1.6 g, 14% yield) as a white solid was purified with silica
gel chromatography (Petroleum ether: Ethyl acetate = 5: 1). This compound is known.* *H NMR
(400 MHz, CDCls) & 7.47 (br, 1H), 7.04 — 6.90 (m, 1H), 4.59 (d, J = 16.0 Hz, 1H), 4.37 (d, J = 8.8
Hz, 1H), 2.21 (t, J = 7.6 Hz, 2H), 1.68 (m, 2H), 0.95 (t, J = 7.2 Hz, 3H).

(0]
iPr)LN/\
H
N-Vinylisobutyramide (1f). Compound 1f (5.8 g, 52% vyield) as a white solid was purified with
silica gel chromatography (Petroleum ether: Ethyl acetate = 5: 1). This compound is known.* H
NMR (400 MHz, CDClIs) 6 7.15 (br, 1H), 7.04 — 6.93 (m, 1H), 4.60 (d, J = 15.6 Hz, 1H), 4.39 (d, J =

8.8 Hz, 1H), 2.39 (m, 1H), 1.19 (s, 3H), 1.17 (s, 3H).

o}
MJ\N/\

H
N-Vinylcyclobutanecarboxamide (1g). The reaction was carried out on 83 mmol-scale. Compound

19 (4.78 g, 47% vyield) as a white solid (m.p. 45-46 C) was purified with silica gel chromatography
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(Petroleum ether: Ethyl acetate = 5: 1). *"H NMR (400 MHz, CDCls) § 7.70 (br, 1H), 7.01 — 6.89 (m,
1H), 4.60 (d, J = 16.0 Hz, 1H), 4.35 (d, J = 8.8 Hz, 1H), 3.05 (p, J = 8.5 Hz, 1H), 2.36 — 2.23 (m,
2H), 2.19 — 2.07 (m, 2H), 2.03 — 1.79 (m, 2H). 3C NMR (100 MHz, CDCls) 5 172.78, 128.65, 95.12,
39.50, 24.97, 18.03. MS (ESI): m/z (%) 126 (M+H)*. HRMS (ESI): Calcd. for C;H1:0N: 125.0841
(M)*; Found: 126.0931 (M+H)".

(0}
S NTX
\ | H
N-Vinylthiophene-2-carboxamide (1h). Compound 1h (1.6 g, 11% vyield) as a white solid was
purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 5: 1). This compound is
known.®> *H NMR (400 MHz, CDClz) § 7.91 (br, 1H), 7.61 (d, J = 3.6 Hz, 1H), 7.53 (d, J = 5.2 Hz,

1H), 7.19 — 7.06 (m, 2H), 4.77 (d, J = 16.0 Hz, 1H), 4.51 (d, J = 8.8 Hz, 1H).

Cul (5 mol%)

0 L10 9 Q 5 H
. Br/ﬁ (10 mol%) )J\ | /N\/\N/
NH» . N ! H
K2CO3 (20 equw) H
toluene, 110 °C ' L10

1i, 89%

(2)-N-(prop-1-en-1-yl)acetamide (1i). The preparation of 1i is according to the literature.®
Acetamide (1.48 g, 25 mmol, 1.0 equiv), Cul (1.25 mmol, 5 mol%), K.CO3 (50 mmol, 2.0 equiv),
diamine ligand L10 (2.5 mmol, 0.10 equiv), (Z)-1-propenyl bromide (50 mmol, 2.0 equiv), and
toluene (35 mL) were added to a 100 mL schlenk tube in glovebox. The reaction was stirred at 110
°C for 24 h. The reaction was cooled to room temperature and filtered through a pad of Celite with
EtOAc. The filtrate was concentrated, the residue was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 5: 1) to afford 1i (2.2 g, 89% vyield) as a white solid. This
compound is known.® Data for 1i: *H NMR (400 MHz, CDCls) § 7.04 (br, 1H), 7.60 (t, J = 9.2 Hz,
1H), 4.78 (m, 1H), 2.08 (s, 3H), 1.61 (d, J = 7.2 Hz, 3H).

4. General Procedure for the Ni-Catalyzed Carbodifunctionalization of N-Vinylacetamides.

To a 25 mL of Schlenk tube were added N-vinylamide 1 (0.4 mmol, 1.0 equiv), arylboronic acid 2
(0.8 mmol, 2.0 equiv), Ni(OTf)2 (5 mol %), L6 (5 mol %) and K>COz (3.0 equiv) under Ar.
BrCX2COzEt (X = F, H) or 2-bromomalonate (0.6 mmol, 1.5 equiv) and dioxane (4 mL) were then
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added. The tube was screw-capped and heated to 80 T (oil bath). After stirring for 8 h, the reaction
mixture was cooled to room temperature. The reaction mixture was diluted with ethyl acetate,
filtered through a pad of Celite and concentrated. The residue was purified with silica gel

chromatography to afford the product.

5. Characterization Data of Compounds 4-32.

Ph
O
J]; _CF,CO,Et
)LN CF,CO,
H

Ethyl 4-([1,1'-biphenyl]-4-yl)-4-acetamido-2,2-difluorobutanoate (4). Compound 4 (114 mg, 79%
yield) as a white solid (m.p. 161-164 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). 'H NMR (400 MHz, CDCls) § 7.58 — 7.52 (m, 4H), 7.43 (t, J = 8.4 Hz,
2H), 7.39 — 7.32 (m, 3H), 6.24 (d, J = 7.2 Hz, 1H), 5.40 — 5.32 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H),
2.82 — 2.55 (m, 2H), 1.98 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -102.7 (dt,
J = 267.0 Hz, 15.0 Hz, 1F), -103.5 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCl3) &
169.2, 163.7 (t, J = 32.0 Hz), 140.9, 140.4, 139.4, 128.8, 127.5, 127.4, 127.0, 126.9, 1149 (t, J =
250.0 Hz), 63.1, 47.9 (t, J = 5.0 Hz), 40.2 (t, J = 22.0 Hz), 23.2, 13.8. MS (ESI): m/z (%) 362
(M+H)*. HRMS (ESI): Calcd. for C2oH2203NF: 362.1562 (M+H)*; Found: 362.1558 (M+H)*.
Gram-Scale Synthesis of Compound 4.

To a 100 mL of Schlenk tube equipped with a magnetic stir bar were added N-vinylacetamide la
(0.476 g, 5.6 mmol, 1.0 equiv), arylboronic acid 2a (11.2 mmol, 2.0 equiv), Ni(OTf), (0.28 mmol, 5
mol %), 5,5-diCFs-2,2'-bipyridine L6 (0.28 mmol, 5 mol %), and K.COs (16.8 mmol, 3.0 equiv)
under Ar atmosphere. BrCF2COEt 3a (8.4 mmol, 1.5 equiv) and anhydrous 1,4-dioxane (56 mL)
were then added. The tube was screw capped and heated to 80 ° C (oil bath). After stirring for 24 h,
the reaction mixture was cooled to room temperature. The reaction mixture was filtered through a
pad of Celite and washed with ethyl acetate (3°X30 mL). The filtrate was concentrated. The residue

was subjected to column chromatography on silica gel to give product 4 (1.32 g, 65%).
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)?\N CF,CO,Et
N

Ethyl 4-acetamido-2,2-difluoro-4-(p-tolyl)butanoate (5). Compound 5 (97 mg, 81% vyield) as a
white solid (m.p. 78-81 C) was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). 'H NMR (400 MHz, CDCl3) 6 7.17 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz, 2H), 6.60
(d, J = 8.0 Hz, 1H), 5.29 — 5.22 (m, 1H), 4.14 (q, J = 7.2 Hz, 2H), 2.75 — 2.45 (m, 2H), 2.30 (s, 3H),
1.90 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -102.8 (dt, J = 267.0 Hz, 15.0
Hz, 1F), -104.0 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCl3) 5 169.3, 163.6 (t, J =
32.0 Hz), 137.6, 137.5, 129.3, 126.4, 114.9 (t, J = 250.0 Hz), 62.9, 47.7 (t, J = 5.0 Hz), 40.2 (t, J =
22.0 Hz), 23.0, 21.5, 13.7. MS (ESI): m/z (%) 300 (M+H)*. HRMS (ESI): Calcd. for C1sH2003NF2:

