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1. General information

'H NMR, *F NMR and **C NMR spectra were measured on 400 MHz spectrometer, using CDCl; as
the solvent with tetramethylsilane (TMS) as the internal standard at room temperature. Chemical shifts
(8) are given in ppm relative to TMS, the coupling constants J are given in Hz. HRMS were obtained in
the ESI mode. All reactions were carried out under N, atmosphere unless otherwise noted. All solvents
were obtained from commercial suppliers. Reactions were monitored by TLC on silica gel plates
(GF254), and the analytical thin-layer chromatography (TLC) was performed on percolated,
glass-backed silica gel plates. The 33W CFL were directly got from the supermarket (daylight, energy
saving, 220 V). Monochromatic light source device is a customized product. a-Bromo difluoroacyl
arenes’,  quinoxalin-2(1H)ones?,  hydrazones®,  a-bromo  monofluoroacetophenone*®,  and
bromodifluoromethyl-4-methoxyphenyl-keton-4-methoxyphenylimine® were prepared according to the
literature.

454nm monochromatic light source is shown in the figure below
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Fluorescent light (CFL) spectrum
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2. Optimization of the reaction conditions of radical difluoroalkylation of 1a.?

L, @( fﬂr@
F©) .

10 W blue LEDs

Br solvent, N2 r.t.

tBu 3aa
1a 2a
entry Base Solvent yield (%) of 3aa”
(2.0 equiv.)
1 TMEDA MeCN 20
2 DIPEA MeCN 25
3 EtzN MeCN 35
4 DBU MeCN NR
5 Cs,CO4 MeCN 10
6 Na,CO; MeCN NR
7 DABCO MeCN NR
8 DMAP MeCN NR
9 2,6-lutidine MeCN NR
10 2,4,6-trimethylpyridine MeCN 23
11 EtzN DMF 32
12 EtzN DMSO 29
13 Et;N DCM 40
14 Et;N THF 87
15° EtzN THF 74

16¢ Et;N THF trace
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17¢ Et;N THF trace
18 THF trace

®Reaction were performed on a 0.2 mmol scale using 1.5 equiv. of 2a and 2.0 equiv. of base, and 10 W
blue LEDs to illuminate the reaction vessel at N, atmosphere and room temperature reaction for 48 h.
®Yield are those of products isolated by column chormatography. ©33 W CFL was used in the reaction.
“Reaction in the dark. ®Reaction carried out at 80 °C in a sealed tube without irradiation. DMA = N,
N-dimethylacetamide, MTBE = methyl tert-butyl ether, Et;N = triethylamine, DIPEA = N,
N-diisopropylethylamine, TMEDA = tetramethylethylenediamine.

3. Optimization of the reaction conditions of radical difluoroalkylation of 4a.?

(\O o
(e}
N'N\) B base K/N~N 0
I " 10 W blue LEDs |
+ —_—
F F solvent, Ny, r.t.

4a tBu 2 FF

tBu 2a tBu 5aa tBu

entry Base Solvent yield (%) of 5aa”
(2.0 equiv.)
1 EtzN THF 54
2 DIPEA THF 46
3 TMEDA THF 37
4 PMDETA THF 41
5 DBU THF 69
6 DBU MeCN 72
7 DBU DCE 57
8 DBU DMA 86
9° DBU DMA 92
10° DBU DMA 35
11° DBU DMA trace
12' DBU DMA trace
13 DMA trace

®Reaction were performed on a 0.2 mmol scale of 4a using 1.5 equiv. of 2a (0.3 mmol) and 2.0 equiv.
of base (0.4 mmol), and a 10 W blue LEDs bulb to illuminate the reaction vessel at N, atmosphere and
room temperature reaction for 48 h. "Yield are those of products isolated by column chormatography.
°0.15 mmol scale of 4a was used. “33 W CFL was used in the reaction. °Reaction in the dark. 'Reaction
carried out at 80 °C in a sealed tube without irradiation. DMA = N, N-dimethylacetamide, Et;N =
triethylamine, DIPEA = N, N-diisopropylethylamine, TMEDA = tetramethylethylenediamine,
PMDETA = pentamethyldiethylenetriamine.
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4. General experimental procedures for Cs,°-Br bond homolytic reaction

4.1 Experimental procedures for the difluoroalkylation of quinoxalinones

tBu
N F F

CLL, s S
N0 R Et,N (2.0 eq.), THF 0

E. + N (6]
\©) Br 10 W blue LEDs, r.t., 48 h E
tBu
1a 2a \©) 3aa

F
Method A: Triethylamine (56 i, 0.4 mmol, 2.0 eq.), quinoxalinones l1a (51 mg, 0.2 mmol, 1.0

L
’

eq.) and a-bromo difluoroacylarenes 2a (87 mg, 0.3 mmol, 1.5 eq.) were added to a flame-dried
Schlenk flask containing a stirring bar and purged by evacuating the flask and backfilling with N, three
times. In the absence of light, anhydrous tetrahydrofuran (1 ml, 0.2 M) was added and the flask was
sealed. The mixture was then stirred under irradiation from 10 W blue LEDs. After 48 h, the crude
products were purified by column chromatography over silica gel using petroleum / EtOAc = 4/1 as
eluent to yield 3aa (81 mg, 87%).

4.2 Experimental procedures for the difluoroalkylation of aldehyde hydrazones

o o)

(0]

N N

N ~ Br -~ ‘N o

| . DBU (2.7 eq.), DMA |
FF >

4a Ll 10 W blue LEDs, rt., 48 h O e O

tBu a tBu 5aa tBu

Method B: DBU (60 1L, 0.4 mmol, 2.7 eq.), aldehyde hydrazone 4a (51 mg, 0.15 mmol, 1.0 eq.)

and a-bromo difluoroacylarenes 2a (87 mg, 0.3 mmol, 2.0 eq.) were added to a flame-dried Schlenk
flask containing a stirring bar and purged by evacuating the flask and backfilling with N, three times.
In the absence of light, anhydrous DMA (1 ml) was added and the flask was sealed. The mixture was
then stirred under irradiation from 10 W blue LEDs. After 48 h, the crude products were extracted with
ethyl acetate and water for three times. The extract was dried over anhydrous Na,SQO,, and the solvent
was removed. Flash chromatography (silica gel, petroleum / EtOAc = 10/1) afforded compound 5aa
(63 mg, 92%).

4.3 Experimental procedures for the difluoroalkylation and pyridation of alkenes

NZ 0o
CN o Bapin, (1.2 eq.) L ve
| Y . Me 4+ Ar)j}(sr MTBE (1.0 mL), rt.. Ar
P> 10 W blue LEDs, 48h FF
N F F
10a 12 2

13a-b

B,pin, (62 mg, 0.24 mmol, 1.2 eq.), 4-cyanopyridine 10a (32 mg, 0.3 mmol, 1.5 eq.), alkene 12
(52 pL, 0.4 mmol, 2.0 eq.) and a-bromo difluoroacylarenes 2 (0.2 mmol, 1.0 eq.) were added to a
flame-dried Schlenk flask containing a stirring bar and purged by evacuating the flask and backfilling
with N, three times. In the absence of light, anhydrous methyl tert-butyl ether (MTBE, 1 ml) was
added and the flask was sealed. The mixture was then stirred under irradiation from 10 W blue LEDs at
room temperature. After 48 h, the reaction was quenched with saturated sodium bicarbonate for 15
minutes and then extracted with ethyl acetate. The extract was dried over anhydrous Na,SO,, and the

5
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solvent was removed. Flash chromatography (silica gel, petroleum / EtOAc = 5/1) afforded compound
13a-b.

4.4 Experimental procedures for the difluoroalkylation of aldehydes using morpholin-4-amine

()
K/N‘NHZ o)
0 o 16 K/N

@X“ Brm T
+
MeOOC A 10 W blue LEDs, rt., 48h
14 2a tBu MeOOC

5la, 89%

DBU (60 i, 0.4 mmol, 2.7 eq.), aldehyde 14 (25 mg, 0.15 mmol, 1.0 eq.), morpholin-4-amine 16
(15uL, 0.15 mmol, 1.0 eq.) and a-bromo difluoroacylarenes 2a (87 mg, 0.3 mmol, 2.0 eq.) were added
to a flame-dried Schlenk flask containing a stirring bar and purged by evacuating the flask and
backfilling with N, three times. In the absence of light, anhydrous DMA (1 ml) was added and the flask
was sealed. The mixture was then stirred under irradiation from 10 W blue LEDs. After 48 h, the crude
products were extracted with ethyl acetate and water for three times. The extract was dried over
anhydrous Na,SQO,, and the solvent was removed. Flash chromatography (silica gel, petroleum / EtOAc
= 10/1) afforded compound 5la (61 mg, 89%).

4.5 Experimental procedures for the difluoroalkylation and radical cyclization of alkenes

Q Q F o o
H , Br DBU (2.7 eq.), DMA_ o
ANF FF 1OWque LEDs, 48h * O FF O
O tBu O tBu

17 2a 18, 85% 5aa’, trace
tBu

DBU (60 pL, 0.4 mmol, 2.7 eq.), aldehyde 17 (24 mg, 0.15 mmol, 1.0 eq.) and a-bromo
difluoroacylarenes 2a (87 mg, 0.3 mmol, 2.0 eq.) were added to a flame-dried Schlenk flask containing
a stirring bar and purged by evacuating the flask and backfilling with N, three times. In the absence of
light, anhydrous DMA (1 ml) was added and the flask was sealed. The mixture was then stirred under
irradiation from 10 W blue LEDs. After 48 h, the crude products were extracted with ethyl acetate and
water for three times. The extract was dried over anhydrous Na,SO,, and the solvent was removed.

Flash chromatography (silica gel, petroleum / EtOAc = 20/1) afforded compound 18 (46 mg, 85%).

5. Preparation of the substrates

5.1 General procedure for the preparation of a-bromo difluoroacyl arenes:*

B (0]
R-©/ r Mg (2.4 eq.), Ar o @MgBr N, Br
= R + BrCF,COOEt L
12 (cat), THF ? -78°C, THF, 3 h R FF
rt. - 80°C 1eq. ’ ,
1.2 eq.
Procedure 1 Procedure 2

Procedure 1: To a flame dried 100 mL round bottom flask equipped with a magnetic stir bar was
added 1.44 g of magnesium (60 mmol) and catalytic amount of iodine. To the mixture was added aryl

bromide (30 mmol) in THF (30 mL) dropwise via constant pressure dropping funnel under an N,
6
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atmosphere. (Note: in order to promote the initiation of Grignard reagent, we need to heat by hair
dryer). Afterward, this was set to reflux for 3-5 hours.

Procedure 2: To a mixture of ethyl bromodifluoroacetate (3.2 mL, 25 mmol) and THF (30 mL)
was added a newly prepared solution of arylmagnesium bromide in THF at -78 <C under an N,
atmosphere. After the solution was stirred at that temperature for 3 h, the mixture was quenched with
3N HCI and then extracted with ethyl acetate. The extract was dried over anhydrous Na,SO,, and the

solvent was removed. Flash chromatography (silica gel, hexanes) afforded compound 2a-2k.

o)
Br o 0 o) o] o)
Me £k Br /@)S(Br /©)S<Br Br Br
M | A FF FF F F F F
 Me FFP ok Me MeO MeS
2a 2b 2c 2d 2e 2f
o] 0
F MeO Br o o o o) :
F Br FF o) Br Br Br H Br E
¢ 98 X A%
OMe o) FF PP NXs FF g\rij :
2g 2h 2i 2j 2k S 2' ...........

The *H-NMR, *F NMR and *C NMR of 2b were reported by the reference J. Org. Chem., 2005, 70,
5912.

The *H-NMR, *F NMR and **C NMR of 2a, 2c-2e, and 2h-2k were reported by the reference Org. Lett.
2019, 21, 8169.

2-bromo-2,2-difluoro-1-(4-(methylthio)phenyl)ethan-1-one (2f)

(0]
Br

MeS
© 2f

colorless oil, purified by flash column chromatography over n-hexane, '"H NMR (400 MHz, CDCl5)
§8.04 (d, J = 8.7 Hz, 2H), 7.31 (d, J = 8.8 Hz, 2H), 2.55 (s, 3H) ppm; **C NMR (100 MHz, CDCl5) &
180.5 (t, J = 25.7 Hz), 149.6, 130.9, 128.8, 126.6, 124.8, 113.7 (t, J = 318.4 Hz), 14.5 ppm; °F NMR
(376 MHz, CDCly) 6 = -57.4 (s) ppm.

2-bromo-1-(4-cyclopropylphenyl)-2,2-difluoroethan-1-one (2g)

0

Br
F F
2g
colorless oil, purified by flash column chromatography over n-hexane, *H NMR (400 MHz, CDCl5)

87.95 (d, J=8.4 Hz, 2H), 7.09 (d, J = 8.4 Hz, 2H), 1.90 (ddd, J = 13.4, 8.4, 5.0 Hz, 1H), 1.12-0.99 (m,
2H), 0.86-0.61 (m, 2H) ppm; **C NMR (100 MHz, CDCls) & 180.9 (t, J = 25.7 Hz), 153.4, 130.9 (t, J =
2.8 Hz), 125.7,113.9 (t, J = 318.7 Hz), 16.1, 11.1 ppm; **F NMR (376 MHz, CDCl5) & = -57.4 (s) ppm.

7



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

Br

F
SN
| 21

green solid, purified by flash column chromatography over n-hexane ~ 5% petroleum
ether/EtOAc ,*H NMR (400 MHz, CDCls) § 8.03 (d, J = 8.8 Hz, 2H), 6.67 (d, J = 8.8 Hz, 2H), 3.12 (s,
6H) ppm; *C NMR (100 MHz, CDCls) 6 179.4 (t, J = 24.5 Hz), 154.4, 133.2 (t, J = 2.9 Hz), 116.0,
114.5 (t, = 316.7 Hz), 110.8, 40.0 ppm. **F NMR (376 MHz, CDCl,) & = -55.7 (s) ppm.

Unsuccessful use of aryl bromides in Grignard reagents

Br Br
Br Br Br Br
o O 1 ®
~ O5N
MeOOC NC OHC o} N

5.2 Synthesis of a-bromo monofluoroacyl arene 21.:

(o] (0] (0] O
Selectfluor (1.1 eq.) Br, (1.1 eq.
OEt > ot —o(l1ed) o OEt
MeCN, reflux F CCly, 0°C F Br
21

Procedure 1 Procedure 2

Procedure 1: The requisite methyl 2-fluoro-3-oxo0-3-phenylpropanoates were prepared according to
the previous report.*

To a flame dried 100 mL round bottom flask equipped with a magnetic stir bar was added 1.92
grams of ethyl 3-oxo-3-phenylpropanoate (10 mmol) and 3.90 grams of Selectfluor (11 mmol).
Afterward, this was set to reflux for 2 hours. After the reaction was detected by TLC, the solvent was
removed under reduced pressure. The residual liquid was washed with water and extracted with ethyl
acetate. The organic phases were combined, dried over anhydrous sodium sulfate, filtered, removed
under reduced pressure. Flash chromatography (petroleum ether/EtOAc = 20:1) afforded ethyl
2-fluoro-3-oxo-3-phenylpropanoate 1.47 g (70%).

Procedure 2: The a-bromo monofluoroacyl arene 6 was prepared according to the previous report.”

To a mixture of 2-fluoro-3-oxo-3-phenylpropanoate (1.47 g, 7 mmol) and CCl,; (30 mL) was
added 8 mL bromine (8 mmol, 1.1 equiv., 1 M Br, in DCM) at 0<C via constant pressure dropping
funnel. After the solution was stirred at that temperature overnight, the mixture was extracted with
ethyl acetate and water. The extract was dried over anhydrous Na,SO,, and the solvent was removed.
Flash chromatography (petroleum ether/EtOAc = 20:1) afforded compound 21, colorless oil, '"H NMR
(400 MHz, CDCly) 6 8.07 (d, J = 8.1 Hz, 2H), 7.65 (dd, J = 10.5, 4.3 Hz, 1H), 7.50 (t, J = 7.6 Hz, 2H),
4.38 (dd, J = 9.1, 3.9 Hz, 2H), 1.28 (t, J = 10.0, 3H) ppm; *C NMR (100 MHz, CDCly) & 184.8 (d, J =
24.9 Hz), 163.4 (d, J = 26.4 Hz), 134.7, 131.0 (d, J = 2.9 Hz), 130.2 (d, J = 4.4 Hz), 128.8, 97.6 (d, J =
274.4 Hz), 64.2, 13.7 ppm; **F NMR (376 MHz, CDCl3) 6 -118.3 (s). This compound is known.®
5.3 Synthesis of bromodifluoromethyl-4-methoxyphenyl-keton-4-methoxyphenylimine 22:
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PPhs, NEt; ci OMe — ai
BrCF,COOH + MeO NH,+ CCl, ————————————> ~ —_—
reflux BrF,C N acetone
procedure 1 procedure 2
| OMe PhB(OH),, PdCI,(PPh3), N—@—OMe
I o )X
BrF,C~ "N K,COj3, Ag,0, THF, 70 °C, N, CF,Br
procedure 3 22

The requisite bromodifluoromethyl-4-methoxyphenyl-keton-4-methoxyphenylimine 22 was prepared
according to the previous report.®

Procedure 1: PPh; (11.8 g, 45 mmol), EtzN (2.1 ml, 15 mmol), CCl, (30 ml), BrCF,COOH (2.625
g, 15 mmol) and p-anisidine (2.22 g, 18 mmol) was added to a 100 ml flask. After stirring for 5 h under
refluxing, the solvent was removed under reduced pressure, and the residue was extracted with hexane
(350 ml). The filtrate was concentrated under reduced pressure and subsequent column
chromatography with 5% ethyl acetate in hexane as eluent to afford bromodifluoroacetimidoyl
chlorides (3.6 g, 81%) as a yellow oil.

Procedure 2: A mixture of bromodifluoroacetimidoyl chlorides (1.5 g, 5 mmol) and Nal (0.9 g, 6
mmol) in 10 ml acetone was stirred under Nz atmosphere at room temperature for 10 h. The mixture
was washed with saturated Na2S203and extracted with Et2O (215 ml). The extracts were dried with
Na2S04 and concentrated under reduced pressure. Flash column chromatography with hexane as
elucent gave N-(p-Anisyl)-2-bromo-2,2-difluoroace-timidoyl idide (1.7 g, 87%), yellow oil.

Procedure 3: A mixture of N-(p-Anisyl)-2-bromo-2,2-difluoroace-timidoyl idide (1.56 g, 4
mmol), phenylboronic acid (586 mg, 4.8 mmol), PdCl2(PPhs)2 (140 mmg, 0.2 mmol), K2COs3(1.1 mg, 8
mmol) and Ag20 (463 mg, 2 mmol) was stirred in THF at 70 °C under Nz atmosphere for 8 h. The
mixture was filtered and the filtrate was concentrated under reduced pressure. The residue was purified
by flash column chromatography with 2% ethyl acetate in hexanes as elucent affording to 22 (1.02 g,
75%), yellow oil. '"H NMR (400 MHz, CDCls) & 7.93-7.08 (m, 4H), 6.71 (q, J = 9.1 Hz, 4H), 3.73 (s,
3H) ppm; C NMR (100 MHz, CDCl3) § 159.5 (t, J = 24.2 Hz), 157.8, 139.5 (, 130.9, 129.9, 129.3,
128.6, 123.6, 117.3 (t, J = 308.8 Hz), 113.9, 55.31 ppm; °F NMR (376 MHz, CDCls) & -52.8 (s). This

compound is known.®

6. Scale-up experiment

Me
R F
N
F Et3N (2 equiv.) o
N~ 0 + —_— > N™ O
Br THF (0.2 M)
F Me' F.
10 W blue LEDs, Ny, r.t.
1a 2d
3 mmol, 0.76 g 4.5 mmol, 1.12 g 3ad, 0.88 g, 69%

An oven-dried Schlenk tube (50 mL) was equipped with a magnetic stir bar, 1a (3 mmol, 0.76 g),

2d (1.5 equiv., 4.5 mmol, 1.12 g), EtzN (2.0 equiv., 6 mmol, 0.8 mL). The flask was evacuated and
9
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backfilled with N, for 3 times. 15 ml THF was added with syringe under N,. The resulting solution was
stirred at ambient temperature under 10 W blue LEDs irradiation and monitored by TLC. After the
reaction was finished, the mixture was concentrated under vacuum to remove THF, and the residue was

purified by chromatography on silica gel (EA/PE = 1/4) to afford the 3ad 0.88 g, yellow oil.

(\O
0
N o
. DBU (2.7 eq.),DMA N\w o
F F >
4 tBu 10 W blue LEDs, rt, 48 h '
a
3 mmol, 0.74 ¢ 6.0 mmol, 1.75 g fBu Bu

5aa, 1.21 g, 88%

An oven-dried Schlenk tube (50 mL) was equipped with a magnetic stir bar, 4a (3 mmol, 0.74 g),
2a (2.0 equiv., 6.0 mmol, 1.75 g), DBU (2.7 equiv., 8.1 mmol, 1.2 mL). The flask was evacuated and
backfilled with N, for 3 times. 15 ml DMA was added with syringe under N,. The resulting solution
was stirred at ambient temperature under 10 W blue LEDs irradiation and monitored by TLC. After 48
h, the crude products were extracted with ethyl acetate and water for three times. The extract was dried
over anhydrous Na,SO,, and the solvent was removed. Flash chromatography (silica gel, petroleum /
EtOAc = 10/1) afforded compound 5aa (1.21 g, 88%).

7. Mechanistic consideration
7.1 A brief mechanistic overview on CSpS—Br homolysis of ArCOCF,Br discovered by us

In the previous work’ and this work, we proposed that photo-induced Csp3-Br bond homolysis
from bromodifluoroacylarenes (ArCOCF,Br) is the key step for the success of the radical
difluoroalkylation reaction. The main reason that led us to propose this assumption is because the
UV/Vis absorption spectrum does not show an obvious bathochromic shift in the visible range
(Figure S1).

10
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a) UV/Vis absorption spectra of PhCOCF,Br and TMEDA in MTBE

——2a+ TMEDA [1] .- ——2a+TMEDA (3:2) [2a] = 0.0375 M
——2Za+ TMEDA [2] ——2a+TMEDA (3:2) [2a] = 0.075 M
) ——2a+ TMEDA [3] ——2a+TMEDA (3:2) [2a] = 0.1125 M
4“0 o -2a —2a

enlarged view

Absorbance (a.u.)

