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1. General Information

All reactions were conducted in 10 mL oven-dried sealed tube under N:
atmosphere. Unless otherwise stated, all reagents were purchased from commercial
sources and used without further purification. *H, °F and *C NMR spectra were
recorded on a Bruker 400 MHz (100 MHz for **C NMR) spectrometer at ambient
temperature. Chemical shift are reported in ppm from TMS with the solvent
resonance as internal standard (CDCls: 'H NMR: § = 7.26; *C NMR: § = 77.16;
CFClz as an external standard and low field is positive). Coupling constants are
reported in Hz with multiplicities denoted as s (singlet), d (doublet), t (triplet), q
(quartet), dd (doublet of doublets) and m (multiplet). FT-IR spectra were recorded on
a Bruker V 70 spectrometer and only major peaks are reported in cm™. HRMS were
obtained on a WATERS I-Class VION IMS Q-Tof. Melting points were measured
using open glass capillaries in a SGW® X-4A apparatus. Analytical TLC: aluminum
backed plates pre-coated (0.25 mm) with Merck Silica Gel 60F-254. Compounds
were visualized by exposure to UV-light or by dipping the plates in KMnOs stain
followed by heating.
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2. Starting Materials
2.1 Preparation of Glycine Derivatives 1

R

(0]
NH, 0 H
S NaOAc o N\)J\ .
Q/ * Bf\)l\o/R' EtOH, reflux, 10 h R{j/ OR
Z
Following the literature procedure:a mixture of aniline (10 mmol), bromide acetate

(1.2 equiv) and anhydrous sodium acetate (2.0 equiv) in 30 mL of ethanol was
refluxed for 10 h (heating mantle). The mixture was then cooled down to the room
temperature and filtered through celite. The celite was washed with DCM, the
combined organic layer was evaporated to remove the solvent and the crude product
was then purified by column chromatography (PE/EA = 10:1 to 1:1). . The pure

product was obtained as solid or liquid.

Y e e~
7 1
Following the literature procedure:!to a 100 mL round-bottom flask, N-aryl glycines
(10.0 mmol) and corresponding amines (10.0 mmol) were dissolved in 30 mL DCM,
EDCI (16.0 mmol) HOBt (14.5 mmol) and EtsN (20.0 mmol) were added. The
reaction mixture stirred overnight. Subsequently, water was added to the roundbottom
flask. The resulting mixture was extracted with DCM (three times), and the combined
organic layers were dried over Na>SO4 and concentrated in vacuo. The residue was
purified by column chromatography (PE/EA = 4:1 to 1:1). The pure product was

obtained.

2.2 Preparation of Trifluoromethylalkenes 2

~-BOH), Pd(PPh3),Cly, K,CO4
R + > XY CF,
> Br” “CF, THF/H,0, 60 °C RT

2
Following the literature procedure,? to an oven-dried 100 mL two-neck round bottom

flask equipped with a stirring bar and a condenser was charged with arylboronic acid
(3.0 mmol, 1.0 equiv), K2COs3 (12.0 mmol, 4.0 equiv), and Pd(PPhs).Cl, (0.03 mmol,
1.0 mol%). The flask was purged with nitrogen three times. A mixture of degassed
THF (10 mL) and H2O (7 mL) were added via syringe, followed by
2-bromo-3,3,3-trifluoroprop-1-ene (6.0 mmol, 2.0 equiv). The reaction mixture was
heated to 60 <C and stirred for 24 h. Then the reaction mixture was cooled to room
temperature and diluted with diethyl ether (25 mL) and H20 (25 mL). The layers were
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separated, and the aqueous layer was extracted with Et,O (2 <25 mL). The combined
organic layers were washed with H2O (25 mL), brine (25 mL), dried over Na>SOa,
and concentrated under reduced pressure. The crude residue was purified by column
chromatography on silica gel (petroleum ether/ethyl acetate = 20 : 1) to afford

trifluoromethylalkenes 2. All the spectra data are in agreement with the literature.
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2.3 The preparation of 2-Trifluoromethyl-1, 3-Enynes 4

J\ Pd(PPhs),Cly, Cul /J\

R— + - CF

Br” “CFj THF, EtsN, 40 °C 7 s
4

R

A Schlenk flask was charged with Pd(PPh3),Cl> (2 mol %) and Cul (5 mol %) under N>
atmosphere. Dry triethyamine and 2-bromo-3,3,3-trifluoro-1-propene (1.2 equiv) were added
subsequently followed by dropwise addition of phenylacetylene (1.0 equiv). The reaction mixture
was stirred at 40 °C until completion. The reaction was then quenched with saturated NH4Cl
solution and extracted with pentane. Combined extracts were dried over Na>SO4 and solvent was
removed under vacuum. The residue was purified by column chromatography to afford the
corresponding enyne.

Compounds 1', 2? and 4° were prepared according to the literatures.
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3 Optimization of Reaction conditions
3.1 General Procedure for the Reaction of ethyl N-phenylglycinate la with

Trifluoromethyl alkene 2a
o F

o (@) Z°F
H CF PC (2 mol%) NH
N\/Jko/“\ + ° >
Ph Solvent (2 mL), Blue LEDs 10W

Ph

1a 2a 3a
To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged

with glycine derivatives 1a (0.20 mmol, 1.0 equiv.) and photocatalyst. Then, the tube
was evacuated and backfilled with nitrogen (three times). Subsequently, a solution of
trifluoromethyl alkenes 2a (0.20 mmol, 1.0 equiv.) in solvent (2 mL) was added by a
syringe. The reaction mixture was stirred under the irradiation of a 10 W Blue LEDs
(A =460—470 nm; distance app. 1.0 cm from the bulb) for a specified time. After that,
the resulting mixture was quenched with H>O and extracted with EtOAc (3 x 10 mL).
The combined organic phase was washed with brine (10 mL), dried over Na;SOa, and
concentrated in vacuo. Purification of the crude product by flash chromatography on
silica gel (petroleum ether/EtOAc: 30:1 to 2:1) furnishes the corresponding products
3a.
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3.2 Optimization of the Reaction 1la, 2a

Solvent
o F
o o A F
H\)I\o/\ . /©)L0F3 4CzIPN (2 mol%) . ©/NH
© Ph Solvent (2 mL), Blue LEDs 10W
Ph

1a 2a 3a
Entry Solvent Yields (%) ¢

1 DMSO 35

2 DMF 21

3 DMAc trace

4 NMP trace

5 DCE trace

6 MeCN trace

7 Toluene trace

8 EtOAc trace

Reaction conditions: 1a (1.0 equiv.), 2a (0.2 mmol, 1.0 equiv.), Solvent (2.0 mL), 4CzIPN (2 mol%), Blue LEDs
10 W, for 24 h, under N3, isolated yield.
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Photocatalyst

o F
o 0 2
H\)I\o/\ . /©)ch3 PC (2 mol%) _ ©/NH
© Ph DMSO (2 mL), Blue LEDs 10 W
Ph

1a 2a 3a
Entry PC Yields (%) ¢

1 4CzIPN 35

2 Rhodamine B 19

3 EosinY trace

4 Methlyene Blue trace

5 Rose Bengale trace

6 Ir(ppy)3 trace ”

@Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), 2a (0.2 mmol, 1.0 equiv.), DMSO (2.0 mL), PC (2 mol%), Blue
LEDs 10 W, for 24 h, under N2. ® Ir(ppy)s as PC (2 mol%), for 24 h, under N2, isolated yield.

NaO
O /

Br

4CzIPN Eosin Y Rose Bengale fac-Ir(ppy);

Et Et
1 1

e o 2
OO OGN
&
0 CO,H \[i] S 'il/

Rhodamine B Methylene Blue
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Ratio of 1a:2a

~o F
o 0 A F
H\)j\o/\ . /©)LCF3 4CzIPN (2 mol%) N ©/NH
©/ Ph DMSO (2 mL), Blue LEDs 10 W
Ph

1a (x equiv.) 2a 3a
Entry la:2a Yields (%) ¢

1 1:1 35

2 1.2:1 41

3 1.5:1 70

4 2.0:1 88

5 2.5:1 89

@Reaction conditions: 1a (x equiv.), 2a (0.2 mmol, 1.0 equiv.), DMSO (2.0 mL), 4CzIPN (2 mol%), Blue LEDs 10

W, for 24 h, under Nz, isolated yield.

Ratio of 4CzIPN

) F
o o A
H\)I\o/\ . CF; 4CzIPN (x mol%) ©/NH
Ph DMSO (2 mL), Blue LEDs 10 W
Ph

1a 2a 3a
Entry 4CzIPN (x mol%) Yields (%) ¢

1 1 89

2 2 88

3 3 86

4 0 0

@Reaction conditions: 1a (0.4 mmol, 2.0 equiv.), 2a (0.2 mmol, 1.0 equiv.), DMSO (2.0 mL), 4CzIPN (x mol%),
Blue LEDs 10 W, for 24 h, under N2, isolated yield.

Light source

(o}
H CF
©/N\)j\o/\ + /@JI\ 3
Ph

4CzIPN (1 mol%)

DMSO (2 mL), light source

Ph
1a 2a 3a
Entry Light source Yields (%) ¢

1 Blue LEDs 2 W 92
2 Blue LEDs 6 W 90
3 Blue LEDs 10 W 88
4 White light 15 W 20
5° Blue LEDs 2 W 0
6 dark 0

@Reaction conditions: 1a (2.0 equiv.), 2a (0.2 mmol, 1.0 equiv.), DMSO (2.0 mL), 4CzIPN (1 mol%), Light source,

for 24 h, under N, isolated yield, ° under air.
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Time

o F
o o ZF
©/H\)j\o/\ . /©)ch3 4CzIPN (1 mol%), xh ©/NH
Ph DMSO (2 mL), Blue LEDs 2 W
Ph

1a 2a 3a
Entry Time (h) Yields (%) ¢

1 12 45

2 18 77

3 24 92

4 30 90

@Reaction conditions: 1a (0.4 mmol, 2.0 equiv.), 2a (0.2 mmol, 1.0 equiv.), DMSO (2.0 mL), 4CzIPN (1 mol%),
Blue LEDs 2 W, for x h, under N, isolated yield.



4. Representative Procedure for the Glycine Derivatives 1 with
Trifluoromethyl Alkenes 2 or 4

R!
o X F
H , 4CzIPN (1 mol%), 24 h W
S S . Y
R™ “CF3 DMSO (2 mL), Blue LEDs 2 W ©/NH R
1 2o0r4 3or5

To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with glycine derivatives 1 (0.40 mmol, 2.0 equiv.) and 4CzIPN (1 mol%). Then, the
tube was evacuated and backfilled with nitrogen (three times). Subsequently, a
solution of trifluoromethyl alkenes 2 (0.20 mmol, 1.0 equiv.) in DMSO (2 mL) was
added by a syringe. The reaction mixture was stirred under the irradiation of a 2 W
blue LED (A = 460—470 nm; distance app. 1.0 cm from the bulb) for a specified time.
After that, the resulting mixture was quenched with H2O and extracted with EtOAc (3
x 10 mL). The combined organic phase was washed with brine (10 mL), dried over
Na>S0s, and concentrated in vacuo. Purification of the crude product by flash
chromatography on silica gel (petroleum ether/EtOAc: 30:1 to 2:1) furnishes the

corresponding products 3 and 5.

The Visible-Light Photoredox Catalysis Experimental Setup (photographed by
author Li-Na Guo)




5. Large Scale synthesis of 3a and 5a

0 F
0
“\)j\ 4CzIPN (1 mol%) EtOWF
OBt * > NH R
R™ "CFs DMSO (20 mL)
Blue LEDs 2 W, N, 48 h
1a (4 mmol) 2a (2 mmol) or 3a, 667 mg, 82%
4a (2 mmol) 5a, 568 mg, 80%

To a 50 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with glycine derivatives 1a (4 mmol, 2.0 equiv.) and 4CzIPN (1 mol%). Then, the
tube was evacuated and backfilled with nitrogen (three times). Subsequently, a
solution of trifluoromethyl alkenes 2a or 4a (2 mmol, 1.0 equiv.) in DMSO (20 mL)
was added by a syringe. The reaction mixture was stirred under the irradiation of 2 W
blue LEDs (A = 460—470 nm; distance app. 1.0 cm from the bulb) for a specified time.
After that, the resulting mixture was quenched with H>O and extracted with EtOAc (3
x 10 mL). The combined organic phase was washed with brine (10 mL), dried over
NazSO4, and concentrated in vacuo. Purification of the crude product by flash
chromatography on silica gel (petroleum ether/EtOAc: 20:1) furnishes the

corresponding products 3a and 5a.

