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1. General information

Unless specifically emphasized, chemicals and materials used in the experiments
were purchased from suppliers and used directly without further purification. Thin layer
chromatography (TLC) was performed to monitor the reactions, which were carried out
on commercially available GF254 plates (0.25 mm layer thickness) using 254 nm UV
light as a visualizing agent. Column chromatography was performed with 200-300
mesh silica gels. NMR spectra were recorded on Bruker AVANCE NEO 400 MHz
(resonance frequencies 400 MHz for 'H, 101 MHz for '3C and 377 MHz for '°F)
spectrometer with D,O, CDCl; or DMSO-dj as the solvent and tetramethylsilane (TMS)
as the internal standard. In the 'F NMR spectra, the signal that was marked but
unassigned to the product corresponds to the difluoromethyl group (-CF,H). High
resolution mass spectra (HRMS) were measured with an Agilent 6230 TOF instrument.

Deuterium incorporation was determined by !°F NMR according to the equation below:

Area(CF,D)
Deuterium incorporation (%) =

Area(CF,D) + Area(CF,H)

(equation S1)

2. General procedure for the synthesis of quinoxalinones (1)

H
R NH, 0 CH3CH,OH R N._O
Rj@[NHZ ’ O§)J\O/\ 80 °C RJC[ Nj

Quinoxalinones (1a-1e) were synthesized according to the procedure below.!]

In a dry two-necked round-bottom flask, a mixture of benzene-1,2-diamine (1.0
equiv.) and ethyl 2-oxoacetate (1.2 equiv.) in ethanol (EtOH) was stirred and heated to
80 °C. The reaction was monitored by TLC until the complete consumption of benzene-
1,2-diamine was observed. The mixture was then cooled to room temperature and
subsequently to 0 °C, with stirring maintained for an additional 0.5 h. The solid product
was collected by filtration, and the filter cake was thoroughly washed with EtOH at 0
°C. Finally, the filter cake was dried under reduced pressure at 70 °C to obtain

quinoxalinones 1a-1e.

R
H
SEREEE g
+
t,12h =
N/ r.t, N

X=Cl, Br

Quinoxalinones (1f-1s) were synthesized according to the procedure below.[!]
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A mixture of quinoxalin-2(1H)-one (1.0 equiv.), the appropriate alkyl halide (1.6
equiv.), and K,CO; (1.2 equiv.) in DMF was stirred at 25 °C and monitored by TLC
until complete consumption of the starting material. Upon completion, the reaction
mixture was diluted with ethyl acetate (EA) and washed three times with saturated
brine. The combined organic extracts were dried over anhydrous Na,SOy, filtered, and
concentrated under reduced pressure. The crude residue was purified by silica gel
column chromatography (eluent: petroleum ether (PE)/EA) to afford the N-alkylated
products 1f-1s.

R
‘\/

H HO. . -OH P
N.__O N Et3N, Cu(OAc),
©: j @ DCM, r.t. C[N o)
N X f
R N

Quinoxalinones (1t-1y) were synthesized according to the procedure below.!!]

A dry round-bottom flask was charged with quinoxalin-2(1H)-one (1.0 equiv.),
phenylboronic acid (2.0 equiv.), Cu(OAc); (1.0 equiv.), and triethylamine (1.0 equiv.)
in dichloromethane (DCM). The reaction mixture was stirred at 25 °C and monitored
by TLC until complete consumption of the starting material. The mixture was then
directly absorbed onto silica gel, and the solvent was removed under reduced pressure.
The resulting powder was purified by silica gel column chromatography (eluent:

PE/EA) to afford the products 1t-1y.
3. Synthesis of sodium difluoromethylsulfinate (2)

Sodium difluoromethylsulfinate (2) was synthesized according to the literature.[?]