Absorbance (a.u.)
-
@
z—

-

400 450 500 550 600
Wavelength (nm)

Wavelength (nm)

b) UV/Vis absorption spectra of PhCOCF,Br and TMEDA in MeCN

—a

—— TMEDA
0 ——Za+TMEDA
s
L T

III 0.0 M
2s: TMEDA =3:2

Absorbance (i)
=

[ E]

L]
50 Gl

Wavelengih (nm)

c) UV/Vis absorption spectra of 4(BuPhCOCF,Br 2a and Et3;N in THF (this work)

2.5
——Et;N
—1a
2.0 o 2a+Et;N
—_— Br
F]
: FF
E 154 Bu
-
e
E AN
§ 1.0 k [2a] = 0.1 M
ﬁ EDAC 2a:EtN=3:2
054 375-420nm
0.0 T = T T
400 450 500 550 600

Wavelength (nm)

Figure S1. Optical absorption spectra of PhCOCF,Br with TMEDA: a) reference from Adv. Synth.
Catal. 2017, 359, 1672-1677, b) reference from Org. Lett. 2019, 21, 8169-8173, c) this work, optical
absorption spectra of 2a with EtzN (recorded in THF in 1 mm path length quartz cuvettes using a

Beijing Persee T9 series double beam UV-visible spectrophotometer).

On the contrary, the new curve of the solution between PhCOCF,Br and TMEDA (no visual
appearance of the mixture) can be superimposed to the one of PhCOCF,Br in visible range (from
400nm) and ultraviolet zone (below 375 nm). In fact, most of the light absorption area of the
reported EDACSs is mainly concentrated in the visible light region (> 400 nm), thus the solution of
the formed EDACS tends to have a color change, and the light source used can be blue LED strips.
However, the residual near-ultraviolet zone (380-400 nm) of the compact fluorescent light (CFL)

(Figure S2) maybe responsible for the observed reactivity.®

11
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Spect rum
o
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“380 500 600 T00 ao0
Wavelenath (nm)

Figure S2. Fluorescent light spectrum.

To determine whether the residual near-ultraviolet zone (380-400 nm) of the CFL is responsible
for the observed reactivity. Therefore, four monochromatic light sources were screened in the reaction
of quinoxalin-2(1H)-one 1a difluoroalkylation with bromodifluoroacylarene 2a to explore the
possibility of the reaction (Figure S3,). However, contrary to our hypothesis, after 16 hours of reaction,
TLC detected that the near-ultraviolet light source (365nm and 394nm light source) could not make the
reaction proceed, but the blue light (454nm) and green light (518nm) could make the reaction proceed
smoothly. These results indicated that the near-ultraviolet light region of the fluorescent light had
nothing to do with the reaction reactivity. The specific reaction operation is as follows:

Experimental procedure for monochromatic light experiments

There are four kinds of light source were screened in the reaction to explore the reaction
possibility. The wavelengths of these monochromatic light sources are 365nm, 394nm, 454nm and
518nm respectively. To explore the reaction possibility under the irradiation of monochromatic light
source, four reactions were conducted under the irradiation of above four monochromatic light source.

Procedures and results: triethylamine (56 1L, 0.4 mmol, 2.0 eq.), quinoxalinones 1a (51 mg, 0.2
mmol, 1.0 eq.) and a-bromo difluoroacylarenes 2a (87 mg, 0.3 mmol, 1.5 eq.) were added to four
flame-dried Schlenk flasks, and each Schlenk flask was put into a stirring bar and purged by evacuating
the flask and backfilling with N, three times. In the absence of light, anhydrous tetrahydrofuran (1 mL,
0.2 M) was added and the flasks were sealed. The four reactions were then stirred under irradiation
from 365nm, 394nm, 454nm, and 518nm monochromatic light source. After 16 hours, they were
detected by TLC that the near-ultraviolet light source (365nm and 394nm light source) could not make
the reaction proceed, but the blue light (454nm) and green light (518nm) could make the reaction
proceed smoothly. The crude products of DW-80c and DW-80d were purified by column
chromatography over silica gel using petroleum / EtOAc = 4/1 as eluent to yield 3aa with yields of 54%

(50 mg) and 63% (58 mg), respectively.
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tBu

RF
g EtaN (2.0 equiv) Ny
THF (1.0 mL), 16h o
F F 10 W light source N™ ~0
u F.
2a room temperature, N,
3aa

DW-80b: 395nm light source

DW.-80d: 518nm light source

DW.80c: 454nm light source,

DW.80a: 365nm light source

monochromatic light source: 365 nm 394 nm 454 nm 518 nm

54% 63%

Figure S3. Monochromatic light experiments.

Stern-Volmer fluoresence quenching analysis showed that the excited state of PhCOCF,Br 2b*
could not be quenched by Et;N, with the emission of 2b*, upon excitation at 362 nm, being abnormally
enhanced by Et;N (Figure S4).This result may indicate that there is no electron transfer event between
2b and Et;N.° The enhanced fluorescence may indicate that triethylamine promotes the generation of

difluoroalkyl radicals (see Figure 8).

y = 2.15555%+ 0. 05155; —— background (2b)
_ Ri-ograds | ——1a (0.5 equiv.)
——1a (1.0 equiv)
——1a(1.5 equiv.)
12 (2.0 equiv.)

[— background (2b)|

EtN (1.0 equiv )|

L ——EtN (20 equiv)|
/ F2N —— Et,N (3.0 equiv.)|
ol o —— EtN (3.0 equiv)|

Intensity
1l
Intensity

500 002 004 006 008 010 01z 014 00 a5 450 475

Wavelength 10*M Wavelength (nm)

Figure S4. Fluorescence quenching studies of 2b with Et;N or 1a.
Luminescence quenching experiments

Stern—\Volmer studies were carried out on an Agilent Cary Eclipse fluorescence spectrophotometer.
Experimental procedures: All the bromodifluoroacylarene PhCOCF,Br 2b (in this manuscript)
solutions were excited at 362 nm and the emission intensity was collected at 380-500 nm. A screw-top

13
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guartz cuvette was charged with a solution of 2b (0.1 mmol, 16 uL) in dry THF (3.0 mL) and the initial
emission was collected. Another two series of samples, 33 mM (M = mol/L) 2b in THF with Et;Nand

compound la as quencher in gradient concentrations, were tested and the emissions were collected.

Figure S5. Agilent Cary Eclipse fluorescence spectrophotometer

The intensity of the emission peak at 407 nm (Aex = 362 NmM) expressed as the ratio 1y/l, where Iy is
the emission intensity of 2b at 407 nm in the absence of a quencher and 1 is the observed intensity, as a
function of the quencher concentration was measured. Quenching of 2b was not observed for Et;N, but
fluorescence enhancement was observed.

Also, we performed a series of radical capture experiments to search for the ways to generate
difluoroalkyl radical (33 W CFL). Indeed, after irradiation of 2b and Et;N in the presence of radical
inhibitors, 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO), the oxyamination adduct of the
bromodifluoroacylarene 2b-tempo was formed in 23% vyield by *F NMR. Next, we investigated the
feasibility of the photolysis of the bromodifluoroacylarene in the presence of inorganic base or absence
of base (Figure S6). Under CFL irradiation, upon addition of Cs,CO; to the reaction mixture instead of
EtsN, we detected the formation of radical trapping product 2b-tempo. On the other hand, when the
trapping experiment was carried out under base-free conditions, the photolysis of 2b still occurred
albeit with low efficience at room temperature for 24h. These results indicated that the photo-induced
C-Br bond homolysis of 2b occurred to generate the difluoroacyl radical. In fact, a series of papers
about light-induced C-1 bond homolysis lately appeared and the light sources they used were usually
blue LED strips.”® Compared with the well-documented visible light-induced C-I bond homolysis,
literatures about visible light induced C-Br bond homolysis are rare. This lack of development stems
from the difficulty in the homolysis of the C-Br bond compared to the C-1 bond when using low-energy

visible light as the energy source.
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(0]

F
F
PhCOCF,Br
PhCOCF,Br 1.0 equiv TEMPO \c’))l\© 2b z + Cs,CO
2b + Et3N —_— Mel Me ) 23
) i THF, rt.,24h Me N | Me 1 equiv .
eUV  pequiv 33 W CFL 2 equiv
vs 2b-tempo, 23% yield by'°F NMR
detected by HRMS
PhCOCF,Br
iv TEMP
2b. + no base 1% 2b-tempo, 8% yield
1 equiv
THF, rt.,24h
33 W CFL

Figure S6. Radical capture experiments (33 W CFL).
Trapping experiment with TEMPO radical (33 W CFL)

1.0 equiv TEMPO
—_—

THF, rt.,24h
33 W CFL

2b-tempo, 20% yield

In four separate experiments, namely under standard conditions with organic bases in the absence

of substrate 1a, with inorganic base and no base, when 1.0 equivalent of TEMPO (with respect to the

bromo derivatives) was added to the reactions, after long exposure to irradiation (24h), the

corresponding alkylfragment of the halides (oxyamination at the alpha-phenacyl positions) were

formed. The results may suggest the formation of the radical species involved in our reaction

conditions.
£ Q
F i F
F. 1.0 equiv TEMPO (e
Br + ELN Me Mel{l MeMe
n 2 oquiv THF, rt.,24h U HRMS: [M+H']
) caled: 312.1770
1 equiv 2b-tempo, 23% yield by'°F NMR  found: 312.1753
g
O
F
F
Br
2b
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F 0
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To determine whether the blue light zone (around 450 nm) of the CFL plays an important role in
the reactivity of this transformation, and to further find evidence that C-Br bond homolysis is indeed
present in the transformation. We synthesized the difluorobromoaryl ketone containing a nitrogen atom
(2I), which will help to better detect the reaction intermediates in high-resolution mass spectrometry
(HRMS) analysis. With 21 in hand, three experiments were operated under irradiation of 10 W blue
LEDs (454 nm) at room temperature (Figure S7). First, subjecting 21 alone to blue LEDs irradiation
observed the formation of a dimer 2I-dimer and H-atom-transfer product 2I-H by HRMS analysis. This

result indicated that C-Br bond homolytic pathway indeed occurs in

a) I ;ob)

9 QR F O Neve : )
Br : Et;N (2.0 equiv.)
/©)l§( 10 W blue LERs : 10 W blue LEDs HRMS:
Me, F P THF, rt, 48n Mes,, O FF o : 21 E—— 2l-dimer  [M+H']: CoHpiFaN,0,"

N HRMS:
y THF, tt, 48h lcd: 397.1534
ve 2 Refrigerant circulation | : A calcd: 397.

no base Me 2l-dimer [M+H']: CooH21F4N2O," Refrigerant circulation found: 3971533

calod: 397.1534 lc.ar bond

C-Brbond radical dimerizatiol found: 397.1556 homolysis
homolysis i
H 21
L Mey :
hydrogen atom Me 17% : HRMS: F EtaN
214 transfer HRMS: : .
21-H : § [M+H*]: CaoHaoFeN30g*
[M+H"): C4oH1oF,NO™ 4 calcd: 594.2186 F ¥ O

calcd: 200.0881 E found: 594.2182 Et NH" |

radical dimerization

base promoted radical
C-H difluoroalkylation

§-z
5

found: 200.0883 i 2l-trimer Me 21
c) Ar = 4-N(Me),Ph
it 2.0 equiv. TEMPO ' ho
Br _10WblueLEDs a Ph
e ° Ph HRMS analysis
Me<, FF THF . agh Me\ _1oWblueLEDs — = Me. FF ph

y Me Me., F F H* I [M+H"]: CogHpgFoNO,
Me 2 Refrigerant circulation N N H 24H24F2NO;

o baso e g -tempo, 33% THF 48 e 2 *HeOorMeOH Mo calcd: 396.1770

no Refrigerant circulation -
lc-sr bond homolysis HRMS: 9 T bace o HRMS: foound. 396.1764
[M+H"]: C4gH9FN,0," N . [M+H*]: Cp4HpoF,NO* MeQ
/ C-Br bond homol : CaoaHaoFsl
214 . calcd: 355.2192 " bond homolysis Br Ph

+ TEMPO :
calcd: 378.1664
. found: 355.2191 24+ found: 378.1653 Me~ FF Pn
b

Br + TEMPO' —» N + Bre HRMS: Me  [M+H']: CosHasF2NO,"

N [M+H': Cy4H1Br* calcd: 410.1926

Br + e
Br,od 7 - calod: 259.0117 found:410.1915
nd. B HBr int found: 259.0116, 261.0094

Figure S7. Evidence of C-Br bond homolysis under irradiation of blue LEDs.

our method. Subsequently, irradiating 21 in the presence of EtzN could not only form 2I-dimer, but also
produce radical C-H difluoroalkylation product 2I-trimer via base-promoted homolytic aromatic
substitution (BHAS).™ This result further confirmed that C-Br bond homolysis can also proceed in the
presence of tertiary amines, and also emphasized the role of tertiary amines in C-H difluoroalkylation™
or tandem radical cyclization.” In addition, the role of tertiary amines is far more than that, it may also

be a quencher of bromine radicals produced during the transformation (vide infra). Finally, irradiating
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2l alone in the presence of TEMPO confirmed that the reaction proceeds via radical pathway, with
difluoroalkyl radical trapping product 2I-tempo detected by HRMS analysis (Figure S7).

Experiments for evidence of C-Br bond homolysis under irradiation of blue LEDs

l\llle
N.
(0] O EF Me
Br
10 W blue LERs O
Med F F
l}l 'I"HF, t, 4‘8h . Me\N FF O HRMS:
Me 2l Refnieorabr;tsc‘;rculatlon l\l/Ie 21-dimer [M+H*]: CooHp1F4N,05"
calcd: 397.1534
C-Br bond radical dimerization, found: 397.1556
homolysis (o) 0
©)$ "
Me< FF Me < FF
’}‘ —_— N
Me hydroger; atom l\l/le 17%
21 transfer 2I-H HRMS:

[M+H+]: C10H12F2NO+
calcd: 200.0881
found: 200.0883

a-Bromo difluoroacylarene 21 (56 mg, 0.2 mmol) was added to a flame-dried Schlenk flask
containing a stirring bar and purged by evacuating the flask and backfilling with N, three times. In the
absence of light, anhydrous tetrahydrofuran (1 ml, 0.2 M) was added and the flask was sealed. The
mixture was then stirred under irradiation from 10 W blue LEDs (Amax = 454 nm). After 48 h, the
reaction solution was directly used for high-resolution mass spectrometry (HRMS) analysis. The
reaction mixture was purified by column chromatography over silica gel using petroleum/EtOAc =
20/1 as eluent to yield 21-H (9 mg, 17%). *H NMR (400 MHz, CDCl,) 5 7.97 (d, J = 8.8 Hz, 2H), 6.68
(d, J = 9.0 Hz, 2H), 6.26 (t, J = 54.0 Hz, 1H), 3.11 (s, 6H) ppm; *C{*H} NMR (100 MHz, CDCls) &
185.1 (t, J = 24.2 Hz), 154.4, 132.0, 132.0, 119.3, 111.8 (t, J = 253.3 Hz), 110.9, 40.0 ppm; °F NMR
(376 MHz, CDCls) § -121.02 (d, J = 53.8 Hz) ppm; HRMS (ESI) m/z: [M+H]" calcd for CioH;,F;,NO*
200.0881; found 200.0883.

18



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

Hr-21a #859 RT: 557 AV:1 NL:1.05E10
T: FTMS + p ESIFull ms [100.0000-1000.0000]
200.0883

,a
5
g

©
&

©
3

®
&

®
3

~
&

Me< F F
N .
Me 2I-H H

Chemical Formula: C4gH4,F,NO*
Exact Mass: 200.0881

o o N
S & o

@
@

NN W oW A
S o & & & &

@
S
o T ol o o T b e T s Tt T o

-
o

202.0951 222.0702

=
1S

@

224.0768

140.9526 1520871 164.1073 _ 172.9787 1801024 190.1265 198.0738 218.0995 | | 232.1144 246.0942 _ 255.1498 268.1141 279.1595
e e e g e e e e s
140 150 160 170 180 190 200 210 220 230 240 250 260 270 280
m/z

Hr-21a #1027 RT: 649 AV:1 NL: 211E8
T: FTMS + p ESI Full ms [100.0000-1000.0000]
397.1556 Me |\I/|e

N.
O R F O N-ve O R F O Me
Me O FF O Me\N O FF O Na*

I:I +
Me 2|-dimer

.
@ ® © © o
S & 3 & S
ot T T s el Ten b b bl n Do Do g

@
3

Me 2l-dimer

~
a

Chemical Formula: CogHooF4sN,NaO,*
Exact Mass: 419.1353

~
=]

Chemical Formula: CyoHp1F4N,05*
Exact Mass: 397.1534

=
@

@
3

419.1376

o
a

IS
]

IS
S

@
&

w
s

N
]

398.1591

N
S

-
o

420.1410

.
1)

)

388.0136 390.0131 399.1613 409.1328 411.1292 430.0831
| 392.1661  396.0622 | |4121340 418.0320 421‘ 1455 |
i , 2 | .
N B e B ——t
392 394 396 398 400 422 424 426 428 430 432

i | i

L e e e e L e e S L ) O

402 404 406 408 410 412 414 416 418 420
miz

o

1 T
386 388 390

0 Me .

Et;N (2.0 equiv.) N HRMS:

10 W blue LEDs O R F O Me  [M+H*]: CogHp1F4N,0,"
Me. FF _— calcd: 397.1534
N THF, rt, 48h O Y found: 397.1533
Me 2l Refrigerant circulation ~ Me~ o

lc-sr bond Me 2l-dimer

homolysis
4 base promoted radical

radical dimerization
C-H difluoroalkylation

FF O
| R 2l-trimer  [M+H*]: C39H3oFgN303"
calcd: 594.2186
found: 594.2182

19



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

a-Bromo difluoroacylarene 2l (56 mg, 0.2 mmol) and triethylamine (56 L, 0.4 mmol, 2.0 eq.)
were added to a flame-dried Schlenk flask containing a stirring bar and purged by evacuating the flask
and backfilling with N, three times. In the absence of light, anhydrous tetrahydrofuran (1 ml, 0.2 M)
was added and the flask was sealed. The mixture was then stirred under irradiation from 10 W blue
LEDs (Amax = 454 nm). After 48 h, the reaction solution is directly used for HRMS analysis.
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1 2 iv. TEMP Q
Br .0 equiv. [e] o. HRMS:
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| ) T
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no base -tempo, 33%
C-Br bond homolysis /
2+ TEMPO'

a-Bromo difluoroacylarene 21 (56 mg, 0.2 mmol) and TEMPO (62 mg, 0.4 mmol, 2.0 eq.) were
added to a flame-dried Schlenk flask containing a stirring bar and purged by evacuating the flask and
backfilling with N, three times. In the absence of light, anhydrous tetrahydrofuran (1 ml, 0.2 M) was
added and the flask was sealed. The mixture was then stirred under irradiation from 10 W blue LEDs
(Amax = 454 nm). After 48 h, the reaction solution is directly used for HRMS analysis. The reaction
mixture was purified by column chromatography over silica gel using petroleum/EtOAc = 20/1 as
eluent to yield 2I-tempo (23 mg, 33%). *H NMR (400 MHz, CDCls) & 8.05 (d, J = 8.8 Hz, 2H), 6.68 (d,
J = 9.0 Hz, 2H), 3.10 (s, 6H), 1.71-1.52 (m, 5H), 1.26 (s, 7H), 1.14 (s, 6H) ppm; *C{*H} NMR (100
MHz, CDCl3) 6 182.0 (t, J = 35.9 Hz), 154.1, 132.9, 119.0, 117.6 (t, J = 277.5 Hz) 110.7, 61.1, 40.2,
40.1, 33.9, 21.0, 17.0 ppm; °F NMR (376 MHz, CDCl5) & -71.29 (s) ppm; HRMS (ESI) m/z: [M+H]*
calcd for CygH,oF,N,02" 355.2192; found 355.2191.
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a-Bromo difluoroacylarene 21 (56 mg, 0.2 mmol) and ethene-1,1-diyldibenzene (53, 0.3 mmol,
1.5 eq.) were added to a flame-dried Schlenk flask containing a stirring bar and purged by evacuating
the flask and backfilling with N, three times. In the absence of light, anhydrous tetrahydrofuran (1 ml,
0.2 M) was added and the flask was sealed. The mixture was then stirred under irradiation from 10 W
blue LEDs (Amax = 454 nm). After 48 h, the reaction solution is directly used for HRMS analysis.
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Combining the results of UV/Vis absorption, monochromatic light experiments, Stern-VVolmer

fluoresence quenching analysis, radical trapping experiments as well as other control and comparative

experiments, our investigations support a mechanism that the photo-induced C,,°-Br bond homolysis of

bromodifluoroacylarenes _instead of  photochemical EDACs of tertiary amines and

bromodifluoroacylarenes occurs to generate the difluoroacyl radicals and bromine radicals
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simutaneously. Reqgardless of the mechanism proceeded, the role of the tertiary amines in this strategy

is very important, which could be confirmed in our previous and current work.

7.2 Experimental demonstration of the HAT of N=Cy*H of aldehyde hydrazones or
quinoxalinones by bromine radical

Although we have made the above latest progress on the visible light-induced Csp3-Br bond
homolysis mechanism of difluorobromoaryl ketones, the exact role of tertiary amines in the reaction
system cannot be fully explained, mainly manifested in reactivity (the reaction cannot proceed
smoothly without the tertiary amines) and TEMPO-mediated radical quenching experiments, compared
with no tertiary amines, the addition of tertiary amines will promote the formation of more
difluoroalkyl radical quenchers, which indicates that tertiary amines can promote difluoroalkyl radicals
formation. If it is not the EDACs mechanism, how does it promote it? It may be inspired by a report
recently published by Leonori in Science 2020, 367, 1021 that a-amine alkyl radicals can induce a
series of alkyl halides to generate alkyl radicals through XAT (halogen atom transfer),™® but this

assumption is yet to be tested.

H (0]

)\ )J*,«Br
. Me” TNEt, ) Ar Br
Br T> AN
. / HAT ) e

M
0 HBr

Ar)j}\%'_‘Br C-Br homolysis
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XAT Me NEt, I\/|(3/§N Et, Br

Figure S8. Hypothesis for tertiary amines to promote the generation of difluoroalkyl radicals.

As shown in Figure S8, the electrophilic bromine radicals generated by visible light-induced
homolysis of the C-Br bonds of difluorobromoaryl ketones can mediate tertiary amines to generate
nucleophilic o-amine alkyl radicals through hydrogen atom transfer (HAT)*. According to Leonori's
report, the nucleophilic amine alkyl radicals are electrically matched with the electrophilic active alkyl
halide ArCOCF,Br, and the nucleophilic difluoroalkyl radical will be obtained by the XAT process. In

fact, the last five years have seen a boom in chemical transformations mediated by bromine

14-16 14-15

radicals, in which bromine radicals often act as HAT reagents (Figure S9).
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HAT process mediated by Br radical

hydroacylation, radical cascadei
» H/D exchange, Minisci reaction ;
esterification :

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

Minisci reaction

Alkylo

EE— .

cross-coupling, Minisci reaction :
»  Giese reaction

1
: R!
2
. R P D N
—R° OH g Y .
R2” “NHBz R NHBz NHBz AP "G L
PN Ay N aikyl N7 Alkyl

other B-H: ArO‘H, Ar,POH
Figure S9. Known bromine radical-mediated HAT types.