6. Derivatizations of Products

Reductions of 3a and 5a

O F H
=

EtO ar LiAlH, (2 equiv) ~ HO F

©/NH R THF (2 mL), rt, 6 h ©/NH R
3aor 5a 6a, R = @Ph , 87% (ZIE=1:1)

7a,R= $=—Ph ,81% (ZE=11)

To a solution of product 3a or 5a (0.2 mmol, 1.0 equiv.) in THF (2 mL) was added

lithium aluminium tetrahydride (0.42 mmol, 2.1 equiv.) at room temperature. The
reaction mixture was stirred for 6 h. After completion as detected by TLC, the
reaction was quenched with saturated NH4Cl aqueous solution. The aqueous layer was
extracted with ethyl acetate, the combined organic layer was dried over Na>SOs,
filtered and concentrated under the reduced pressure. The residue was purified by
column chromatography on silica gel (petroleum ether/ethyl acetate = 3 : 1) to afford
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products 6a or 7a.

Esterifications of 6 and 7

DMAP (5 mol%)
HO o DCC (1.2 equiv.) _
6 + S =
(e} DCM (2 mL), 0°C ~ rt

A solution of 6 (0.2 mmol), Loxoprofen (0.24 mmol), and DMAP (5 mol%) in DCM

(2 mL) at 0 °C was added DCC (0.24 mmol) in one portion. A precipitate began to
form almost immediately. The reaction was stirred at 0°C for 10 min and then warmed
to room temperature. After completion as detected by TLC, the reaction was then
diluted with pentane (10 mL) and filtered through a short plug of silica. The aqueous
layer was extracted with ethyl acetate, the combined organic layer was dried over
NayS0Oq, filtered and concentrated under the reduced pressure. The residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 10 :

1) to afford products 8.

DMAP (5 mol% /©
0 ( o) F HN o]

DCC (1.2 equiv.)
7 0+ MO O O - I ° O
! @
O 0 O

/
DCM (2 mL), 0°C ~ rt Z
9

To a solution of 7 (0.2 mmol), Isoxepac (0.24 mmol), and DMAP (5 mol%) in DCM
(2 mL) at 0 °C was added DCC (0.24 mmol) in one portion. A precipitate began to
form almost immediately. The reaction was stirred at 0°C for 10 min and then warmed
to room temperature. After completion as detected by TLC, the reaction was then
diluted with pentane (10 mL) and filtered through a short plug of silica. The aqueous
layer was extracted with ethyl acetate, the combined organic layer was dried over
NaxSOs, filtered and concentrated under the reduced pressure. The residue was
purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 10 :

1) to afford products 9.



Suzuki coupling of 5j

(0] F 0 F

e Pd(PPh3),Cl, (3 mol%) . Ar

NH I BOH:2  K,co;(20equiv) N I
10

To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with1-cyclopentenylboronic acid (0.24 mmol), K>COs (2.0 equiv.) and Pd(PPh3)Cl; (3
mol %) were added. The vessel was evacuated and filled with nitrogen (three times).
5j (0.2 mmol), toluene (2.0 mL), H>O (1.0 mL), and were added via syringe. The tube
was put into a heating jacket and stirred at 60 °C overnight. The reaction mixture was
cooled to room temperature. The aqueous layer was extracted with ethyl acetate, the
combined organic layer was dried over Na;SOs, filtered and concentrated under the
reduced pressure. The residue was purified by column chromatography on silica gel
(hexane/EtOAc = 10:1) to give the desired coupling product 10 in 51% yield.

Nucleophilic substitution of 3a

o] F _ 0 CN
TMSCN (3.0 equiv)
EtO ZF Cs,CO5 (10 mol%)  EtO ZF
@/NH MeCN (2 mL), 50°C @/NH
Ph Ph
3a 1

To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with 3a (0.20 mmol), Cs2CO3 (10 mol%), TMSCN (3.0 equiv.) and anhydrous MeCN
(2.0 mL). Then the reaction was stirred at 50 °C for 24 h. The aqueous layer was
extracted with ethyl acetate, the combined organic layer was dried over Na>SOg,
filtered and concentrated under the reduced pressure. The residue was purified by
column chromatography on silica gel (hexane/EtOAc = 10:1) to give the desired

coupling product 11 in 66% yield.
7. Compatibility with biomolecules

The glycine ester 1a (0.4 mmol), 1, 3-enyne 4a (0.2 mmol), 4CzIPN (1 mol%),
DMSO (2.0 mL) and H>O (0.5 mL) were added sequentially to a 10 mL oven-dried
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Schlenk-tube equipped with a magnetic stirrer. Then, the tube was evacuated and
backfilled with nitrogen (three times), the vial was sealed and exposed to Blue LEDs
at 37 °C. The reaction mixture was monitored by TLC until the starting material

N-alkoxyphthalimides were consumed.

Biomolecules 0 E
H 9 WF
D EtO
: N\)J\OEt . J\ 4CzIPN (1mol%)

R™ CF; DMSO/H,0 (4/1), 37 °C NH R
1a 4a 2W Blue LEDs, Ny, 24 h 5a
R= $=—pn

Entry Biomolecules Yield? Entry Biomolecules Yield?

:
1 none 90% : 4 10 mg ml"! Lysozyme 65%

|

...................................... e L
o] i H o)
: Ox-N_ H
2 HNT =N 2% | 5 Y oH  73%
By P ! HN 3
N l S
HoN N | H
Guanine (1.0 equiv.) i D-Biotin (1.0 equiv.)
....................................... e e e
O i OH OH

1

3 Q—«m 79% |6 HoN 20 339
H i OH OH

]

]

]

L-Proline (1.0 equiv.) D-(+)-Glucose (1.0 equiv.)

“19F NMR yields using PhCF3 as an internal standard.

The reaction of 1a and 4a was performed in a mixed solvent system (DMSO:H20 =
4:1) and biological temperature (37 °C). And 90% yield of Sa was still obtained in this
case. Then, a broad of biomolecules were examined as an extra additive for this
reaction, including nucleobase, amino acid, lysozyme, biotin, and saccharide. All
those reactions worked smoothly and gave desired products in satisfactory yields

(entries 1-6).



8. Mechanism Studies

(1) Radical Inhibiting Experiment

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

F h
A E :
H 7 Standard Conditions EtO F ! 7(va !
N\)J\OEt + CF3 > NH : ) '
TEMPO (2.0 equiv.) : O _-CO,Et
Ph , Y :

\ Ph” '
1a 2a 3a, trace Ph M i ‘
3a' Detected by HMR

1) To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with glycine derivatives 1a (0.4 mmol, 2.0 equiv.), 4CzIPN (1 mol%). Then, the tube
was evacuated and backfilled with nitrogen (three times). Subsequently, a solution of
trifluoromethyl alkenes 2a (0.2 mmol, 1.0 equiv.) and TEMPO (0.4 mmol, 2.0 equiv.)
in DMSO (2.0 mL) was added by a syringe. The reaction mixture was stirred under
the irradiation of 2 W Blue LEDs (A = 460—470 nm; distance app. 1.0 cm from the

bulb) for a specified time.

When 2.0 equiv. of TEMPO was subjected into the reaction of 1a with 2a under the
standard conditions, only a trace amount of 3a was observed, along with the TEMPO
adduct 3a’ was detected by LC-HRMS. HRMS (ESI) caled for Ci9H31N20O3Na
[M+Na]" 357.2149, found 357.2138. This result indicates that a radical intermediate

might be involved in this transformation.

357.21377

15854
1.25e57

100000

Intensity [Counts]

750004

50000

25000

T T T T T T T T T T T T T
357.204 357.206 357.208 357.21 357.212 357.214 357.216 357.218 357.22 357.222 357.224 357.226 357.228
Observed mass [m/z]



Hoq Standard Conditions ~F
©/N\)L0Et ;h/©)LCF3 BHT (2.0 equiv.)= ©/NH
1a 2a 3a, trace
i1) To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with glycine derivative 1a (0.4 mmol, 2.0 equiv.), 4CzIPN (1 mol%). Then, the tube
was evacuated and backfilled with nitrogen (three times). Subsequently, a solution of
trifluoromethyl alkene 2a (0.2 mmol, 1.0 equiv.) and BHT (0.4 mmol, 2.0 equiv.) in
DMSO (2.0 mL) was added by a syringe. The reaction mixture was stirred under the
irradiation of 2 W Blue LEDs (A = 460—470 nm; distance app. 1.0 cm from the bulb)

for a specified time.
When 2.0 equiv of BHT was subjected into the reaction of 1a with 2a under the

standard conditions, only a trace amount of 3a was observed. This result indicates that

a radical pathway might be involved in this transformation.
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(2) Control Experiments

(0] F
o EtO ZF
NQI\OEt . /©)LCF3 Standard Conditions NH
Ph ©/
9a 2a 3a, trace Ph

To a 10 mL oven-dried Schlenk-tube equipped with a magnetic stirrer was charged
with 9a (0.40 mmol, 2.0 equiv.), 4CzIPN (1 mol%), Then, the tube was evacuated and
backfilled with nitrogen (three times). Subsequently, a solution of trifluoromethyl
alkene 2a (0.20 mmol, 1.0 equiv.) in DMSO (2.0 mL) was added by a syringe. The
reaction mixture was stirred under the irradiation of 2 W Blue LEDs (A = 460—470 nm;
distance app. 1.0 cm from the bulb) for a specified time. When ethyl-2-
(phenylimino)acetate 9a was used instead of 1a under the standard conditions, only a
trace amount of 3a was observed. This result indicates that ethyl-2-(phenylimino)

acetate 9a was not the major intermediate in this transformation.

(3) Stern-Volmer Fluorescence Quenching Experiments
To a solution of 4CzIPN in anhydrous, Nz-saturated DMSO (5 < 10 mol/L) in a

quartz cuvette, different amounts of glycine ester 1a and trifluoromethyl alkenes 2a
were added, respectively, and the resulting changes in fluorescence intensity
(concentration of 1a and 2a: 2.5 <102 mol/L, 5 x 102 mol/L, 7.5 <10 mol/L, 10 %
102 mol/L, 12.5 <102 mol/L were collected. The emission intensity at 536 nm was
collected with excited wavelength of 460 nm. The results are shown in Figure S1 and

S2.
a) b)

400 4

y =0.00274x + 1.01857

300 R?=0.98626

200

Intensity (A.U.)

T T T T T T T
4;0 r(')o rlo 6(')0 610 ,(‘)0 0 20 10 60 80 100 120
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la[mM]

Wavelength (nm)

Figure S1. (a) The fluorescence emission spectra of 4CzIPN with different concentration of la



added. (b) The Stern—Volmer emission quenching studies of la. lo is the inherent fluorescence
intensity of 4CzIPN. | is the fluorescence intensity of 4CzIPN in the presence of 1a.
d)

c)

500 1

400 1

Intensity (A.U.)

100

300 1

200 1

—— no 2a
—— 0.025M
\ —— 0.05M
\ —— 0.075M
\ 0.10M
\\ 0.125M

T
450

T
500

T T T T T
550 600 650 700 750
Wavelength (nm)

0.0

T T T T T
25 50 75 100 125
2a[mM]

Figure S2. (c) The fluorescence emission spectra of 4CzIPN with different concentration of 2a
added. (d) The Stern—Volmer emission quenching studies of 2a. lo is the inherent fluorescence
intensity of 4CzIPN. | is the fluorescence intensity of 4CzIPN in the presence of 2a.

(4) Light On-Off experiments
To further examine the impact of light, we conducted experiments under alternating

periods of irradiation and darkness. The yield of 3a was determined by crude °F

NMR spectra using PhCF3 as an internal standard.

50 9

NMR Yield (%)

Dark

Dark

Dark

Reaction Time (h)

Figure S3 Yield of Light On-Off Experiments
The results of light on-off experiments indicated that the reaction proceeded only

under the irradiation of light. Thus, the reaction maybe proceed via a catalytic process

rather than a radical chain process.
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10. Characterization of Products

0} F

>as)
<

Ethyl 4-([1,1'-biphenyl]-4-yl)-5,5-difluoro-2-(phenylamino)pent-4-enoate (3a).
colorless oil (92%, 74.9 mg); Rt = 0.50 (petroleum ether/ethyl acetate = 20:1); *H
NMR (400 MHz, CDClIs) 6 7.64 — 7.61 (m, 4H), 7.48 (t, J = 7.6 Hz, 2H), 7.42 — 7.39
(m, 3H), 7.14 (dd, J = 8.4, 7.2 Hz, 2H), 6.74 (t, J = 7.2 Hz, 1H), 6.51 (d, J = 7.6 Hz,
2H), 4.13 — 4.02 (m, 4H), 2.96 (s, 2H), 1.23 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz,
CDCI3) 6 173.1, 154.7 (dd, J = 289.5, 287.0 Hz), 146.3, 140.7, 140.5, 131.6 (t, J = 3.3
Hz), 129.4, 129.0, 127.7, 127.4, 127.2, 118.6, 113.7, 88.8 (dd, J = 21.2, 16.3 Hz), 61.5,
55.3, 31.6, 14.2; 1°F NMR (376 MHz, CDCls) & -88.81 (d, J = 37.6 Hz), -89.16 (d, J =
37.6 Hz); IR (neat): vmax (cm™) 3390, 2923, 1731, 1602, 1504, 1377, 1192, 1028, 755
cm; HRMS (ESI) calcd for C2sH24F2NO2 [M+H]* 408.1769, found 408.1762.