Step 1:
Br Mg, N, MgBr
©/ I, (cat), THF @

S1 r.t. to 80 °C S2

A dry three-necked flask, equipped with a magnetic stirrer, was charged with
magnesium turnings (60.0 mmol, 1.44 g, 2.0 equiv.) and a catalytic amount of iodine
(I). The flask was purged with N, (three times). Under an N, atmosphere, anhydrous
tetrahydrofuran (THF, 20.0 mL) was added. A solution of bromobenzene (S1, 30.0
mmol, 4.71 g, 1.0 equiv.) in THF (10.0 mL) was added dropwise via a constant-pressure
dropping funnel. (Note: to facilitate the formation of the Grignard reagent, a hairdryer

should be used to heat the reaction until it initiates.) After the addition was complete,
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the mixture was heated to reflux (approx. 80 °C) for 3—5 hours. Upon completion, the
resulting Grignard reagent solution (S2, yield > 99.0% as determined by titration) was

used directly in the next step without further purification.

AE (%)
Molecular weight of product 180.0
= _ X 100% = ———
Total molecular weight of reactants 156.0 + -
=100%
Step 2:
o}
©/MQBF BrFQCJ\O/\ i
> CFzBr
dry THF, -78 °C, N, 3h
s2 s3

A reaction flask equipped with a mechanical stirrer was charged with ethyl 2,2-
difluoro-3-bromopropanoate (25.0 mmol, 5.07 g, 1.0 equiv.) and THF (30.0 mL). The
flask was evacuated and backfilled with N, (three times). Under an N, atmosphere, a
freshly prepared solution of phenylmagnesium bromide in THF (S2, 1.0 M in THF,
30.0 mmol, 30.0 mL 1.2 equiv.) was added dropwise at —78 °C. After stirring at this
temperature for 3 h, the reaction was carefully quenched with 3.0 M aqueous HCI. The
mixture was extracted with EA, and the combined organic extracts were dried over
anhydrous Na,SO,. Removal of the solvent under reduced pressure afforded the crude
residue, which was purified by silica gel column chromatography (eluent: PE) to yield

the product S3 (5.30 g, 22.8 mmol, 91% yield).

AE (%)
Molecular weight of product 234.(
= , X 100% = ——
Total molecular weight of reactants 180.0 + -
=61.3%
Step 3:
0 S Q
SH S._S
o LI Py
EtsN, CH3CN, 60 °C, 4 h N
s3 sS4

A mixture of 2-mercaptobenzothiazole (45.0 mmol, 7.54 g, 1.5 equiv.) and
triethylamine (Et;N, 6.0 mL, 2.0 equiv.) in acetonitrile (CH3CN, 50.0 mL) was stirred
at room temperature for 5 minutes. Compound S3 (30.0 mmol, 7.06 g, 1.0 equiv.) was
then added, and the resulting mixture was stirred at 60 °C until complete consumption

of S3 (monitored by TLC). The CH3;CN was removed under reduced pressure. The
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residue was taken up in EA, and the resulting solution was washed sequentially with
water and saturated sodium chloride solution, then dried over anhydrous Na,SO,. After
filtration and concentration, the crude product was purified by silica gel column

chromatography (eluent: PE/EA) to afford S4 (9.16 g, 28.6 mmol, 95% yield).

AE (%)
Molecular weight of product 321.(
= - X 100% = ———
Total molecular weight of reactants 234.0 + 1
= 80.0%
Step 4:
o}
S_S NaOD,D,0 @[S
©)>< \,\}r\@ rt. - N/>_S\ D
s4 S5

S4 (30.0 mmol, 9.64 g, 1.0 equiv.) was added to a dry reaction flask, which was
purged with N, three times. Subsequently, under N, atmosphere, NaOD in D,0O (40
wt%, 45.0 mmol, 4.61 g, 1.5 equiv.) and D,O (532.5 mmol, 10.65 g, 17.75 equiv.) were
added. The mixture was stirred at 25 °C until the reaction was complete (monitored by
TLC). Then, the reaction mixture was extracted with DCM, D,0 could be recovered
via straightforward distillation. The DCM phase was dried over sodium sulfate
(Na,SO,) and concentrated in vacuum. The product S5 (29.4 mmol, 6.41 g, 98% yield,
98% D-inc) was isolated by purification of the residue by thin layer chromatography
using petroleum ether (PE) and ethyl acetate (EA) as eluent.