For example, MacMillan reported in 2016 that visible light/nickel synergistic catalysis of bromine
radical-mediated HAT of silicon-hydrogen could generate nucleophilic silane radicals, and silane
radicals could activate alkyl bromides through the XAT process to obtain nucleophilic alkyl radicals,
and then realized the coupling reaction of alkyl bromide and aryl bromide.*** After that, reports using
this strategy to induce silanes to generate silane radicals sprang up, and a series of interesting chemical
transformations were developed.* In addition, bromine radicals can also cleave many types of C-H
bonds to obtain nucleophilic carbon radicals, such as allyl C,>-H™®, acetal Cg,>-H', amine a-Cq,>-H'™,
ether a-Cg,>-H™"*, alkyl Cy,>-H™", carbonyl a-Cy,>-H™, benzyl Cy,>-H™"' aldehyde C,,>-H™™°, and
some reaction intermediates C-H'. In particular, the aldehyde Cq,>-H and benzyl C,*-H are the most
widely studied.

Based on the background of the above-mentioned bromine radicals and the activity of N:Csz-H,
an analog of aldehyde Cq,>-H derived from hydrazones or quinoxalinones, we believe that the reaction
mechanism of this work may be different from the radical chain mode we reported previously (Figure

510).
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Figure S10. Radical chain mechanism (electron as a catalyst).
In order to prove whether the reaction is a radical chain mechanism, we performed a photon

quantum yield and light on/off experiments. However, both the guantum yield (® < 0.055), estimated

by chemical actinometry, and the light on/off experiment of this C-H difluoroalkylation reaction

indicate that closed radical chain pathway is not possible in this reaction®® and indirectly proves the

important role of continuous irradiation in keeping the difluoroalkyl radical induced as the persistent
ArCOCEF," species. The following is the specific experimental operation for measuring quantum yield
and "On/off" experiment.
Reaction quantum yield (®)measurment

According to the above experimental results, we plan to use a monochromatic light source with a
wavelength of 454nm as the light source of the reaction quantum yield experiment.
Determination of the light intensity at 454 nm

The quantum yield of the reaction was measured by chemical actinometry using 454 nm blue
LEDs using potassium ferrioxalate following the procedure of E. E. Wegner (J. Am. Chem. Soc. 1966,
88, 394), J. N. Demas (J. Phys. Chem. 1981, 85, 2766), F. Glorius (Org. Lett. 2018, 20, 1546), R.
Shang (Science, 2019, 363, 1429), J. Zhong (Chem. Commun. 2019, 55, 10848) and T. P. Yoon (Chem.
Sci. 2015, 6, 5426).

0.737 g of potassium ferrioxalate trihydrate was dissolved in 10 mL H2S04 (0.05 M) and stored
in the dark. Then, a buffer solution was prepared by dissolving 2.5 g of sodium acetate and 0.5 mL of
H2S04 (95-98%) in 50 mL of distilled water.

General Protocol to assess the photon flux of the 454 nm blue LEDs:
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To a 10 mL Schlenk flask containing a stirring bar, 1 mL of the actinometer solution was added.
Then, the solution was irradiated for 60 s. Immediately, a 100 pL aliquot was taken and added to a 10
mL volumetric flask containing 15 mg of 1, 10-phenanthroline in 3 mL of the buffer solution. The flask
was filled with distilled water. The absorbance of this solution was then measured at 510 nm by
UV/Vis spectrophotometry. In a similar manner, this procedure is repeated with the actinometer
solution stored in the dark. Using then the Beer’s Law, the number of moles of Fe2+ produced by light

irradiation is obtained by:

Fel— v AA(510 nm)
10°v,7e(510 nm)

Where:

v1 = Irradiated volume (1 mL).

v2 = The aliquot of the irradiated solution taken for the estimation of Fe* ions (0.100 mL).

v3 = Final volume of the solution after complexation with 1, 10-phenanthroline (10 mL).
£(510 nm) = Molar extinction coefficient of [Fe(Phen)3]*" complex (11100 L mol™cm™).

| = Optical path-length of the cuvette (1 cm).

AA(510 nm) = absorbance difference between the irradiated solution and the solution stored in

dark.

—— 60s irradiation sample
non-irradiation sample

10

Absorption

i T N T Y T . T Y T ) 1
200 300 400 500 600 700 800
Wavelength/nm

Sample calculation:

The photon flux (F) is obtained by using the following equation:

mol Fe2*

hoton flux = —
photon flux = ————

Where:
® (L) = The quantum yield for Fe?* formation at 454 nm is 0.95 (Hatchard, C. G.; Parker, C. A. Proc.
Roy. Soc. (London) 1956, A235, 518-536). t is the time (60 s), and f is the fraction of light absorbed at

A =454 nm by the ferrioxalate actinometer. This value is calculated using the following equation where
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A is the absorbance of the ferrioxalate solution at 454 nm.
f=1-104
A(\) = ferrioxalate actinometer absorbance at 454 nm, which was measured placing 1 mL of the

solution in a cuvette of path length 1 cm by UV/Vis spectrophotometry. The absorbance of the above

ferrioxalate solution at 454 nm was measured to be 1.735, so the value of f is 0.9816.

ferrioxalate actinometer solution ]

10

Absorbance

" T x T 34 T Y T 1 T e 1
200 300 400 500 600 700 800
Wavelength (nm)

The photon flux was calculated to be 1.45 x 10°® einstein s

Sample calculation:

-5
photon flux > 8.1 x 10™ mol =— 1.45 x 10  einstein 5
0.95 x 60 s x 0.9816

Determination of the reaction quantum yield

To obtain the quantum yield (®) of the difluoroalkylation of quinoxalinones. The number of moles
of the product 3aa were determined by ®F NMR analysis using 1-bromo-4-(trifluoromethyl)benzene
(0.1 mmol, 14 uL) as internal standard. As such, this reaction was performed under the set of optimized
reaction conditions (Table 1, entry 1) under visible light irradiation of 454 nm blue LEDs. After 3960 s

of light irradiation, 6.4 x 10 moles of 3aa were obtained.

3960 s FF

N\ o . N
Br Et;N (2.0 equiv.) X
N“ S0 &+ THF (1.0 mL) S
_— e
F. F F 454 nm blue LEDs N~ =0
rt., N, F.
2a 3aa

1a

Br
Internal standard

'H-NMR of internal standard
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- MM h\ﬁ«gﬂ\ __t\J N

N7

The quantum yield of this reaction was calculated using the following equation:

_ mol of product formed

D = photon fluxstef

f=1-104

Where:

A(454 nm) = is the absorbance at 454 nm of the reaction which was measured placing 1 mL of the
solution in a cuvette of path length 1 cm by UV/Vis spectrophotometry. The absorbance of the reaction
mixture at 454 nm was measured to be 0.098, so the value of f is 0.202.

t = is the reaction time 3960 s
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—reaction mixture|

10—-7

Absorbance

T T Y T T U ) T T T Y 1
200 300 400 500 600 700 800
Wavelength (nm)

The quantum yield (@) of the reaction is less than 0.055 ( see calculation below)

_ mol of product formed 6.4 x 10°5 mol

- hoton flixete < = 0.055
® P fluxstef 1.45 x 106 einstein s x 3960 x 0.202

"On/off'" experiment
According to the Method A. The reaction mixture was irradiated for 2 hours. An aliquot of 0.10

mL was taken from the reaction mixture and injected into a vial containing 0.50 mL of CDClI,
containing 1-bromo-4-(trifluoromethyl)benzene (0.1 mmol, 14 uL) as the internal standard. The yield
of product was determined by crude *F NMR analysis. The reaction mixture was then sealed under N,

atmosphere and re-subjected to 10 W blue LEDs. The yields later on were determined in the same way

after some time light on or off.

ield of 3aa

60

Yield (%)

6 8
Reaction time (h)

From the quantum yield and light on/off experiments, we knew that the reaction is not a radical
chain mechanism and considering the HAT properties of the aforementioned bromine radicals, we

speculated that the reaction mechanism may involve the imine or aldehyde hydrazone radicals through
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the HAT of N:CSDZ-H of aldehyde hydrazones or quinoxalinones mediated by bromine radicals, which

then were coupled with the difluoroalkyl radical to obtain the target products (Figure S11).

Electroph://c radicals

C-Br bond
homolysis
| blue LEDs _E:[

blue LEDs

ON<
Br, ‘— Br 7—? )
qumoxalmones HBr Nucleoph/l/c radicals ) F F @
5

Br
hydrazones /kH alkyl<. _alkyl

alkyl\ .alkyl
LT e
1or4 a

o
lkyl élkyl

Figure S11. Non-radical chain mechanism (Br radicals mediated the Cspz—H coupling)

This inference was confirmed in subsequent radical trapping experiments and HRMS analysis, as
shown in Figure S12 and S13, we detected TEMPO radical-trapping products of quinoxalinone or
hydrazone radicals and their dimers.

The following are the specific experimental operations:

N _H N Ph
~N
@[ I Q Et;N (2.0 eq.) TEMPO (3.0 eq.) @[
Br ’ ’
N" N0 )K THF (1 mL), rt. Ny, 24h N0
F i 10 W blue LEDs F
K©/ 2 ) 3ab

Chemical Formula: CozHgF3N05"
Exact Mass: 409.1158

Ny O
N
CIX el
CrL T H
F N o) 2b-tempo
A F Chemical Formula: C17Hp4F,NO,*
IIA-tempo Exact Mass: 312.1770

<7//77 ‘7/0
eon, Chemical Formula: CpqH,gFN;NaO,*
%, Q Exact Mass: 432.2058

0N

o
(Nge} H*
F

IIA-dimer

Chemical Formula: C3gHp1FoN405*
Exact Mass: 507.1627

Experimental procedure: Triethylamine (56 L, 0.4 mmol, 2.0 eq.), quinoxalinones 1a (51 mg,
0.2 mmol, 1.0 eq.) and a-bromo difluoroacylarenes 2b (71 mg, 0.3 mmol, 1.5 eq.) were added to a
flame-dried Schlenk flask containing a stirring bar and purged by evacuating the flask and backfilling
with nitrogen three times. In the absence of light, anhydrous tetrahydrofuran (1 ml, 0.2 M) was added
and the flask was sealed. The mixture was then stirred under irradiation from 10 W blue LEDs. After
two hours, 3 equivalents of TEMPO were added to the reaction under nitrogen protection, followed by
stirring under irradiation from 10 W blue LEDs for 24 hours. After which, the ESI-HRMS analysis of

the crude reaction mixture was carried out. The mass for intermediate 11A-tempo is C,sHy0FN3O,"
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[M+Na]" calcd. 432.2058, found 432.1978 (Figure S12). The radical dimer Il1A-dimer was also
detected by HRMS. The mass for l1A-dimer is CsH,FoN4O," [M+H]" calcd. 507.1627, found
507.1616 (Figure S12).
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Figure S12. Bromine radical-mediated cross-coupling mechanism for quinoxalinones.

DBU (2.7 eq.)

TEMPO (3.0 eq.)

N
|

Br
+ Ph)x DMA (1 mL), rt
H 10 W blue LEDs
tBu 2b N2, 2h

4a .
PhCOCF,

2b-| 5s-couP?

cro

O
TEMPO

N
l). /@/k
1IB-tempo
tBu

lIB-dimer

N,, 24h

tBu

2b-tempo

/@/IK,N
(6)
11B-

O;é
N +
H

IB-tempo

540

Experimental procedure: DBU (60 L, 0.4 mmol, 2.7 eq.), aldehyde hydrazone 4a (51 mg, 0.15

mmol, 1.0 eq.) and a-bromo difluoroacylarenes 2b (71 mg, 0.3 mmol, 2.0 eq.) were added to a

flame-dried Schlenk flask containing a stirring bar and purged by evacuating the flask and backfilling

with nitrogen three times. In the absence of light, anhydrous DMA (1 ml) was added and the flask was

sealed. The mixture was then stirred under irradiation from 10 W blue LEDs. After two hours, 3

equivalents of TEMPO were added to the reaction under nitrogen protection, followed by stirring under

irradiation from 10 W blue LEDs for 24 hours. After which, the ESI-HRMS analysis of the crude

reaction mixture was carried out. The mass for intermediate 11B-tempo is CHN3O," [M+H]" calcd.
402.3115 or CyyHysN40," [M+NH,]" calcd. 419.3381, found 402.3082 or 419.3359 (Figure S13). The
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radical dimer 11B-dimer was also detected by HRMS. The mass for 11B-dimer is C3Hs3N,0," [M+H]"
calcd. 491.3381, found 491.33835 (Figure S13).
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Qualitative Compound Report
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Figure S13. Bromine radical-mediated cross-coupling mechanism for aldehyde hydrazones.

8. Other H-C=X bond study

CN (o}
NC 0,
f%/l . Br Et3N (2 equiv.) , THF (1.0 mL)‘ — Bu
Z FF = \
N tBu 10 W blue LEDs, r.t. F
2a 72 h N F 11a

Chemical Formula: C4gH17F,N,0*
Exact Mass: 315.1303
HRMS found: 315.1304
LCMS found: 315

Triethylamine (56 pL, 0.4 mmol, 2.0 eq.), isonicotinonitrile 10a (21 mg, 0.2 mmol, 1.0 eq.) and

a-bromo difluoroacylarenes 2a (87 mg, 0.3 mmol, 1.5 eq.) were added to a flame-dried Schlenk flask

containing a stirring bar and purged by evacuating the flask and backfilling with N, three times. In the
absence of light, anhydrous tetrahydrofuran (1 ml, 0.2 M) was added and the flask was sealed. The
mixture was then stirred under irradiation from 10 W blue LEDs. After 72 h, the product 11la was
detected by LCMS m/z calcd for CigHq7F,N,O" (M+H)" 315, found m/z 315 and HRMS (ESI) m/z
calcd for CygH17FoN,O" (M+H) *315.1303, found m/z 315.1304.

LCMS:
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Mey, .Me Me
| i ) Me—N o)
B . /©)S<Br EtsN (2 equiv), THF (1.0mL) M@Bu .
NZ tBu FF 10 W blue LEDs, r.t. \_/ e
10b 2a 72h

Chemical Formula: CqgH,3F,N,0*
Exact Mass: 333.1773

HRMS found: 333.1771
LCMS found: 333

Triethylamine (56 pL, 0.4 mmol, 2.0 eq.), DMAP 10b (24 mg, 0.2 mmol, 1.0 eq.) and a-bromo
difluoroacylarenes 2a (87 mg, 0.3 mmol, 1.5 eq.) were added to a flame-dried Schlenk flask containing
a stirring bar and purged by evacuating the flask and backfilling with N, three times. In the absence of
light, anhydrous tetrahydrofuran (1 ml, 0.2 M) was added and the flask was sealed. The mixture was
then stirred under irradiation from 10 W blue LEDs. After 72 h, the product 11b was detected by
LCMS m/z calcd for CigHxFoN,OF (M+H)* 333, found m/z 333 and HRMS (ESI) m/z calcd for
CigH43FoN,O" (M+H)" 333.1773, found m/z 333.1771.

LCMS:

L. n= Analysis Report
<Sample Information>
Sample Name : DOCI-190911-DMAP
Sample ID : DOCI-190911-DMAP
Data Filename : DDCI-190911-DMARlcd
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Batch Filename  : #EECEF 7 iF ek

:1-20

Vial # : Sample Type - Unknown
Injection Yolume :Sul
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Date Processed  © 2019/9M1 18:24: "e Me Processed by - System Administrator
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Retention time of 11b is 2.255
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==== Shimadzu LabSolutions Data Report ====
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We tried to separate these two products 11a and 11b, but found it difficult to separate them to get the
target products.

9. Influencing factors of fluorobromide structure in homocleavage of Cs,°-Br

bonds

Currently, there are few other types of bromoalkanes other than difluorobromoaryl ketones in
the examples of direct light irradiation to generate free radicals. Most of them require iodination or
direct use of iodoalkanes (Figure S14),° which may be related to the physical and chemical
properties of iodine: the larger the radius of the iodine atom is less attractive to the outermost

electrons and the weaker the electronegativity of the iodine is easier to give electrons.

38



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

R-lor
R-l/organic base
CnFan+1l, alkyl-l,

homolysis | visible light O H R R® H
H CrF2n+1 R R3 H
l Mo : N 2 \/*RZ :
Ar H R4 Rz O R
H o R

R P '?‘1
H R Bpin
P H R? R3 R4 Ar R
H a\ky\N
: R

Bpin 0

: Q R
Base H alkyl==Bpin or Ar=Bpin
R : R Coznes
e H Bpin z
P H

HBase : R)\,CanM Ph

Figure S14. Visible light-induced homo-cleavage of C5p3—l bonds

Recently, the visible light-induced homolysis of Csp3—Br bonds has achieved a breakthrough in the
synthesis application (Figure S15).""" For example, Fan's group reported that visible light-induced
Cy>-X homocleavage of ethyl difluorobromo/iodoacetate could achieve difluoroalkylation of aryl

ketones.'™ Wu's group found that diethyl bromomalonate could also induce Csp3—Br bond
homocleavage by visible light and used this property to achieve indole C-3 functionalization.'™
However, these three bromides (ethyl bromodifluoroacetate, diethyl bromomalonate and
difluorobromoaryl ketones) are currently only used as Csp3 radical precursors in the reaction, and the
utilization of bromine radicals activity to achieve related transformations has not been reported yet.

Known visible light-mediated Csp3-Br bond homolysis cases

Our previous work:
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Figure S15. Visible light-induced homo-cleavage of Csp3—Br bonds
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The most economical and greenest way to obtain bromine radicals should be to directly
homogenize bromide through visible light (Figure S16). Compared with NBS and Br, homolysis,

Csp3-Br bond homolysis has more potential application value.

path A: bromine salts as bromine radical precursors
PS: [Ir], organic dye .
Br~ > Br
or oxidant: O,, photoelectric oxidation,

path B: HBr from alkyl-Br

LB B-H elimination radical initiator

-Bf ———

alkyl-=r or PS: [Ir], organic dye
or EDA

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

+2

NR,

path C: photosensitization-initiated energy transfer

4CzIPN :
Ph XA"Ng; oie LEL P AN [ B

path D: visible light induced homolysis

EtOOC, 0
Br  Br o
2
EtOO0C or N—Br visible light
homolysis
BrCF,COOEt BrcCls y
ArCOCF,Br

Figure S16. The generation of Br radicals reported in the literature
Therefore, in order to better understand the photochemical properties of difluorobromoaryl

ketones, we have designed similar bromoalkane substrates to complete our understanding of it (Figure

S17).

CrN

TMEDA (2 equiv.)
33 W CFL
MeCN (2 mL)
rt, 48 h
CVN
TMEDA (2 equiv.)
33 W CFL
MeCN (2 mL)
° RY

J\F Method A @Nﬁz
X
N0

ref:
Org. Lett. 2019, 21, 8169.

Figure S17. Influencing factors of fluorobromide structure in homocleavage of CSpS-Br bonds
Conclusion: According to our previous work (Adv. Synth. Catal. 2017, 359, 1672; Org. Lett. 2019,

21, 8169) and present work, we already know that aromatic rings, CF,, and electrical requirements for
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the structure of the electron-deficient macroconjugation system composed of carbonyl and aryl groups

are important for the bromine radical direct generation.