0 F
EtO 2 F

-

Ethyl 4-(4-bromophenyl)-5,5-difluoro-2-(phenylamino)pent-4-enoate (3b).

colorless oil (86%, 70.3 mg); Rt = 0.40 (petroleum ether/ethyl acetate = 20:1); H
NMR (400 MHz, CDClz) 6 7.50 (d, J = 8.4 Hz, 2H), 7.19 — 7.11 (m, 4H), 6.74 (t, J =
7.6 Hz, 1H), 6.47 (d, J = 8.0 Hz, 2H), 4.10 — 3.02 (m, 3H), 2.88 (s, 2H), 1.21 (t, J =
7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) § 172.9, 154.6 (dd, J = 290.2, 287.6 Hz),
146.2, 131.9, 131.7 (t, J = 3.3 Hz), 130.3 (t, J = 2.9 Hz), 129.4, 121.9, 118.8, 113.7,
88.4 (dd, J = 21.8, 16.2 Hz), 61.6, 55.2, 31.5, 14.2; **F NMR (376 MHz, CDCls) &
-88.49 (d, J = 36.5 Hz), -88.86 (d, J = 36.5 Hz); IR (neat): vmax (cm™) 3370, 2856,
1734, 1601, 1499, 1375, 1249, 822 cm™; HRMS (ESI) calcd for Ci9H19BrF2NO;
[M+H]* 410.0561, found 410.0547.
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Ethyl 4-(4-cyanophenyl)-5,5-difluoro-2-(phenylamino)pent-4-enoate (3c).

colorless oil (66%, 47.0 mg); Ri = 0.40 (petroleum ether/ethyl acetate = 10:1); H
NMR (400 MHz, CDCl3) 6 7.63 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.12 (t,
J=8.0Hz, 2H), 6.73 (t, J = 7.2 Hz, 1H), 6.44 (d, J = 7.6 Hz, 2H), 4.15 — 3.99 (m, 3H),
2.98 — 2.88 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCls) & 172.6,

CN



154.8 (dd, J = 292.2, 289.4 Hz), 145.9, 137.8 (dd, J = 4.0, 3.0 Hz), 132.3, 129.4,
129.2 (t, J = 3.2 Hz), 118.8, 118.5, 113.6, 111.5, 88.5 (dd, J = 22.0, 15.0 Hz), 61.6,
55.2, 30.9, 14.1; 2°F NMR (376 MHz, CDCls) & -86.40 (d, J = 30.8 Hz), -86.56 (d, J =
30.8 Hz); IR (neat): vmax (M%) 3380, 3054, 2260, 1729, 1601, 1506, 1311, 840 cm'?;
HRMS (ESI) calcd for CaoHioF2N20, [M+H]* 357.1409, found 357.1411.
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Ethyl 5,5-difluoro-4-(4-(methylsulfonyl)phenyl)-2-(phenylamino)pent-4-enoate (3d).
colorless oil (77%, 63.0 mg); Rt = 0.40 (petroleum ether/ethyl acetate = 10:1); *H
NMR (400 MHz, CDCl3) 6 7.91 (d, J = 8.4 Hz, 2H), 7.49 (d, J = 8.0 Hz, 2H), 7.10 (t,
J=8.0Hz, 2H), 6.71 (t, J = 7.6 Hz, 1H), 6.44 (d, J = 8.0 Hz, 2H), 4.11 — 4.02 (m, 3H),
3.05 (s, 3H), 3.01 — 2.89 (m, 2H), 1.20 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz,
CDCI3) 6 172.6, 154.9 (dd, J = 292.1, 289.2 Hz), 145.9, 139.7, 138.7 (t, J = 3.2 H2),
129.4 (t, J = 3.1 Hz), 129.4, 127.7, 118.7, 113.5, 88.4 (dd, J = 22.2, 15.5 Hz), 61.6,
55.1, 44.4, 31.1, 14.1; °F NMR (376 MHz, CDCl3) § -86.50 (d, J = 31.2 Hz), -86.72
(d, 3 =31.2 Hz); IR (neat): vmax (cm™) 3375, 2985, 2941, 2361, 1727, 1309, 1140, 774
cmt; HRMS (ESI) calcd for CaoH22F2NO4S [M+H]* 410.1232, found 410.1230.
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Ethyl 4-(5-ethoxy-1,1-difluoro-5-oxo-4-(phenylamino)pent-1-en-2-yl)benzoate (3e).

colorless oil (86%, 69.3 mg); Rr = 0.4 (petroleum ether/ethyl acetate = 15:1); *H NMR
(400 MHz, CDCls) 6 8.05 (d, J=8.0 Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 7.12 (t, J = 7.6
Hz, 2H), 6.73 (t, J = 7.2 Hz, 1H), 6.47 (d, J = 8.0 Hz, 2H), 4.40 (g, J = 7.2 Hz, 2H),
4.11-4.01 (m, 3H),2.94 (d,J=4.0Hz,2H), 1.41 (t, J=7.2 Hz, 3H), 1.20 (t, J = 7.2
Hz, 3H); 3C NMR (100 MHz, CDCls) § 172.8, 166.2, 154.8 (dd, J = 291.6 288.1 Hz),
146.2, 137.4 (t, J = 3.8 Hz), 129.9, 129.4, 128.5 (t, J = 3.0 Hz), 118.8, 113.7, 88.8 (dd,
J =216, 15.7 Hz), 61.5, 61.2, 55.3 31.4, 14.4, 14.2; F NMR (376 MHz, CDCls) §
-87.46 (d, J = 33.9 Hz), -87.71 (d, J = 34.0 Hz); IR (neat): vmax (cm™) 3377, 2986,
2877, 1714, 1274, 1022, 857 cm™; HRMS (ESI) calcd for CaoH24F2NOs [M+H]*
404.1668, found 404.1661.



EtO Z°F
Sh

Ethyl 4-(4-acetylphenyl)-5,5-difluoro-2-(phenylamino)pent-4-enoate (3f).

colorless oil (77%, 57.4 mg); Rt = 0.60 (petroleum ether/ethyl acetate = 10:1); *H
NMR (400 MHz, CDCls3) 6 7.90 — 7.87 (m, 2H), 7.52 — 7.45 (m, 2H), 7.11 (t, J = 8.0
Hz, 2H), 6.71 (t, J = 7.2 Hz, 1H), 6.44 (d, J = 7.6 Hz, 2H), 4.10 — 4.12 (m, 3H), 2.97 -
2.91 (m, 2H), 2.55 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) &
197.7, 172.8, 154.8 (dd, J = 290.1, 287.8 Hz), 146.1, 137.5, 133.3, 129.4, 129.0, 128.4
(t, J=2.8Hz), 127.7, 118.7, 113.6, 88.6 (dd, J = 21.6, 16.2 Hz), 61.5, 55.1, 31.3, 26.7,
14.1; °F NMR (376 MHz, CDCls) & -88.59 (d, J = 36.5 Hz), -88.88 (d, J = 36.5 Hz);
IR (neat): vmax (cm™) 3374, 2984, 2361, 1730, 1602, 1230, 1025, 796 cm™*; HRMS
(ESI) calcd for C21H22F2NO3 [M+H]* 374.1562, found 374.1551.
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Ethyl 5,5-difluoro-4-(4-phenoxyphenyl)-2-(phenylamino)pent-4-enoate (3g).

colorless oil (63%, 53.3 mg); Rr = 0.5 (petroleum ether/ethyl acetate = 15:1); *H NMR
(400 MHz, CDCl3) 6 7.39 (t, J = 8.4 Hz, 2H), 7.29 (d, J = 8.8 Hz, 2H), 7.16 (t, J = 8.4
Hz, 3H), 7.07 (d, J = 8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.76 (t, J = 7.2 Hz, 1H),
6.52 (d, J = 8.0 Hz, 2H), 4.14 — 4.07 (m, 3H), 2.92 — 2.90 (m, 2H), 1.24 (t, J = 7.2 Hz,
3H); °F NMR (376 MHz, CDCl3) & -89.60 (d, J = 39.1 Hz), -90.07 (d, J = 39.1 Hz);
13C NMR (100 MHz, CDCls) & 173.0, 157.1, 156.8, 154.6 (dd, J = 289.1, 286.8 Hz),
146.2, 130.1 (t, J = 2.8 Hz), 123.0, 129.4, 127.2 (dd, J = 3.7, 3.2 Hz), 123.8, 119.4,
118.7,113.7, 88.4 (dd, J = 21.3, 16.4 Hz), 61.5, 55.3, 31.7, 14.2; IR (neat): vmax (cm™)
3376, 2983, 1718, 1603, 1372, 1089, 752 cm™!; HRMS (ESI) calcd for CasH24F2NO3
[M+H]* 424.1719, found 424.1722.
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Ethyl 5,5-difluoro-2-(phenylamino)-4-(4-(trimethylsilyl)phenyl)pent-4-enoate (3h).

colorless oil (58%, 46.7 mg); R: = 0.6 (petroleum ether/ethyl acetate = 25:1); *H NMR
(400 MHz, CDCl3) 6 7.52 (d, J =8.0 Hz, 2H), 7.29 (d, J = 7.2 Hz, 2H), 7.12 (t, J = 7.6
Hz, 2H), 6.72 (t, J = 7.6 Hz, 1H), 6.47 (d, J = 7.6 Hz, 2H), 4.09 — 3.96 (m, 3H), 2.92 —
2.90 (m, 2H), 1.19 (t, J = 7.2 Hz, 3H), 0.28 (s, 9H); 3C NMR (100 MHz, CDCls3) §
173.1, 154.7 (dd, J = 289.9, 286.8 Hz), 146.3, 140.3, 133.7, 133.1 (t, J = 3.4 H2z),
129.4,127.9 (t, J = 3.4 Hz), 118.7 (s), 113.8, 89.0 (dd, J = 21.0, 16.2 Hz), 61.5, 55.4,
31.5, 14.2, -1.0; °F NMR (376 MHz, CDCls3) 6 -89.12 (d, J = 37.6 Hz), -89.47 (d, J =



37.6 Hz); IR (neat): vmax (cmt) 3386, 3057, 2816, 2360, 1730, 1602, 1181, 781 cm'?;
HRMS (ESI) calcd for CaaHasF2NO2Si [M+H]* 404.1852, found 404.1835.
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Ethyl 4-(3-acetylphenyl)-5,5-difluoro-2-(phenylamino)pent-4-enoate (3i).

colorless oil (60%, 44.8 mg); Rs = 0.6 (petroleum ether/ethyl acetate = 10:1); *H NMR
(400 MHz, CDClz) 6 7.90 — 7.86 (m, 2H), 7.52 — 7.45 (m, 2H), 7.11 (t, J = 8.4 Hz,
2H), 6.72 (t, J = 7.6 Hz, 1H), 6.46 (d, J = 7.6 Hz, 2H), 4.12 — 4.00 (m, 3H), 2.99 —
2.91 (m, 3H), 2.55 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); F NMR (376 MHz, CDClz3) 8
-88.54 (d, J = 36.1 Hz), -88.82 (d, J = 36.5 Hz); 13C NMR (100 MHz, CDCls) 6 197.8,
172.8, 154.8 (dd, J = 289.7, 287.7 Hz), 146.0 (d, J = 4.8 Hz), 137.5, 133.3 (dd, J = 6.8,
4.2 Hz), 129.4, 129.0, 128.5 (t, J = 2.7 Hz), 127.8 , 118.8 (d, J = 6.2 Hz), 113.7 (d, J =
5.9 Hz), 88.6 (dd, J = 21.6, 16.3 Hz), 61.6 , 55.2, 31.4, 26.7, 14.2; IR (neat): vmax
(cm™) 3374, 2983, 1715, 1602, 1371, 1024, 750 cm™?; HRMS (ESI) calcd for
Co1H2F2NO3 [M+H]* 374.1562, found 374.1555.
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Ethyl 5,5-difluoro-4-(naphthalen-2-yl)-2-(phenylamino)pent-4-enoate (3j).

colorless oil (79%, 60.2 mg); Rr = 0.5 (petroleum ether/ethyl acetate = 20:1); *H NMR
(400 MHz, CDCl3) 6 7.91 — 7.76 (m, 4H), 7.56 — 7.49 (m, 2H), 7.45 (d, J = 8.4 Hz,
1H), 7.11 (t, J = 7.6 Hz, 2H), 6.73 (t, J = 7.2 Hz, 1H), 6.48 (d, J = 7.6 Hz, 2H), 4.17 -
3.96 (m, 4H), 3.03 (s, 2H), 1.20 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) &
173.1, 154.8 (dd, J = 289.9, 287.1 Hz), 146.3, 133.3, 132.8, 130.0 (t, J = 3.0 Hz),
129.3, 128.4, 128.1, 127.9 (t, J = 3.0 Hz), 127.8, 126.6, 126.5, 126.3 (t, J = 2.9 Hz),
118.6, 113.7, 89.2 (dd, J = 21.2, 16.2 Hz), 61.4, 55.3, 31.8, 14.1; °F NMR (376 MHz,
CDCls) § -89.01 (d, J = 37.6 Hz), -89.29 (d, J = 37.6 Hz); IR (neat): vmax (cm™) 3379,
3055, 2361, 1727, 1602, 1229, 1109, 818 cm™*; HRMS (ESI) calcd for CasH22F2NO;
[M+H]* 382.1613, found 382.1601.
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Ethyl 4-(9,9-dimethyl-9H-fluoren-2-yl)-5,5-difluoro-2-(phenylamino)pent-4-enoate (3k).