AE (%)
Molecular weight of product 218.0
= _ X 100% = ——
Total molecular weight of reactants 321.0 + 4
=60.2%
Step S:
@[S)—s RuCls*3H,0, NalO, @[3_%//0
N  CF,D air,rt,24h N  CFD
S5 S6

A reaction flask was charged with S5 (20.0 mmol, 4.36 g, 1.0 equiv.), RuCl;-3H,0
(0.20 mmol, 0.05 g, 0.01 equiv.), and a solvent mixture of CH;CN/DCM/H,0
(1.0:1.0:2.0, 64.0 mL). Sodium periodate (NalO,4, 40.0 mmol, 8.55 g, 2.0 equiv.) was
then added in one portion with stirring. The resulting mixture was stirred at room
temperature for 24 h (monitored by TLC). Upon completion, the mixture was carefully
neutralized to pH = 7.0 with a saturated aqueous NaHCO; solution. The mixture was
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filtered, and the solid residue was rinsed thoroughly with EA. The filtrate was extracted
with EA, and the combined organic phases were dried over anhydrous Na,SOj.
Concentration under reduced pressure afforded the crude residue, which was purified
by silica gel column chromatography (eluent: PE/EA) to yield the product S6 (19.2
mmol, 4.80 g, 96% yield, 98% D-inc).

AE (%)
Molecular weight of product

= X 100%

 Total molecular weight of reactants
=57.9%

Step 6:

@ES/)—Q‘S//O NaBH,, CHsOH (.S?
N CE.D No, r.t., 30 min DF.C” > ONa
S6 2

A dry reaction flask equipped with a magnetic stirrer was charged with S6 (20.0
mmol, 5.00 g, 1.0 equiv.) in anhydrous ethanol (EtOH, 26.0 mL) under a N,
atmosphere. Sodium borohydride (NaBHy, 22.0 mmol, 0.83 g, 1.1 equiv.) was then
slowly added in portions. (Note: the addition of sodium borohydride generates a large
amount of gas, so it must be added in batches slowly.) After the addition was complete,
the reaction mixture was stirred for an additional 30 min. The solvent was removed
under reduced pressure, and the residue was triturated with PE (16.0 mL) to induce
precipitation. The resulting solid was collected by filtration. The crude product was
then stirred in a mixture of EtOH (2.0 mL) and PE (30.0 mL) at room temperature for
30 min, filtered, and dried under vacuum at 60 °C for 30 min to afford 2 (18.0 mmol,
2.50 g, 90% yield, 95% D-inc). This decrease in deuterium incorporation might be due
to the strong hygroscopicity of NaBH,, which leads to the introduction of moisture into
the reaction system.

AE (%)
Molecular weight of product

N Total molecular weight of reactants
=48.3%

4. General procedure for the synthesis of 2H-indazoles (4)

O

= H I/TMEDA =
| + HQN_R2 + NaN3 Culf R‘l_ - N_RZ
X"y DMSO, 120°C N

R1_

2H-Indazoles (4) were synthesized according to the literature.l’!
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2-Bromobenzaldehydes (1.0 equiv.), primary amines (1.2 equiv.), sodium azide
(NaN3;, 2.0 equiv.), copper(I) iodide (Cul, 0.1 equiv.) and N,N,N',N'-
tetramethylethylenediamine (TMEDA, 0.1 equiv.) were added to a reaction flask
containing a stir bar. Subsequently, dimethyl sulfoxide (DMSO) was added, and the
reaction was carried out at 120 °C. After the reaction was completed, the solution was
cooled to room temperature and EA was added. The mixture was washed with water
and brine, respectively. The organic phase was collected and dried with anhydrous
sodium sulfate. The solvent was evaporated under reduced pressure and the residue was

purified by column chromatography with PE/EA as eluent to afford compounds 4.

5. Characterization data of products 3

H

N (@)

D

3-(difluoromethyl-d)quinoxalin-2(1H)-one (3a): Yield: 80%; D-inc: 96%; White
solid. 'TH NMR (400 MHz, DMSO-dy): 6 12.83 (s, 1H), 7.87 (d, /= 8.8 Hz, 1H), 7.64
(t, J= 7.7 Hz, 1H), 7.39 — 7.34 (m, 2H); *C NMR (101 MHz, DMSO-dy): 6 153.2,
149.7 (t, J = 21.3 Hz), 132.9, 132.3, 130.7, 129.5, 123.9, 115.8, 110.0 (tt, J = 31.5,

239.9 Hz); 19F NMR (377 MHz, CDCly): § -124.91 (t, J = 7.5 Hz). HRMS m/z (ESI):
calc. for CoHgDF,N,O* ([M+H*]) 198.0584, found 198.0591.