10. Characterization data of compounds
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3aa)

tBu
FF
N
N
CLXy
N™ SO0

yellow oil, 48 h, 81 mg, 87% yield; *H NMR (400 MHz, CDCl5) & 8.08 (dd, J = 13.7, 8.9 Hz, 3H), 7.58
(t, 3 = 7.9 Hz, 1H), 7.51 (d, J = 8.5 Hz, 2H), 7.42 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 6.4 Hz, 2H), 6.95 (d,
J = 7.4 Hz, 2H), 6.85 (d, J = 9.4 Hz, 1H), 5.44 (s, 2H), 1.34 (s, 9H) ppm; *C{*H} NMR (100 MHz,
CDCl3) 6 187.2 (t, J = 28.1 Hz), 164.3, 161.9, 158.2, 152.8, 149.8 (t, J = 24.0 Hz), 137.0 (d,J =73
Hz), 133.3, 132.6, 132.1, 131.8, 130.7 (d, J = 8.4 Hz), 129.9 (t, J = 2.6 Hz), 125.7, 124.6, 122.5 (d, J =
3.0 Hz), 115.1, 114.9, 114.5, 114.1, 113.9, 113.2 (t, J = 258.3 Hz), 45.3, 35.3, 31.0 ppm; °F NMR (376
MHz, CDCl3) & -105.31 (s), -111.48 — -111.64 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Ca7H24F3N,O,"  465.1784; found 465.1780.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-methylquinoxalin-2(1H)-one (3ba)

tBu
F F
seand
o ©
Me
colorless oil, 48 h, 45 mg, 62% yield, R; = 0.4 (ethyl acetate/hexane = 20%); ‘H NMR (400 MHz,
CDCl,) 6 8.10 (d, J = 8.3 Hz, 2H), 8.05 (d, J = 8.0 Hz, 1H), 7.70 (t, J = 7.8 Hz, 1H), 7.51 (d, J = 8.5 Hz,
2H), 7.45 (t, J = 7.6 Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H), 3.68 (s, 3H), 1.34 (s, 9H) ppm; “*C{*H} NMR
(100 MHz, CDCly) & 187.36 (t, J = 28.2 Hz), 158.1, 152.8, 149.7 (t, J = 23.9 Hz), 134.2, 132.6, 131.9,
131.5, 130.0, 125.7, 124.4, 114.0, 113.3 (t, J = 259.1 Hz), 35.3, 31.0, 29.0 ppm; **F NMR (376 MHz,
CDCl;) -105.48 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,iHxF,N,0," 371.1566; found

371.1564.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-phenylquinoxalin-2(1H)-one (3ca)

tBu
F F
seand
N (o] ©
Ph
colorless oil, 48 h, 61 mg, 71% yield, R; = 0.4 (ethyl acetate/nexane = 20%); '"H NMR (400 MHz,
CDCls) § 8.02-7.99 (m, 3H), 7.52-7.45 (m, 3H), 7.41-7.38 (m, 3H), 7.35-7.31 (m, 1H), 7.21-7.18 (m,
2H), 6.70 (dd, J = 8.4, 0.9 Hz, 1H), 1.25 (s, 9H) ppm; *C{"H} NMR (100 MHz, CDCl;) 5187.6 (t, J =
27.7 Hz), 158.0, 152.5, 150.4 (t, J = 24.0 Hz), 135.0, 134.6, 132.2, 131.7, 131.1, 130.4, 130.1, 130.1,
130.1, 130.0, 129.8, 129.6, 128.2, 126.0, 125.6, 124.5, 115.8, 113.4 (t, J = 256.9 Hz), 35.3, 31.0 ppm;

F NMR (376 MHz, CDCl5) 5 -105.09 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CasHysFoN,0,"
433.1722; found 433.1719.
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(2-(4-chlorophenyl)-2-oxoethyl)quinoxalin-2(1
H)-one (3da)

cl
slight yellow oil, 48 h, 76 mg, 75% yield, R = 0.3 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) & 8.08 (t, J = 6.9 Hz, 3H), 7.95 (d, J = 8.5 Hz, 2H), 7.59 (t, J = 7.9 Hz, 1H), 7.51 — 7.49 (m,
4H), 7.44 (t, J = 7.5 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 5.66 (s, 2H), 1.34 (s, 9H) ppm; “C{*H} NMR
(100 MHz, CDCl3) 6 189.5, 187.3 (t, J = 28.1 Hz), 158.2, 152.5, 149.3 (t, J = 23.2 Hz), 141.1, 133.6,
132.7, 132.6, 132.0, 131.8, 130.0, 129.8, 129.6, 129.5, 125.7, 124.6, 113.9, 113.3 (t, J = 258.4 Hz),
48.2, 35.3, 31.0 ppm; “*F NMR (376 MHz, CDCl;) & -104.98 (s) ppm; HRMS (ESI) m/z: [M+H]*
calcd for CygH,,CIF,N,05"  509.1438; found 509.1436.

benzyl  2-(3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-2-oxoquinoxalin-1 ~ (2H)-yl)acetate

(3ea)
f{n/@ﬁu
N\
L
Y

<

slight yellow oil, 48 h, 77 mg, 76% yield, R = 0.3 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCl3) 6 8.09 (d, J = 8.2 Hz, 2H), 8.04 (d, J = 8.0 Hz, 1H), 7.59 (t, J = 7.8 Hz, 1H), 7.50 (d, J = 8.3 Hz,
2H), 7.43 (t, J = 7.7 Hz, 1H), 7.35 — 7.31 (m, 3H), 7.26 (t, J = 3.5 Hz, 2H), 7.07 (d, J = 8.4 Hz, 1H),
5.17 (s, 2H), 5.03 (s, 2H), 1.33 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl,) & 187.3 (t, J = 28.3 Hz),
166.3, 158.2, 152.3, 149.5 (t, J = 24.4 Hz), 134.7, 133.3, 132.7, 131.8 (d, J = 3.2 Hz), 130.0 (t, J = 2.5
Hz), 129.8 (t, J = 1.8 Hz), 128.6 (d, J = 1.9 Hz), 128.3, 125.7, 124.6, 113.5, 113.3 (t, J = 258.6 Hz),
67.8, 43.3, 35.3, 31.0 ppm; °F NMR (376 MHz, CDCl3) & -105.03 (s) ppm; HRMS (ESI) m/z:
[M+H]" calcd for CygHy,F,N,O4"  505.1933; found 505.1934.

ethyl 2-(3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-2-oxoquinoxalin-1(2H)-yl)acetate (3fa)

tBu
fi'(@
N
CL;
N 0] ©
oﬁ)

E(’O

slight yellow oil, 48 h, 62 mg, 70% yield, R¢ = 0.5 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) & 8.10 — 8.05 (m, 3H), 7.66 (t, J = 7.3 Hz, 1H), 7.51 (d, J = 8.5 Hz, 2H), 7.45 (t, J = 7.6 Hz,
1H), 7.15 (d, J = 8.4 Hz, 1H), 4.99 (s, 2H), 4.20 (q, J = 7.1 Hz, 2H), 1.34 (s, 9H), 1.22 (t, J = 7.1 Hz,
3H) ppm; 2*C{*H} NMR (100 MHz, CDCl3) 5 187.2 (t, J = 28.2 Hz), 166.3, 158.1, 152.3, 149.5 (t, J =
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24.3 Hz), 133.4, 132.7, 131.8, 130.0, 125.7, 124.6, 113.5, 113.3 (t, J = 258.5 Hz), 62.2, 43.3, 35.3, 31.0,
14.0 ppm; °F NMR (376 MHz, CDCly) & -105.10 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for
CaosHasFN,O,"  443.1777; found 443.1778.
1-benzyl-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)quinoxalin-2(1H)-one (3ga)

tBu
ft'(@
N
CL;
(0]
N™ 0

slight yellow oil, 48 h, 66 mg, 74% yield, R; = 0.5 (ethyl acetate/hexane = 20%); ‘H NMR (400 MHz,
CDCly) 6 8.10 (d, J = 8.3 Hz, 2H), 8.05 (d, J = 7.9 Hz, 1H), 7.58 — 7.49 (m, 3H), 7.39 (t, J = 7.5 Hz,
1H), 7.29 (dd, J = 18.2, 8.3 Hz, 4H), 7.16 (d, J = 6.8 Hz, 2H), 5.45 (s, 2H), 1.34 (s, 9H) ppm; “*C{*H}
NMR (100 MHz, CDCl3) 6 187.3 (t, J = 28.1 Hz), 158.1, 152.9, 149.8 (t, J = 23.9 Hz), 134.5, 133.5,
132.4,132.1, 131.6, 129.9 (t, J = 2.6 Hz), 129.0, 127.9, 126.9, 125.7, 124.4, 114.8, 113.3 (t, J = 258.1
Hz), 45.8, 35.3, 31.0 ppm; **F NMR (376 MHz, CDCls) & -105.36 (s) ppm; HRMS (ESI) m/z: [M+H]*
calcd for CoHasF,N,O,"  447.1879; found 447.1878.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(4-chlorobenzyl)-quinoxalin-2(1H)-one (3ha)

tBu
F F
Nﬁ(@
CL;
N o ©
Cl :

slight yellow oil, 48 h, 77 mg, 81% yield, R = 0.4 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) 6 8.10 (d, J = 8.3 Hz, 2H), 8.06 (d, J = 7.9 Hz, 1H), 7.57 (t, J = 7.7 Hz, 1H), 7.51 (d, J = 8.5 Hz,
2H), 7.41 (t, J = 7.7 Hz, 1H), 7.25 (d, J = 7.9 Hz, 3H), 7.11 (d, J = 8.4 Hz, 2H), 5.41 (s, 2H), 1.34 (s,
9H) ppm; ®C{*H} NMR (100 MHz, CDCls) & 187.3 (t, J = 28.1 Hz), 158.2, 152.8, 149.8 (t, J = 23.9
Hz), 133.9, 133.2, 133.0, 132.6, 132.1, 131.8, 129.9 (d, J = 2.6 Hz), 129.2, 128.3, 125.7, 124.6, 114.5,
113.3 (t, J = 258.3 Hz), 45.1, 35.3, 31.0 ppm; “*F NMR (376 MHz, CDCls) 5 -105.31 (s) ppm; HRMS
(ESI) m/z: [M+H]" calcd for C,;H,,CIF;N,0," 481.1489; found 481.1491.
1-(4-bromobenzyl)-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)quinoxalin -2(1H)-one (3ia)

tBu
F F
Nﬁ(@
L,
o
N~ 0
Br/©)

slight yellow oil, 48 h, 81 mg, 78% yield, R = 0.5 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCl3) 6 8.10 (d, J = 8.3 Hz, 2H), 8.05 (d, J = 8.0 Hz, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.51 (d, J = 8.5 Hz,
2H), 7.41 (t, J = 7.5 Hz, 3H), 7.26 (d, J = 4.8 Hz, 1H), 7.05 (d, J = 8.2 Hz, 2H), 5.39 (s, 2H), 1.34 (s,
9H) ppm; *C{*H} NMR (100 MHz, CDCls) & 187.2 (t, J = 28.3 Hz), 158.2, 152.8, 149.8 (t, J = 23.8
Hz), 133.6, 133.2, 132.6, 132.2, 131.7, 129.9 (d, J = 2.7 Hz), 128.7, 125.7, 124.6, 121.9, 114.5, 113.3 (t,
J = 258.4 Hz), 45.2, 35.3, 31.0 ppm; *F NMR (376 MHz, CDCl;) & -105.30 (s) ppm; HRMS (ESI)
m/z: [M+H]" calcd for  CyH2BrF,N,0," 525.0984; found 525.0987.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(4-(trifluoromethyl)benzyl)quinoxalin-2(1H)-o
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ne (3ja)
5

slight yellow oil, 48 h, 68 mg, 66% yield, R¢ = 0.4 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) & 8.11 — 8.06 (m, 3H), 7.59 — 7.51 (m, 5H), 7.42 (t, J = 7.6 Hz, 1H), 7.27 (d, J = 9.4 Hz, 2H),
7.23 (d, J = 8.4 Hz, 1H), 5.50 (s, 2H), 1.34 (s, 9H) ppm; “*C{*H} NMR (100 MHz, CDCl5) 5 187.2 (t, J
= 28.2 Hz), 158.3, 152.8, 149.8 (t, J = 24.0 Hz), 138.5, 133.2, 132.7, 132.1, 131.8, 130.5, 130.2, 129.9
(t, J =2.6 Hz), 129.8, 127.2, 126.0 (g, J = 3.7 Hz), 125.8, 124.7, 114.3, 113.2 (t, J = 258.5 Hz), 45.3,
35.3, 31.0 ppm; °F NMR (376 MHz, CDCl3) & -62.72 (s), -105.31 (s) ppm; HRMS (ESI) m/z:
[M+H]"calcd for CogH,4FsN,0," 515.1752; found 515.1753.

3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(4-methoxybenzyl)quinoxalin-2(1H)-one (3ka)

tBu
5‘/@
N
L,
[¢]
N™ =0

slight yellow oil, 48 h, 69 mg, 73% yield, R¢ = 0.3 (ethyl acetate/hexane = 15%); *H NMR (400 MHz,
CDCl5) 6 8.10 (d, J = 8.3 Hz, 2H), 8.03 (d, J = 7.8 Hz, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.51 (d, J = 8.5 Hz,
2H), 7.41 — 7.35 (m, 2H), 7.12 (d, J = 8.6 Hz, 2H), 6.80 (d, J = 8.6 Hz, 2H), 5.38 (s, 2H), 3.74 (s, 3H),
1.34 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;) & 187.3 (t, J = 28.1 Hz), 159.3, 158.1, 152.9,
149.8 (t, J = 23.9 Hz), 133.4, 132.5, 132.1, 131.6, 129.9, 128.4, 126.6, 125.7, 124.3, 114.8, 114.4, 113.3
(t, J = 258.0 Hz), 55.2, 45.3, 35.3, 31.0 ppm; °F NMR (376 MHz, CDCl;) & -105.36 (s) ppm; HRMS
(ESI) m/z: [M+H]" calcd for CogHo7FoN,O5" 477.1984; found 477.1981.
4-((3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-2-oxoquinoxalin-1(2H)-yl)methyl)benzonitril

e (3la)
EE tBu
@ﬂ@
Pog

slight yellow oil, 48 h, 63 mg, 67% vyield, R; = 0.3 (ethyl acetate/hexane = 20%); '"H NMR (400 MHz,
CDCly) & 8.14 — 8.07 (m, 3H), 7.62 — 7.50 (m, 5H), 7.44 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 8.2 Hz, 2H),
7.18 (d, J = 8.4 Hz, 1H), 5.50 (s, 2H), 1.35 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;) 5 187.3 (t, J
= 28.5 Hz), 158.4, 152.8, 149.8 (t, J = 24.1 Hz), 139.8, 133.1, 132.9, 132.7, 132.1, 132.0, 130.0, 129.8,
127.6, 125.8, 124.8, 118.2, 114.1, 113.3 (t, J = 259.0 Hz), 112.1, 110.7, 45.4, 35.3, 31.0 ppm; YFENMR
(376 MHz, CDCl5) § -105.18 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CogH24F,N3O,"  472.1831;
found 472.1837.

3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)-6,7-dimethylquinoxalin-2(1H

F3C

MeO

)-one (3ma)
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tBu
fi'(@
Me. N
JO®
[¢]
Me' N” ~0
F\©)

slight yellow oil, 72 h, 76 mg, 77% vyield, R = 0.3 (ethyl acetate/hexane = 15%); *"H NMR (400 MHz,
CDCly) § 8.07 (d, J = 8.3 Hz, 2H), 7.81 (s, 1H), 7.49 (d, J = 8.5 Hz, 2H), 7.26 — 7.21 (m, 1H), 7.01 (s,
1H), 6.94 (dd, J = 10.9, 5.1 Hz, 2H), 6.81 (d, J = 9.5 Hz, 1H), 5.40 (s, 2H), 2.34 (s, 6H), 1.33 (s, 9H)
ppm; BC{*H} NMR (100 MHz, CDCl3) & 187.2 (t, J = 29.0 Hz), 164.3, 161.9, 158.0, 152.9, 148.4 (t, J
=23.5Hz),143.2,137.2 (d, J=7.2 Hz), 133.8, 131.6, 131.4, 130.6 (d, J = 7.8 Hz), 130.1, 129.8, 125.7,
122.4 (d, J = 2.8 Hz), 115.0, 114.8, 114.0, 113.8, 113.3 (t, J = 257.5 Hz), 45.1, 35.2, 31.0, 20.9, 19.2
ppm; °F NMR (376 MHz, CDCly) & -105.24 (s), -111.70 — -111.75 (m) ppm; HRMS (ESI) m/z:
[M+H]" caled for CogHasF3N,0,"  493.2097; found 493.2099.

3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-difluoro-1-(3-fluoro-benzyl)quinoxalin-2(1H

)-one (3na)

colorless oil, 72 h, 83 mg, 83% yield, R¢ = 0.5 (ethyl acetate/hexane = 20%); ‘H NMR (400 MHz,
CDCl3) & 8.10 (d, J = 7.7 Hz, 2H), 7.87 (t, J = 8.7 Hz, 1H), 7.53 (d, J = 7.7 Hz, 2H), 7.35 — 7.27 (m,
1H), 7.09 — 6.93 (m, 3H), 6.84 (d, J = 8.9 Hz, 1H), 5.37 (s, 2H), 1.35 (s, 9H) ppm; *C{*H} NMR (100
MHz, CDCly) 6 187.1 (t, J = 28.2 Hz), 164.4, 161.9, 158.5, 154.3 (d, J = 14.8 Hz), 152.4, 151.7 (d, J =
14.4 Hz), 150.3 (t, J = 22.3 Hz), 148.5 (d, J = 14.1 Hz), 146.0 (d, J = 13.9 Hz), 136.1 (d, J = 7.2 Hz),
131.0 (d, J = 8.3 Hz), 130.8 (d, J = 8.8 Hz), 130.0, 129.6, 128.3 (d, J = 9.3 Hz), 125.8, 125.5, 122.4 (d,
J=3.0Hz), 119.2 (d, J = 18.3 Hz), 115.5 (d, J = 21.1 Hz), 113.9 (d, J = 22.5 Hz), 113.2 (t, J = 259.2
Hz), 103.3 (d, J = 23.5 Hz), 45.8, 35.3, 31.0 ppm; **F NMR (376 MHz, CDCls)  -105.26 (s), -111.01
(s), -125.55 (d, J = 22.3 Hz), -139.49 (d, J = 22.3 Hz) ppm; HRMS (ESI) m/z: [M+H]" calcd for
CyH,,FsN,0,"  501.1596; found 501.1597.

3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-dichloro-1-(3-fluoro-benzyl)quinoxalin-2(1H

tBu
R F
Cl N
O e
Cl N™ S0 ©

colorless oil, 72 h, 84 mg, 79% vyield, R; = 0.3 (ethyl acetate/hexane = 15%); '"H NMR (400 MHz,
CDCly) & 8.14 (s, 1H), 8.09 (d, J = 7.4 Hz, 2H), 7.53 (d, J = 7.7 Hz, 2H), 7.38 — 7.28 (m, 2H), 7.04 —
6.91 (m, 2H), 6.84 (d, J = 8.5 Hz, 1H), 5.37 (s, 2H), 1.35 (s, 9H) ppm; *C{*H} NMR (100 MHz,
CDCl3) 6 187.0 (t, J = 28.2 Hz), 164.4, 161.9, 158.6, 152.2, 151.1 (t, J = 24.2 Hz), 137.2, 136.1 (d, J =
7.2 Hz), 132.5, 132.3, 131.0 (t, J = 4.0 Hz), 130.0 (t, J = 2.5 Hz), 129.5, 128.8, 125.9, 122.4 (d, J = 3.0
Hz), 116.0, 115.6, 115.4, 114.1, 113.8, 113.1 (t, J = 259.6 Hz), 45.5, 35.3, 31.0 ppm; °F NMR (376

)-one (30a)
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MHz, CDCl;) & -105.27 (s), -110.98 — -111.05 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
C27H22C|2F3N202+ 533.1005; found 533.1005.
6,7-dibromo-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluoro-benzyl)quinoxalin-2(1H

tBu
F F
Br- N
N
)OO S
Br N o
F\©)

colorless oil, 72 h, 91 mg, 74% vyield, R; = 0.4 (ethyl acetate/hexane = 15%); 'H NMR (400 MHz,
CDCls) & 8.28 (s, 1H), 8.09 (d, J = 8.3 Hz, 2H), 7.55 — 7.51 (m, 3H), 7.33 — 7.26 (m, 1H), 7.01 — 6.93
(m, 2H), 6.84 (d, J = 9.3 Hz, 1H), 5.36 (s, 2H), 1.35 (s, 9H) ppm; “C{*H} NMR (100 MHz, CDCl;) &
186.9 (t, J = 28.2 Hz), 164.4, 161.9, 158.6, 152.2, 151.2 (t, J = 24.3 Hz), 136.1 (d, J = 7.3 Hz), 135.4,
132.9, 131.6, 131.0 (d, J = 8.3 Hz), 130.0 (t, J = 2.5 Hz), 129.6, 129.5, 125.9, 122.4 (d, J = 3.0 Hz),
120.1, 119.1, 115.6, 115.4, 114.1, 113.9, 113.1 (t, J = 259.6 Hz), 45.5, 35.3, 31.0 ppm; *°F NMR (376
MHz, CDCl3) & -105.29 (s), -111.01 — 111.05 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Ca7H2Br,FsN,0," 620.9995; found 620.9994.

)-one (3pa)

3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)benzo[g]quinoxalin-2(1H)-one
(30a)

o~

yellow oil, 72 h, 70 mg, 68% yield, R¢ = 0.3 (ethyl acetate/hexane = 15%); *H NMR (400 MHz, CDCls)
§8.61 (s, 1H), 8.12 (d, J = 8.2 Hz, 2H), 8.00 (d, J = 8.2 Hz, 1H), 7.81 (d, J = 8.3 Hz, 1H), 7.61 — 7.51
(m, 5H), 7.39 — 7.24 (m, 1H), 7.01 (d, J = 7.6 Hz, 1H), 6.96 — 6.90 (m, 2H), 5.50 (s, 2H), 1.34 (s, 9H)
ppm; BC{*H} NMR (100 MHz, CDCl,) 5 187.2 (t, J = 28.1 Hz), 164.4, 161.9, 158.3, 152.7, 150.2 (t, J
=239 Hz), 137.1 (d, J = 7.2 Hz), 134.7, 131.9, 131.1, 130.8, 130.6 (d, J = 5.8 Hz), 130.0 (t, J = 2.4
Hz), 129.9, 129.8, 129.2, 128.9, 127.4, 126.1, 125.8, 122.4, 115.1, 114.9, 114.0, 113.8, 113.2 (t, J =
258.6 Hz), 111.3, 45.3, 35.3, 31.0 ppm; *°F NMR (376 MHz, CDCl3) & -105.12 (), -111.64 — -111.68
(m) ppm; HRMS (ESI) m/z: [M+H]" calcd for C3Hy6FsN,O," 515.1941; found 515.1943.
6-bromo-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-
one (3ra)

tBu

colorless oil, 48 h, 79 mg, 73% yield, R; = 0.4 (ethyl acetate/hexane = 15%); ‘H NMR (400 MHz,
CDCls) 6 8.13 (d, J = 2.3 Hz, 1H), 8.02 (d, J = 8.4 Hz, 2H), 7.57 (dd, J = 9.0, 2.3 Hz, 1H), 7.46-7.44
(m, 2H), 7.20-7.16 (m, 1H), 7.06 (d, J = 9.0 Hz, 1H), 6.90-6.84 (m, 2H), 6.76 (d, J = 9.3 Hz, 1H), 5.33
(s, 2H), 1.27 (s, 9H) ppm; “*C{*H} NMR (100 MHz, CDCl3) & 187.0 (t, J = 28.1 Hz), 164.3, 161.9,
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158.4, 152.5, 151.0 (t, J = 24.0 Hz), 136.5 (d, J = 7.3 Hz), 135.4, 134.0, 132.8, 132.3, 130.8 (d, J = 8.4
Hz), 130.0, 129.6, 125.8, 122.4 (d, J = 2.9 Hz), 117.3, 116.0, 115.3, 115.1, 114.1, 113.8, 113.1 (t, J =
257.7 Hz), 45.4, 35.3, 31.0 ppm; “°F NMR (376 MHz, CDCls) & -105.36 (s), -111.27 — 111.31 (m) ppm;
HRMS (ESI) m/z: [M+H]" calcd for CpH23BrF;N,O," 543.0890; found 543.0892.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)quinoxalin-2(1H)-one (3sa)

tBu
F F
N
L
N OO
H

slight yellow solid, 72 h, 31 mg, 44% yield, R¢ = 0.2 (ethyl acetate/hexane = 20%); 'H NMR (400
MHz, CDCl3) & 12.25 (s, 1H), 8.09 (d, J = 8.3 Hz, 2H), 8.01 (d, J = 8.1 Hz, 1H), 7.57 (t, J = 7.7 Hz,
1H), 7.52 (d, J = 8.5 Hz, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.22 (d, J = 8.1 Hz, 1H), 1.35 (s, 9H) ppm;
BC{"H} NMR (100 MHz, CDCl;) 5 187.0 (t, J = 28.3 Hz), 158.3, 154.4, 149.8 (t, J = 24.4 Hz), 132.7,
132.0, 131.8, 130.4, 130.0 (t, J = 2.5 Hz), 129.9, 125.8, 125.1, 116.2, 113.2 (t, J = 257.9 Hz), 35.3, 31.0
ppm; *F NMR (376 MHz, CDCl;) -105.13 (s) ppm; HRMS (ESI) m/z: [M+H]* calcd for
CyoH1oF2N,0,"  357.1409; found 357.1409.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-dimethylquinoxalin-2(1H)-one (3ta)