White solid (85%, 76.0 mg); Ri = 0.5 (petroleum ether/ethyl acetate = 15:1); *H NMR
(400 MHz, CDCl3) 6 7.76 — 7.70 (m, 2H), 7.45 (d, J = 6.0 Hz, 1H), 7.39 — 7.28 (m,
5H), 7.10 (t, J =7.2 Hz, 2H), 6.71 (t, J = 7.2 Hz, 1H), 6.48 (d, J = 8.0 Hz, 2H), 4.12 —

v



4.03 (m, 3H), 2.96 (d, J = 6.0 Hz, 2H), 1.48 (s, 3H), 1.49 (s, 3H), 1.21 (t, J = 7.2 Hz,
3H); 3C NMR (100 MHz, CDCls) § 173.1, 154.7 (dd, J = 289.6, 287.2 Hz), 154.1,
153.9, 146.3, 139.0, 138.7, 1315 (t, J = 3.0 Hz), 129.4, 127.7, 127.6 (t, J = 2.7 Hz),
127.2,122.9 (t, J = 2.7 Hz), 122.8, 120.3, 120.2, 118.7, 113.7, 89.5 (dd, J = 21.1, 15.7
Hz), 615, 5.4, 47.0, 32.0, 27.3, 14.2; °F NMR (376 MHz, CDCl3) 5 -89.16 (d, J =
38.7 Hz), -89.89 (d, J = 38.7 Hz); IR (neat): vmax (cm™) 3385, 3059, 2360, 1730, 1602,
1254, 1024, 831 cm't; HRMS (ESI) calcd for CagHasFaNO, [M+H]* 448.2083, found
448.2071.
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Ethyl 5,5-difluoro-4-(4-((2-(4-isobutylphenyl)propanoyl)oxy)phenyl)-2-(phenylamino)pent-4-en
-oate (31).

colorless oil (51%, 54.6 mg, d.r. = 1:1); Rf = 0.4 (petroleum ether/ethyl acetate = 5:1);
IH NMR (400 MHz, CDCl3) & 7.31 — 7.25 (m, 4H), 7.16 — 7.09 (m, 4H), 7.00 (d, J =
8.4 Hz, 2H), 6.71 (t, J = 7.2 Hz, 1H), 6.46 (d, J = 7.6 Hz, 2H), 4.05 — 3.93 (m, 5H),
2.86 (s, 2H), 2.46 (d, J = 7.2 Hz, 2H), 1.90 — 1.83 (m, 1H), 1.60 (d, J = 7.2 Hz, 3H),
1.19 (t, J = 7.2 Hz, 3H), 0.91 (d, J = 6.4 Hz, 6H); *C NMR (100 MHz, CDCls) §
173.2, 173.0, 154.6 (dd, J = 289.3, 287.2 Hz), 150.4, 146.3, 141.0, 137.2,130.1 (, J =
3.2 Hz), 129.7, 129.4, 127.3, 121.8, 118.7, 113.7, 88.4 (dd, J = 21.7, 16.3 Hz), 61.5,
55.2,45.4,45.2,31.7, 30.3, 22.5, 18.6, 14.2; 1°F NMR (376 MHz, CDCls) & -89.00 (d,
J =37.6 Hz), -89.50 (d, J = 37.6 Hz); IR (neat): vmax (cm®) 3332, 3030, 2857, 1726,
1643, 1460, 1236, 764 cm™; HRMS (ESI) calcd for C3oH3sF2NO4 [M+H]* 536.2607,

found 536.2587.
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((3aS,5aR,8aR,8bS)-2,2,7,7-Tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-3a-y
I)methyl 4-(5-ethoxy-1,1-difluoro-5-oxo-4-(phenylamino)pent-1-en-2-yl)benzoate (3m).

white solid (67%, 82.7 mg); Rr = 0.4 (petroleum ether/ethyl acetate = 3:1); *H NMR
(400 MHz, CDCl3) 5 8.07 (d, J = 8.4 Hz, 2H), 7.39 (d, J = 8.0 Hz, 2H), 7.11 (t, J = 7.2
Hz, 2H), 6.72 (t, J = 7.2 Hz, 1H), 6.45 (d, J = 7.6 Hz, 2H), 4.71 — 4.64 (m, 2H), 4.47
(s, 1H), 4.35 (dd, J = 11.6, 2.4 Hz, 1H), 4.27 (d, J = 7.6 Hz, 1H), 4.14 — 3.95 (m, 5H),
3.83 (t, J = 12.4 Hz, 1H), 2.93 (s, 2H), 1.56 (s, 3H), 1.47 (s, 3H), 1.39 (s, 3H), 1.35 (s,
3H), 1.20 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCls) § 172.8, 165.6, 154.8 (dd,
J =291.8, 288.5 Hz), 146.1, 137.8, 130.1, 129.4, 128.5 (t, J = 2.9 Hz), 118.8, 113.6,
109.3, 109.0, 101.7, 88.8 (dd, J = 21.5, 15.8 Hz), 70.9, 70.7, 70.2, 65.6, 61.52, 61.46,



55.2, 31.3, 26.6, 26.0, 25.7, 24.1, 14.2; 1°F NMR (376 MHz, CDCl3) & -87.17 (dd, J =
33.1, 9.6 Hz), -87.34 (dd, J = 33.1, 9.6 H2); IR (neat): vmax (cm™) 3309, 3001, 27609,
2293, 1736, 1313, 1179, 843 cm™; HRMS (ESI) calcd for CsoHasF2NOg [M+H]*
618.2509, found 618.2499.

)
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4-([1,1'-Biphenyl]-4-yl)-5,5-difluoro-1-morpholino-2-(phenylamino)pent-4-en-1-one (3n).

yellow solid (84%, 75.3 mg); m.p.: 130-131 °C; Rf = 0.5 (petroleum ether/ethyl
acetate = 8:1); 'H NMR (400 MHz, CDCls) § 7.69 — 7.55 (m, 4H), 7.48 (t, J = 7.2 Hz,
2H), 7.39 (d, J = 8.0 Hz, 3H), 7.14 (t, J = 8.0 Hz, 2H), 6.74 (t, J = 7.2 Hz, 1H), 6.50
(d, J = 8.0 Hz, 2H), 4.40 (s, 2H), 3.61 — 3.54 (m, 5H), 3.47 — 3.33 (m, 3H), 2.09 (s,
2H); 13C NMR (100 MHz, CDCl3) § 170.8, 154.6 (dd, J = 291.0, 287.2 Hz), 146.5,
140.6, 140.3, 131.8 (t, J = 3.8 Hz), 129.5, 129.0, 128.7 (t, J = 3.1 Hz), 127.8, 127.3,
127.1, 118.7, 114.0, 88.8 (dd, J = 21.2, 14.9 Hz), 66.8, 66.6, 51.7, 46.0, 42.5.0, 31.3;
F NMR (376 MHz, CDCls) & -88.14 (d, J = 36.5 Hz), -88.44 (d, J = 36.5 Hz); IR
(neat): vmax (cm™) 3386, 2956, 1732, 1603, 1372, 1168, 1018, 749 cm™; HRMS (ESI)

calcd for Co7H27F2N202 [M+H]* 449.2035, found 449.2032.
(0}
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Methyl 3-(4-([1,1'-biphenyl]-4-yl)-5,5-difluoro-2-(phenylamino)pent-4-enamido)propanoate (30).
white solid (75%, 69.6 mg); m.p.: 147-148 °C; Rs = 0.5 (petroleum ether/ethyl acetate
=8:1); 'H NMR (400 MHz, CDCl3) § 7.60 — 7.57 (m, 4H), 7.45 (t, J = 7.2 Hz, 2H),
7.37 (t, J=5.6 Hz, 3H), 7.14 (t, J = 8.4 Hz, 2H), 6.78 (t, J = 7.2 Hz, 1H), 6.46 (d, J =
7.6 Hz, 2H), 3.91 (s, 1H), 3.74 — 3.72 (m, 1H), 3.53 (s, 3H), 3.51 — 3.41 (m, 2H), 3.17
—3.13 (m, 1H), 2.90 — 2.84 (m, 1H), 2.45 (t, J = 6.0 Hz, 2H); **C NMR (100 MHz,
CDCl3) 6 172.6, 172.4, 154.6 (dd, J = 290.8, 286.5 Hz), 146.3, 140.8, 140.4, 131.0 (t,
J = 3.7 Hz), 129.4, 128.9, 127.5, 127.1, 119.3, 113.7, 89.2 (dd, J = 20.7, 15.3 Hz),
57.9, 51.7, 34.7, 33.7, 31.6; **F NMR (376 MHz, CDCls) & -88.08 (d, J = 38.7 Hz),
-89.53 (d, J = 39.1 Hz); IR (neat): vmax (cm™) 3394, 2958, 2870, 1739, 1604, 1072,
1023, 952 cm*; HRMS (ESI) calcd for Ca7H27F2N202 [M+H]" 465.1984, found
465.1976.
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((3aS,5aR,8aR,8bS)-2,2,7,7-Tetramethyltetrahydro-3aH-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-3a-y
Dmethyl-4-(5-(((S)-1-(1H-indol-3-yl)-2-methoxy-2-oxoethyl)amino)-1,1-difluoro-5-oxo-4-(phenyla

mino)pent-1-en-2-yl)benzoate (3p).

white solid (63%, 97.7 mg, d.r. = 1:1); m.p.: 210-211 °C; Ry = 0.5 (petroleum
ether/ethyl acetate = 2:1); "H NMR (400 MHz, CDCls) § 8.61 (s, 0.5H), 8.22 (s, 0.5H),
7.99 (dd, J = 13.2, 8.0 Hz, 2H), 7.52 (d, J = 8.0 Hz, 0.5H), 7.40 (dd, J = 8.0, 4.4 Hz,
0.5H), 7.32 — 7.28 (m, 1.5H), 7.24 — 7.20 (m, 1.5H), 7.16 — 7.12 (m, 3H), 7.07 — 6.98
(m, 1H), 6.87 — 6.77 (m, 2H), 6.42 — 6.36 (m, 2H), 4.92 — 4.89 (m, 0.5H), 4.86 — 4.81
(m, 0.5H), 4.75 (dd, J = 11.6, 8.4 Hz, 1H), 4.70 (d, J = 7.6 Hz, 1H), 4.49 (s, 1H), 4.38
(d,J=11.6 Hz, 0.5H), 4.31 (d, J = 8.0 Hz, 0.5H), 4.16 (q, J = 7.2 Hz, 1H), 4.01 (d, J
= 12.8 Hz, 0.5H), 3.85 (d, J = 13.2 Hz, 0.5H), 3.71 (s, 1.5H), 3.67 (s, 1.5H), 3.36 —
3.28 (m, 2H), 3.15 (dd, J = 14.8, 4.8 Hz, 1H), 3.08 (d, J = 15.2 Hz, 0.5H), 2.93 (d, J =
23.2 Hz, 0.5H), 2.82 (dd, J = 13.2, 10.0 Hz, 0.5H), 2.66 (dd, J = 13.2, 8.8 Hz, 0.5H),
2.08 (s, 1H), 1.60 (s, 3H), 1.50 (s, 3H), 1.42 (d, J = 4.8 Hz, 3H), 1.40 (s, 1H), 1.30 (t,
J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) § 172.1, 172.0, 171.9, 171.8, 171.3,
165.5, 165.5, 154.7 (t, J = 288.0 Hz), 154.6 (t, J = 286.4 Hz), 146.3, 146.2, 137.2 (1, J
=4.1 Hz), 136.2, 136.1, 130.1, 130.0, 129.4, 129.3, 129.2, 129.0, 128.5 (t, J = 2.8 Hz),
128.3 (t, J = 2.6 Hz), 127.7, 127.2, 123.1, 122.9, 122.3, 122.1, 119.6, 119.5, 119.4,
119.3, 118.4, 118.4, 114.0, 113.7, 111.6, 111.3, 109.6, 109.2, 109.1, 109.0, 108.9,
101.7, 101.6, 89.1 (dd, J = 21.4, 15.1 Hz), 89.0 (dd, J = 21.6, 15.0 Hz), 70.8, 70.7,
70.6, 70.1, 65.8, 65.6, 61.4, 60.5, 57.8, 57.5, 53.1, 52.4, 52.4, 52.2, 31.5, 31.1, 27.5,
27.3,26.6,25.9, 25.6, 24.0, 21.1, 14.2; °F NMR (376 MHz, CDCl;) & -86.41 (d, J =
34.6 Hz), -86.64 (d, J = 33.8 Hz), -87.74 (d, J = 12.0 Hz), -87.83 (d, J = 12.4 Hz); IR
(neat): vmax (cm™) 3376, 2983, 1718, 1603, 1496, 1408, 1277, 1189, 1156, 1089, 1026
cm’'; HRMS (ESI) calcd for C41HausF2N3O010 [M+H]" 776.2989, found 776.2927.