300.1406 (M+H)*; Found: 300.1405 (M+H)*.

tBu
O
)LN ; _CF,CO,Et
H

Ethyl 4-acetamido-4-(4-(tert-butyl)phenyl)-2,2-difluorobutanoate (6). Compound 6 (85 mg, 62%
yield) as a white solid (m.p. 144-146 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) § 7.33 (d, J = 8.0 Hz, 2H), 7.21 (d, J = 8.0
Hz, 2H), 6.54 (d, J = 8.0 Hz, 1H), 5.32 — 5.22 (m, 1H), 4.10 (q, J = 7.2 Hz, 2H), 2.76 — 2.48 (m, 2H),
1.91 (s, 3H), 1.28 (s, 9H), 1.26 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -102.5 (dt, J =
267.0 Hz, 15.0 Hz, 1F), -104.1 (dt, J = 267.0 Hz, 15.0 Hz, 1F). *C NMR (100 MHz, CDCls) § 169.2,
163.6 (t, J = 31.0 Hz), 150.7, 137.4, 126.2, 125.6, 114.9 (t, J = 251.0 Hz), 62.9, 47.7 (t, J = 4.0 Hz),
40.2 (t, J = 22.0 Hz), 34.4, 31.2, 23.1, 13.7. MS (ESI): m/z (%) 342 (M+H)*. HRMS (ESI): Calcd.
for C1sH2603NF2: 342.1875 (M+H)*; Found: 342.1869 (M+H)".
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O
)LN ;[\ _CF,CO,Et
H

Ethyl 4-acetamido-2,2-difluoro-4-phenylbutanoate (7). Compound 7 (105 mg, 92% vyield) as a
white solid (m.p. 66-67 T) was purified with silica gel chromatography (Petroleum ether : Ethyl
acetate = 1: 1). 'H NMR (400 MHz, CDCls) & 7.34 — 7.22 (s, 5H), 6.60 (d, J = 8.0 Hz, 1H), 5.33 —
5.25 (m, 1H), 4.14 (g, J = 7.2 Hz, 2H), 2.75 — 2.48 (m, 2H), 1.91 (s, 3H), 1.28 (t, J = 7.2 Hz, 3H). °F
NMR (376 MHz, CDClIs) 6 -102.8 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -103.9 (dt, J = 267.0 Hz, 15.0 Hz,
1F). 3C NMR (100 MHz, CDCls) § 169.3, 163.6 (t, J = 32.0 Hz), 140.5, 128.7, 127.8, 126.4, 114.9 (t,
J = 251.0 Hz), 63.0, 48.0 (t, J = 4.0 Hz), 40.2 (t, J = 23.0 Hz), 23.0, 13.7. MS (ESI): m/z (%) 286
(M+H)*. HRMS (ESI): Calcd. for C14H180sNF2: 286.1249 (M+H)*; Found: 286.1249 (M+H)*.

OPh
O
; CF,CO,E
)LN CF,CO,Et
H

Ethyl 4-acetamido-2,2-difluoro-4-(4-phenoxyphenyl)butanoate (8). Compound 8 (101 mg, 67%
yield) as a white solid (m.p. 103-105 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). 'H NMR (400 MHz, CDCls) § 7.52 (d, J = 8.0 Hz, 1H), 7.27 (t, J = 8.0
Hz, 2H), 7.25 (d, J = 8.0 Hz, 2H), 7.06 (t, J = 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 6.89 (d, J = 8.0
Hz, 2H), 5.35 — 5.26 (m, 1H), 4.16 (q, J = 7.2 Hz, 2H), 3.74 (s, 3H), 2.76 — 2.44 (m, 2H), 1.91 (s,
3H), 1.26 (t, J = 7.2 Hz, 3H). 1%F NMR (376 MHz, CDCls) § -103.1 (dt, J = 263.2 Hz, 15.0 Hz, 1F),
-104.5 (dt, J = 263.2 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCls) 5 169.6, 163.5 (t, J = 32.0 Hz),
156.69, 156.67, 135.6, 129.6, 127.9, 123.3, 118.7, 118.6, 114.7 (t, J = 251.0 Hz), 62.9, 47.2 (t, J =
5.0 Hz), 40.2 (t, J = 22.0 Hz), 22.8, 13.6. MS (ESI): m/z (%) 378 (M+H)*. HRMS (ESI): Calcd. for
C20H2204NF2: 378.1511 (M+H)*; Found: 378.1505 (M+H)".

S11



OMe
O
)J\N ; _CF,CO,Et
H

Ethyl 4-acetamido-2,2-difluoro-4-(4-methoxyphenyl)butanoate (9). Compound 9 (106 mg, 84%
yield) as a white solid (m.p. 86-88 C) was purified with silica gel chromatography (Petroleum ether:
Ethyl acetate = 1: 1). '"H NMR (400 MHz, CDCl3) & 7.19 (d, J = 8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz,
2H), 6.74 (d, J = 8.0 Hz, 1H), 5.26 — 5.18 (m, 1H), 4.12 (q, J = 7.2 Hz, 2H), 3.74 (s, 3H), 2.74 — 2.45
(m, 2H), 1.89 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H). 9F NMR (376 MHz, CDCls) & -102.8 (dt, J = 263.2
Hz, 15.0 Hz, 1F), -104.3 (dt, J = 263.2 Hz, 15.0 Hz, 1F). *C NMR (100 MHz, CDCls) & 169.2,
163.6 (t, J = 33.0 Hz), 159.0, 132.7, 127.7, 114.9 (t, J = 251.0 Hz), 114.0, 62.9, 55.1, 47.4 (t, J =5.0
Hz), 40.2 (t, J = 22.0 Hz), 23.0, 13.7. MS (ESI): m/z (%) 316 (M+H)*. HRMS (ESI): Calcd. for
CisH2004NF2: 316.1355 (M+H)*: Found: 316.1350 (M+H)*.

c 3
)J\N 2 2

Ethyl 4-acetamido-2,2-difluoro-4-(4-(trifluoromethyl)phenyl)butanoate (10). Compound 10 (115
mg, 81% vyield) as a white solid (m.p. 108-109 T) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls3) & 7.55 (d, J = 8.0 Hz, 2H), 7.40
(d, J = 8.0 Hz, 2H), 6.94 (d, J = 8.0 Hz, 1H), 5.38 — 5.29 (m, 1H), 4.20 (q, J = 7.2 Hz, 2H), 2.72 —
2.43 (m, 2H), 1.93 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H). 1°F NMR (376 MHz, CDCls) & -62.7 (s, 3F),
-103.2 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -104.0 (dt, J = 267.0 Hz, 15.0 Hz, 1F). **C NMR (100 MHz,
CDCl3) & 169.6, 163.5 (t, J = 33.0 Hz), 144.9, 130.0 (g, J = 32.0 Hz), 126.8, 125.7 (q, J = 4.0 Hz),
123.9 (q, J = 271.0 Hz), 114.7 (t, J = 251.0 Hz), 63.2, 47.8 (t, J = 4.0 Hz), 40.0 (t, J = 22.0 Hz), 22.9,
13.7. MS (ESI): m/z (%) 354 (M+H)*. HRMS (ESI): Calcd. for CisH1703NFs: 354.1123 (M+H)";
Found: 354.1118 (M+H)".
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CO,Et

O
)LN ;[k _CF,CO,Et
H

Ethyl 4-(1-acetamido-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoate (11). Compound 11 (123 mg,
86% vyield) as a colorless oil was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). 'H NMR (400 MHz, CDCls) § 7.91 (d, J = 8.4 Hz, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.33
(d, J = 8.4 Hz, 2H), 5.36 — 5.28 (m, 1H), 4.30 (q, J = 7.2 Hz, 2H), 4.15 (q, J = 7.2 Hz, 2H), 2.70 —
2.40 (m, 2H), 1.89 (s, 3H), 1.32 (t, J = 7.2 Hz, 3H), 1.24 (t, J = 7.2 Hz, 3H). 9F NMR (376 MHz,
CDCls) & -103.4 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -104.3 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 13C NMR
(100 MHz, CDCl3) 6 169.7, 166.1, 163.5 (t, J = 32.0 Hz), 145.8, 129.9, 129.8, 126.4, 114.7 (t, J =
250.0 Hz), 63.1, 61.0, 47.8 (t, J = 4.0 Hz), 39.9 (t, J = 23.0 Hz), 22.8, 14.1, 13.7. MS (ESI): m/z (%)
358 (M+H)*. HRMS (ESI): Calcd. for C17H220sNF2: 358.1461 (M+H)*; Found: 358.1460 (M+H)".