light yellow solid, 72h, 23mg, 30% vield, R; = 0.2 (ethyl acetate/hexane = 20%): *H NMR (400 MHz,
CDCly) & 12.49 (s, 1H), 8.07 (d, J = 8.3 Hz, 2H), 7.74 (s, 1H), 7.49 (d, J = 8.5 Hz, 2H), 7.00 (s, 1H),
2.36 (s, 6H), 1.33 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;) 5 187.2 (t, J = 28.1 Hz), 158.0, 154.6,
148.2 (t, J = 24.4 Hz), 143.6, 134.5, 130.5, 130.2, 130.0, 125.7, 116.3, 113.3 (t, J = 256.8 Hz), 35.3,
31.0, 20.4, 19.5 ppm; °F NMR (376 MHz, CDCl3) & -104.91 (s) ppm; HRMS (ESI) m/z: [M+H]"
calcd for Cy,H,sF,N,0," 385.1722; found 385.1721.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-difluoroquinoxalin-2(1H)-one (3ua)

light yellow solid, 72 h, 30 mg, 38% yield, R; = 0.2 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) 8 12.79 (s, 1H), 8.09 (d, J = 6.6 Hz, 2H), 7.83 (d, J = 7.6 Hz, 1H), 7.55 (d, J = 6.7 Hz, 2H),
7.05 (d, J = 6.6 Hz, 1H), 1.36 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCls) & 187.2 (t, J = 28.4 Hz),
158.8, 157.6, 154.7 (d, J = 15.0 Hz), 154.4, 152.1 (d, J = 15.0 Hz), 150.1 (t, J = 23.3 Hz), 149.2 (d, J =
14.2 Hz), 146.8 (d, J = 14.2 Hz), 130.0, 129.5, 129.4 (d, J = 10.2 Hz), 128.1 (d, J = 9.8 Hz), 125.9,
1255, 117.9, 113.2 (t, J = 259.2 Hz), 104.3, 104.1, 35.4, 31.0 ppm; ¥F NMR (376 MHz, CDCly) 6
-105.01 (s), -125.37 — -125.61 (m), -137.86 — -137.96 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
CaoH17FsN,0,"  393.1221; found 393.1220.
3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-dichloroquinoxalin-2(1H)-one (3va)
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tBu
F F
o Nl)ﬁ)@f
CImN o ©
H

light yellow solid, 72 h, 28 mg, 33% yield, R; = 0.2 (ethyl acetate/hexane = 20%); 'H NMR (400 MHz,
CDCl) 6 12.35 (s, 1H), 8.11 (s, 1H), 8.08 (d, J = 8.3 Hz, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.35 (s, 1H),
1.35 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;) § 187.0 (t, J = 28.5 Hz), 158.7, 154.1, 151.0 (t, J
= 24.3 Hz), 137.3, 131.2, 131.0, 130.6, 130.0, 129.4, 129.2, 126.0, 117.3, 113.1 (t, J = 259.4 Hz), 35.4,
31.0 ppm; F NMR (376 MHz, CDCl3) & -104.93 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for
C20H17C|2F2N202+ 425.0630; found 425.0627.
3-(1,1-difluoro-2-oxo-2-phenylethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3ab)

oo™
D

slight yellow oil, 48 h, 62 mg, 76% yield, R; = 0.5 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) 6 8.14 (d, J = 7.8 Hz, 2H), 8.07 (d, J = 8.0 Hz, 1H), 7.65 — 7.56 (m, 2H), 7.49 (t, J = 7.7 Hz,
2H), 7.42 (t, J=7.7 Hz, 1H), 7.27 — 7.22 (m, 2H), 6.98 — 6.89 (m, 2H), 6.81 (d, J = 9.4 Hz, 1H), 5.43 (s,
2H) ppm; BC{'"H} NMR (100 MHz, CDCls) & 187.6 (t, J = 28.3 Hz), 164.3, 161.9, 152.8, 149.6 (t, J =
24.1 Hz), 136.9 (d, J = 7.3 Hz), 134.1, 133.2, 132.7, 132.1, 131.8, 130.7 (d, J = 8.3 Hz), 129.8 (t, J =
2.6 Hz), 128.7, 124.6, 122.4 (d, J = 3.0 Hz), 115.1, 114.9, 114.5, 114.0, 113.8, 113.0 (t, J = 258.2 Hz),
45.3 ppm; *F NMR (376 MHz, CDCls) 6 -105.54 (s), -111.58 — -111.62 (m) ppm; HRMS (ESI) m/z:
[M+H]" calcd for Co3H16F3N,0,"  409.1158; found 409.1161.
3-(1,1-difluoro-2-(4-fluorophenyl)-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3ac)

]
fi'(@
N
L,
(¢]
N~ S0

slight yellow oil, 48 h, 61 mg, 72% yield, R = 0.5 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) 6 8.20 (dd, J = 8.3, 5.6 Hz, 2H), 8.06 (d, J = 8.0 Hz, 1H), 7.59 (t, J = 7.9 Hz, 1H), 7.43 (t, J =
7.6 Hz, 1H), 7.27 (dd, J = 7.1, 4.3 Hz, 2H), 7.18 (t, J = 8.6 Hz, 2H), 6.99 — 6.92 (m, 2H), 6.83 (d, J =
9.4 Hz, 1H), 5.44 (s, 2H) ppm; “C{*H} NMR (100 MHz, CDCl;) & 186.3 (t, J = 28.6 Hz), 167.7, 165.1,
164.4, 161.9, 152.8, 149.4 (t, J = 23.9 Hz), 136.9 (d, J = 7.3 Hz), 133.3, 132.8 (dd, J = 9.0, 3.6 Hz),
132.1, 131.8, 131.2, 130.7 (d, J = 8.4 Hz), 129.0, 124.7, 123.9, 122.4 (d, J = 3.0 Hz), 116.2, 115.9,
115.2, 115.0, 114.5, 114.1, 113.8, 113.1 (t, J = 258.3 Hz), 45.3 ppm; F NMR (376 MHz, CDCls) 6
-102.19 — -102.46 (m), -105.39 (s), -111.55- -111.61 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Cy3H1sF4sN,0,"  427.1064; found 427.10609.
3-(1,1-difluoro-2-oxo-2-(p-tolyl)ethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3ad)
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slight yellow oil, 48 h, 65 mg, 77% vyield, R = 0.4 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) § 8.05 (t, J = 7.8 Hz, 3H), 7.57 (t, J = 7.8 Hz, 1H), 7.41 (t, J = 7.7 Hz, 1H), 7.31 — 7.24 (m, 4H),
6.94 (t, J = 8.7 Hz, 2H), 6.79 (d, J = 9.4 Hz, 1H), 5.43 (s, 2H), 2.42 (s, 3H) ppm; *C{*H} NMR (100
MHz, CDCls) 6 187.0 (t, J = 28.0 Hz), 164.3, 161.9, 152.8, 149.8 (t, J = 24.0 Hz), 145.4, 137.0 (d, J =
7.3 Hz), 133.2,132.7, 132.1, 131.7, 130.7 (d, J = 8.3 Hz), 130.0 (t, J = 2.5 Hz), 129.5, 124.6, 122.5 (d,
J=3.0 Hz), 115.1, 114.9, 114.5, 114.1, 113.8, 113.1 (t, J = 258.3 Hz), 45.2, 21.8 ppm; *°F NMR (376
MHz, CDCl3) & -105.46 (s), -111.65 — -111.69 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
C,4H15F3N,0,7423.1315; found 423.1312.
3-(1,1-difluoro-2-(4-methoxyphenyl)-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3ae)

OMe
F F
N
N
08¢
N O
F\[D)

slight yellow oil, 48 h, 65 mg, 74% yield, R¢ = 0.2 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCl3) *H NMR (400 MHz, CDCl5) & 8.16 (d, J = 8.8 Hz, 2H), 8.06 (d, J = 7.9 Hz, 1H), 7.57 (t, J =
7.9 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.28 (d, J = 5.3 Hz, 1H), 7.24 (d, J = 8.1 Hz, 1H), 6.95 (t, J = 9.2
Hz, 4H), 6.83 (d, J = 9.4 Hz, 1H), 5.44 (s, 2H), 3.88 (s, 3H) ppm; *C{*H} NMR (100 MHz, CDCl;) &
185.9 (t, J = 28.0 Hz), 164.4, 161.9, 152.8, 149.9 (t, J = 23.9 Hz), 137.0 (d, J = 7.3 Hz), 133.3, 132.6,
1325 (t, J = 2.8 Hz), 132.1, 131.7, 130.7 (d, J = 8.3 Hz), 125.3, 124.6, 1225 (d, J = 3.0 Hz), 115.1,
114.9, 1145, 114.1, 113.9, 113.4 (t, J = 258.6 Hz), 55.6, 45.3 ppm; “*F NMR (376 MHz, CDCl;) &
-105.03 (s), -111.64 — -111.78 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,HigF3N,O3"
439.1264; found 439.1263.

3-(1,1-difluoro-2-(4-(methylthio)phenyl)-2-oxoethyl)-1-(3-fluorobenzyl) quinoxalin-2(1H)-one (3af)

SMe

slight yellow oil, 48 h, 62 mg, 68% yield, R = 0.2 (ethyl acetate/hexane = 15%); *H NMR (400 MHz,
CDCly) & 8.05 (d, J = 8.4 Hz, 3H), 7.57 (t, J = 7.9 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.29 — 7.22 (m,
4H), 6.97 — 6.88 (m, 2H), 6.85 (d, J = 9.4 Hz, 1H), 5.43 (s, 2H), 2.51 (s, 3H) ppm; ®C{*H} NMR (100
MHz, CDCls) 6 186.4 (t, J = 28.1 Hz), 164.3, 161.8, 152.8, 149.6 (t, J = 24.2 Hz), 147.9, 137.0 (d, J =
7.1 Hz), 133.2, 132.7, 132.1, 131.7, 130.7 (d, J = 8.3 Hz), 130.2, 128.6, 124.9, 124.6, 123.8, 122.4 (d, J
= 2.7 Hz), 115.1, 114.9, 1145, 114.1, 113.9, 113.2 (t, J = 258.1 Hz), 45.2, 14.6 ppm; *F NMR (376
MHz, CDCls) & -105.28 (s), -111.58 — -111.68 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Cp4H1gF3N,0,S™ 455.1036; found 455.1031.
3-(2-(4-cyclopropylphenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl) quinoxalin-2(1H)-one (3ag)

49



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

ool
o

slight yellow oil, 48 h, 72 mg, 80% vyield, R = 0.5 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) & 8.05 (t, J = 8.4 Hz, 3H), 7.57 (t, J = 7.9 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.29 — 7.25 (m, 2H),
7.14 (d, J = 8.4 Hz, 2H), 6.97 — 6.82 (m, 3H), 5.43 (s, 2H), 1.98 — 1.92 (m, 1H), 1.11 — 1.06 (m, 2H),
0.82 — 0.78 (m, 2H) ppm; “C{*H} NMR (100 MHz, CDCl5) & 186.8 (t, J = 28.0 Hz), 164.3, 161.9,
152.8, 151.9, 149.8 (t, J = 24.0 Hz), 137.0 (d, J = 7.3 Hz), 133.2, 132.6, 132.1, 131.7, 130.7 (d, J = 8.3
Hz), 130.1 (t, J = 2.6 Hz), 129.7, 125.6, 124.6, 122.4 (d, J = 3.0 Hz), 115.1, 114.9, 1145, 114.1, 113.9,
113.2 (t, J = 258.2 Hz), 45.2, 15.9, 10.6 ppm; **F NMR (376 MHz, CDCls) & -105.36 (s), -111.64 —
-111.66 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for CygH,oFsN,O,"  449.1471; found 449.1469.
3-(2-(3,5-dimethoxyphenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl) quinoxalin-2(1H)-one (3ah)

OMe

@[N\ OMe
o
N™ 0

slight yellow oil, 48 h, 69 mg, 74% yield, R = 0.3 (ethyl acetate/hexane = 25%); *H NMR (400 MHz,
CDCly) & 8.06 (d, J = 8.0 Hz, 1H), 7.58 (t, J = 7.9 Hz, 1H), 7.42 (t, J = 7.7 Hz, 1H), 7.27 — 7.22 (m,
4H), 6.95 (td, J = 8.5, 2.2 Hz, 1H), 6.90 (d, J = 7.7 Hz, 1H), 6.81 (d, J = 9.4 Hz, 1H), 6.70 (t, J = 2.2
Hz, 1H), 5.43 (s, 2H), 3.80 (s, 6H) ppm; “*C{"H} NMR (100 MHz, CDCl5) & 186.8 (t, J = 27.9 Hz),
164.3, 161.9, 160.8, 152.8, 149.7 (t, J = 24.0 Hz), 136.9 (d, J = 7.2 Hz), 134.1, 133.2, 132.7, 132.1,
131.7,130.7 (d, J = 8.3 Hz), 124.7, 122.4 (d, J = 3.0 Hz), 115.2, 114.9, 114.5, 114.0, 113.8, 112.8 (t, J
= 257.9 Hz), 107.4, 107.1, 55.6, 45.3 ppm; F NMR (376 MHz, CDCly) 5 -105.46 (s), -111.64 —
-111.66 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpsH,oFsN,0," 469.1370; found 469.1369.

3-(2-(benzo[d][1,3]dioxol-5-yl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)  quinoxalin-2(1H)-one

(3ai)
oo
o

slight yellow oil, 48 h, 70 mg, 78% yield, R = 0.2 (ethyl acetate/hexane = 20%); *H NMR (400 MHz,
CDCly) & 8.06 (d, J = 8.0 Hz, 1H), 7.81 (d, J = 8.3 Hz, 1H), 7.61 — 7.56 (m, 2H), 7.42 (t, J = 7.7 Hz,
1H), 7.29 (d, J = 7.3 Hz, 1H), 7.25 (d, J = 7.4 Hz, 1H), 6.97 — 6.93 (m, 2H), 6.88 (d, J = 8.3 Hz, 1H),
6.82 (d, J = 9.4 Hz, 1H), 6.06 (s, 2H), 5.44 (s, 2H) ppm; “*C{*H} NMR (100 MHz, CDCls) 5 185.5 (t, J
= 28.1 Hz), 164.3, 161.9, 152.9, 152.8, 149.75 (t, J = 24.0 Hz), 148.2, 137.0 (d, J = 7.3 Hz), 133.2,
132.7, 132.1, 131.7, 130.7 (d, J = 8.3 Hz), 126.9 (t, J = 3.6 Hz), 124.6, 122.5 (d, J = 3.0 Hz), 115.1,
114.9, 114.5, 114.1, 113.8, 113.2 (t, J = 258.6 Hz), 109.6, 108.3, 102.1, 45.2 ppm; BFENMR (376 MHz,
CDCls) § -104.77 (s), -111.66 — -111.81 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpsH1F3N,0,4"
453.1057; found 453.10450.
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3-(1,1-difluoro-2-(naphthalen-2-yl)-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3aj)
QN
N [0} ©
F\©)

slight yellow oil, 48 h, 71 mg, 77% yield, R = 0.3 (ethyl acetate/hexane = 15%); *H NMR (400 MHz,
CDCl5) & 8.74 (s, 1H), 8.14 — 8.07 (m, 2H), 7.98 — 7.85 (m, 3H), 7.64 — 7.53 (m, 3H), 7.42 (t, J = 7.6
Hz, 1H), 7.25 (d, J = 5.1 Hz, 1H), 7.17 — 7.11 (m, 1H), 6.91 (t, J = 8.0 Hz, 1H), 6.84 (d, J = 7.9 Hz,
2H), 5.42 (s, 2H) ppm; *C{*H} NMR (100 MHz, CDCl3) & 187.4 (t, J = 28.0 Hz), 164.3, 161.8, 152.9,
149.7 (t, J = 24.1 Hz), 136.9 (d, J = 7.3 Hz), 136.0, 133.3, 132.7, 132.3, 132.2 (t, J = 3.6 Hz), 132.1,
131.8, 130.7, 130.0, 129.2, 128.6, 127.8, 126.9, 124.8, 124.6, 122.3 (d, J = 3.0 Hz), 115.1, 114.9, 114.5,
114.1, 113.9, 113.2 (t, J = 258.3 Hz), 45.3, 29.7, 29.4, 14.1 ppm; “°F NMR (376 MHz, CDCly) &
-105.01 (s), -111.68 — -111.70 (m), ppm; HRMS (ESI) m/z: [M+H]" calcd for Cy;HigF3N,O,"
459.1315; found 459.1307.
3-(1,1-difluoro-2-oxo-2-(thiophen-2-yl)ethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one (3ak)

FF
e
N o] o
o

colorless oil, 48 h, 70 mg, 84% yield, R; = 0.4 (ethyl acetate/hexane = 20%); ‘H NMR (400 MHz,
CDCly) & 8.16 (d, J = 2.9 Hz, 1H), 8.07 (d, J = 8.0 Hz, 1H), 7.82 (d, J = 4.9 Hz, 1H), 7.58 (t, J = 7.8 Hz,
1H), 7.42 (t, J = 7.6 Hz, 1H), 7.29 (d, J = 7.7 Hz, 1H), 7.26 (d, J = 5.0 Hz, 1H), 7.22 (t, J = 4.4 Hz, 1H),
6.98 — 6.93 (m, 2H), 6.88 (d, J = 9.4 Hz, 1H), 5.45 (s, 2H) ppm; “*C{*H} NMR (100 MHz, CDCl;) &
180.7 (t, J = 29.5 Hz), 164.3, 161.9, 152.8, 149.2 (t, J = 24.0 Hz), 138.0 (t, J = 2.2 Hz), 136.9 (d, J =
7.3 Hz), 136.3, 135.8 (t, J = 4.8 Hz), 133.3, 132.8, 132.1, 131.8, 130.7 (d, J = 8.3 Hz), 128.7, 124.6,
122.4 (d, J = 2.6 Hz), 115.2, 114.9, 114.5, 114.1, 113.9, 112.9 (t, J = 258.2 Hz), 45.3 ppm; °F NMR
(376 MHz, CDCl;) & -106.29 (s), -111.61 — -111.67 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
CH1F3N,0,S"  415.0723; found 415.0720.

1,3-bis(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one (5aa)

o)
K/N\N o

colorless oil, 48 h, E/Z = 6.7/1, 63 mg, 92% yield, R; = 0.3 (ethyl acetate/hexane = 10%); '"H NMR
(400 MHz, CDCls) & 7.86 (d, J = 8.3 Hz, 2H), 7.46 (t, J = 6.4 Hz, 2H), 7.41-7.36 (m, 4H), 3.49-3.39
(m, 4H), 2.84-2.61 (m, 4H), 1.37-1.16 (m, 18H) ppm; “*C{*H} NMR (100 MHz, CDCls) & 188.6 (t, J
=27.3 Hz), 157.1, 153.1, 143.2 (t, J = 31.0 Hz), 130.8, 130.0, 128.3, 128.3, 128.1, 125.7, 125.7, 125.4,
125.3, 116.0 (t, J = 248.5 Hz), 65.9, 64.4, 54.5 54.1, 35.2, 34.9, 31.1, 31.2, 31.1 ppm; YENMR (376
MHz, CDCl3) § -106.29 (), -96.9 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,;H3sF,N,0,"
457.2661; found 457.2668.
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1,3-bis(4-(tert-butyl)phenyl)-2,2-difluoro-3-(piperidin-1-ylimino)propan-1-one (5ba)
Q, .
tButBu

colorless oil, 48 h, E/Z > 20/1, 56 mg, 81% yield, R = 0.3 (ethyl acetate/hexane = 4%); *H NMR (400
MHz, CDCly) § 7.88 (d, J = 8.3 Hz, 2H), 7.45 (d, J = 8.1 Hz, 2H), 7.39 (t, J = 7.7 Hz, 4H), 2.73 (s, 4H),
1.28-1.26 (m, 24H) ppm; “C{*"H} NMR (100 MHz, CDCl;) & 189.0 (t, J = 28 Hz), 156.8, 152.5,
139.7 (t, J = 31.0 Hz), 131.1, 130.0, 129.0, 128.1, 126.0, 125.5, 125.2, 116.5 (t, J = 248.0 Hz), 54.6,
35.2,34.8, 31.3, 31.1, 30.9, 24.5, 23.9 ppm; °F NMR (376 MHz, CDCls) & -96.26 (s), -102.76 (s) ppm;
HRMS (ESI) m/z: [M+H]" calcd for CysHs,F,N,O"  455.2868; found 455.2869.
1,3-bis(4-(tert-butyl)phenyl)-2,2-difluoro-3-((4-methylpiperazin-1-yl)imino)propan-1-one (5ca)

Me.
e N

K/N‘N o

colorless oil, 48 h, E/Z > 20/1, 52 mg, 74% yield, R; = 0.3 (ethyl acetate/hexane = 40%); '"H NMR
(400 MHz, CDCl3) & 7.87 (t, J = 8.8 Hz, 2H), 7.45 (d, J = 8.3 Hz, 2H), 7.40 (dd, J = 8.4, 4.5 Hz, 4H),
3.01-2.77 (m, 4H), 2.37-2.16 (m, 4H), 2.13 (s, 3H), 1.28 (d, J = 3.5 Hz, 9H); *C{*H} NMR (100 MHz,
CDCl;) 6 188.6 (t, J = 27.5 Hz), 170.4, 166.9, 157.0, 155.6, 153.0, 130.9, 130.0, 129.5, 128.3, 128.1,
125.7, 125.3, 125.1, 116.1 (d, J = 249.7 Hz), 53.1, 52.9, 45.4, 35.2, 34.9, 31.2, 31.1; *F NMR (376
MHz, CDCly) 6 -96.93 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpgHssF,NsO*  470.2977; found
470.2982.

1,3-bis(4-(tert-butyl)phenyl)-3-(2,2-dibenzylhydrazono)-2,2-difluoropropan-1-one (5ea)

M

NJ
N N e}
|
FF O
tBu tBu

colorless oil, 48 h, E/Z > 20/1, 79 mg, 94% yield, R; = 0.3 (ethyl acetate/hexane = 10%); '"H NMR
(400 MHz, CDCl;) & 7.86 (d, J = 8.3 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H), 7.18 (g, J = 8.5 Hz, 4H), 7.09 —
7.02 (m, 6H), 6.81 — 6.59 (m, 4H), 3.99 (s, 4H), 1.30 (s, 4H), 1.21 (s, 4H) ppm; *C{*H} NMR (100
MHz, CDCl3) 6 188.9 (t, J = 27.7 Hz), 156.9, 152.2, 137.3, 136.9, 130.9, 130.1, 129.1, 128.3, 128.2,
127.8, 127.1, 125.3, 124.9, 116.5 (t, J = 248.1 Hz), 59.2, 35.2, 34.7, 31.2, 31.1 ppm; **F NMR (376
MHz, CDCls) & -95.93 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for Cs;H,,F,N,O" 567.3181; found
567.3185.
N'-(3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-oxo-1-phenylpropylidene)-4-methylbenzenesulfonohyd
razide (5fa)

tBu

colorless oil, 48 h, E/Z > 20/1, 51 mg, 70% yield, Ry = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCl3) 6 8.72 (s, 1H), 8.05 (d, J = 8.4 Hz, 2H), 7.69 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 7.2 Hz,
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2H), 7.43 (t, J= 7.0 Hz, 3H), 7.34 (t, J = 7.5 Hz, 2H), 7.27 (d, J = 8.1 Hz, 2H), 2.38 (s, 3H), 1.27 (s, 9H)
ppm; “C{*H} NMR (100 MHz, CDCl3) & 182.1 (t, J = 29.4 H), 166.6, 158.1, 145.8, 133.6, 132.5,
132.4,130.2, 129.7, 129.5, 129.0, 128.9, 125.7, 114.4 (t, J = 267.7 Hz), 35.3, 31.0, 21.8 ppm; "*F NMR
(376 MHz, CDCls) & -84.96 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CygHy/F,N,03S™ 485.1705;
found 485.1706.