o} F

EtO ZF

=1

Ethyl 4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (5a).

colorless oil (93%, 60.1 mg); Rr = 0.6 (petroleum ether/ethyl acetate = 20:1); *H NMR
(400 MHz, CDCl3) 6 7.49 — 7.45 (m, 2H), 7.38 — 7.32 (m, 3H), 7.21 (t, J = 8.4 Hz,
2H), 6.79 (t, J = 7.2 Hz, 1H), 6.72 (d, J = 8.4 Hz, 2H), 4.41 (t, J = 6.4 Hz, 1H), 4.23
(0, J =7.2 Hz, 2H), 2.78 — 2.66 (m, 2H), 1.28 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz,
CDCIz) 6 172.8, 159.7 (dd, J = 295.9, 293.2 Hz), 146.4, 131.6, 129.5, 128.5, 128.5,
122.6, 118.7, 113.8, 94.4 (t, J = 5.7 Hz), 80.4 (dd, J = 7.6, 4.3 Hz), 75.3 (dd, J = 34.0,



17.7 Hz), 61.7, 55.4, 30.8, 14.2; °F NMR (376 MHz, CDCls) & -77.29 (d, J = 11.3
Hz), -83.11 (d, J = 11.3 Hz); IR (neat): vmax (cm) 3385, 2983, 2875, 1716, 1599,
1491, 1016, 816 cm't; HRMS (ESI) calcd for CasHaaFaNO, [M+H]* 324.1205, found
324.1197.
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Ethyl 4-(difluoromethylene)-6-(4-ethylphenyl)-2-(phenylamino)hex-5-ynoate (5b).

colorless oil (84%, 64.3 mg); Rs = 0.5 (petroleum ether/ethyl acetate = 25:1); *H NMR
(400 MHz, CDCl3) 6 7.36 (d, J = 8.0 Hz, 2H), 7.23 — 7.13 (m, 4H), 6.76 (t, J = 7.3 Hz,
1H), 6.69 (d, J = 7.9 Hz, 2H), 4.37 (t, J = 6.4 Hz, 1H), 4.20 (g, J = 7.2 Hz, 2H), 2.69 —
2.63 (m, 4H), 1.28 — 1.23 (m, 6H); *3C NMR (100 MHz, CDCl3) § 172.9, 159.7 (dd, J
=295.5, 292.7 Hz), 146.4, 145.3, 131.6, 129.5, 128.1, 119.9, 118.7, 113.8, 94.7 (t, J =
5.6 Hz), 79.7 (dd, J = 7.8, 4.4 Hz), 75.4 (dd, J = 34.0, 17.8 Hz), 61.7, 55.4, 31.0, 28.9,
15.5, 14.2; ®F NMR (376 MHz, CDCls) § -77.68 (d, J = 12.2 Hz), -83.60 (d, J = 12.2
Hz); IR (neat): vmax (cm™) 3388, 2983, 1715, 1595, 1275, 1194, 1076, 909 cm™;
HRMS (ESI) calcd for C23H24F2NO> [M+H]* 384.1770, found 384.1767.
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Ethyl 6-(4-chlorophenyl)-4-(difluoromethylene)-2-(phenylamino)hex-5-ynoate (5c).

colorless oil (87%, 67.7 mg); R: = 0.5 (petroleum ether/ethyl acetate = 20:1); *H NMR
(400 MHz, CDCl3) 6 7.32 — 7.29 (m, 4H), 7.18 (t, J = 8.4 Hz, 2H), 6.76 (t, J = 7.2 Hz,
1H), 6.67 (d, J = 7.6 Hz, 2H), 4.35 (t, J = 6.4 Hz, 1H), 4.24 — 4.15 (m, 2H), 2.72 —
2.64 (m, 2H), 1.26 (t, J = 7.2 Hz, 3H); *3C NMR (100 MHz, CDCls) § 172.6, 159.7
(dd, J = 295.8, 295.2 Hz), 146.2, 134.7, 132.7, 129.4, 128.8, 121.0, 118.6, 113.6, 93.2
(t,J=5.6 Hz),81.4 (dd,J=7.5,4.4 Hz), 75.0 (dd, J = 34.1, 17.6 Hz), 61.6, 55.3, 30.7,
14.1; **F NMR (376 MHz, CDCls) § -76.74 (d, J = 9.8 Hz), -82.44 (d, J = 9.8 Hz); IR
(neat): vmax (cm™) 3394, 2982, 1715, 1601, 1371, 1274, 1087, 916 cm™; HRMS (ESI)
calcd for Co1H19CIF2NO2 [M+H]* 390.1067, found 390.1075.
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Methyl-4-(3-(difluoromethylene)-6-ethoxy-6-o0xo-5-(phenylamino)hex-1-yn-1-yl)benzoate
(5d).
colorless oil (69%, 58.9 mg); Rs = 0.5 (petroleum ether/ethyl acetate = 10:1); *H NMR
(400 MHz, CDCl3) & 8.00 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 8.4 Hz, 2H), 7.18 (t, J = 7.6
Hz, 2H), 6.77 (t, J = 7.2 Hz, 1H), 6.68 (d, J = 7.6 Hz, 2H), 4.37 (q, J = 6.4 Hz, 1H),
4.21 (t, J = 7.2 Hz, 2H), 3.93 (s, 3H), 2.71 (s, 2H), 1.25 (t, J = 7.2 Hz, 3H); 3C NMR
(100 MHz, CDCl3) & 172.7, 166.6, 159.9 (dd, J = 296.9, 294.1 Hz), 146.3, 131.4,
129.9, 129.6, 129.5, 127.3, 118.8, 113.7, 93.6 (t, J = 5.8 Hz), 83.4 (dd, J = 7.8, 4.3
Hz), 75.2 (dd, J = 34.3, 17.5 Hz), 61.7, 55.3, 52.4, 30.7, 14.2; °F NMR (376 MHz,
CDCl3) § -76.00 (d, J = 7.9 Hz), -81.64 (d, J = 7.9 Hz); IR (neat): vmax (cm™) 3392,
3054, 1630, 1523, 1491, 1274, 1023, 863 cm™’; HRMS (ESI) calcd for C24H24F2NO4
[M+H]" 428.1667, found 428.1646.
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Ethyl 4-(difluoromethylene)-2-(phenylamino)-6-(m-tolyl)hex-5-ynoate (5e).

colorless oil (89%, 65.7 mg); R: = 0.5 (petroleum ether/ethyl acetate = 25:1); *H NMR
(400 MHz, CDCl3) 6 7.24 — 7.23 (m, 2H), 7.20 (d, J = 7.2 Hz, 1H), 7.16 (d, J = 8.0 Hz,
2H), 6.75 (t, J = 7.6 Hz, 1H), 6.68 (d, J = 8.0 Hz, 2H), 4.37 (t, J = 6.4 Hz, 1H), 4.27 —
4.12 (m, 3H), 2.68 (d, J = 5.6 Hz, 2H), 2.33 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H); *C
NMR (100 MHz, CDCls) 6 172.8, 159.7 (dd, J = 295.7, 292.9 Hz), 146.4, 138.2,
132.2,129.7, 129.5, 128.6, 128.4, 122.5, 118.7, 113.8, 94.7 (t, J = 5.7 Hz), 80.0 (dd, J
= 7.6, 4.2 Hz), 75.3 (dd, J = 34.0, 17.7 Hz), 61.7, 55.4, 31.0, 21.3, 14.2; °F NMR
(376 MHz, CDCl3) 6 -77.47 (d, J = 11.7 Hz), -83.32 (d, J = 11.7 Hz); IR (neat): vmax
(cm™) 3547, 3165, 2821, 2293, 1631, 1174, 1035, 919 cm™; HRMS (ESI) calcd for
C2o2H22F2NO4 [M+H]* 370.1613, found 370.1605.

Me
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Ethyl 6-(2-aminophenyl)-4-(difluoromethylene)-2-(phenylamino)hex-5-ynoate (5f).

yellow oil (76%, 56.2 mg); Rs = 0.6 (petroleum ether/ethyl acetate = 15:1); *H NMR
(400 MHz, CDCl3) 6 7.38 — 7.36 (m, 1H), 7.31 — 7.22 (m, 3H), 6.87 (t, J = 7.2 Hz,
1H), 6.81 — 6.78 (m, 4H), 4.49 — 4.39 (m, 3H), 4.31 (q, J = 7.2 Hz, 2H), 2.82 (s, 2H),
1.36 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 172.9, 159.5 (dd, J = 295.1,
293.7 Hz), 148.1, 146.3, 132.1, 130.2, 129.5, 118.8, 117.9, 114.5, 113.8, 107.1, 91.3
(t, J=5.7 Hz), 85.3 (dd, J=7.6, 4.3 Hz), 75.3 (dd, J = 33.9, 17.8 Hz), 61.8, 55.5, 30.9,
14.2; °F NMR (376 MHz, CDCls3) & -77.48 (d, J = 11.3 Hz), -83.49 (d, J = 11.3 Hz);
IR (neat): vmax (cm™) 3384, 3009, 2881, 2253, 1718, 1276, 1032, 958, 833 cm?;
HRMS (ESI) calcd for C21H21F2N202 [M+H]" 371.1566, found 371.1559.
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Ethyl 4-(difluoromethylene)-2-(phenylamino)-6-(pyridin-3-yl)hex-5-ynoate (5g).

yellow oil (52%, 37.0 mg); R = 0.5 (petroleum ether/ethyl acetate = 20:1); *H NMR
(400 MHz, CDCls) 6 8.66 (s, 1H), 8.57 (d, J = 4.8 Hz, 1H), 7.70 (d, J = 7.6 Hz, 1H),
7.30 —7.27 (m, 1H), 7.20 (t, J = 7.2 Hz, 2H), 6.78 (t, J = 7.2 Hz, 1H), 6.69 (d, J = 8.0
Hz, 2H), 4.39 (s, 1H), 4.25 — 4.21 (m, 2H), 2.73 (s, 2H), 1.28 (t, J = 7.2 Hz, 3H); *3C
NMR (100 MHz, CDCls) 6 172.7, 160.0 (dd, J = 296.9, 294.2 Hz), 152.1, 149.0,
146.3, 138.5, 129.5, 123.2, 119.9, 118.8, 113.7,90.9 (t, J = 5.7 Hz), 83.8 (dd, J = 7.9,
4.4 Hz), 75.0 (dd, J = 34.3, 17.5 Hz), 61.7, 55.3, 30.7, 14.2; °F NMR (376 MHz,
CDCls) 6 -75.91 (d, J = 7.9 Hz), -81.54 (d, J = 7.9 Hz); IR (neat): vmax (cm™) 3386,
2860, 2253, 1603, 1443, 1274, 1086, 997, 877 cm?; HRMS (ESI) calcd for
CooH19F2N202 [M+H]* 357.1409, found 357.1414.
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Ethyl 4-(difluoromethylene)-2-(phenylamino)undec-5-ynoate (5h).

colorless oil (66%, 46.1mg); Rt = 0.6 (petroleum ether/ethyl acetate = 30:1); *H NMR
(400 MHz, CDCl3) 6 7.17 (t, J = 8.4 Hz, 2H), 6.75 (t, J = 7.6 Hz, 1H), 6.66 (d, J = 8.0
Hz, 2H), 4.29 (t, J = 7.2 Hz, 1H), 4.19 (q, J = 7.2 Hz, 2H), 2.55 (d, J = 6.4 Hz, 2H),
2.33 (t, J=7.2 Hz, 2H), 1.59 — 1.52 (m, 2H), 1.40 — 1.30 (m, 6H), 1.26 (t, J = 7.2 Hz,
3H), 0.91 (t, J = 6.8 Hz, 3H); ¥C NMR (100 MHz, CDCl3) & 173.0, 160.0 (dd, J =

)

4



293.6, 290.8 Hz), 146.6, 129.4, 118.7, 113.8, 96.0 (t, J = 5.4 Hz), 75.2 (dd, J = 33.5,
18.2 Hz), 71.4 (dd, J = 7.5, 3.9 Hz), 61.6, 55.4, 31.3, 31.2, 28.4, 22.3, 19.6, 14.2, 14.1;
F NMR (376 MHz, CDCls) & -80.14 (d, J = 17.8 Hz), -85.64 (d, J = 17.8 Hz); IR
(neat): vmax (cm™) 3387, 3056, 1717, 1603, 1275, 1180, 995, 874 cm™t; HRMS (ESI)
calcd for CooH26F2NO, [M+H]* 350.1926, found 350.1918.
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Ethyl 2-((4-chlorophenyl)amino)-4-(difluoromethylene)-6-phenylhex-5-ynoate (5i).