CO,Et
O
)LN ; :CFZCOZEt
H

Ethyl 3-(1-acetamido-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoate (12). Compound 12 (121 mg,
85% yield) as a colorless oil was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). 'H NMR (400 MHz, CDCl3) & 7.96 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.49 (d, J = 8.0
Hz, 1H), 7.35 (t, J = 8.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 5.38 — 5.29 (m, 1H), 4.33 (q, J = 7.2 Hz,
2H), 4.17 (q, J = 7.2 Hz, 2H), 2.74 — 2.44 (m, 2H), 1.92 (s, 3H), 1.35 (t, J = 7.2 Hz, 3H), 1.27 (t, J =
7.2 Hz, 3H). F NMR (376 MHz, CDCls) § -103.1 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -104.0 (dt, J =
267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCls) § 169.5, 166.2, 163.5 (t, J = 32.0 Hz), 141.4,
131.2,130.8, 128.8, 128.7, 127.2, 114.7 (t, J = 251.0 Hz), 63.1, 61.0, 47.7 (t, J = 4.0 Hz), 40.1 (t, J =
22.0 Hz), 22.9, 14.1, 13.6. MS (ESI): m/z (%) 358 (M+H)*. HRMS (ESI): Calcd. for C17H2:05NF>:
358.1461 (M+H)*; Found: 358.1454 (M+H)".
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Ethyl 4-acetamido-4-(4-acetylphenyl)-2,2-difluorobutanoate (13). Compound 13 (87 mg, 67%

yield) as a white solid (m.p. 138-140 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) & 7.88 (d, J = 8.0 Hz, 2H), 7.38 (d, J = 8.0
Hz, 2H), 6.80 (d, J = 8.0 Hz, 1H), 5.38 — 5.29 (m, 1H), 4.21 (q, J = 7.2 Hz, 2H), 2.74 — 2.44 (m, 2H),
2.56 (s, 3H), 1.94 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). 1°F NMR (376 MHz, CDCls) § -103.11 (dt, J =
267.0 Hz, 15.0 Hz, 1F), -103.84 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCl3) &
197.6, 169.4, 163.5 (t, J = 32.0 Hz), 146.1, 136.5, 128.8, 126.6, 114.7 (t, J = 251.0 Hz), 63.2, 47.9 (t,
J=4.0 Hz), 39.9 (t, J = 23.0 Hz), 26.6, 23.0, 13.8. MS (ESI): m/z (%) 328 (M+H)*. HRMS (ESI):
Calcd. for C16H2004NF2: 328.1355 (M+H)*; Found: 328.1350 (M+H)".

CHO
O
; CF,CO,E
)LN CF,CO,Et
H

Ethyl 4-acetamido-2,2-difluoro-4-(4-formylphenyl)butanoate (14). Compound 14 (53 mg, 42%
yield) as a white solid (m.p. 79-82 C) was purified with silica gel chromatography (Petroleum ether:
Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) § 9.95 (s, 1H), 7.81 (d, J = 8.0 Hz, 2H), 7.46 (d, J
= 8.0 Hz, 2H), 6.88 (d, J = 8.0 Hz, 1H), 5.40 — 5.31 (m, 1H), 4.21 (q, J = 7.2 Hz, 2H), 2.74 — 2.45 (m,
2H), 1.94 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -103.1 (dt, J = 270.7 Hz,
18.8 Hz, 1F), -103.86 (dt, J = 270.7 Hz, 18.8 Hz, 1F). 3C NMR (100 MHz, CDCls) & 191.7, 169.6,
163.5 (t, J = 32.0 Hz), 147.6, 135.7, 130.1, 127.1, 114.7 (t, J = 251.0 Hz), 63.2, 47.9 (t, J = 4.0 Hz),
39.9 (t, J = 23.0 Hz), 23.0, 13.8. MS (ESI): m/z (%) 314 (M+H)". HRMS (ESI): Calcd. for
C15H1804NF2: 314.1198 (M+H)*; Found: 314.1197 (M+H)".
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Ethyl 4-acetamido-4-(4-cyanophenyl)-2,2-difluorobutanoate (15). Compound 15 (54 mg, 43%
yield) as a white solid (m.p. 108-109 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) & 7.60 (d, J = 8.0 Hz, 2H), 7.42 (d, J = 8.0
Hz, 2H), 7.05 (d, J = 7.6 Hz, 1H), 5.37 — 5.26 (m, 1H), 4.23 (q, J = 7.2 Hz, 2H), 2.72 — 2.40 (m, 2H),
1.93 (s, 3H), 1.30 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -103.4 (dt, J = 267.0 Hz, 15.0
Hz, 1F), -104.11 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCls) § 169.6, 163.4 (t, J =
32.0 Hz), 146.3, 132.5, 127.2, 118.4, 114.6 (t, J = 251.0 Hz), 111.4, 63.9, 47.8 (t, J = 4.0 Hz), 39.7 ({,
J = 23.0 Hz), 22.9, 13.7. MS (ESI): m/z (%) 311 (M+H)*. HRMS (ESI): Calcd. for C1sH1703N2F2:
311.1202 (M+H)*; Found: 311.1197 (M+H)*.

T™MS
O
; CF
H

Ethyl 4-acetamido-2,2-difluoro-4-(4-(trimethylsilyl)phenyl)butanoate (16). Compound 16 (84 mg,
59% vyield) as a white solid (m.p. 112-114 C) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls3) & 7.46 (d, J = 8.0 Hz, 2H), 7.25
(d, J = 8.0 Hz, 2H), 6.30 (d, J = 8.0 Hz, 1H), 5.31 — 5.23 (m, 1H), 4.11 (q, J = 7.2 Hz, 2H), 2.74 —
2.48 (m, 2H), 1.92 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H), 0.22 (s, 9H). °F NMR (376 MHz, CDCls) &
-102.6 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -103.7 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz,
CDCIsz) 6 169.3, 163.6 (t, J = 32.0 Hz), 141.0, 140.1, 133.7, 125.8, 114.9 (t, J = 250.0 Hz), 63.0, 48.0
(t, J = 4.0 Hz), 40.1 (t, J = 23.0 Hz), 23.0, 13.7. MS (ESI): m/z (%) 358 (M+H)*. HRMS (ESI):
Calcd. for C17H2603NF-Si: 358.1645 (M+H)™; Found: 358.1646 (M+H)".
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Ethyl 4-acetamido-4-(4-(ethylthio)phenyl)-2,2-difluorobutanoate (17). Compound 17 (117 mg,
85% yield) as a white solid (m.p. 82-85 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) § 7.48 (d, J = 8.4 Hz, 1H), 7.17 (br, 4H),
5.27 —5.18 (m, 1H), 4.11 (q, J = 7.2 Hz, 2H), 2.86 (q, J = 7.2 Hz, 2H), 2.70 — 2.39 (m, 2H), 1.86 (s,
3H), 1.24 (t, J = 7.2 Hz, 3H), 1.23 (t, J = 7.2 Hz, 3H). 1F NMR (376 MHz, CDCl3) § -103.2 (dt, J =
263.2 Hz, 15.0 Hz, 1F), -104.6 (dt, J = 263.2 Hz, 15.0 Hz, 1F). *C NMR (100 MHz, CDCls3) § 169.5,
163.4 (t, J = 32.0 Hz), 138.2, 136.1, 128.6, 126.9, 114.7 (t, J = 250.0 Hz), 62.8, 47.7 (t, J = 4.0 Hz),
40.0 (t, J = 23.0 Hz), 27.1, 22.7, 14.0, 13.5. MS (ESI): m/z (%) 346 (M+H)*. HRMS (ESI): Calcd.
for C16H22003NF2S: 346.1283 (M+H)*; Found: 346.1278 (M+H)".