3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-1-(p-tolyl)propan-1-one (5ab)
[e)
K/N\N (o]

colorless oil, 48 h, E/Z = 7.8/1, 50 mg, 81% yield, R; = 0.3 (ethyl acetate/nexane = 10%); '‘H NMR
(400 MHz, CDCl) § 7.83 (d, J = 8.2 Hz, 1.66H), 7.71 (dd, J = 16.0, 8.3 Hz, 0.61H), 7.45 (d, J = 8.4 Hz,
2H), 7.39 (d, J = 8.4 Hz, 2H), 7.17 (dd, J = 10.8, 6.5 Hz, 2H), 3.43 (dd, J = 12.6, 7.7 Hz, 4H), 2.82—
2.59 (m, 3.45H), 2.41 (s, 0.44H), 2.34 (s, 2.38H), 2.32 (s, 0.5H), 1.29-1.27 (m, 9H); ®*C{*H} NMR
(100 MHz, CDCl3) 6 188.5 (t, J = 27.5 Hz), 154.7, 153.2, 144.2, 143.9, 143.1 (t, J = 31.2 Hz), 131.0,
130.2, 129.2, 129.0, 128.4, 128.3, 128.2, 128.1, 125.7, 116.0 (t, J = 250.0 Hz), 65.9, 64.4, 54.5, 54.0,
35.0,34.9, 31.3, 31.2, 31.2, 21.8, 21.7; “*F NMR (376 MHz, CDCl5) & -96.9 (s), -98.8 (s) ppm; HRMS
(ES1) m/z: [M+H]" calcd for CpqHaoF,N,0," 415.2192; found 415.2197.
3-(4-(tert-butyl)phenyl)-1-(4-cyclopropylphenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one
(5ac)

(@)

G

N o

|

X
tBu \V4

colorless oil, 48 h, E/Z = 6.2/1, 51 mg, 77% yield, R = 0.3 (ethyl acetate/hexane = 10%); ‘H NMR
(400 MHz, CDCly) § 7.82 (d, J = 8.1 Hz, 1.65H), 7.71 (dd, J = 18.6, 8.1 Hz, 0.61H), 7.45 (d, J = 8.3 Hz,
2H), 7.39 (d, J = 8.3 Hz, 1.67H), 7.05-7.01 (m, 2H), 3.48-3.38 (m, 4H), 2.80-2.68 (m, 3.36H), 2.42 (s,
0.54H), 1.93-1.81 (m, 1H), 1.30-1.28 (m, 9H), 1.01 (dt, J = 6.6, 4.6 Hz, 2H), 0.72 (ddt, J = 6.7, 4.9, 3.2
Hz, 2H); *C{*H} NMR (100 MHz, CDCl3) 5 188.3 (t, J = 27.5 Hz), 154.7, 153.1, 150.8, 150.5, 143.2
(t, J = 31.4 Hz), 130.7, 130.2, 128.5, 128.3, 128.2, 128.1, 125.7, 125.3, 125.1, 116.0 (t, J = 250.2 Hz),
65.9, 64.4, 54.5, 54.0, 35.0, 34.9, 31.3, 31.23, 31.2, 15.9, 10.7, 10.6; *°F NMR (376 MHz, CDCls) &
-96.92 (s), -98.77 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CysHsF>N,O," 441.2348; found
441.2341.
3-(4-(tert-butyl)phenyl)-1-(4-(dimethylamino)phenyl)-2,2-difluoro-3-(morpholinoimino)propan-1
-one (5ad)

o
K/N‘N o)

|
/‘ FF ‘ M
Bu N’ ©
Me

reddish brown oil, 48 h, E/Z = 10.8/1, 53 mg, 80% yield, R; = 0.3 (ethyl acetate/hexane = 10%); ‘H
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NMR (400 MHz, CDCly) 6 7.84 (d, J = 8.9 Hz, 1.9H), 7.70 (dd, J = 8.4, 3.7 Hz, 0.37H), 7.45 (d, J =
8.3 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 6.58-6.55 (m, 2H), 3.47-3.44 (m, 4H), 3.00-2.97 (m, 6H), 2.77—
2.74 (m, 3.58H), 2.44 (s, 0.33H), 1.29-1.27 (m, 9H); *C{*H} NMR (100 MHz, CDCl;) 5 186.7 (t, J =
27.0 Hz), 153.4, 152.9, 143.9 (t, J = 30.8 Hz), 132.5, 128.6, 128.1, 125.6, 125.6, 121.0, 116.1 (t, J =
250.0 Hz), 110.4, 65.9, 64.7, 54.6, 54.1, 40.0, 34.9, 31.2, 31.2; *F NMR (376 MHz, CDCls) & -96.36
(s), -98.06 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,5H3,F,N30," 444.2457; found 444.2459.
3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(4-methoxyphenyl)-3-(morpholinoimino)propan-1-one
(5ae)

o
Q

K’N]“
colorless oil, 48 h, E/Z = 6.4/1, 50 mg, 78% yield, R; = 0.3 (ethyl acetate/hexane = 15%); ‘H NMR
(400 MHz, CDCls) § 8.01 (d, J = 8.7 Hz, 1.65H), 7.85 (dd, J = 21.7, 8.5 Hz, 0.58H), 7.54 (d, J = 8.3 Hz,
2H), 7.48 (d, J = 8.3 Hz, 1.65H), 6.97-6.93 (m, 2H), 3.90-3.88 (m, 3H), 3.63-3.41 (m, 4H), 2.96-2.73
(m, 3.38H), 2.52 (s, 0.53H), 1.39-1.37 (m, 9H); *C{*H} NMR (100 MHz, CDCls) 5 187.5 (t, J = 27.5
Hz), 163.6, 163.3, 154.6, 153.1, 143.2 (t, J = 31.2 Hz), 132.5, 130.6, 128.3, 128.1, 126.4, 125.7, 125.4,
116.0 (t, J = 248.2 Hz), 113.7, 113.5, 65.9, 64.5, 55.5, 54.6, 54.1, 35.0, 34.9, 31.2, 31.2; *F NMR (376
MHz, CDCly) & -96.73 (s), -98.53 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpsH,F,N,05"
431.2141; found 431.2150.
3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(4-(methylthio)phenyl)-3-(morpholinoimino)propan-1-one
(5af)

¢}
K/N‘N o]

colorless oil, 48 h, E/Z = 6.8/1, 57 mg, 85% yield, R = 0.3 (ethyl acetate/hexane = 15%); ‘H NMR
(400 MHz, CDCl3) & 7.84 (d, J = 8.4 Hz, 1.66H), 7.72 (dd, J = 11.1, 8.5 Hz, 0.56H), 7.45 (d, J = 8.4 Hz,
2H), 7.39 (d, J = 8.3 Hz,1.70H), 7.18 (dd, J = 11.4, 6.4 Hz, 2H), 3.51-3.35 (m, 4H), 2.85-2.67 (m,
3.41H), 2.45-2.43 (m, 3.5H), 1.29-1.28 (m, 9H); *C{*H} NMR (100 MHz, CDCly) & 187.9 (t, J = 27.7
Hz), 154.7, 153.2, 146.5, 146.1, 143.0 (t, J = 31.4 Hz), 130.4, 129.7, 128.6, 128.3, 128.2, 128.1, 125.7,
124.7,124.5, 116.0 (t, J = 250.0 Hz), 65.9, 64.4, 54.6, 54.0, 34.9, 31.2, 31.2, 14.6; *°F NMR (376 MHz,
CDCls) § -96.87 (s), -98.76 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CyH,FoN,0,S*  447.1912;
found 447.1917.
3-(4-(tert-butyl)phenyl)-1-(3,5-dimethoxyphenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one
(5ag)

¢}
k/N‘N o

! OMe
SRS
tBu
OMe

colorless oil, 48 h, E/Z = 6.4/1, 46 mg, 67% yield, R; = 0.3 (ethyl acetate/hexane = 20%); ‘H NMR
(400 MHz, CDCls) 6 7.73 (d, J = 8.3 Hz, 0.38H), 7.44 (dd, J = 8.6, 2.1 Hz, 2H), 7.39 (d, J = 8.6 Hz,
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1.62H), 7.08 (d, J = 2.2 Hz, 1.54H), 6.93 (d, J = 2.2 Hz, 0.37H), 6.60 (t, J = 2.3 Hz, 0.76H), 6.55 (t, J =
2.2 Hz, 0.20H), 3.76-3.72 (m,6H), 3.47-3.45 (m, 4H), 2.77-2.75 (m, 3.23H), 2.46 (s, 0.68H), 1.29-1.28
(m, 9H); °C{*H} NMR (100 MHz, CDCl5) § 188.49 (t, J = 27.8 Hz) 160.60, 160.42, 154.79, 153.22,
142.91 (t, J = 31.2 Hz), 135.19, 134.35, 128.24, 128.09, 125.74, 115.84 (t, J = 250.2 Hz), 107.83,
106.07, 105.86, 105.35, 65.89, 64.37, 55.61, 54.49, 54.05, 34.91, 31.21, 31.16; F NMR (376 MHz,
CDCl5) & -96.65 (5), -98.50 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpsHsF,N,0,"  461.2246;
found 461.2255.
1-(benzo[d][1,3]dioxol-5-yl)-3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-o
ne (5ah)

o
K/N‘N (o]

Pog.ass

colorless oil, 48 h, E/Z = 8.9/1, 63 mg, 95% yield, R = 0.3 (ethyl acetate/hexane = 20%); ‘H NMR
(400 MHz, CDCly) 6 7.72 (d, J = 8.2 Hz, 0.22H), 7.56 (d, J = 8.3 Hz, 0.87H), 7.44 (d, J = 8.4 Hz, 2H),
7.39 (d, J = 8.4 Hz, 2.62H), 7.33 (d, J = 10.6 Hz, 0.33H), 6.80-6.74 (m, 1H), 5.99-5.98 (m, 2H), 3.52—
3.35 (m, 4H), 2.83-2.66 (m, 3.54H), 2.47 (s, 0.4H), 1.29-1.28 (m, 9H); *C{*H} NMR (100 MHz,
CDCl3) 6187.1 (t, J = 27.5 Hz), 154.7, 153.2, 151.9, 151.6, 148.0, 147.7, 143.0 (t, J = 31.0 Hz), 128.3,
128.2, 128.1, 128.0, 126.8, 125.7, 116.0 (t, J = 250.2 Hz), 109.7, 107.9, 101.9, 65.9, 64.5, 54.6, 54.1,
34.9,31.2, 31.2; "F NMR (376 MHz, CDCls) & -96.36 (5), -98.12 (s) ppm; HRMS (ESI) m/z: [M+H]"
calcd for CyyH,7F,N,0," 445.1933; found 445.1944.
3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(4-fluorophenyl)-3-(morpholinoimino)propan-1-one (5ai)

Q, .

colorless oil, 48 h, E/Z = 10.4/1, 61 mg, 98% vyield, R; = 0.3 (ethyl acetate/hexane = 10%); *H NMR
(400 MHz, CDCl) & 7.96 (dd, J = 8.6, 5.5 Hz, 1.77H), 7.83 (dd, J = 8.6, 5.3 Hz, 0.19H), 7.74 (d, J =
8.2 Hz, 0.19H), 7.45 (d, J = 8.3 Hz, 2H), 7.39 (d, J = 8.4 Hz, 1.75H), 7.06 (t, J = 8.6 Hz, 2H), 3.52—
3.34 (m, 4H), 2.79-2.61 (m, 3.64H), 2.44 (s, 0.35H), 1.29-1.27 (m, 9H); *C{*H} NMR (100 MHz,
CDCl3) 6 187.5 (t, J = 27.9 Hz), 167.0, 164.4, 153.3, 142.7 (t, J = 31.2 Hz), 132.7 (d, J = 9.2 Hz),
130.0 (d, J =2.9 Hz), 128.1, 128.0, 125.8, 115.9 (t, J = 248.5 Hz), 115.7, 115.4, 113.4, 65.9, 64.3, 54.5,
54.0, 34.9, 31.2, 31.1; ®F NMR (376 MHz, CDCl3) & -96.9 (s), -98.78 (s), -104.12--104.19 (m) ppm;
HRMS (ESI) m/z: [M+H]" calcd for CysHasF3N,O," 419.1941; found 419.1942.

3-(4-(tert-butyl)phenyl)-1-(4-chlorophenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one (5aj)

(@)
o

colorless oil, 48 h, E/Z = 7.6/1, 64 mg, 99% yield, R; = 0.3 (ethyl acetate/hexane = 10%); ‘H NMR
(400 MHz, CDCly) & 7.87 (d, J = 8.6 Hz, 1.67H), 7.74 (d, J = 8.4 Hz, 0.49H), 7.47-7.42 (m, 2H),
7.40-7.29 (m, 2H), 3.46-3.39 (m, 4H), 2.74-2.66 (m, 3.49H), 2.44 (s, 0.46H), 1.29-1.28 (m, 9H);
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BC{*H} NMR (100 MHz, CDCly) § 187.8 (t, J = 28.1 Hz), 153.3, 142.6 (t, J = 31.4 Hz), 139.8, 132.0,
131.4,128.9,128.7, 128.1, 128.0, 125.8, 115.9 (t, J = 250.2 Hz), 65.9, 64.2, 54.5, 54.0, 34.9, 31.2, 31.2;
F NMR (376 MHz, CDCl;) & -97.02 (s), -98.94 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Ca3H26CIF,N,0," 435.1645; found 435.1647.
3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-1-(thiophen-2-yl)propan-1-one (5ak)

OI:/\’L‘N

o]
|

=

FF s
tBu

colorless oil, 48 h, E/Z = 5.2/1, 57 mg, 93% yield, R; = 0.3 (ethyl acetate/hexane = 10%); ‘H NMR
(400 MHz, CDCly) § 7.77-7.73 (m, 0.81H), 7.69-7.59 (m, 1.50H), 7.48-7.35 (m, 3.71H), 7.10-7.04 (m,
1H), 3.56-3.36 (m, 4H), 2.85-2.68 (m, 3.35H), 2.55 (s, 0.64H), 1.28-1.27 (m, 9H) ppm; “*C{*H} NMR
(100 MHz, CDCly) & 182.2 (t, J = 29.5 Hz), 154.6, 153.1, 142.1 (t, J = 31.4 Hz), 139.9, 134.7, 134.7,
134.6, 134.5, 128.3, 128.3, 128.2, 125.7, 125.6, 115.8 (t, J = 250.5 Hz), 65.9, 64.7, 54.2, 54.1, 34.9,
31.2, 31.2; F NMR (376 MHz, CDCly) & -97.73 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for
C,1H,5F,N,0,S™ 407.1599; found 407.1603.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(4-methoxyphenyl)-3-(morpholinoimino)propan-1-one
(5ga)

o
K/N‘N o}

colorless oil, 48 h, E/Z > 20/1, 54 mg, 84% yield, R; = 0.3 (ethyl acetate/hexane = 15%); 'H NMR
(400 MHz, CDCly) & 7.85 (d, J = 8.3 Hz, 2H), 7.50 (d, J = 8.7 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 6.91
(d, J = 8.8 Hz, 2H), 3.79 (s, 3H), 3.63-3.34 (m, 4H), 3.00-2.67 (m, 4H), 1.27 (s, 9H) ppm; “C{*H}
NMR (100 MHz, CDCl3) 6 188.5 (t, J = 27.7 Hz), 160.6, 157.1, 143.6 (t, J = 31.0 Hz), 130.8, 130.0,
129.9, 125.3, 123.2, 115.9 (t, J = 248.6 Hz), 113.4, 65.9, 55.3, 54.0, 35.2, 31.1; *F NMR (376 MHz,
CDCl3) & -97.02 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CyH,F,N,0O3" 431.2141; found
431.2153.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(2-methoxyphenyl)-3-(morpholinoimino)propan-1-one
(5ha)

O
I\/N~
N o
|
oS
OMe tBu

colorless oil, 48 h, E/Z > 20/1, 52 mg, 81% yield, R; = 0.3 (ethyl acetate/hexane = 15%); '"H NMR
(400 MHz, CDCl,) 5 8.12 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 7.47-7.41 (m, 1H), 7.39 (d, J =
7.0 Hz, 1H), 7.05 (td, J = 7.5, 0.6 Hz, 1H), 7.00 (d, J = 8.3 Hz, 1H), 3.95 (s, 3H), 3.64-3.37 (m, 4H),
2.91 (s, 4H), 1.38 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCls) & 189.0 (t, J = 27.9 Hz), 157.6, 156.9,
136.0 (t, J = 32.5 Hz), 131.3, 131.0, 130.5, 130.4, 125.1, 121.3, 120.9, 116.2 (t, J = 249.4 Hz), 111.0,
66.1, 55.8, 53.3, 35.2, 31.1; 9F NMR (376 MHz, CDCl3) & -97.49--99.36 (m), -101.5 (s) ppm; HRMS
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(ESI) m/z: [M+H]" calcd for CyyHagF,N,O3" 431.2141; found 431.2144.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-3-(4-(phenylthio)phenyl)propan-1-one
(5ia)

o
k/N‘N o

|
0
PhS tBu

colorless oil, 48 h, E/Z = 20/1, 62 mg, 82% vyield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCl3) & 7.84 (d, J = 8.3 Hz, 1.78H), 7.73-7.67 (m, 0.29H), 7.45-7.37 (m, 5.70H),
7.34-7.29 (m, 3.18H), 7.20-7.16 (m, 2H), 3.52-3.35 (m, 4H), 2.80-2.68 (m, 3.79H), 2.39 (s, 0.19H),
1.26-1.24 (m, 9H) ppm; *C{*H} NMR (100 MHz, CDCl5) & 188.4 (t, J = 27.7 Hz), 157.2, 142.3 (t, J =
31.2 Hz), 140.3, 133.5, 132.6, 130.7, 130.0, 129.6, 129.0, 128.7, 128.6, 128.4, 125.3, 1158 (t, J =
250.2 Hz), 65.9, 64.3, 54.6, 54.1, 35.2, 31.1; *®F NMR (376 MHz, CDCl;) & -96.82 (s) ppm; HRMS
(ESI) m/z: [M+H]" calcd for C,gH3:F,N,0,S" 509.2069; found 509.2072.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-3-(4-(trifluoromethyl)phenyl)propan-1
-one (5ja)

o)
k/N‘N o]

colorless oil, 48 h, E/Z = 17/1, 64 mg, 91% yield, R; = 0.3 (ethyl acetate/hexane = 10%); '"H NMR
(400 MHz, CDCl3) § 7.86 (d, J = 8.3 Hz, 2H), 7.66 (s, 4H), 7.42 (d, J = 8.6 Hz, 2H), 3.52-3.37 (m, 4H),
2.83-2.69 (M, 3.74H), 2.45 (s, 0.22H), 1.28 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl5) & 188.2 (t,
J =27.5Hz), 157.4,140.3 (t, J = 31.7 Hz), 135.3, 131.8 (q, J = 32.6 Hz), 130.7, 130.0, 129.1, 125.8 (q,
J = 3.7 Hz), 123.7 (q, J = 270.8 Hz) 119.6, 115.7 (t, J = 250.5 Hz), 65.8, 54.2, 35.2, 31.0; *F NMR
(376 MHz, CDCly) & -62.93 (s), -96.67 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpqHsFsN,0,"
469.1909; found 469.1905.
4-(3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(morpholinoimino)-3-oxopropyl)benzonitrile (5ka)

[e)
K/N*N o}

colorless oil, 48 h, E/Z > 20/1, 58 mg, 90% yield, R; = 0.3 (ethyl acetate/hexane = 10%); '"H NMR
(400 MHz, CDCl3) 6 7.85 (d, J = 8.3 Hz, 2H), 7.70 (d, J = 8.3 Hz, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.42
(d, J = 8.4 Hz, 2H), 3.56-3.31 (m, 4H), 2.82-2.63 (m, 4H), 1.28 (s, 9H) ppm; *C{*H} NMR (100 MHz,
CDCly) 5 188.0 (t, J = 27.5 Hz), 157.6, 139.5 (t, J = 31.5 Hz), 136.2, 132.6, 130.6, 130.0, 129.4, 125.4,
118.03, 115.6 (t, J = 249.0 Hz), 113.7, 113.1, 65.7, 54.3, 35.3, 31.0; F NMR (376 MHz, CDCl5) &
-96.44 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,,H,6F,N3O," 426.1988; found 426.1997.

methyl-4-(3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(morpholinoimino)-3-oxopropyl)benzoate (5la)

O

K/N\lN [¢]

MeOOC tBu
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colorless oil, 48 h, E/Z = 15/1, 66 mg, 96% yield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCl3) & 8.06 (d, J = 8.3 Hz, 2H), 7.86 (d, J = 8.4 Hz, 2H), 7.60 (d, J = 8.2 Hz, 2H), 7.42
(d, J = 8.6 Hz, 2H), 3.88 (s, 3H), 3.52-3.39 (m, 4H), 2.87-2.66 (M, 3.68H), 2.44 (s, 0.25H), 1.28 (s, 9H)
ppm; *C{*H} NMR (100 MHz, CDCls) & 188.2 (t, J = 27.5 Hz), 166.3, 157.4, 140.9 (t, J = 31.5 Hz),
136.1, 131.3, 130.7, 130.0, 128.7, 125.4, 115.7 (t, J = 250.3 Hz), 65.8, 54.2, 52.4, 35.2, 31.0; ¥FENMR
(376 MHz, CDCl5) & -96.71 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpsH,F,N,0,"  459.2090;
found 459.2087.
1-(4-(tert-butyl)phenyl)-3-(2,6-dimethylphenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one
(5ma)

O
K/N\
N (0]
Me |
)
Me tBu

colorless oil, 48 h, E/Z > 20/1, 52 mg, 82% yield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCl3) 6 7.96 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.6 Hz, 2H), 7.17-7.11 (m, 1H), 7.01 (d, J =
7.6 Hz, 2H), 3.48-3.34 (m,4H), 2.86-2.65 (m, 4H), 2.32 (s, 6H), 1.29 (s, 9H) ppm; *C{*H} NMR (100
MHz, CDCly) 8 190.9 (t, J = 28.6 Hz), 156.9, 139.4 (t, J = 33.6 Hz), 137.8, 132.0, 131.8, 130.3, 130.3,
129.4,127.7,125.1, 117.1 (t, J = 250.9 Hz), 66.4, 53.0, 35.2, 31.1, 20.8; “*F NMR (376 MHz, CDCl,)
§-97.31 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CpsHs:F,N,O," 429.2348; found 429.2344.