colorless oil (81%, 63.0 mg); Rs = 0.5 (petroleum ether/ethyl acetate = 30:1); *H NMR
(400 MHz, CDCl3) § 7.43 — 7.41 (m, 2H), 7.35 (s, 3H), 7.12 (d, J = 8.4 Hz, 2H), 6.60
(d, J = 8.8 Hz, 2H), 4.37 — 4.29 (m, 2H), 4.20 (g, J = 7.2, 2H), 2.68 (s, 2H), 1.26 (t, J
= 7.2 Hz, 3H); 3C NMR (100 MHz, CDCl3) § 172.5, 159.7 (dd, J = 296.1, 293.4 Hz),
145.0, 131.6, 129.4, 128.9, 128.6, 123.3, 122.5, 114.9, 94.5 (t, J = 5.8 Hz), 80.2 (dd, J
= 7.9, 4.6 Hz), 75.1 (dd, J = 34.0, 17.8 Hz), 61.9, 55.5, 30.8, 14.2; °F NMR (376
MHz, CDCls) & -76.99 (d, J = 10.8 Hz), -82.94 (d, J = 10.7 Hz); IR (neat): vmax (cm™)
3387, 3058, 2942, 1716, 1443, 1277, 1082, 885 cm™; HRMS (ESI) calcd for
C21H19CIF2NO; [M+H]* 390.1067, found 390.1075.
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Ethyl 2-((4-bromophenyl)amino)-4-(difluoromethylene)-6-phenylhex-5-ynoate (5j).

colorless oil (83%, 71.9 mg); R: = 0.4 (petroleum ether/ethyl acetate = 30:1); *H NMR
(400 MHz, CDCl3) 6 7.38 — 7.36 (m, 2H), 7.30 — 7.28 (m, 3H), 7.21 (d, J = 8.8 Hz,
2H), 6.51 (d, J = 8.8 Hz, 2H), 4.28 (t, J = 6.0 Hz, 1H), 4.16 (q, J = 7.2 Hz, 2H), 2.66 —
2.62 (m, 2H), 1.21 (t, J = 7.2 Hz, 3H); *3C NMR (100 MHz, CDCl3) § 172.4, 159.7
(dd, J =296.1, 293.5 Hz), 145.4, 132.2, 131.5, 128.8, 128.5, 122.5, 115.3, 110.3, 94.5
(t, J=5.6 Hz), 80.2 (dd, J=7.6, 4.2 Hz), 75.1 (dd, J = 33.9, 17.7 Hz), 61.7, 55.3, 30.7,
14.2; 'F NMR (376 MHz, CDCls) § -76.92 (d, J = 10.9 Hz), -82.84 (d, J = 10.9 Hz);
IR (neat): vmax (cm™) 3546, 3165, 2943, 2293, 1632, 1376, 1035, 919 cm™*; HRMS
(ESI) calcd for C21H19BrF2NO, [M+H]* 434.0517, found 434.0545.
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Ethyl 4-(difluoromethylene)-2-((3,5-dimethylphenyl)amino)-6-phenylhex-5-ynoate (5k).
colorless oil (86%, 65.9 mg); Rr = 0.5 (petroleum ether/ethyl acetate = 30:1); *H NMR
(400 MHz, CDCl3) 6 7.48 — 7.46 (m, 2H), 7.36 — 7.34 (m, 3H), 6.44 (s, 1H), 6.34 (s,
2H), 4.39 (t, J = 6.4 Hz, 1H), 4.26 — 4.18 (m, 3H), 2.69 (d, J = 6.4 Hz, 2H), 2.22 (s,
6H), 1.28 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 173.0, 159.7 (dd, J =
295.8, 293.5 Hz), 146.5, 139.1, 131.6, 128.7, 128.5, 122.6, 120.7, 111.7, 94.4 (t, J =
5.7 Hz), 80.5 (dd, J = 7.7, 4.0 Hz), 75.4 (dd, J = 34.0, 17.6 Hz), 61.6, 55.4, 31.0, 21.6,
14.2; °F NMR (376 MHz, CDCls3) & -77.26 (d, J = 11.7 Hz), -83.10 (d, J = 11.7 Hz);
IR (neat): vmax (cm™) 3547, 3003, 2864, 2293, 1645, 1493, 1116, 1035, 919 cm;
HRMS (ESI) calcd for C23H24F2NO> [M+H]* 384.1770, found 384.1768.
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Ethyl 4-(difluoromethylene)-2-(naphthalen-2-ylamino)-6-phenylhex-5-ynoate (5I).

colorless oil (75%, 60.8 mg); R: = 0.6 (petroleum ether/ethyl acetate = 20:1); *H NMR
(400 MHz, CDCls3) 6 7.68 (dd, J = 14.4, 8.0 Hz, 2H), 7.57 (d, J = 8.4 Hz, 1H), 7.48 -
7.45 (m, 2H), 7.39 — 7.33 (m, 4H), 7.24 (t, J = 7.2 Hz, 1H), 6.97 (dd, J = 8.8, 2.4 Hz,
1H), 6.92 (d, J = 2.0 Hz, 1H), 4.55 (t, J = 6.0 Hz, 1H), 4.29 — 4.20 (m, 2H), 2.80 —
2.78 (m, 2H), 1.29 (t, J = 7.2 Hz, 3H); **C NMR (100 MHz, CDCls) § 172.7, 159.8
(dd, J = 296.0, 293.5 Hz), 144.0, 135.0, 131.6, 129.3, 128.8, 128.5, 128.1, 127.7,
126.5, 126.2, 122.6, 118.3, 105.7, 94.5 (t, J = 5.8 Hz), 80.4 (dd, J = 7.5, 4.0 Hz), 75.3
(dd, J = 34.2, 17.9 Hz), 61.8, 55.3, 30.6, 14.2; *°F NMR (376 MHz, CDCls) & -77.01
(d, J = 11.3 Hz), -82.86 (d, J = 11.3 Hz); IR (neat): vmax (cm™) 3362, 2944, 2409,
2253, 1661, 1198, 1033, 995 cm™; HRMS (ESI) calcd for CasH2oFoNO, [M+H]*
406.1613, found 406.1611.
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Prop-2-yn-1-yl 4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (5m).

colorless oil (77%, 56.2 mg); R: = 0.6 (petroleum ether/ethyl acetate = 25:1); *H NMR
(400 MHz, CDCl3) 6 7.46 — 7.43 (m, 2H), 7.35 — 7.33 (m, 3H), 7.21 — 7.17 (m, 2H),
6.78 (t, J =7.2 Hz, 1H), 6.69 (d, J = 7.6 Hz, 2H), 4.73 (t, J = 2.4 Hz, 1H), 4.45 (dd, J



= 14.8, 6.4 Hz, 1H), 4.30 (d, J = 8.4 Hz, 1H), 2.74 — 2.71 (m, 2H), 2.48 (t, J = 2.4 Hz,
1H); 3C NMR (100 MHz, CDCls) & 172.2, 159.8 (dd, J = 295.9, 292.0Hz), 146.3,
131.6, 129.6, 128.8, 128.5, 122.6, 119.0, 113.9, 94.6 (t, J = 5.0 Hz), 80.2 (dd, J = 17.8,
9.5 Hz), 75.6, 75.0 (dd, J = 34.2, 17.3 Hz), 55.4, 53.0, 30.9; °F NMR (376 MHz,
CDCls) § -76.78 (d, J = 10.5 Hz), -82.62 (d, J = 10.5 Hz); IR (neat): vmax (cm™) 3460,
2940, 1667, 1427, 1264, 1113, 927 cm™; HRMS (ESI) calcd for CaHisF2NO;
[M+H]* 366.1300, found 366.1302.
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Cyclopropylmethyl 4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (5n).
colorless oil (73%, 55.6 mg); Rr = 0.5 (petroleum ether/ethyl acetate = 30:1); *H NMR
(400 MHz, CDCl3) 6 7.46 — 7.39 (m, 2H), 7.35 — 7.34 (m, 3H), 7.19 (t, J = 7.8 Hz,
2H), 6.77 (t, J = 7.2 Hz, 1H), 6.71 (d, J = 7.6 Hz, 2H), 4.43 — 4.36 (m, 2H), 4.02 —
3.94 (m, 2H), 2.73 — 2.70 (m, 2H), 1.18 — 1.08 (m, 1H), 0.57 — 0.53 (m, 2H), 0.27 —
0.24 (m, 2H); 3C NMR (100 MHz, CDCls) & 172.9, 159.6 (dd, J = 295.9, 293.2 Hz),
146.3, 131.5, 129.4, 128.7, 128.4, 122.6, 118.6, 113.7, 94.3 (t, J = 5.6 Hz), 80.3 (dd, J
=7.7,4.2 Hz), 75.2 (dd, J = 34.1, 17.7 Hz), 70.4, 55.3, 30.9, 9.7, 3.3; °F NMR (376
MHz, CDCl3) § -77.24 (d, J = 11.2 Hz), -83.00 (d, J = 11.2 Hz); IR (neat): vmax (cm™)
3340, 2982, 2831, 1665, 1278, 1023, 755 cm™*; HRMS (ESI) calcd for CasH22F2NO;
[M+H]* 382.1613, found 382.1623.
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2-cyclohexylethyl 4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (50).
colorless oil (81%, 70.8 mg); R: = 0.5 (petroleum ether/ethyl acetate = 20:1); *H NMR
(400 MHz, CDClz) & 7.47 — 7.45 (m, 2H), 7.36 — 7.34 (m, 3H), 7.19 (t, J = 7.6 Hz,
2H), 6.77 (t, J = 7.2 Hz, 1H), 6.70 (d, J = 8.0 Hz, 2H), 5.02 — 4.96 (m, 1H), 4.36 (t, J
= 6.4 Hz, 1H), 2.69 (d, J = 6.0 Hz, 2H), 1.91 — 1.82 (m, 2H), 1.68 — 1.60 (m, 3H),
1.55—1.53 (m, 3H), 1.44 — 1.39 (m, 2H); **C NMR (100 MHz, CDCl3) § 172.1, 159.7
(dd, J = 296.0, 293.4 Hz), 146.4, 131.5, 129.4, 128.7, 128.4, 122.6, 118.6, 113.7, 94.4
(t, J=5.7Hz),80.3(dd, J=7.7,4.3 Hz), 76.7, 75.3 (dd, J = 34.1, 17.7 Hz), 55.5, 33.7,
33.6, 30.8, 28.22, 28.18, 22.73, 22.70; F NMR (376 MHz, CDCl3) § -77.41 (d, J =
11.9 Hz), -83.00 (d, J = 11.9 Hz); IR (neat): vmax (cm™) 3387, 2983, 1715, 1602, 1274,
1183, 1026, 871 cm™*; HRMS (ESI) calcd for Ca7H30F2NO, [M+H]* 438.2239, found
438.2242.
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Furan-2-ylmethyl 4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (5p).
colorless oil (66%, 53.7 mg); Rs = 0.5 (petroleum ether/ethyl acetate = 15:1); *H NMR
(400 MHz, CDCl3) 6 7.45 — 7.42 (m, 3H), 7.35 — 7.33 (m, 3H), 7.18 (t, J = 7.6 Hz,
2H), 6.77 (t, J = 7.6 Hz, 1H), 6.68 (d, J = 8.0 Hz, 2H), 6.38-6.35 (m, 2H), 5.13 (g, J =
13.2 Hz, 2H), 4.42 (t, J = 6.4 Hz, 1H), 2.70 — 2.68 (m, 2H); 3C NMR (100 MHz,
CDClI3) 6 172.5, 159.7 (dd, J = 295.9, 293.3 Hz), 148.9, 146.3, 143.6, 131.6, 129.5 ,
128.8, 128.5, 122.6, 118.8, 113.8, 111.2, 110.7, 94.5 (t, J = 5.7 Hz), 80.2 (dd, J = 7.7,
4.3 Hz), 75.1 (dd, J = 33.9, 17.9 Hz), 59.0, 55.4, 30.8; *°F NMR (376 MHz, CDCls) §
-77.00 (d, J = 10.8 Hz), -82.95 (d, J = 10.8 Hz); IR (neat): vmax (cm™) 3375, 2970,
2875, 1737, 1680, 1496, 1183, 1033 cm™; HRMS (ESI) calcd for CaaH20F2NO3
[M+H]* 408.1405, found 408.1423.
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Cyclohexyl 4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (5q).

colorless oil (78%, 66.0 mg); Rr = 0.5 (petroleum ether/ethyl acetate = 25:1); *H NMR
(400 MHz, CDClz) & 7.46 — 7.43 (m, 2H), 7.35 — 7.33 (m, 3H), 7.18 (t, J = 8.0 Hz,
2H), 6.76 (t, J = 7.2 Hz, 1H), 6.69 (d, J = 7.6 Hz, 2H), 4.39 — 4.32 (m, 2H), 4.16 (t, J
= 8.4 Hz, 2H), 2.71 — 2.68 (m, 2H), 1.66 — 1.64 (m, 4H), 1.50 (q, J = 6.8 Hz, 2H),
1.29 — 1.22 (m, 2H), 1.20 — 1.15 (m, 2H), 0.93-0.82 (m, 2H); **C NMR (100 MHz,
CDCIs3) 6 173.0, 159.6 (dd, J = 295.6, 292.5 Hz), 146.4, 131.6, 129.5, 128.8, 128.5,
122.7,118.7,113.8, 94.5 (t, J = 5.6 Hz), 80.4 (dd, J = 7.7, 4.2 Hz), 75.3 (dd, J = 34.1,
17.7 Hz), 64.0, 55.5, 36.0, 34.5, 33.2, 31.0, 26.6, 26.2; 1°F NMR (376 MHz, CDCl3) &
-77.19 (d, J = 10.9 Hz), -83.10 (d, J = 10.9 Hz); IR (neat): vmax (cm™) 3347, 3057,
2958, 1745, 1511, 1276, 1033, 916 cm™; HRMS (ESI) calcd for CasH2sF2NO;
[M+H]* 424.2082, found 424.2083.
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N-cyclohexyl-4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynamide (5r).