Br
o
; .CF Et
)J\N CF,CO,
H

Ethyl 4-acetamido-4-(4-bromophenyl)-2,2-difluorobutanoate (18). Compound 18 (99 mg, 68%
yield) as a white solid (m.p. 102-105 T) was purified with silica gel chromatography (Petroleum
ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) § 7.41 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0
Hz, 2H), 6.92 (d, J = 7.6 Hz, 1H), 5.28 — 5.19 (m, 1H), 4.18 (q, J = 7.2 Hz, 2H), 2.70 — 2.41 (m, 2H),
1.91 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -103.2 (dt, J = 267.0 Hz, 15.0
Hz, 1F), -104.1 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCls) & 169.5, 163.5 (t, J =
32.0 Hz), 139.8, 131.8, 128.2, 121.6, 114.7 (t, J = 251.0 Hz), 63.1, 47.5 (t, J = 4.0 Hz), 40.0 (t, J =
23.0 Hz), 22.9, 13.7. MS (ESI): m/z (%) 364 (M+H)*. HRMS (ESI): Calcd. for C14H170sNF2Br:
364.0354 (M+H)"; Found: 364.0351 (M+H)".
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Ethyl 4-acetamido-2,2-difluoro-4-(3-hydroxyphenyl)butanoate (19). Compound 19 (70 mg, 58%
yield) as a colorless oil was purified with silica gel chromatography (Petroleum ether: Ethyl acetate =
1: 1). 'H NMR (400 MHz, CDCls) & 8.57 (s, 1H), 7.10 (t, J = 8.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H),
6.78 (s, 1H), 6.73 (t, J = 8.0 Hz, 2H), 5.28 — 5.18 (m, 1H), 4.20 — 4.12 (m, 2H), 2.71 — 2.43 (m, 2H),
1.98 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -102.6 (dt, J = 267.0 Hz, 15.0
Hz, 1F), -104.2 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCl3) & 170.7, 163.8 (t, J =
32.0 Hz), 157.0, 141.7, 130.0, 117.8, 115.3, 114.9 (t, J = 250.0 Hz), 113.5, 63.3, 48.0 (t, J = 4.0 Hz),
40.0 (t, J = 23.0 Hz), 22.7, 13.7. MS (ESI): m/z (%) 302 (M+H)*. HRMS (ESI): Calcd. for
C14H1804NF2: 302.1198 (M+H)*; Found: 302.1197 (M+H)*.

Crd

CF,CO,Et
)J\N 2C02

H

Ethyl 4-acetamido-4-(dibenzo[b,d]furan-4-yl)-2,2-difluorobutanoate (20). Compound 20 (54 mg,
36% vyield) as a white solid (m.p. 116-118 T) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) § 7.90 — 7.86 (m, 2H), 7.54 (d, J
= 8.4 Hz, 1H), 7.49 (d, J = 8.4 Hz, 1H), 7.44 (td, J = 7.6 Hz, 1.2 Hz, 1H), 7.38 (dd, J = 8.4 Hz, 1.6
Hz, 1H), 7.31 (td, J = 7.6 Hz, 1.2 Hz, 1H), 6.49 (d, J = 7.6 Hz, 1H), 5.52 — 5.44 (m, 1H), 4.14 (g, J =
7.2 Hz, 2H), 2.89 — 2.59 (m, 2H), 1.97 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H). 1°F NMR (376 MHz, CDCls)
§-102.8 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -103.7 (dt, J = 267.0 Hz, 15.0 Hz, 1F). *C NMR (100 MHz,
CDCIs) 6 169.3, 163.4 (t, J = 32.0 Hz), 156.5, 155.5, 135.5, 127.4, 125.5, 124.5, 123.7, 122.8, 120.6,
118.8, 114.9 (t, J = 250.0 Hz), 111.9, 111.7, 63.1, 48.2 (t, J = 4.0 Hz), 40.5 (t, J = 22.0 Hz), 23.2,
13.7. MS (ESI): m/z (%) 376 (M+H)*. HRMS (ESI): Calcd. for CaoH2004NF2: 376.1355 (M+H)*;
Found: 376.1356 (M+H)".
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Ethyl 4-([1,1'-biphenyl]-4-yl)-2,2-difluoro-4-formamidobutanoate (21). Compound 21 (64 mg,
46% vyield) as a white solid (m.p. 134-136 T) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) & 8.20 (s, 1H), 7.61 — 7.53 (m,
4H), 7.44 (t, J = 8.0 Hz, 2H), 7.40 — 7.36 (m, 3H), 5.98 (d, J = 7.2 Hz, 1H), 5.48 — 5.40 (m, 1H), 4.21
(q, J = 7.2 Hz, 2H), 2.83 — 2.64 (m, 2H), 1.32 (t, J = 7.2 Hz, 3H). 1%F NMR (376 MHz, CDCls) &
-102.6 (dt, J = 268.3 Hz, 14.0 Hz, 1F), -103.5 (dt, J = 268.3 Hz, 15.4 Hz, 1F). 3C NMR (125 MHz,
CDCl3) 6 163.6 (t, J = 32.1 Hz), 160.2, 141.1, 140.3, 138.8, 128.8, 127.6, 127.5, 127.0, 126.8, 114.8
(t, J = 250.5 Hz), 63.3, 46.8 (t, J = 4.6 Hz), 40.1 (t, J = 22.9 Hz), 13.8. MS (ESI): m/z (%) 348
(M+H)*. HRMS (ESI): Calcd. for C19H2003NF»: 348.1406 (M+H)*; Found: 348.1404 (M+H)*.

Ph

CF,CO,Et
BocHN 22

Ethyl  4-([1,1'-biphenyl]-4-y)-4-((tert-butoxycarbonyl)amino)-2,2-difluorobutanoate  (22).
Compound 22 (105 mg, 63% yield) as a white solid (m.p. 99-101 T) was purified with silica gel
chromatography (Petroleum ether: Ethyl acetate = 4: 1). *H NMR (400 MHz, CDCls) § 7.61 — 7.54
(m, 4H), 7.44 (t, J = 7.2 Hz, 2H), 7.40 — 7.33 (m, 3H), 5.03 (br, 2H), 4.25 — 4.18 (m, 2H), 2.87 — 2.50
(m, 2H), 1.43 (s, 9H), 1.32 (t, J = 7.2 Hz, 3H). 9F NMR (376 MHz, CDCls) & -102.8 (dt, J = 268.3,
11.3 Hz, 1F), -104.0 (dt, J = 268.3 13.5 Hz, 1F). 3C NMR (125 MHz, CDCl3) & 163.7 (t, J = 32.0
Hz), 154.7, 140.7, 140.5, 140.0, 128.8, 127.4, 127.4, 127.0, 126.6, 114.9 (t, J = 251.0 Hz), 79.9, 63.0,
49.2, 40.8 (t, J = 22.1 Hz), 28.3, 13.8. MS (ESI): m/z (%) 442 (M+Na)*. HRMS (ESI): Calcd. for
C23H2704NF2Na: 442.1800 (M+Na)*; Found: 442.1805 (M+Na)*.

Gram-Scale Synthesis of 22
To a 100 mL of Schlenk tube equipped with a magnetic stir bar were added tert-butyl vinylcarbamate

1c (0.855 g, 6 mmol, 1.0 equiv), arylboronic acid 2a (12 mmol, 2.0 equiv), Ni(OTf)2 (0.3 mmol, 5
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mol %), 5,5-diCF3-2,2"-bipyridine L6 (0.3 mmol, 5 mol %), K.COz (18 mmol, 3.0 equiv) under Ar
atmosphere. BrCF.COEt 3a (9.0 mmol, 1.5 equiv) and anhydrous 1,4-dioxane (60 mL) were then
added. The tube was screw capped and heated to 80 ° C (oil bath). After stirring for 30 h, the reaction
mixture was cooled to room temperature. The reaction mixture was filtered through a pad of Celite
and washed with ethyl acetate (330 mL). The filtrate was concentrated. The residue was subjected

to column chromatography on silica gel to give product 22 (1.15 g, 46%).