3-(4-bromobenzo[d][1,3]dioxol-5-yl)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)pr

opan-1-one (5na)

19

TN F
Wy

colorless oil, 48 h, Z/E > 20/1, 70 mg, 89% yield, R; = 0.3 (ethyl acetate/hexane = 15%); '"H NMR
(400 MHz, CDCls) § 8.02 (d, J = 8.1 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 7.01 (s, 1H), 6.89 (d, J = 1.5 Hz,
1H), 5.99 (dd, J = 5.7, 1.2 Hz, 2H), 3.49 (t, J = 4.8 Hz, 4H), 3.01-2.88 (m, 2H), 2.87-2.73 (m, 2H),
1.28 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCls) 5189.7-188.8 (m), 157.1, 149.7, 147.4, 133.9 (dd,
J = 35.0, 30.6 Hz), 131.1, 130.3, 126.1, 125.1, 115.7 (dd, J = 455.0, 207.3 Hz), 115.6, 114.2, 112.8,
110.9, 102.4, 66.3, 53.2, 35.2, 31.1; *F NMR (376 MHz, CDCls) 6-96.45 (q, J = 270.8 Hz), -104.07
(dd, J = 293.9, 234.7 Hz) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,H,sBrF,N,O," 523.1039;
found523.1041.

1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-3-(naphthalen-2-yl)propan-1-one (50a)
o)
I\/N\N (o]

colorless oil, 48 h, E/Z > 20/1, 57 mg, 84% yield, R; = 0.3 (ethyl acetate/hexane = 10%); '"H NMR
(400 MHz, CDCl3) 4 8.02 (s, 1H), 7.91 (d, J = 8.3 Hz, 2H), 7.87-7.78 (m, 3H), 7.63 (dd, J = 8.5, 1.2
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Hz, 1H), 7.53-7.46 (m, 2H), 7.42 (d, J = 8.6 Hz, 2H), 3.60-3.33 (m, 4H), 2.87 — 2.69 (m, 4H), 1.28 (s,
9H) ppm; “*C{*H} NMR (100 MHz, CDCls) & 188.5 (t, J = 27.5 Hz), 157.2, 142.7 (t, J = 31.2 Hz),
133.6, 132.9, 130.8, 130.0, 128.7, 128.6, 128.6, 128.3, 127.9, 127.5, 126.9, 125.3, 125.3, 116.0 (t, J =
250.2 Hz), 65.9, 54.2, 35.2, 31.1; 9F NMR (376 MHz, CDCl;) & -96.62 (s) ppm; HRMS (ESI) m/z:
[M+H]" calcd for CypyHaF,N,0," 451.2192; found 451.2197.
3,3'-(1,3-phenylene)bis(1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one)
(Spa)

colorless oil, 48 h, E/Z = 11.7/1, 69 mg (0.1 mmol amount was used), 96% vyield, R; = 0.3 (ethyl
acetate/hexane = 25%); "H NMR (400 MHz, CDCls) 5 7.89 (d, J = 8.3 Hz, 3.86H), 7.74 (t, J = 7.1 Hz,
0.57H), 7.69 (s, 0.8H), 7.54 (dt, J = 8.7, 7.1 Hz, 2.84H), 7.42 (dd, J = 10.3, 8.1 Hz, 4H), 3.58-3.31 (m,
8H), 2.95-2.68 (m, 7.39H), 12.9 (s, 18H) ppm; “*C{*H} NMR (100 MHz, CDCl;) 5 188.5 (t, J = 27.7
Hz), 157.5, 140.2 (t, J = 31.4 Hz), 132.4, 130.8, 130.0, 129.7, 129.5, 129.0, 125.4, 115.9 (t, J = 250.0
Hz), 65.8, 54.2, 35.3, 31.1; *°F NMR (376 MHz, CDCl,) & -96.86 (s) ppm; HRMS (ESI) m/z: [M+H]*
calcd for CyH47F4N,O4" 723.3528; found 723.3530.
3-(2-(allyloxy)phenyl)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one
(5ga)

The structure is not completely determined

o}
k/N‘N 0
|

v

colorless oil, 48 h, E/Z = 2/1, 37 mg, 55% vyield, R; = 0.3 (ethyl acetate/hexane = 10%); *H NMR (400
MHz, CDCl;) 6 8.01 (d, J = 8.3 Hz, 1.26H), 7.83 (d, J = 8.3 Hz, 0.61H), 7.45-7.27 (m, 3.84H), 7.20
(dd, J = 7.4, 1.5 Hz, 0.29H), 7.00-6.93 (m, 1H), 6.92-6.84 (m, 1H), 6.12-5.88 (m, 1H), 5.49-5.16 (m,
2H), 4.66-4.50 (m, 2H), 3.50-3.45 (m, 1.30H), 3.41 (t, J = 4.8 Hz, 2.61H), 3.22-3.14 (m, 1.31H),
2.94-2.72 (m, 2.75H), 1.33-1.24 (m, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;) & 197.6, 194.1,
189.1 (t, J = 27.9 Hz), 156.7 (dd, J = 75.7, 40.9 Hz), 136.3-135.1 (m), 134.9, 132.8, 131.9, 131.1,
131.0, 130.9, 130.8, 130.5, 130.4, 129.3, 125.5, 125.1, 122.0, 121.4, 121.0, 121.0, 117.8, 117.4, 116.3 (t,
J =248.7 Hz), 111.8, 69.0, 68.7, 66.3, 66.1, 53.8, 53.2, 35.2, 31.1, 31.1; *°F NMR (376 MHz, CDCl3) &
-97.80 (s), -97.96 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for C,sH3;F,N,05" 457.2297; found
457.2314.

3-(3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-oxopropyl)chroman-4-one (5ga")
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o 0

L) =0
colorless oil, 48 h, 18 mg, 32% vyield, R; = 0.4 (ethyl acetate/hexane = 5%); 'H NMR (400 MHz,
CDCls) 8 8.01 (d, J = 8.2 Hz, 2H), 7.84 (dd, J = 7.8, 1.6 Hz, 1H), 7.50-7.44 (m, 2H), 7.44-7.39 (m,
1H), 6.96 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 4.71 (dd, J = 11.4, 5.2 Hz, 1H), 4.23 (t, J = 11.7
Hz, 1H), 3.19 (ddt, J = 10.3, 5.0, 3.4 Hz, 1H), 3.13-2.98 (m, 1H), 2.10 (dddd, J = 24.2, 15.8, 11.0, 8.7
Hz, 1H), 1.28 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCls) & 191.9, 188.2 (t, J = 30.6 Hz), 161.6,
158.6, 136.1, 130.3, 128.9, 127.6, 125.8, 125.2, 122.0, 120.3, 119.4 (t, J = 254.4 Hz), 117.8, 72.5, 40.4,
35.3, 31.0, 29.5 (t, J = 23.1 Hz) ppm; HRMS (ESI) m/z: [M+H]" calcd for CxHysF,05" 373.1610;
found 373.1611.

tBu

1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-3-(pyridin-3-yl)propan-1-one  (5ra)

(0]
K/N\
IN (0}
AN
| Z F F
N tB

colorless oil, 48 h, E/Z = 9.7/1, 40 mg, 67% yield, R = 0.3 (ethyl acetate/hexane = 20%); ‘H NMR
(400 MHz, CDCl5) § 8.78 (s, 1H), 8.68-8.61 (m, 1H), 7.97 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 8.2 Hz, 2H),
7.44-7.41 (m, 2H), 7.38 (dd, J = 7.9, 5.0 Hz, 1H), 3.51-3.34 (m, 4H), 2.86-2.69 (m, 3.59H), 1.29 (s,
9H) ppm; *C{*H} NMR (100 MHz, CDCl,) § 188.1 (t, J = 27.5 Hz), 170.4, 157.5, 157.1, 150.6, 149.2,
139.0 (t, J = 31.9 Hz), 136.2, 130.6, 130.0, 130.0, 128.1, 127.0, 125.5, 125.4, 123.8, 115.7 (t, J = 250.4
Hz), 65.8, 54.2, 35.3, 31.1, 31.0; “’F NMR (376 MHz, CDCl;) & -96.81 (s) ppm; HRMS (ESI) m/z:
[M+H]" calcd for C,,Ho6F,N3O," 402.1988; found 402.1987.

u

tert-butyl-3-(3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(morpholinoimino)-3-oxopropyl)-1H-indole-1
-carboxylate (5sa)

(@)

k/’\LN (0]

|
Boc=N" S O
O tBu

colorless oil, 48 h, E/Z = 14.1/1, 58 mg, 72% yield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCls) § 8.51 (d, J = 7.9 Hz, 1H), 8.07 (s, 1H), 7.95 (d, J = 8.3 Hz, 2H), 7.90 (d, J = 8.4 Hz,
1H), 7.42 (d, J = 8.5 Hz, 2H), 7.32 (t, J = 7.8 Hz, 1H), 7.24 (t, J = 7.5 Hz, 1H), 3.89-3.78 (m, 4H),
3.20-3.10 (m, 4H), 1.49 (s, 9H), 1.28 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCls) §186.5 (t, J =
30.7 Hz), 157.2, 149.8, 136.1, 131.2 (t, J = 7.2 Hz), 130.3, 129.7, 127.3 (t, J = 29.7 Hz), 126.8, 126.5,
125.6, 124.5, 123.7, 121.8, 116.6 (t, J = 252.8 Hz), 115.1, 85.7, 66.5, 51.6, 35.2, 31.1, 28.1; ¥ENMR
(376 MHz, CDCls) & -88.91 (s), -97.89 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CaoHzsF,N3O,"
540.2668; found 540.2679.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-5-methyl-3-(morpholinoimino)hex-4-en-1-one (5ta)
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o
N‘N 0

|
Me' Me tBu

colorless oil, 48 h, E/Z > 20/1, 59 mg, 85% vyield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCl3) § 7.81 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H), 5.83 (s, 1H), 3.64-3.44 (m, 4H),
3.07-2.73 (m, 4H), 1.85 (s, 3H), 1.63 (s, 3H), 1.27 (s, 9H) ppm; “C{*H} NMR (100 MHz, CDCl5)
8188.7 (t, J = 27.8 Hz), 157.1, 146.0, 143.0 (t, J = 31.1 Hz), 130.8, 130.0, 129.0, 125.2, 115.9 (t, J =
250.6 Hz) , 113.4, 66.4, 53.4, 35.2, 31.0, 25.8, 21.7; ¥F NMR (376 MHz, CDCls) & -99.09 ppm;
HRMS (ESI) m/z: [M+H]" calcd for Cy;HaF,N,0," 379.2192; found 379.2200.

methyl (2E,4E)-6-(4-(tert-butyl)phenyl)-5,5-difluoro-4-(morpholinoimino)-6-oxohex-2-enoate
(5ua)

O
DL
0O, ~ !

OMe FF tBu
colorless oil, 48 h, 24 mg, 39% yield, R; = 0.3 (ethyl acetate/nexane = 10%); '"H NMR (400 MHz,
CDCl;) 6 7.91 (d, J = 8.4 Hz, 2H), 7.70 (dd, J = 10.2 Hz,, J = 17.1 Hz, 2H), 7.45-7.37 (m, 2H), 3.92—
3.74 (m, 4H), 3.58 (s, 3H), 3.41-3.20 (m, 4H), 1.27 (s, 9H); *C{"H} NMR (100 MHz, CDCl5) & 187.1
(t, J =29.8 Hz), 165.2 (t, J = 6.6 Hz), 157.6, 144.6, 130.0, 129.6, 128.4 (t, J = 5.8 Hz), 125.6, 120.7—
120.3 (m), 116.5 (t, J = 252.5 Hz), 66.0, 52.2, 50.8, 35.2, 31.0; ’F NMR (376 MHz, CDCl,) & -93.69
ppm; HRMS (ESI) m/z: [M+H]" calcd for C,yH,,F,N,0," 409.1933; found 409.1933.
methyl (2Z,4E)-6-(4-(tert-butyl)phenyl)-5,5-difluoro-4-(morpholinoimino)-6-oxohex-2-enoate
(5ua”)

(0]
Gl

COOMe tBu
colorless oil, 48 h, 34 mg, 57% yield, R; = 0.3 (ethyl acetate/hexane = 10%); ‘H NMR (400 MHz,
CDCly) 8 8.23 (d, J = 9.3 Hz, 1H), 7.93 (d, J = 8.3 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 9.3
Hz, 1H), 3.89-3.73 (m, 4H), 3.58 (s, 3H), 3.42-3.23 (m, 4H), 1.27 (s, 9H); *C{*H} NMR (100 MHz,
CDCls;) 8 188.0 (t, J = 31.2 Hz), 164.2, 157.8, 143.2 (t, J = 8.9 Hz), 130.8, 129.9, 129.8, 125.6, 120.4 (t,
J = 22.1 Hz), 115.4 (t, J = 254.8 Hz), 66.1, 51.7, 50.8, 35.2, 31.0; *°F NMR (376 MHz, CDCl;) &
-97.08 ppm; HRMS (ESI) m/z: [M+H]" calcd for CyHy,F,N,0," 409.1933; found 409.1931.
(3E,42)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-5-(4-methoxyphenyl)-3-(morpholinoimino)pent-4-en

-1-one (5va)
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colorless oil, 48 h, 58 mg, 86% vyield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR (400 MHz,
CDCls) & 7.86 (d, J = 8.4 Hz, 2H), 7.37 (d, J = 8.6 Hz, 2H), 7.11 (d, J = 8.6 Hz, 2H), 7.03 (d, J = 9.1
Hz, 1H), 6.84 (d, J = 9.1 Hz, 1H), 6.79 (d, J = 8.7 Hz, 2H), 3.74 (s, 3H), 3.72-3.67 (m, 4H), 2.98-2.90
(m, 4H), 1.25 (s, 9H); *C{*H} NMR (100 MHz, CDCl3) §188.0 (t, J = 30.1 Hz), 159.7, 158.1, 135.0 (t,
J =223 Hz), 132.9, 131.4, 131.1 (t, J = 8.7 Hz), 130.1, 129.8, 125.6, 124.7, 116.7 (t, J = 242.9 Hz),
113.9, 66.2, 55.2, 51.1, 35.3, 31.0; °F NMR (376 MHz, CDCl3) & -97.25 ppm; HRMS (ESI) m/z:
[M+H]" calcd for CygHs;F,N,O3" 457.2297; found 457.2304.

(3E,42)-5-(2-bromophenyl)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)pent-4-en-1

-one (5wa)

colorless oil, 48 h, 56 mg, 70% yield, R¢ = 0.3 (ethyl acetate/hexane = 10%); ‘H NMR (400 MHz,
CDCly) 6 7.97 (d, J = 8.4 Hz, 2H), 7.56 (d, J = 7.9 Hz, 1H), 7.39 (d, J = 8.6 Hz, 2H), 7.32-7.25 (m,
2H), 7.18-7.06 (m, 1H), 6.82 (d, J = 9.2 Hz, 1H), 6.69 (d, J = 9.2 Hz, 1H), 3.73-3.64 (m, 4H), 2.94 (dd,
J =75, 4.2 Hz, 4H), 1.26 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCls) & 188.4 (t, J = 30.0 Hz),
158.2, 133.6-133.5 (m), 133.1, 132.3, 131.7, 130.5 (t, J = 2.8 Hz), 130.2, 130.0, 127.4, 125.6, 124.9,
116.8 (t, J = 252.6 Hz)., 66.1, 50.9, 35.3, 31.0; *F NMR (376 MHz, CDCl5) & -96.63 (dd, J = 596.6 Hz,
263.7 Hz) ppm; HRMS (ESI) m/z: [M+H]" calcd for Cy5H,5BrF,N,0," 505.1297; found 505.1299.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-5-phenylpent-4-yn-1-one (5xa)

(o)
k/ N<
IN (o]
—
B

colorless oil, 48 h, E/Z = 10/1, 50 mg, 79% yield, R; = 0.3 (ethyl acetate/hexane = 10%); 'H NMR
(400 MHz, CDCly) 6 7.88 (d, J = 8.5 Hz, 1.62H), 7.76-7.66 (m, 0.29H), 7.45-7.37 (m, 3.75H), 7.35—
7.22 (m, 3.32H), 3.86-3.74 (m, 0.39H), 3.62 (dd, J = 5.7, 3.4 Hz, 3.27H), 3.58-3.51 (m, 3.58H), 3.15—
3.07 (m, 0.35H), 1.27-1.20 (m, 9H) ppm; *C{*H} NMR (100 MHz, CDCl5) & 187.8 (t, J = 27.8 Hz),
157.4, 1315, 130.4 (t, J = 13.5 Hz), 130.1, 129.7, 128.6, 125.4, 121.5, 119.7 (t, J = 33.3 Hz), 117.9,
114.9 (t, J = 251.3 Hz), 101.3, 79.2, 66.1, 53.4, 35.2, 31.0; *°F NMR (376 MHz, CDCl;) & -98.28 (5)
ppm; HRMS (ESI) m/z: [M+H]" calcd for CysH.,;FoN,0," 425.2035; found 425.2033.

u

ethyl-4-(4-(tert-butyl)phenyl)-3,3-difluoro-2-(morpholinoimino)-4-oxobutanoate (5ya)

O
K/’\LN (0]
|
EtOOCm
FF
tBu
colorless oil, 48 h, E/Z > 20/1, 58 mg, 97% vyield, R; = 0.3 (ethyl acetate/hexane = 15%); 'H NMR
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(400 MHz, CDCl3) 6 7.85 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 4.30 (9, J = 7.1 Hz, 2H), 3.66—
3.53 (m, 4H), 3.26-3.10 (m, 4H), 1.30 (t, J = 7.1 Hz, 3H), 1.26 (d, J = 6.0 Hz, 9H) ppm; ®*C{*H} NMR
(100 MHz, CDCls) 6 187.5 (t, J = 27.9 Hz), 161.7, 157.5, 130.2, 130.0, 130.0, 125.4, 124.7 (t, J = 33.1
Hz), 115.3 (t, J = 250.7 Hz)., 66.0, 62.2, 53.7, 35.2, 31.0, 14.0; ¥FE NMR (376 MHz, CDCls) 8 -97.01
(s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CoH,7F;N,0," 397.1933; found 397.1939.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-5-phenylpentan-1-one (5za)

(@)
LN
IN (o]
Ph
FF
tBu

colorless oil, 48 h, E/Z = 6.4/1, 47 mg, 74% yield, R; = 0.3 (ethyl acetate/hexane = 25%); ‘H NMR
(400 MHz, CDCl) § 7.67 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.6 Hz, 2H), 7.25-7.24 (m, 5H), 3.29 (s, 4H),
2.98 (qd, J = 6.6, 3.7 Hz, 4H), 2.29 (s, 4H), 1.32-1.10 (m, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;)
§180.3 (t, J = 26.1 Hz), 169.0 (t, J = 26.5 Hz), 157.1, 140.5, 130.1, 128.7, 128.6, 128.5, 128.3, 126.3,
125.4,125.2, 111.3 (t, J = 254.4 Hz), 64.4, 54.1, 35.2, 32.1, 31.8, 31.0; **F NMR (376 MHz, CDCl5) &
-101.63 (s), -102.95 ppm; HRMS (ESI) m/z: [M+H]" calcd for CysHsFoN,0," 429.2348; found
429.2355.

1-(4-(tert-butyl)phenyl)-2,2-difluoro-4-methyl-3-(morpholinoimino)pentan-1-one (5bb)

(0]
o

Me
Me F F
B

colorless oil, 48 h, E/Z > 20/1, 48 mg, 87% yield, R; = 0.3 (ethyl acetate/hexane = 25%); '"H NMR
(400 MHz, CDCly) 6 7.76 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 3.31 (s, 4H), 3.08 (dt, J = 13.6,
6.8 Hz, 1H), 2.32 (s, 4H), 1.26 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCl;) & 176.6-171.9 (m),
156.9, 130.3, 128.4 (t, J = 2.3 Hz), 125.4, 112.1 (t, J = 254.7 Hz), 64.5, 54.0, 35.2, 31.1, 29.8, 20.5; “°F
NMR (376 MHz, CDCly) & -102.38 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for CyoHaF,N,0,"
367.2192; found 367.2199.

u

1-(4-(tert-butyl)phenyl)-4-ethyl-2,2-difluoro-3-(morpholinoimino)hexan-1-one (5cc)

o
Nes?
N O

Et I
Et F F
tBu

colorless oil, 48 h, Z/E = 9.9/1, 52 mg, 89% yield, R; = 0.3 (ethyl acetate/hexane = 10%); ‘H NMR
(400 MHz, CDCly) & 7.80 (d, J = 8.4 Hz, 2H), 7 .39 (d, J = 8.5 Hz, 2H), 3.28 (s, 3.55H), 2.76-2.66 (m,
1H), 2.37 (s, 3.57H), 1.78 (td, J = 14.3, 7.2 Hz, 2H), 1.69-1.55 (m, 2H), 1.27 (s, 9H), 0.91 (t, J = 7.4
Hz, 6H) ppm; *C{*H} NMR (100 MHz, CDCl3) & 180.4 (t, J = 26.9 Hz), 171.9 (t, J = 25.6 Hz), 156.9,
130.6, 128.6, 128.6, 125.3, 112.2 (t, J = 255.7 Hz), 64.4, 54.0, 42.8, 35.2, 31.1, 24.6, 11.1; F NMR
(376 MHz, CDCly) & -100.45 (s), -102.58 (s), -112.91 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for
CasH33F,N,0," 395.2505; found 395.2510.
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1-(4-(tert-butyl)phenyl)-3-cyclohexyl-2,2-difluoro-3-(morpholinoimino)propan-1-one (5dd)

F F
tBu

colorless oil, 48 h, E/Z > 20/1, 46 mg, 76% yield, R; = 0.3 (ethyl acetate/hexane = 10%): '"H NMR
(400 MHz, CDCly) § 7.74 (d, J = 8.5 Hz, 2H), 7.39 (d, J = 8.6 Hz, 2H), 3.30 (s, 4H), 2.81-2.66 (m, 1H),
2.30 (s, 4H), 2.00 (d, J = 12.2 Hz, 2H), 1.85-1.75 (m, 2H), 1.68 (d, J = 12.5 Hz, 1H), 1.51-1.37 (m,
3H), 1.37-1.31 (m, 2H), 1.26 (s, 9H) ppm; *C{*H} NMR (100 MHz, CDCI;) 5 180.0 (t, J = 26.6 Hz),
173.7, 173.4, 173.2, 156.9, 130.3, 128.3, 125.3, 114.4, 111.8, 109.3, 64.4, 54.1, 39.2, 35.2, 31.1, 31.0,
26.1, 25.8; F NMR (376 MHz, CDCly) & -102.35 (s) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Ca3H33FoN,0," 407.2505; found 407.2508.
1-(4-(tert-butyl)phenyl)-2,2-difluoro-4-phenyl-4-(pyridin-4-yl)pentan-1-one (13a)

(o}

NS
e
O tBu

colorless oil, 48 h, 63 mg, 77% yield, R¢ = 0.3 (ethyl acetate/hexane = 20%); ‘H NMR (400 MHz,
CDCly) 6 8.38 (d, J = 5.7 Hz, 2H), 7.76 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 8.6 Hz, 2H), 7.20-7.14 (m,
2H), 7.12-7.03 (m, 5H), 3.13 (t, J = 18.1 Hz, 2H), 1.81 (s, 3H), 1.24 (s, 9H) ppm; *C{*"H} NMR (100
MHz, CDClz) 6 188.4 (t, J = 30.5 Hz), 158.3, 157.6, 150.8, 149.6, 146.7, 130.2, 130.1, 130.1, 128.9,
128.3,127.0, 126.7, 125.6, 125.3, 122.4, 119.6 (t, J = 255.8 Hz), 43.1 (t, J = 21.0 Hz), 42.8, 35.2, 31.0,
27.3; °F NMR (376 MHz, CDCly) § -93.03 — -95.53 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd for
Ca3Ha33F2N,0," 407.2505; found 407.2508.