colorless oil (80%, 51.7 mg); Ri = 0.3 (petroleum ether/ethyl acetate = 3:1); *H NMR
(400 MHz, CDCl3) 6 7.37 — 7.29 (m, 3H), 7.22 — 7.15 (m, 2H), 6.82 (t, J = 7.6 Hz,
1H), 6.74 (d, J = 8.0 Hz, 1H), 6.63 (d, J = 8.0 Hz, 2H), 4.03 — 3.93 (m, 1H), 3.85 —
3.71 (m, 1H), 2.95 — 2.83 (m, 1H), 2.71 — 2.55 (m, 1H), 1.89 — 1.77 (m, 2H), 1.67 —
1.52 (m, 3H), 1.39 — 1.27 (m, 2H), 1.10 — 1.05 (m, 2H), 0.87 — 0.84 (m, 1H); 3C
NMR (100 MHz, CDCl3) 6 171.0, 159.7 (dd, J = 296.6, 294.2 Hz), 146.5, 131.6,
129.5, 128.9, 128.5, 122.3, 119.6, 114.2, 95.1 (t, J = 5.7 Hz), 80.2 (dd, J = 7.6, 4.2
Hz), 75.5 (dd, J = 33.8, 17.1 Hz), 58.8, 48.2, 33.0, 32.9, 30.7, 25.5, 24.9, 24.8; F
NMR (376 MHz, CDCls) 6 -76.50 (d, J = 8.5 Hz), -82.14 (d, J = 10.1 Hz); IR (neat):
vmax (cm™) 3697, 3394, 2958, 2208, 1725, 1601, 1277, 1055 cm™*; HRMS (ESI) calcd
for C2sH24F2NO2 [M+H]* 324.1205, found 324.1197.
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4-(difluoromethylene)-1-morpholino-6-phenyl-2-(phenylamino)hex-5-yn-1-one (5s).

yellow solid (80%, 63.4 mg); m.p.: 141-142 °C; Rt = 0.4 (petroleum ether/ethyl
acetate = 5:1); 'H NMR (400 MHz, CDCls) § 7.46 — 7.44 (m, 2H), 7.38 — 7.36 (m,
3H), 7.19 (t, J = 7.6 Hz, 2H), 6.77 (t, J = 7.2 Hz, 1H), 6.71 (d, J = 8.0 Hz, 2H), 4.67 (t,
J =6.4 Hz, 1H), 3.73 — 3.54 (m, 8H), 2.62 (d, J = 6.4 Hz, 2H); **C NMR (100 MHz,
CDCI3) 6 170.7, 159.6 (dd, J = 296.2, 294.0 Hz), 146.5, 131.5, 129.6, 129.0, 128.7,
122.4,118.8, 114.0, 94.5 (t, J = 5.5 Hz), 80.7 (dd, J = 7.8, 4.2 Hz), 75.3 (dd, J = 34.4,
17.1 Hz), 66.9, 66.7, 51.7, 46.3, 42.7, 31.4; )F NMR (376 MHz, CDCl3) § -76.72 (d,
J = 9.8 Hz), -82.51 (d, J = 9.8 Hz); IR (neat): vmax (cm™) 3387, 2983, 1735, 1603,
1234, 1140, 1043, 938 cm™*; HRMS (ESI) calcd for CasH2sF2N202 [M+H]" 397.1722,
found 397.1729.
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Methyl 3-(4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynamido)propanoate (5t).
colorless oil (82%, 67.6 mg, d.r. = 1:1); m.p.: 111-112 °C; R¢ = 0.3 (petroleum
ether/ethyl acetate = 2:1); *H NMR (400 MHz, CDCls) § 7.36 — 7.30 (m, 5H), 7.18 (t,
J=8.4 Hz, 2H), 6.80 (t, J = 7.2 Hz, 1H), 6.60 (d, J = 8.0 Hz, 2H), 4.02 — 3.98 (m, 1H),
3.58 — 3.45 (m, 5H), 2.89 — 2.83 (m, 1H), 2.64 — 2.58 (m, 1H), 2.50 (t, J = 7.2 Hz, 2H);
13C NMR (100 MHz, CDCl3) & 172.6, 172.1, 159.7 (dd, J = 296.6, 293.8 Hz), 146.4,
131.6, 129.5, 128.9, 128.5, 122.3, 119.4, 113.9, 95.1 (t, J = 5.8 Hz), 80.0 (dd, J = 7.6,
4.3 Hz), 75.5 (dd, J = 33.8, 17.2 Hz), 58.4, 51.8, 34.9, 33.8, 30.7; °F NMR (376 MHz,
CDCl3) § -76.45 (d, J = 10.5 Hz), -82.32 (d, J = 10.5 Hz); IR (neat): vmax (cm™) 3373,
2823, 1716, 1933, 1214, 1157, 1031, 856 cm™; HRMS (ESI) calcd for C2sH23F2N203
[M+H]* 413.1617, found 413.1606.
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Methyl (4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoyl)methioninate (5u).
yellow solid (62%, 58.5 mg, d.r. = 1:1); m.p.. 121-122 °C; Rt = 0.6 (petroleum
ether/ethyl acetate = 1:1); *H NMR (400 MHz, CDCls) & 7.51 (d, J = 8.4 Hz, 0.5H),
7.42 (d, J = 8.0 Hz, 0.5H), 7.34 — 7.30 (m 5H), 7.19 (t, J = 8.0 Hz, 2H), 6.81 (t, J =
7.6 Hz, 1H), 6.65 (dd, J = 15.2, 8.0 Hz, 2H), 4.77 — 4.67 (m, 1H), 4.37 (s, 1H), 4.11 —
4.06 (m, 1H), 3.69 (s, 1H), 3.65 (s, 1H), 2.92 — 2.83 (m, 1H), 2.71 — 2.63 (m, 1H),
2.46 —2.42 (m, 1H), 2.33 — 2.29 (m, 1H), 2.16 — 2.08 (m, 1H), 2.01 (s, 1.5H), 1.92 (s,
2.5H); 3C NMR (100 MHz, CDCls) § 172.2, 172.04, 172.02, 171.7, 159.6 (dd, J =
296.1, 293.6 Hz), 146.3, 146.3, 131.5, 129.4, 129.4, 128.8, 128.8, 128.4, 128.4, 122.1,
119.5, 114.2, 113.8, 95.0 (t, J = 5.4 Hz), 80.0 (dd, J = 9.9, 4.2 Hz), 79.9 (dd, J = 9.9,
4.2 Hz), 75.3 (dd, J = 33.9, 17.6 Hz), 75.3 (dd, J = 33.9, 17.6 Hz), 58.4 (t, J = 2.2 Hz),
58.3 (t, J = 2.2 Hz), 52.5, 52.4, 51.6, 51.2, 31.2, 31.2, 30.5, 30.4, 30.0, 29.7, 15.4,
15.2; %F NMR (376 MHz, ) & -76.54 (dd, J = 19.6, 9.8 Hz), -82.29 (dd, J = 26.3, 9.4
Hz); IR (neat): vmax (cm™) 3358, 2983, 2831, 1716, 1602, 1497, 1190, 1023, 807cm™;
HRMS (ESI) calcd for C2sH27F2N203 [M+H]" 473.1705, found 473.1682.



EtO.
NH F

O
o} ZF

©/NH I

Ethyl (4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoyl)phenylalaninate (5v).
white solid (75%, 75.3 mg, d.r. = 1:1); m.p.: 105-106 °C; Rt = 0.5 (petroleum
ether/ethyl acetate = 2:1); *H NMR (400 MHz, CDCls) § 7.30 (s, SH), 7.21 — 7.12 (m,
4H), 7.07 (t, J = 7.6 Hz, 2H), 6.88 — 6.82 (m, 3H), 6.56 (d, J = 8.0 Hz, 2H), 4.94 —
4.89 (m, 1H), 4.13 (q, J = 14.4, 7.2 Hz, 2H), 4.00 (dd, J = 10.0, 4.0 Hz, 1H), 3.02 (dd,
J =29.6, 13.6 Hz, 2H), 2.90 — 2.85 (m, 1H), 2.60 — 2.54 (m, 1H), 1.23 (t, J = 7.2 Hz,
3H); 1*C NMR (100 MHz, CDCls) § 171.9, 171.3, 159.7 (dd, J = 298.2.0, 293.3 Hz),
146.5, 135.5, 131.6, 129.6, 129.4, 128.9, 128.6, 128.5, 127.1, 122.3, 119.6, 114.0,
95.2 (t, J = 4.9 Hz), 79.9 (dd, J = 14.9, 7.1 Hz), 75.5 (dd, J = 34.3, 17.9 Hz), 61.7,
58.5, 52.7, 38.1, 30.8, 14.2; °F NMR (376 MHz, CDCls) § -76.26 (d, J = 10.5 Hz),
-82.19 (d, J = 10.5 Hz); IR (neat): vmax (cm™) 3381, 2934, 2861, 1719, 1603, 1371,
1253, 1142, 1026, 862 cm™*; HRMS (ESI) calcd for CaoH29F2N203 [M+H]" 503.2140,
found 503.2129.
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Methyl (4-(difluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoyl)leucinate (5w).

White solid (71%, 64.5 mg, d.r. = 1:1); m.p.: 80-81°C; Rr= 0.3 (petroleum ether/ethyl
acetate = 2:1); 'H NMR (400 MHz, CDCls) § 7.34 — 7.32 (m, 4H), 7.23 — 7.17 (m,
3H), 6.83 (dd, J=12.8, 7.2 Hz, 1H), 6.69 (d, J= 8.0 Hz, 1H), 6.64 (d, /= 8.0 Hz, 1H),
4.67—-4.61 (m, 1H), 4.07 (dd, J=9.2, 4.4 Hz, 1H), 3.69 (s, 1.5H), 3.65 (s, 1.5H), 2.93
—2.84 (m, 1H), 2.70 — 2.62 (m, 1H), 1.65 — 1.55 (m, 1.5H), 1.50 — 1.41 (m, 1.5H),
0.90 (d, J= 6.0 Hz, 2H), 0.88 (d, J = 6.4 Hz, 2H), 0.81 (d, J = 6.4 Hz, 2H); 3*C NMR
(100 MHz, CDCI3) 6 173.2,172.8, 172.1, 172.0, 159.7 (t, J = 295.3 Hz), 146.5, 146.4,
132.1, 132.0, 131.6, 129.4, 128.9, 128.8, 128.5, 128.4, 122.2, 119.7, 119.6, 114.5,
114.0, 95.1 (t, J = 5.5 Hz), 80.1 (dd, J = 11.6, 7.5 Hz), 75.4 (dd, J = 33.8, 17.4 Hz),
75.3 (dd, J = 33.8, 17.4Hz), 75.1, 58.8, 58.5, 57.8, 52.4, 52.3, 50.8, 50.5, 41.3, 41.1,
30.6, 30.5, 25.0, 24.8, 22.9, 21.7, 21.6; ’F NMR (376 MHz, CDCl3) § -70.78 (dd, J =
23.5,8.0 Hz), -71.23 (dd, J=15.2, 8.0 Hz), -76.24 (dd, J = 23.5, 10.3 Hz), -81.99 (dd,
J=140.9, 10.2 Hz); IR (neat): vmax (cm’!) 3641, 2821, 2349, 1785, 1711, 1581, 1271,
1049, 917 cm™'; HRMS (ESI) caled for CaH2oFaN2O3 [M+H]" 455.2141, found
455.2147.
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4-([1,1'-biphenyl]-4-yl)-5-fluoro-2-(phenylamino)pent-4-en-1-ol (6a).