Ph
i
; .CF
\)J\N QCOZEt
H

Ethyl 4-([1,1'-biphenyl]-4-yl)-2,2-difluoro-4-propionamidobutanoate (23). Compound 23 (118
mg, 78% vyield) as a white solid (m.p. 126-129 T) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls) § 7.60 — 7.52 (m, 4H), 7.43 (t, J
= 7.6 Hz, 2H), 7.40 — 7.32 (m, 3H), 6.07 (d, J = 8.0 Hz, 1H), 5.42 — 5.32 (m, 1H), 4.19 (g, J = 7.2 Hz,
2H), 2.84 — 2.57 (m, 2H), 2.22 (q, J = 7.6 Hz, 2H), 1.31 (t, J = 7.2 Hz, 3H), 1.15 (t, J = 7.6 Hz, 3H).
F NMR (376 MHz, CDCls3) § -102.5 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -103.3 (dt, J = 267.0 Hz, 15.0
Hz, 1F). 13C NMR (100 MHz, CDCls) § 173.0, 163.6 (t, J = 32.0 Hz), 140.7, 140.4, 139.4, 128.7,
127.4, 127.3, 126.9, 126.8, 117.9 (t, J = 251.0 Hz), 63.0, 47.7 (t, J = 5.0 Hz), 40.2 (t, J = 23.0 Hz),
29.5, 13.7, 9.5. MS (ESI): m/z (%) 376 (M+H)*. HRMS (ESI): Calcd. for C21H240sNF2: 376.1719
(M+H)*; Found: 376.1713 (M+H)".

Ph
O
; _CF,CO,Et
/\)J\N 22
H

Ethyl 4-([1,1'-biphenyl]-4-yI)-4-butyramido-2,2-difluorobutanoate (24). Compound 24 (110 mg,
70% vyield) as a white solid (m.p. 104-106 T) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) § 7.60 — 7.53 (m, 4H), 7.44 (t, J
= 7.6 Hz, 2 H), 7.39 — 7.32 (m, 3 H), 5.90 (d, J = 7.2 Hz, 1H), 5.42 — 5.32 (m, 1H), 4.20 (4, J = 7.2
Hz, 2H), 2.84 — 2.56 (m, 2H), 2.17 (t, J = 7.2 Hz, 2H), 1.73 — 1.61 (m, 2H), 1.31 (t, J = 7.2 Hz, 3H),
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0.94 (t, J = 7.6 Hz, 3H). °F NMR (376 MHz, CDCls) 5 -102.4 (dt, J = 267.0 Hz, 15.0 Hz, 1F),
-104.0 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 3C NMR (100 MHz, CDCls) § 172.2, 163.6 (t, J = 32.0 Hz),
140.6, 140.4, 139.8, 128.7, 126.53, 126.51, 126.9, 126.8, 114.9 (t, J = 251.0 Hz), 63.0, 47.6 (t, J =
5.0 Hz), 40.2 (t, J = 22.0 Hz), 38.4, 18.9, 13.7, 13.6. MS (ESI): m/z (%) 390 (M+H)*. HRMS (ESI):
Calcd. for C22H2603NF2: 390.1875 (M+H)*; Found: 390.1870 (M+H)".

Ph

o}

YJ\” CF,CO,Et

Ethyl 4-([1,1'-biphenyl]-4-yl)-2,2-difluoro-4-isobutyramidobutanoate (25). Compound 25 (138
mg, 88% yield) as a white solid (m.p. 127-128 T) was purified with silica gel chromatography
(Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCls3) & 7.55 (d, J = 8.0 Hz, 4H), 7.43
(t, J = 7.6 Hz, 2H), 7.39 — 7.31 (m, 3H), 6.35 (d, J = 7.6 Hz, 1H), 5.42 — 5.33 (m, 1H), 4.19 (q, J =
7.2 Hz, 2H), 2.81 — 2.55 (m, 2H), 2.44 — 2.32 (m, 1H), 1.30 (t, J = 7.2 Hz, 3H), 1.17 (d, J = 6.8 Hz,
3H), 1.13 (d, J = 6.8 Hz, 3H). 1%F NMR (376 MHz, CDCls) § -102.2 (dt, J = 267.0 Hz, 15.0 Hz, 1F),
-103.7 (dt, J = 267.0 Hz, 15.0 Hz, 1F). *3C NMR (100 MHz, CDCl3) § 176.1, 163.6 (t, J = 32.0 Hz),
140.6, 140.4, 139.8, 128.7, 127.4, 127.3, 126.9, 126.7, 115.0 (t, J = 251.0 Hz), 63.1, 47.6 (t, J = 5.0
Hz), 40.2 (t, J = 23.0 Hz), 35.4, 19.31, 19.29, 13.8. MS (ESI): m/z (%) 390 (M+H)*. HRMS (ESI):
Calcd. for C22H2603NF2: 390.1875 (M+H)*; Found: 390.1869 (M+H)".

Ph

(0]

Q)L CF,CO,Et

N

H
Ethyl 4-([1,1'-biphenyl]-4-yl)-4-(cyclobutanecarboxamido)-2,2-difluorobutanoate (26).
Compound 26 (138 mg, 86% yield) as a white solid (m.p. 115-118 T) was purified with silica gel
chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) § 7.55 (d, J =
8.0 Hz, 4H), 7.43 (t, J = 7.6 Hz, 2H), 7.39 — 7.31 (m, 3H), 6.21 (d, J = 7.6 Hz, 1H), 5.43 — 5.33 (m,
1H), 4.18 (q, J = 7.2 Hz, 2H), 3.01 (m, 1 H), 2.82 — 2.55 (m, 2H), 2.35 — 2.19 (m, 2H), 2.18 — 2.05
(m, 2H), 2.01 — 1.79 (m, 2H), 1.30 (td, J = 7.2 Hz, 1.2 Hz, 3H). F NMR (376 MHz, CDCls) &
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-102.4 (dt, J = 267.0 Hz, 15.0 Hz, 1F), -103.6 (dt, J = 267.0 Hz, 15.0 Hz, 1F). *C NMR (100 MHz,
CDCl3) 5 174.1, 163.7 (t, J = 31.0 Hz), 140.7, 140.4, 139.7, 128.7, 127.43, 127.36, 127.0, 126.8,
115.0 (t, J = 251.0 Hz), 63.1, 47.6 (t, J = 4.0 Hz), 40.2 (t, J = 23.0 Hz), 39.7, 25.1, 25.0, 18.1, 13.8.
MS (ESI): m/z (%) 402 (M+H)*. HRMS (ESI): Calcd. for C2sHas03sNF2: 402.1875 (M+H)*; Found:
402.1870 (M+H)".

Ph

o}
S N CF,CO,Et

Ethyl 4-([1,1'-biphenyl]-4-yI)-2,2-difluoro-4-(thiophene-2-carboxamido)butanoate (27).
Compound 27 (145 mg, 85% yield) as a white solid (m. p. 81- 84 T) was purified with silica gel
chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H NMR (400 MHz, CDCl3) § 7.58 (d, J =
7.6 Hz, 1H), 7.53 (d, J =7.6 Hz, 4H), 7.48 — 7.39 (m, 5H), 7.34 (t, J = 7.2 Hz, 1H), 7.10 (d, J = 8.0
Hz, 1H), 7.01 (t, J = 7.2 Hz, 1H), 5.61 — 5.52 (m, 1H), 4.13 (t, J = 7.6 Hz, 2H), 3.01 — 2.84 (m, 1H),
2.79—2.63 (m, 1H), 1.24 (t, J = 7.2 Hz, 3H). 1%F NMR (376 MHz, CDCls) § -102.1 (dt, J = 267.0 Hz,
15.0 Hz, 1F), -103.9 (dt, J = 267.0 Hz, 15.0 Hz, 1F). 23C NMR (100 MHz, CDCl3) § 163.9 (t, J =
32.0 Hz), 161.2, 140.7, 140.4, 139.4, 138.4, 130.4, 128.7, 128.4, 127.6, 127.4, 127.3, 126.92, 126.86,
115.0 (t, J = 251.0 Hz), 63.2, 48.2 (t, J = 5.0 Hz), 40.1 (t, J = 23.0 Hz), 13.6. MS (ESI): m/z (%) 430
(M+H)*. HRMS (ESI): Calcd. for C23H2203NF2S: 430.1283 (M+H)*; Found: 430.1277 (M+H)*.