2,2-difluoro-1,4-diphenyl-4-(pyridin-4-yl)pentan-1-one (13b)

colorless oil, 48 h, 44 mg, 63% yield, R; = 0.3 (ethyl acetate/hexane = 20%); '"H NMR (400 MHz,
CDCl3) 6 8.38 (d, J =4.6 Hz, 2H), 7.81 (d, J = 7.7 Hz, 2H), 7.51 (t, J = 7.4 Hz, 1H), 7.34 (t, J = 7.8 Hz,
2H), 7.17 (d, J = 7.7 Hz, 2H), 7.12 (t, J = 5.0 Hz, 1H), 7.10-7.03 (m, 4H), 3.23-3.02 (m, 2H), 1.82 (s,
3H) ppm; ®*C{*H} NMR (100 MHz, CDCl5)  188.8 (t, J = 30.8 Hz), 157.6, 149.5, 146.6, 134.2, 130.1,
130.1, 130.1, 128.6, 128.3, 127.1, 126.7, 122.4, 122.1, 119.6 (t, J = 256.0 Hz), 44.3, 43.0 (t, J = 20.9
Hz), 27.4; F NMR (376 MHz, CDCl;) & -92.61 — -95.72 (m) ppm; HRMS (ESI) m/z: [M+H]" calcd
for C,3Ha3F,N,0," 407.2505; found 407.2508.
2-((7-(tert-butyl)-3,3-difluoro-4-oxo-1,2,3,4-tetrahydronaphthalen-1-yl)methoxy)benzaldehyde
(18)
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F
Q F
O
O
tBu

colorless oil, 48 h, 46 mg, 85% vyield, R; = 0.3 (ethyl acetate/hexane = 5%); 'H NMR (400 MHz,
CDCls) 6 10.40 (s, 1H), 8.05 (d, J = 8.3 Hz, 1H), 7.78 (dd, J = 7.7, 1.7 Hz, 1H), 7.52-7.43 (m, 2H),
7.41 (s, 1H), 7.01 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 4.37 (t, J = 8.3 Hz, 1H), 4.33-4.23 (m,
1H), 3.81-3.64 (m, 1H), 2.95-2.47 (m, 2H), 1.25 (s, 9H) ppm; ®*C{*H} NMR (100 MHz, CDCl,) 5
184.3 (t, J = 25.6 Hz), 184.0, 160.5, 159.8, 141.9, 136.1, 129.2, 129.0, 127.6, 126.1, 125.5, 124.9,
121.5, 113.2 (dd, J = 249.7, 246.4 Hz), 112.6, 71.3, 71.3, 36.9 (d, J = 5.6 Hz), 35.5, 34.6 (t, J = 22.7
Hz), 30.9; *F NMR (376 MHz, CDCls) & -102.04 (ddd, J = 280.3, 28.7, 10.9 Hz), -104.87—110.02 (m)
ppm; HRMS (ESI) m/z: [M+H]" calcd for Cy3H33FoN,0," 407.2505; found 407.2508.
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11. Copies 'H NMR, °C NMR, *F NMR
2-bromo-2,2-difluoro-1-(4-(methylthio)phenyl)ethan-1-one (2f)
'"H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCls):
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3C NMR (100 MHz, CDCly):
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66



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

g5e g E2E82883 =
222 2 EE8aasee =
- [ N
0]
Br
F F
MeS
2f
| |1
190 léU I%D 1 !;U 1%0 liU lC‘vD 1 éD liU lEIJU a0 S‘U ?IU EIU :':U :1‘0 aIU 2‘0 1‘0 6
£l (ppm)
2-bromo-1-(4-cyclopropylphenyl)-2,2-difluoroethan-1-one (29)
'H NMR (400 MHz, CDCl5):
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F NMR (376 MHz, CDCl):
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2-bromo-1-(4-(dimethylamino)phenyl)-2,2-difluoroethan-1-one (2I)
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'H NMR (400 MHz, CDCly):
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F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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ethyl 2-bromo-2-fluoro-3-oxo-3-phenylpropanoate (21)

'H NMR (400 MHz, CDCly):

QCH-3-37B

4385
4302
4378
4363

/

1294
1292
Mam

4258

L
,

i

E2EEz8cge
o R
e
O O
OEt
F Br
21
1
.JJJ
A
o o m
oo o3
T T T T T T T T T
13 14 13 12 11 10 9 8 7

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

F1000

F=1000

70

InLonsi Ly



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

F NMR (376 MHz, CDCl):
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(2)-2-bromo-2,2-difluoro-N-(4-methoxyphenyl)-1-phenylethan-1-imine (22)
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'H NMR (400 MHz, CDCly):
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3C NMR (100 MHz, CDCly):

72



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

RS HERBES88R o8
Eo=3 HEomo@EnEaEn oo
S| s e SO mmmemmo o SR
EEEE SEoo oo oo 8
G | N

I
e Ve 1 A NmLﬁm

55307

T T T T T T T T
180 170 160 130 140 130 120 110

T T T
100 90 80
£1 (ppm}

3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-

2(1H)-one (3aa)
'H NMR (400 MHz, CDCly):

NV OCIVONOITNODODO©T OT
— OO0 ONMULWBIIITNNNDO OO
00 0000 00 M I PP P P P P 1 O 6 O O

T e

tBu

=

—5.44

i

2.087

F

1.00

—1.34

9.02-=

15 14 13 12 11 10 ]

F NMR (376 MHz, CDCl):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-methylquinoxalin-2(1H)-on
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e (3ba)
'H NMR (400 MHz, CDCls):
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3C NMR (100 MHz, CDCl5):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-phenylquinoxalin-2(1H)-on

e (3ca)
'H NMR (400 MHz, CDCly):
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“F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCl,):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(2-(4-chlorophenyl)-2-oxoet
hyl)guinoxalin-2(1H)-one (3da)
'H NMR (400 MHz, CDCl5):
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“F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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benzyl 2-(3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-2-oxoquinoxalin-1
(2H)-ylacetate (3ea)
'H NMR (400 MHz, CDCl5):
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“F NMR (376 MHz, CDCly):

79



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

—105.03

0 0 10 20 30 40 50 60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

< w0 O DT O@OW O T N O

[ R pe] @ e T O WO WM MO W o o o @ o

[ o] W WoN®GDHD v—ommmmmmo ] ) o G

e © RBITIIT DOUUNCTEE b 2 g4

— [N e I

l |l L I \atmaibumeids \.LLL I l -
h " il

T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)

ethyl 2-(3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-2-oxoquinoxalin-1
(2H)-ylacetate (3fa)
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'H NMR (400 MHz, CDCly):
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F NMR (376 MHz, CDCl5):
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3C NMR (100 MHz, CDCly):

81



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

T DO O

@ T een N

© OoN@oo @ [Te]

O DWW mmmwm&ggg

2.73
1.82

O = N T0 000 —
S O M~ W0 T O
oo

187.49
187.21
186.93

SRS S 2N

¢

—B6224

—4324

—3527

2008

—14.01

200 190 180 170 160 150 140 130 120 110 100 90 80 70

f1 (ppm)

1-benzyl-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)quinoxalin-2(1H)-on

e (3ga)
'H NMR (400 MHz, CDCly):
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F NMR (376 MHz, CDCl):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(4-chlorobenzyl)-quinoxalin
-2(1H)-one (3ha)
'"H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCl5):
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1-(4-bromobenzyl)-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)quinoxalin
-2(1H)-one (3ia)
'H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCls)
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3C NMR (100 MHz, CDCl,):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(4-(trifluoromethyl)benzyl)

qguinoxalin-2(1H)-one (3ja)
'"H NMR (400 MHz, CDCls):
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3C NMR (100 MHz, CDCl5):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(4-methoxybenzyl)
quinoxalin-2(1H)-one (3ka)
'H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCl):
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4-((3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-2-oxoquinoxalin-1(2H)-yl)
methyl)benzonitrile (3la)
'H NMR (400 MHz, CDCls):
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©
res
(=)
N

0 0 10 20 30 40 50 60 -70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

3C NMR (100 MHz, CDCly):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)-6,7-dimeth
ylquinoxalin-2(1H)-one (3ma)
'H NMR (400 MHz, CDCls):
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“F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-difluoro-1-(3-fluoro-benzy
l)quinoxalin-2(1H)-one (3na)
'"H NMR (400 MHz, CDCls):
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“F NMR (376 MHz, CDCly):

—-105.26
—111.01
-125.52
-125.58
138.46
-139.52

<
<

0 o -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
1 (ppm)

93



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

13
C NMR (100 MHz, CDCly)
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-dichloro-1-(3-fluoro-benz
yl)quinoxalin-2(1H)-one (30a)

'H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCls)
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3C NMR (100 MHz, CDCl,):
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6,7-dibromo-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluoro-benz
ylhquinoxalin-2(1H)-one (3pa)
'"H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCl):
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3C NMR (100 MHz, CDCly):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)
benzo[g]quinoxalin-2(1H)-one (3qa)
'H NMR (400 MHz, CDCly):
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“F NMR (376 MHz, CDCly):
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6-bromo-3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)q
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uinoxalin-2(1H)-one (3ra)
'"H NMR (400 MHz, CDCls):
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3C NMR (100 MHz, CDCly):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)quinoxalin-2(1H)-one (3sa)

'H NMR (400 MHz, CDCls)
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“F NMR (376 MHz, CDCly):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-dimethylquinoxalin-2(1H)
-one (3ta)
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'H NMR (400 MHz, CDCly):
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“F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-difluoroquinoxalin-2(1H)-
one (3ua)

'"H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCl5):
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3-(2-(4-(tert-butyl)phenyl)-1,1-difluoro-2-oxoethyl)-6,7-dichloroquinoxalin-2(1H)-
one (3va)
'H NMR (400 MHz, CDCly):
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F NMR (376 MHz, CDCl):
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3-(1,1-difluoro-2-oxo-2-phenylethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one
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'H NMR (400 MHz, CDCl5)
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“F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCl5):
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3-(1,1-difluoro-2-(4-fluorophenyl)-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H

)-one (3ac)

'H NMR (400 MHz, CDCl5):
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F NMR (376 MHz, CDCls)
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3C NMR (100 MHz, CDCly):

LE va

s6iY
ZLell
58'ChLl
a0'wLL
SSwLL
LS
225l
69°GLL

L9l
\rzzl
PrzTl
ZivTh
BE'8ZL
DLDEL
BLDEL
ST'IEL
08'kEk
ELZEH
GLZEL
8L wmi
£8ZEL
187ZEL
@N.mij
£8'98L

T

BLEPL
?.miv
967l

sazsL”
0615
9E 91~
ey

992817

1098l
514 mmﬁW
8598

ol

190 180 170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 10
1 (ppm)

200

109



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

3-(1,1-difluoro-2-oxo-2-(p-tolyl)ethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-one

(3ad)
'H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCls):
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3C NMR (100 MHz, CDCl5):
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3-(1,1-difluoro-2-(4-methoxyphenyl)-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(
1H)-one (3ae)

'H NMR (400 MHz, CDCl5):
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F NMR (376 MHz, CDCl):

111



Evaluation Only. Created with Aspose.Pdf. Copyright 2002-2014 Aspose Pty Ltd.

L
[
LLLLL-
r
B9 LLL-
£0'G0L-

20 30 40 50 60 70 -80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

-10

10

3C NMR (100 MHz, CDCly):
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3-(1,1-difluoro-2-(4-(methylthio)phenyl)-2-oxoethyl)-1-(3-fluorobenzyl)

guinoxalin-2(1H)-one (3af)

'"H NMR (400 MHz, CDCls):
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FNMR (376 MHz, CDCly):
[12]
NBI3E
[Shapapap
TR
R
10 o0 -10 20 30 -40 -50 -0 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

3C NMR (100 MHz, CDCl5):
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3-(2-(4-cyclopropylphenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)

guinoxalin-2(1H)-one (3ag)
'H NMR (400 MHz, CDCls)
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“F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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3-(2-(3,5-dimethoxyphenyl)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)

guinoxalin-2(1H)-one (3ah)
'"H NMR (400 MHz, CDCls):
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3C NMR (100 MHz, CDCl5):
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3-(2-(benzo[d][1,3]dioxol-5-yI)-1,1-difluoro-2-oxoethyl)-1-(3-fluorobenzyl)
quinoxalin-2(1H)-one (3ai)
'H NMR (400 MHz, CDCl5):
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F NMR (376 MHz, CDCl):
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3C NMR (100 MHz, CDCly):
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3-(1,1-difluoro-2-(naphthalen-2-yl)-2-oxoethyl)-1-(3-fluorobenzyl)quinoxalin-2(1
H)-one (3aj)
'"H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCls):
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3C NMR (100 MHz, CDCl5):
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3-(1,1-difluoro-2-oxo-2-(thiophen-2-yl)ethyl)-1-(3-fluorobenzyl)quinoxalin-2(1H)-
one (3ak)
'H NMR (400 MHz, CDCl5)
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“F NMR (376 MHz, CDCly):
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(E)-1,3-bis(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)propan-1-one

(5aa)

'H NM C

400 MHz, CDCl):
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F NMR (376 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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(E)-1,3-bis(4-(tert-butyl)phenyl)-2,2-difluoro-3-(piperidin-1-ylimino)propan-1-on
e (5ba)
'H NMR (400 MHz, CDCls):
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F NMR (376 MHz, CDCl):
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3C NMR (100 MHz, CDCly):
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(E)-1,3-bis(4-(tert-butyl)phenyl)-2,2-difluoro-3-((4-methylpiperazin-1-yl)imino)p

ropan-1-one (5ca)
'H NMR (400 MHz, CDCly):
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“F NMR (376 MHz, CDCly):
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(E)-1,3-bis(4-(tert-butyl)phenyl)-3-(2,2-dibenzylhydrazono)-2,2-difluoropropan-1
-one (5ea)
'H NMR (400 MHz, CDCls):
EE5¥Eus=EEEEEYEE 8 g5

RS T N7

Phj
thN\N o
|
Bu O Fsez O tBu
- o2
11.0 IUI lD'.U B‘IC 9.0 8‘ 8 Eu.‘D fla.r‘a § o 4 4.ID 3 aID Zra ZIU 1L lIU D‘ DID

“F NMR (376 MHz, CDCly):
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(E)-N'-(3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-oxo-1-phenylpropylidene)-4-meth
ylbenzenesulfonohydrazide (5fa)
'H NMR (400 MHz, CDCly):
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“F NMR (376 MHz, CDCly):
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(E)-3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-1-(p-tolyl)propan-

1-one (5ab)
'H NMR (400 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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(E)-3-(4-(tert-butyl)phenyl)-1-(4-cyclopropylphenyl)-2,2-difluoro-3-(morpholinoi
mino)propan-1-one (5ac)
'H NMR (400 MHz, CDCl5):
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3C NMR (100 MHz, CDClI;)
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(E)-3-(4-(tert-butyl)phenyl)-1-(4-(dimethylamino)phenyl)-2,2-difluoro-3-(morpho
linoimino)propan-1-one (5ad)
'H NMR (400 MHz, CDCly):
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(E)-3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(4-methoxyphenyl)-3-(morpholinoimi
no)propan-1-one (5ae)
'H NMR (400 MHz, CDCly):
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3C NMR (100 MHz, CDCly):
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(E)-3-(4-(tert-butyl)phenyl)-2,2-difluoro-1-(4-(methylthio)phenyl)-3-(morpholino
imino)propan-1-one (5af)
'H NMR (400 MHz, CDCl5):
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F NMR (376 MHz, CDCls)
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3C NMR (100 MHz, CDCly):
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(E)-3-(4-(tert-butyl)phenyl)-1-(3,5-dimethoxyphenyl)-2,2-difluoro-3-(morpholinoi
mino)propan-1-one (5ag)
'"H NMR (400 MHz, CDCl5)
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3C NMR (100 MHz, CDCly):
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(E)-1-(benzo[d][1,3]dioxol-5-yl)-3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholi
noimino)propan-1-one (5ah)
'"H NMR (400 MHz, CDCl5)
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3C NMR (100 MHz, CDCly):
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'"H NMR (400 MHz, CDCl5)
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(E)-3-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-1-(thiophen-2-y)p
ropan-1-one (5ak)
'"H NMR (400 MHz, CDCl5)
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(4-methoxyphenyl)-3-(morpholinoimi
no)propan-1-one (5ga)
'"H NMR (400 MHz, CDCl5)
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(2-methoxyphenyl)-3-(morpholinoimi

no)propan-1-one (5ha)
'"H NMR (400 MHz, CDCl5)
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-3-(4-(phenylthio)p

henyl)propan-1-one (5ia)
'H NMR (400 MHz, CDCl5)
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-3-(4-(trifluoromet
hyl)phenyl)propan-1-one (5ja)
'H NMR (400 MHz, CDCl5)
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'H NMR (400 MHz, CDCls)
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(E)-1-(4-(tert-butyl)phenyl)-3-(2,6-dimethylphenyl)-2,2-difluoro-3-(morpholinoi
mino)propan-1-one (5ma)
'H NMR (400 MHz, CDCl5)
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(Z2)-3-(4-bromobenzo[d][1,3]dioxol-5-yl)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(
morpholinoimino)propan-1-one (5na)
'"H NMR (400 MHz, CDCl5)
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'"H NMR (400 MHz, CDCl5)
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(3E,4Z)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-5-(4-methoxyphenyl)-3-(morpholin

oimino)pent-4-en-1-one (5va)
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-5-phenylpent-4-yn
-1-one (5xa)

'"H NMR (400 MHz, CDCl5)
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(E)-4-(4-(tert-butyl)phenyl)-3,3-difluoro-2-(morpholinoimino)-4-oxobutanoate

(Sya)
'"H NMR (400 MHz, CDCl5)

202



Evaluation Only. Created with Aspose.Pdf.

LT-464

Copyright 2002-2014 Aspose Pty Ltd.

28000

26000

24000

22000

=18000

~16000

14000

12000

10000

8000

6000

4000

2000

2000

F16000

15000

14000

13000

12000

F11000

10000

5000

8000

7000

FE000

FE000

4000

3000

2000

Flo00

1000

A Y
O/\ X
EtOOC
|
|‘ [
| / | 20000
P L
- 20000 20000
10000 | 10000
I |!"
] |0 Fo
T T T T T T T \. T ;
4.4 42 40 3.8 3.6
£1 (pp) 0.9
I
Il
Eor T Ty
= £ 2 ES EZ
T T T T T T \7 l7 T T T T T T - T T ‘-; T T T T T T
1.0 105 0.0 95 90 85 &0 7.5 70 63 60 55 50 43 40 5 30 25 20 L5 L0 0.5 0.0
£1 (ppm)
19 .
F NMR (376 MHz, CDCls):
LT-464 5
T T T T T T T T T T T T T T T T T T T T T T T T T T
-3% -40 -45 -0 -85 €0 -65 -70 -T5 -80 -85 -90 -§5 ~-100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160
Tra)

3C NMR (100 MHz, CDCly):
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-3-(morpholinoimino)-5-phenylpentan-1-
one (5za)
'"H NMR (400 MHz, CDCl5)
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(E)-1-(4-(tert-butyl)phenyl)-2,2-difluoro-4-methyl-3-(morpholinoimino)pentan-1-
one (5bb)

'"H NMR (400 MHz, CDCl5)
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(2)-1-(4-(tert-butyl)phenyl)-4-ethyl-2,2-difluoro-3-(morpholinoimino)hexan-1-on
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'H NMR (400 MHz, CDCl5)
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(E)-1-(4-(tert-butyl)phenyl)-3-cyclohexyl-2,2-difluoro-3-(morpholinoimino)propa
n-1-one (5dd)
'"H NMR (400 MHz, CDCl5)
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The fluorine spectrum has splits and generally has F-H coupling

1-(4-(tert-butyl)phenyl)-2,2-difluoro-4-phenyl-4-(pyridin-4-yl)pentan-1-one (13a)
'"H NMR (400 MHz, CDCl5)
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2,2-difluoro-1,4-diphenyl-4-(pyridin-4-yl)pentan-1-one (13b)

'H NMR (400 MHz, CDCls)
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2-((7-(tert-butyl)-3,3-difluoro-4-oxo-1,2,3,4-tetrahydronaphthalen-1-yl)methoxy)
benzaldehyde (18)
'"H NMR (400 MHz, CDCls)
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3C NMR (100 MHz, CDCly):
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1-(4-(dimethylamino)phenyl)-2,2-difluoroethan-1-one (2I-H)
'"H NMR (400 MHz, CDCl5)
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3C NMR (100 MHz, CDCly):
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1-(4-(dimethylamino)phenyl)-2,2-difluoro-2-((2,2,6,6-tetramethylpiperidin-1-yl)o
xy)ethan-1-one (2I-tempo)
'H NMR (400 MHz, CDCl5)
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F NMR (376 MHz, CDCl5):
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