colorless oil (87%, 60.4 mg, Z/E = 1:1); Ry= 0.4 (petroleum ether/ethyl acetate = 5:1);
'"H NMR (400 MHz, CDCl3) § 7.63 — 7.58 (m, 4H), 7.48 (t, J = 7.2 Hz, 2H), 7.39 (t, J
=7.2 Hz, 1H), 7.31 (d, /= 8.0 Hz, 2H), 7.16 (t, J= 7.6 Hz, 2H), 6.90 (d, J = 85.4 Hz,
1H), 6.74 (t, J = 7.6 Hz, 1H), 6.56 (d, J = 7.6 Hz, 2H), 3.75 — 3.71 (m, 1H), 3.60 —
3.58 (m, 2H), 2.94 — 2.91 (m, 1H), 2.83 — 2.78 (m, 1H), 2.00 (s, 1H); *C NMR (100
MHz, CDCIls) 6 148.7, 147.3, 146.1, 140.7 (d, J = 40.0 Hz), 134.8 (d, J = 9.0 Hz),
129.4, 129.0, 127.6, 127.4 (d, J = 3.0 Hz), 127.1, 121.8 (d, /= 9.0 Hz), 118.2, 114.0,
64.1, 53.7, 29.0; 'F NMR (376 MHz, CDCl3) & -128.19 (d, J = 85.4 Hz); IR (neat):
vmax (cm™) 3360, 2982, 1716, 1497, 1478, 1280, 1190, 1023 cm™!; HRMS (ESI) calcd
for C23H23FNO [M+H]" 348.1758, found 348.1746.
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(Z)-4-(fluoromethylene)-6-phenyl-2-(phenylamino)hex-5-yn-1-ol (7a).

colorless oil (40%, 23.6 mg); Rr = 0.5 (petroleum ether/ethyl acetate = 5:1); *H NMR
(400 MHz, CDCls) 6 7.46—7.43 (m, 2H), 7.37 — 7.35 (m, 3H), 7.21 (t, J = 7.6 Hz, 2H),
7.06 (d, J = 83.6 Hz, 1H), 6.79 — 6.74 (m, 3H), 3.85 (d, J = 9.2 Hz, 2H), 3.72— 3.67
(m, 1H), 2.65 — 2.53 (m, 2H); **C NMR (100 MHz, CDCl3) & 154.2 (d, J = 270.1 Hz),
147.2, 131.5, 129.5, 128.5, 122.7, 118.1, 113.9, 106.1 (d, J = 19.4 Hz), 91.6 (d, J =
9.5 Hz), 84.3 (d, J = 15.1 Hz), 63.8, 53.6, 29.2; °F NMR (376 MHz, CDCls) &
-118.00 (d, J = 292.9 Hz); IR (neat): vmax (cm™) 3740, 2983, 2821, 2264, 1964, 1756,
1194, 1055, 1003 cm™*; HRMS (ESI) calcd for C19H19FNO [M+H]* 296.1445, found
296.1453.
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(E)-4-(Fluoromethylene)-6-phenyl-2-(phenylamino)hex-5-yn-1-ol (7a°).

colorless oil (41%, 24.2 mg); Ry= 0.5 (petroleum ether/ethyl acetate = 5:1); 'H NMR
(400 MHz, CDCl3) & 7.48 — 7.46 (m, 2H), 7.36 (s, 3H), 7.20 (t, /= 7.6 Hz, 2H), 7.04
(d, J=116.8 Hz, 1H), 6.79 — 6.67 (m, 3H), 3.85 (s, 2H), 3.78 — 3.65 (m, 1H), 2.45 —
2.26 (m, 2H); 3C NMR (100 MHz, CDCls) § 152.8 (d, J = 271.1 Hz), 147.0, 129.6,



128.9, 128.5, 122.7, 118.3, 114.0, 103.9 (d, J = 5.2 Hz), 96.9 (d, J = 7.9 Hz), 82.3 (d,
J=2.7Hz), 63.2,53.5,31.3; 'F NMR (376 MHz, CDCl3) § -113.55 (d, J = 81.2 Hz);
IR (neat): vmax (cm™) 3389, 2984, 1737, 1603, 1238, 1095, 1043, 939 cm’!; HRMS
(ESI) calcd for C19H19FNO [M+H]" 296.1445, found 296.1455.

F

i HN Me
sl
4-([1,1'-Biphenyl]-4-yl)-5-fluoro-2-(phenylamino)pent-4-en-1-yl-2-(4-((2-oxocyclopentyl)met
hyl)phenyl)propanoate (8)
colorless oil (80%, 92.0 mg, Z/E = 1:1); Rf = 0.6 (petroleum ether/ethyl acetate =
10:1); *H NMR (400 MHz, CDCls) & 7.63 — 7.54 (m, 3H), 7.48 (t, J = 7.2 Hz, 2H),
7.41 — 7.37 (m, 1H), 7.28 — 7.22 (m, 5H), 7.16 — 7.09 (m, 5H), 6.97 (d, J = 9.2 Hz,
1H), 6.78 — 6.67 (m, 1H), 6.45 — 6.40 (m, 1H), 4.23 — 4.04 (m, 1H), 3.73 — 3.68 (m,
4H), 3.15 (dd, J = 14.0, 3.6 Hz, 1H), 2.82 — 2.72 (m, 1H), 2.56 — 2.48 (m,1H), 2.40 —
2.33 (m, 2H), 2.18 — 2.09 (m, 2H), 2.00 — 1.94 (m, 1H), 1.79 — 1.71 (m, 1H), 1.66 (s,
3H), 1.52 — 1.47 (m, 2H); 13C NMR (101 MHz, CDCls) 5 175.1, 174.4, 148.7, 146.7,
146.1, 140.4, 139.0, 138.9, 138.4, 138.4, 134.5 (dd, J = 8.8, 2.7 Hz), 129.24, 129.16,
128.9, 127.6, 127.5, 127.5), 127.3, 127.0, 117.8, 113.4, 65.3, 62.7, 52.0, 51.0, 50.7,
45.1, 45.0, 38.2, 35.2, 29.3, 20.6, 18.6, 18.2; F NMR (376 MHz, CDCls) § -127.92
(d, J = 85.4 Hz), -127.96 (d, J = 84.6 Hz): IR (neat): vmax (cm't) 3788, 2697, 2958,
2349, 1601, 1372, 1277, 1033, 860 cm™; HRMS (ESI) calcd for CagHzoFNOs [M+H]*
576.2909, found 576.2906.

(Z)-4-(Fluoromethylene)-6-phenyl-2-(phenylamino)hex-5-yn-1-yl-2-(11-0x0-6,11-dihydrodibe

nzo[b,e]oxepin-2-yl)acetate (9)

colorless oil (92%, 100.3 mg); Ry = 0.6 (petroleum ether/ethyl acetate = 10:1); 'H
NMR (400 MHz, CDCl3) ¢ 8.14 (s, 1H), 7.89 (d, J= 7.6 Hz, 1H), 7.59 — 7.43 (m, 4H),
7.42 —7.34 (m, 3H), 7.33 — 7.30 (m, 2H), 7.18 — 7.12 (m, 2H), 7.00 — 6.91 (m, 2H),
6.73 — 6.66 (m, 3H), 5.16 (s, 2H), 4.40 (dd, J = 11.2, 4.8 Hz, 1H), 4.15 (dd, J = 11.2,
4.8 Hz, 1H), 4.05 — 3.99 (m, 1H), 3.65 (s, 2H), 2.60 — 2.52 (m, 2H); '3C NMR (100
MHz, CDCl) 6 190.9, 171.4, 160.6, 155.7, 153.0, 146.8, 140.5, 136.4, 135.7, 132.9,
132.6, 131.6, 129.6, 129.5, 129.4, 128.7, 128.5, 127.9, 127.7, 125.2, 121.2, 118.0,
113.5,105.7 (d, J=19.2 Hz), 91.74 (d, /= 9.3 Hz), 84.01 (d, J = 14.9 Hz), 73.7, 65.7,
50.9, 40.2, 29.5; ’F NMR (376 MHz, CDCls) § -117.49 (d, J = 83.2 Hz); IR (neat):
Vmax (cm™) 3376, 2983, 1716, 1496, 1208, 1189, 1026, 752 cm™'; HRMS (ESI) calcd
for C3sH20FNO4 [M+H]" 546.2075, found 546.2071.
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Ethyl 2-((4-(cyclopent-1-en-1-yl)phenyl)amino)-4-(difluoromethylene)-6-phenylhex-5-ynoate
(10)

colorless oil (51%, 42.9 mg); Rs = 0.5 (petroleum ether/ethyl acetate = 10:1); *H NMR
(400 MHz, CDCls) § 7.46 (d, J = 5.2 Hz, 2H), 7.36 (s, 3H), 7.30 (d, J = 8.0 Hz, 2H),
6.67 (d, J = 8.0 Hz, 2H), 6.01 (s, 1H), 4.40 (t, J = 6.0 Hz, 1H), 4.22 (g, J = 7.2 Hz,
2H), 2.73 — 2.67 (M, 2H), 2.52 (s, 1H), 2.07 — 1.94 (m, 1H), 1.28 (t, J = 6.4 Hz, 3H);
13C NMR (101 MHz, CDCls) § 172.6, 159.60 (dd, J = 295.6 , 292.5 Hz), 145.0, 142.0,
131.5,128.7, 128.4, 127.9, 126.7, 122.7, 122.5, 113.6, 94.3 (t, J = 5.4 Hz), 80.3 (dd, J
= 6.5, 4.4 Hz), 75.3 (dd, J = 34.4, 19.3 Hz), 61.6, 55.4, 54.0, 33.2, 30.7, 23.4, 14.1;
19F NMR (376 MHz, CDCl3) & -77.21 (d, J = 10.9 Hz), -83.03 (d, J = 10.9 Hz); IR
(neat): vmax (cm™) 3373, 2883, 2823, 1719, 1633, 1434, 1277, 1031, 806 cm™; HRMS
(ESI) calcd for CasHasF2aNO2 [M+H]* 422.1926, found 422.1922.
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Ethyl 4-(cyanofluoromethylene)-6-phenyl-2-(phenylamino)hex-5-ynoate (11)

colorless oil (66%, 47.8 mg); Ry = 0.4 (petroleum ether/ethyl acetate = 5:1); 'H NMR
(400 MHz, CDCl3) 6 7.68 (d, J= 8.0 Hz, 2H), 7.64 (d, /= 7.2 Hz, 2H), 7.51 — 7.40 (m,
5H), 7.14 (t, J= 8.0 Hz, 2H), 6.77 (t, J=7.2 Hz, 1H), 6.47 (d, J = 8.0 Hz, 2H), 4.19 —
4.05 (m, 4H), 3.18 (s, 2H), 1.26 (t, J = 7.2 Hz, 3H); '*C NMR (100 MHz, CDCls) §
172.2, 145.8, 143.1, 134.0, 136.2 (d, J = 14.9 Hz), 132.4, 130.9, 13.0, 129.5, 129.1,
129.0, 128.1, 127.9, 127.2, 119.0, 113.8, 112.3 (d, J=47.1 Hz), 61.9, 54.7, 33.5, 14.2;
F NMR (376 MHz, CDCls) & -121.62 (s); IR (neat): Umax (cm™) 3360, 2982, 2941,
1716, 1497, 1372, 1118, 807 cm™'; HRMS (ESI) calcd for Ca¢H24FN2O, [M+H]"
415.1816, found 415.1818.

Ph
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'H, BC NMR and *°F spectra for compound 3a (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3c (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3e (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3g (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3i (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3k (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3m (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 3o (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5a (Chloroform-d)

c@w.ﬂ
wwuév
el

60L°C
L1LT
¥L'T
0ELT
ovLT

0T+
0TTH

8ETH

96T
965 ¥
AL’
8TH +
1129,
TEL9
SLLO
¥6L'91
7189
T61Ly
11T L
TET LA
ﬁnmn¢
PEE Ly
ISy |
19¢'L]
89¢ L
65+ (1
7ot L
891 L1
LLY L
£8bL

T

A F

EtO

NH

5a

= =907
- =TT

LT ¥PI—

89L°0€—

CLESE—

(g 80y
00TSL
£9€°GL
ovsSL
B0€08

LSETV6
_u:u.vmW
1LV ¥6

GPLETI
£L9°811
Ly Tzl
1L+'8T1
FEL8TT
19+6217
6FSTET

LBEIVI—

09L79¢1
5@.@2/
wr_.df&
omo.mf

PELTLI—

2
NH
Il

EtO

80€°08
7608
$8€08
8T 08

|
|
]

I

L=
\ JE—=

~ DolLE

e \IunDu.H

/ i
L2 ——

(b

\fs
-
- =
-—_

5a

T T T T T T T T T
180 171 180 130 140 130 120 110 100 90
1 (ppm)

T
190

T
200




£Tres-
£60°¢8-
60€LL-
mwu.nh.v

2
NH
Il

EtO

5a

-85 90 -9 -100 -105 -110 -1l -120

—80

=50 -3 60 -85

43

-0 -13

]

1 (ppm)

'H, BC NMR and *°F spectra for compound 5b (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5¢ (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5d (Chloroform-d)
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'H, C NMR and *°F spectra for compound 5e (Chloroform-d)
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'H, C NMR and *°F spectra for compound 5f (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5g (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5i (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5k (Chloroform-d)
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'H, 3C NMR and *°F spectra for compound 5l (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5m (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5n (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 50 (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5q (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5s (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5u (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 5w (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 7a (Chloroform-d)
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'H, C NMR and *°F spectra for compound 7a’ (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 8 (Chloroform-d)
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'H, C NMR and *°F spectra for compound 9 (Chloroform-d)
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'H, BC NMR and *°F spectra for compound 10 (Chloroform-d)
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'H, C NMR and *°F spectra for compound 11 (Chloroform-d)
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