(0] ;
)J\HI\ 2 2

Ethyl 4-acetamido-4-(4-phenoxyphenyl)butanoate (28). Compound 28 (66 mg, 48% vyield) as a
white solid (m.p. 95-97 T) was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). 'H NMR (400 MHz, CDCls) & 7.32 (t, J = 8.4 Hz, 2H), 7.23 (d, J = 8.4 Hz, 2H), 7.09
(t,J=7.6 Hz, 1H), 6.98 (d, J = 7.6 Hz, 2H), 6.94 (d, J = 8.4 Hz, 2H), 6.28 (d, J = 8.4 Hz, 1H), 4.99 —
4.91 (m, 1H), 4.11 (q, J = 7.2 Hz, 2H), 2.41 — 2.26 (m, 2H), 2.19 — 2.00 (m, 2H), 1.96 (s, 3H), 1.24 (t,
J = 7.2 Hz, 3H). ®°C NMR (100 MHz, CDCls) § 173.5, 169.4, 156.9, 156.6, 136.4, 129.7, 127.8,
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124.3, 118.9, 118.8, 60.6, 52.6, 31.2, 30.8, 23.3, 14.1. MS (ESI): m/z (%) 364 (M+Na)*. HRMS
(ESI): Calcd. for C21H2204NF2: 342.1700 (M+H)*; Found: 342.1697 (M+H)".

CO,Et

; _CH,CO,Et
)J\N 2002

Ethyl 4-(1-acetamido-4-ethoxy-4-oxobutyl)benzoate (29). Compound 29 (69 mg, 53% vyield) as a
colorless oil was purified with silica gel chromatography (Petroleum ether: Ethyl acetate = 1: 1). *H
NMR (400 MHz, CDCls) & 7.95 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 6.76 (d, J = 8.0 Hz,
1H), 5.02 — 4.93 (m, 1H), 4.32 (g, J = 7.2 Hz, 2H), 4.08 (g, J = 7.2 Hz, 2H), 2.38 — 2.22 (m, 2H),
2.11 — 2.00 (m, 2H), 1.93 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H), 1.21 (t, J = 7.2 Hz, 3H). 3.C NMR (100
MHz, CDCl3) & 173.3, 169.7, 166.2, 146.9, 129.8, 129.5, 126.3, 60.9, 60.6, 52.9, 31.0, 30.6, 23.1,
14.2, 14.1. MS (ESI): m/z (%) 344 (M+Na)*. HRMS (ESI): Calcd. for CaiH2204NF2: 322.1649
(M+H)*; Found: 322.1649 (M+H)".

CO,Et

o] CO,Et
N CO,Et

Diethyl 2-(2-acetamido-2-(4-(ethoxycarbonyl)phenyl)ethyl)malonate (30). Compound 30 (91 mg,
58% yield) as a colorless oil was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). *H NMR (400 MHz, CDCl3) & 7.94 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 6.69
(d, J = 8.4 Hz, 1H), 5.09 — 5.00 (m, 1H), 4.32 (q, J = 7.2 Hz, 2H), 4.20 — 4.01 (m, 4H), 3.36 (t, J =
7.2 Hz, 1H), 2.39 — 2.25 (m, 2H), 1.91 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H), 1.22 (t, J = 7.6 Hz, 3H), 1.21
(t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) § 169.6, 169.2, 168.8, 166.1, 146.5, 129.9, 129.6,
126.3, 61.68, 61.67, 60.8, 51.5, 49.3, 34.6, 23.0, 14.2, 13.9, 13.8. MS (ESI): m/z (%) 416 (M+Na)".
HRMS (ESI): Calcd. for C21H2204NF2: 394.1854 (M+H)*; Found: 394.1860 (M+H)".
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CO,Et

o] CO,Et

H™ON CO,Et

Diethyl 2-(2-(4-(ethoxycarbonyl)phenyl)-2-formamidoethyl)malonate (31). Compound 31 (88 mg,
58% vyield) as a colorless oil was purified with silica gel chromatography (Petroleum ether: Ethyl
acetate = 1: 1). 'H NMR (400 MHz, CDCl3) & 8.22 (s, 1H), 8.02 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.0
Hz, 2H), 6.25 (d, J = 9.2 Hz, 1H), 5.25 — 5.14 (m, 1H), 4.37 (q, J = 6.8 Hz, 2H), 4.19 (q, J = 6.8 Hz,
4H), 3.39 (t, J = 6.8 Hz, 1H), 2.41 (t, J = 7.2 Hz, 2H), 1.38 (t, J = 7.2 Hz, 3H), 1.28 (t, J = 7.2 Hz,
3H), 1.26 (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCls) 5 169.1, 168.7, 166.1, 160.8, 145.8,
129.9, 129.8, 126.3, 61.8, 61.7, 60.9, 50.1, 49.2, 34.6, 14.2, 13.9, 13.8. MS (ESI): m/z (%) 402
(M+Na)*. HRMS (ESI): Calcd. for C19H2607N: 380.1704 (M+H)*; Found: 380.1702 (M+H)".

Ph

Ethyl 4-([1,1'-biphenyl]-4-yl)-4-acetamido-2,2-difluoro-3-methylbutanoate (32). Compound 32
(87 mg, 58% vyield, dr = 13:1 determined by **F NMR before column chromatogragphy) as a white
solid (m.p. 167-169 T) was purified with silica gel chromatography (Petroleum ether: Ethyl acetate
= 2:1). 'H NMR (400 MHz, CDCl3) § 7.56 (d, J = 8.4 Hz, 4H), 7.43 (t, J = 7.6 Hz, 2H), 7.38 — 7.28
(m, 3H), 5.98 (d, J = 8.4 Hz, 1H), 5.45 (dd, J = 8.8 Hz, 4.4 Hz, 1H), 4.31 — 4.21 (m, 2H), 2.93 — 2.77
(m, 1H), 2.07 (s, 3H), 1.34 (t, J = 7.2 Hz, 3H), 1.08 (d, J = 7.2 Hz, 3H). 1%F NMR (376 MHz, CDCl3)
5 -107.1 (dd, J = 263.6 Hz, 13.9 Hz, 1F), -112.1 (dd, J = 263.6 Hz, 15.8 Hz, 1F). 13C NMR (100
MHz, CDClz) 6 169.4, 163.7 (t, J = 32.4 Hz), 140.5, 138.6, 136.2, 128.8, 127.4, 127.3, 127.0, 126.9,
116.7 (t, J = 253.1 Hz), 63.1, 51.1 (t, J = 2.0 Hz), 42.7 (t, J = 20.9 Hz), 23.3, 13.8, 7.5 (t, J = 4.1 Hz).
MS (ESI): m/z (%) 376 (M+H)*. HRMS (ESI): Calcd. for Co1H240sNF2: 376.1719 (M+H)*; Found:
398.1536 (M+Na)*.
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6. Transformations of N-Protected a,a-Difluoro-y-Amino Acid Esters.

Deprotection of compound 4

Ph

Ph
1) HCI (6 N)
o dioxane, 80 °C
CF,COEt 2) (Boc),0, THF CF
)ku 2O, ) (Boc), oo LCOH
4

33, 64%

Procedure: Compound 4 (180 mg, 0.5 mmol) in a 25 mL Schlenk tube was treated with a solution of
6 N HCl/dioxane (4.5 mL, v/v = 2:1). The schlenk tube was screw-capped and the reaction mixture
was then heated to 80 °C. After stirring for 60 hours, the reaction mixture was concentrated. The
residue was dissolved in a solution of DMAP (0.05 equiv, 0.025 mmol) in THF (10 mL). Then, a
solution of Boc0 (1.2 equiv, 0.6 mmol) in THF (2 mL) was added dropwise for 2 hours. A solution
of 1.2 N HCI (1.0 mL) was slowly added to the reaction mixture at 0 °C and to adjust the pH to 1-2.
The reaction mixture was extracted with EtOAc (3X20 mL), the organic phase was dried over
MgSOs, filtered, concentrated and purified by column chromatography (Dichloromethane: Methanol
=5: 1) to give 33 (125 mg, 64% vyield) as a white solid (m. p. 130-132 T). Data for compound 33:
'H NMR (500 MHz, CDCls) & 7.64 — 7.58 (m, 4H), 7.46 (t, J = 7.5 Hz, 2H), 7.42 — 7.34 (m, 3H),
5.04 (t, J = 10.5 Hz, 1H), 3.00 — 2.84 (m, 1H), 2.50 — 2.40 (m, 1H), 1.46 (s, 9H). 9F NMR (471 MHz,
CDCl3) §-99.4 (dd, J = 256.7, 11.3 Hz, 1F), -112.8 (dd, J = 256.7, 25.4 Hz, 1F). 3C NMR (125 MHz,
CDCl3) 6 168.8 (t, J = 29.9 Hz), 157.9, 140.8, 140.5, 140.1, 128.8, 127.6, 127.5, 127.1, 126.3, 114.9
(dd, J = 258.3, 241.9 Hz), 83.1, 50.3 (dd, J = 11.3, 1.5 Hz), 41.8 (t, J = 26.3 Hz), 28.1. MS (ESI):
m/z (%) 414 (M+Na)*. HRMS (ESI): Calcd. for C21H2404NF2: 392.1668 (M+H)*; Found: 414.1490
(M+Na)*.

Synthesis of dipeptide 34

Ph 1) (Boc),0, DMAP, rt

Ph Ph
2) NaOH, 0 °C
o 3) NH,-Val-OMe . o +
HOBT, EDC,Et,N/DMAP H FF gy O
N

H)L” CFZCOQEt CH3CN,rt BocHN ™ \:)'LO/ BocHN "+ N\)'Lo/

0~ 0 AL

34b

21
34a

34a + 34b = 80%, 34a : 34b = 1:1

Procedure: Compound 21 (1.0 equiv, 1 mmol) was added to a solution of DMAP (0.05 equiv, 0.05
mmol) in THF (2 mL) at rt. Then, a solution of Boc2O (1.2 equiv, 1.2 mmol) in THF (5 mL) was
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added slowly. After the consumption of compound 21 monitored by TLC, a solution of NaOH (1.2
equiv, 1.2 mmol, 3 mL H>O) was added at 0 °C. The resulting mixture was stirred at 0 °C for 4 h. The
organic solvent was concentrated, the residue was extracted with EtOAc (3X10 mL). The organic
phase was dried over MgSOyg, filtered, and concentrated. The residue was used for the next step
without purification. The residue was dissolved in CH3CN (8 mL). NEts (4 equiv), HOBt (1.5 equiv)
and EDC (1.5 equiv) were then added at 0 °C. The resulting mixture was allowed to warm to room
temperature and stirred overnight. The reaction mixture was diluted with EtOAc (25 mL), washed
with saturated NH4Cl (7 mL), brine (7 mL), dried over MgSOs, filtered, and concentrated. The crude
product was purified by column chromatography (Petroleum ether: Ethyl acetate = 5: 1) to give 34a
(207 mg, 41% yield) as a white solid (m.p. 131-133 C) and 34b (198 mg, 39% yield) as a white solid
(m.p. 131-133 T).

Data for compound 34a: *H NMR (400 MHz, CDCls) § 7.61 — 7.52 (m, 4H), 7.43 (t, J = 7.2 Hz, 2H),
7.40 — 7.29 (m, 4H), 5.14 (s, 2H), 4.56 (dd, J = 8.4 Hz, 4.8 Hz, 1H), 3.72 (s, 3H), 2.81 — 2.49 (m,
2H), 2.33 — 2.19 (m, 1H), 1.41 (s, 9H), 0.97 (d, J = 6.4 Hz, 6H). °F NMR (376 MHz, CDCls) &
-102.2 (dt, J = 263.6, 11.7 Hz, 1F), -104.8 (dt, J = 263.6, 14.7 Hz, 1F). 3C NMR (125 MHz, CDCls)
6171.2,164.0 (t, J = 29.1 Hz), 155.1, 140.4, 140.2, 128.7, 127.4, 127.3, 126.9, 126.5, 116.8 (t, J =
252.8 Hz), 79.8, 57.5, 52.2, 49.1, 40.2 (t, J = 24.4 Hz), 30.8, 28.2, 18.8, 17.7. MS (ESI): m/z (%) 527
(M+Na)*. HRMS (ESI): Calcd. for C27H3505N2F2: 505.2509 (M+H)*; Found: 505.2505 (M+H)".
Data for compound 34b: *H NMR (400 MHz, CDCl3) § 7.62 — 7.52 (m, 4H), 7.42 (t, J = 7.6 Hz, 2H),
7.39 — 7.32 (m, 3H), 7.12 (br, 1H), 5.25 (d, J = 7.6 Hz, 1H), 5.04 (s, 1H), 4.55 (dd, J = 8.4 Hz, 4.8
Hz, 1H), 3.76 (s, 3H), 2.81 — 2.54 (m, 2H), 2.30 — 2.17 (m, 1H), 1.41 (s, 9H), 0.97 (d, J = 5.6 Hz,
3H), 0.95 (d, J = 5.2 Hz, 3H). °F NMR (376 MHz, CDCls) & -102.6 (dt, J = 263.2, 12.8 Hz, 1F),
-104.3 (dt, J = 263.2, 13.2 Hz, 1F). 3C NMR (125 MHz, CDCl3) § 171.1, 163.7 (t, J = 28.5 Hz),
154.8, 140.45, 140.42, 128.7, 127.4, 127.2, 126.9, 126.4, 116.8 (t, J = 252.5 Hz), 79.6, 57.3, 52.3,
49.1, 39.8 (t, J = 22.1 Hz), 31.3, 28.2, 18.6, 17.7. MS (ESI): m/z (%) 527 (M+Na)*. HRMS (ESI):
Calcd. for C27Has05N,F2: 505.2509 (M+H)*; Found: 505.2506 (M+H)*.
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Synthesis of Lactam 35

Ph
Ph

CF3CO,H, DCM

CF,CO,Et HN
BocHN Zree F

22 O F
35, 50%

Procedure: A solution of TFA/H20 (2 mL, v/v = 95: 5) was added to the mixture of compound 22
(1.0 equiv, 0.5 mmol) and CH2Cl> (8 mL) at room temperature. The reaction mixture was stirred for
3 h. The reaction mixture was diluted with EtOAc (25 mL), washed with ice-cold saturated NaHCOs3
(40 mL), brine (7 mL), dried over MgSOyg, filtered, and concentrated. The crude product was purified
by column chromatography (Dichloromethane: Methanol = 20: 1) to give 35 (137 mg, 50% vyield) as
a white solid (m.p. 196-198 T). Data for compound 35: *H NMR (400 MHz, DMSO-ds) & 9.44 (s,
1H), 7.73 — 7.64 (m, 4H), 7.51 — 7.41 (m, 4H), 7.37 (t, J = 7.2 Hz, 1H), 4.93 — 4.86 (m, 1H), 3.22 —
3.03 (m, 1H), 2.48 — 2.29 (m, 1H). 1%F NMR (376 MHz, DMSO-ds) & -103.7 (dm, J = 264.7 Hz, 1F),
- 106.0 (dm, J = 264.7, 1F). *°C NMR (125 MHz, CDsCN) & 166.1 (t, J = 30.5 Hz), 141.9, 141.1,
140.6, 129.95, 128.7, 128.4, 127.9, 127.7, 119.3 (dd, J = 248.9 Hz, 248.8 Hz), 52.5 (dd, J = 4.8 Hz,
4.6 Hz), 40.6 (dd, J = 22.5 Hz, 22.4 Hz). MS (ESI): m/z (%) 274 (M+H)*. HRMS (EI): Calcd. for
C16H130NF2: 273.0965 (M)*; Found: 273.0969 (M)*.
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8. Copies of *H and *C NMR Spectra of Compound 1g.
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9. Copies of tHNMR, 3C NMR, and °F NMR Spectra of Compounds 4-32.
Ethyl 4-([1,1'-biphenyl]-4-yl)-4-acetamido-2,2-difluorobutanoate (4)
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Ethyl 4-acetamido-4-(4-(tert-butyl)phenyl)-2,2-difluorobutanoate (6)
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Ethyl 4-acetamido-2,2-difluoro-4-(4-phenoxyphenyl)butanoate (8)
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Ethyl 4-acetamido-2,2-difluoro-4-(4-(trifluoromethyl)phenyl)butanoate (10)

Chemical Formula: Cy5HgF5NO5
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Ethyl 3-(1-acetamido-4-ethoxy-3,3-difluoro-4-oxobutyl)benzoate (12)
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Ethyl 4-acetamido-2,2-difluoro-4-(4-formylphenyl)butanoate (14)
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Ethyl 4-acetamido-4-(4-cyanophenyl)-2,2-difluorobutanoate (15)
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Ethyl 4-acetamido-2,2-difluoro-4-(4-(trimethylsilyl)phenyl)butanoate (16)
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Ethyl 4-acetamido-4-(4-(ethylthio)phenyl)-2,2-difluorobutanoate (17)
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Ethyl 4-acetamido-4-(4-bromophenyl)-2,2-difluorobutanoate (18)
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Ethyl 4-acetamido-2,2-difluoro-4-(3-hydroxyphenyl)butanoate (19)
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Ethyl 4-acetamido-4-(dibenzo[b,d]furan-4-yl)-2,2-difluorobutanoate (20)
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Ethyl 4-([1,1'-biphenyl]-4-yl)-2,2-difluoro-4-formamidobutanoate (21)
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Ethyl 4-([1,1'-biphenyl]-4-yl)-4-((tert-butoxycarbonyl)amino)-2,2-difluorobutanoate (22)
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Ethyl 4-([1,1'-biphenyl]-4-yl)-4-butyramido-2,2-difluorobutanoate (24)
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Ethyl 4-([1,1'-biphenyl]-4-yl)-2,2-difluoro-4-isobutyramidobutanoate (25)

2k
8c) |1
6511
9L}
6.2 1
I6T )
§5E41
£8874
0¥z
6797
£997
8897
2012
pZLZ

29’y
6LV
L6l'Y
SlEy

6Ye'S
69T'S
£88'S
£or's

PPe g,
£oT9”
BZE'L
P L
16E4
LIS
80K L
8zy L
Lot
opsL
095 L7

Ph
N ; CF.COEL
H

Chemical Formula: CaoHzeF o NO5

Exact Mass: 389.1803

ooe

"

0L'e

- L0t

= [0

n||||||nnn¢wrow

——=—T00}

= ooy

4504
w@.m._‘

|onow

£l (ppm)

S59



80'P0L-
£0'P0L-
66'C04-1
95'c0L
ZE'E0L"
8z'c0L=~
55701~
15Z0L-
irzoL-]
pa'L0L~
08'L0L-

s

9410~

FPh
N ; CF.CO.Et
H

Chemical Fomula: C;5HasF sNO5

Exact Mass: 389.1503

80'v0l-
mo._uo_,-w
66'¢0L-

9g'e0l-
2e'el -W
8z'¢ol-

55°201-
1520 -W
L¥eol-

78 L0L-
0810 S
94101~

-00°L

oo

-102.5 -103.0 103 5 -104.0 ~-lo4.5
£1 (ppm)

-l0z.0

-10L.5

00
00'L

-1z0  -130 -140 -150 160 -170 180 180  -ZOD

-110

-100

T
—80

£1 (ppm)

i

T
—20

-10

SLEL~
626l
6L
zr'e
76 6E
t.oww
or oy
zg Ly
B.SW
19'Ly
90°€9—

orziL
96wl
et
E.mﬁ/
€69zl
ezl
Lzl
zrgeL’
8LBEL
L ObL
yoobl

6Z2°€9l
_\m.mm_.v
€6'eol
G09LL—

Chemical Formula: CooHysFNO,

Exact Mass: 389.1803

T
10

T
30

T T
120 110 90
f1 (ppm)

T
130

T T T T T
230 220 210 200 190

T
240

0

T
ki

S60



Ethyl 4-([1,1'-biphenyl]-4-yl)-4-(cyclobutanecarboxamido)-2,2-difluorobutanoate (26)
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Chemical Formula: C33H25FNO3
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Ethyl 4-([1,1'-biphenyl]-4-yl)-2,2-difluoro-4-(thiophene-2-carboxamido)butanoate (27)
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Chemical Formula: Cy3H, F;NO3S

Exact Mass: 429.1210
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Ethyl 4-acetamido-4-(4-phenoxyphenyl)butanoate (28)
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Chemical Formula: CogHo3NOy,

tMass: 341,1627
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Ethyl 4-(1-acetamido-4-ethoxy-4-oxobutyl)benzoate (29)
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Exact Mass: 321.1576
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Diethyl 2-(2-acetamido-2-(4-(ethoxycarbonyl)phenyl)ethyl)malonate (30)
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Chemical Formula: CagH7NO7

Exact Mass: 393.1788
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Diethyl 2-(2-(4-(ethoxycarbonyl)phenyl)-2-formamidoethyl)malonate (31)
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Chemical Formula: CygH25NO;

Exact Mass: 379.1631
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Exact Mass: 379.1631

T
200

T
Pr

)

T T
110 100 90

f1 (ppm)

T
)

T T
140 130 12

T
150

T
160

T
180

T
190

210

230 0

240

0

S67



Ethyl 4-([1,1'-biphenyl]-4-yl)-4-acetamido-2,2-difluoro-3-methylbutanoate (32)
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Chemical Formula: C5¢Hp3F;NO3

Exact Mass: 375.1646
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Exact Mass: 375.1646
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Methyl(4-([1,1'-biphenyl]-4-yI)-4-((tert-butoxycarbonyl)amino)-2,2-difluorobutanoyl)valinate (34a)

§96°0~,
186707
WL
viz'e
R are
wee
092°C
11TT
S62°C
816°T
mmm.NM
£09°2
9€9°7
£v9Z]
8697
119
66921
5022
0€2°2
£¥LT
19,
e aaN
A%
mmw.%
as

[44%

gL
we'L
96e°L
P
(AN X
Fmv.hW
6y L
SvG 'L
18974
G9G'L
GlS°L

Ph

Chemical Formula: Co7Ha4FoN;05

Exact Mass: 504.2436

T00'E
==—T1860
- Fist

98t
= 8Lz
Rypy

£1 (ppm)

ceLy0L-
669701~
#9901~
000°¥01-
1867201~
0560~
cl6eoL-
¥8¢°¢0l-
6¥¢c0L-
Gleeol-

Ph

]

FF y

O/

N

PN

[e]

Chemical Formula: Co7Hg4F3N2O5

Exact Mass: 504.2436

CELYOL
66910 _‘-N
¥99701-

00070L-—

286720k
0§60 —-M
Cl67C0L-

¥8CTOL
6¥2c0 —-M
Slecol-

00

—

103.5 104.0 104.5
f1 {(ppm)

103.0

1
o

10

102.

#9680
001

1 180 190 200

160

150

140

40

30

£1 (ppm)

S71



0cL 2L~
18,81

06180~
€¥8°0€—

116°6C
Gvl-ov
yeeor

0906 —
ees
8y LG~

00024~
108'6.L—

0LL 7L~
€891 —
G088l
687'9T1~
£26'92L
1¥T 1T
09€ /2L
¥59'8C1
9zC 0vL
8TH OVl

¥60°GGl —

¥08°€91
€079l
Y92 7ol
8L

Ph

Chemical Formula: Co7Ha4FoN;05

Exact Mass: 504.2436
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Methyl(4-([1,1'-biphenyl]-4-yI)-4-((tert-butoxycarbonyl)amino)-2,2-difluorobutanoyl)valinate (34b)
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Exact Mass: 504.2436
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Chemical Formula: Co7H34FsN5O5

Exact Mass: 504.2436
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5-([1,1'-biphenyl]-4-yI)-3,3-difluoropyrrolidin-2-one (35)
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Exact Mass: 273.0965
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Chemical Formula: C1gH13FaNO

Exact Mass: 273.0965
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