3-(difluoromethyl-d)-6,7-difluoroquinoxalin-2(1H)-one (3b): Yield: 71%; D-inc:
96%; White solid. "H NMR (400 MHz, DMSO-dy): 6 12.93 (s, 1H), 7.97 (s, 1H), 7.20
(s, 1H); BC NMR (101 MHz, DMSO-dy): 6 152.9, 151.8 (dd, J=14.8, 253.4 Hz), 150.2
(t, J=20.6 Hz), 146.2 (dd, J = 14.4, 244.1 Hz), 130.7 (d, J = 10.8 Hz), 127.1 (d, J =
99 Hz), 117.2 (dd, J=2.2, 18.3 Hz), 109.8 (tt, J = 28.0, 238.2 Hz), 103.6 (d, J = 22.2
Hz); 'F NMR (377 MHz, CDCls): 6 -125.29 (t, J= 7.5 Hz), -129.75 (d, /= 23.1 Hz),
-142.20 (d, J = 23.2 Hz). HRMS m/z (ESI): calc. for CoH4;DF,N,O" ([M+H])
234.0395, found 234.0390.
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3-(difluoromethyl-d)-6,7-dimethylquinoxalin-2(1H)-one (3c): Yield: 75%; D-inc:
96%; White solid. '"H NMR (400 MHz, DMSO-dj): 4 12.70 (s, 1H), 7.61 (s, 1H), 7.09
(s, 1H), 2.32 (s, 3H), 2.28 (s, 3H); *C NMR (101 MHz, DMSO-dy):  153.3, 148.2 (t,
J =223 Hz), 142.4, 132.9, 130.9, 129.3, 129.1, 115.6, 110.2 (tt, J = 29.8, 239.9 Hz),
19.9, 18.8; °F NMR (377 MHz, CDCl;): 6 -124.38 (t, J = 7.5 Hz). HRMS m/z (ESI):
calc. for C{;H;(DF,N,O" ([M+H"]) 226.0897, found 226.0893.

H
CI: : :N 0]
Cl NL
D
6,7-dichloro-3-(difluoromethyl-d)quinoxalin-2(1H)-one (3d): Yield: 66%; D-inc:
96%; White solid. '"H NMR (400 MHz, DMSO-dj): 6 12.96 (s, 1H), 8.20 (s, 1H), 7.50
(s, IH); PC NMR (101 MHz, DMSO-dj): 6 152.8, 148.5 (t, J=20.8 Hz), 134.4, 132.8,
130.5, 130.1, 125.7,116.9, 111.2 (tt, J=19.2, 265.6 Hz); '’F NMR (377 MHz, CDCl;):

o -125.5 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for CoH4DCIF,N,O" ([M+H™])
265,9804, found 265.9798.

o
(LA
D
3-(difluoromethyl-d)-1-methylquinoxalin-2(1H)-one (3e): Yield: 85%; D-inc: 96%;
White solid. '"H NMR (400 MHz, CDCls): 6 7.97 (d, J = 8.1 Hz, 1H), 7.68 (t,J=17.9
Hz, 1H), 7.46 —7.35 (m, 2H), 3.72 (s, 3H); '*C NMR (101 MHz, CDCl;): 6 153.3, 148.7
(t,J=22.6 Hz), 134.1, 132.8, 132.0, 131.5, 124.5, 114.1, 109.9 (tt, J=29.3, 242.4 Hz),

29.1; 19F NMR (377 MHz, CDCLy): & -125.01 (t, J = 7.5 Hz). HRMS m/z (ESI): calc.
for C1oHsDF,N,O* ([M+H*]) 212.0740, found 212.0745.
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(LA,
D

3-(difluoromethyl-d)-1-ethylquinoxalin-2(1H)-one (3f): Yield: 81%; D-inc: 96%;
White solid. '"H NMR (400 MHz, CDCls): 6 8.01 (d, J = 8.3 Hz, 1H), 7.70 (t, J= 7.9
Hz, 1H), 7.43 (t,J= 7.4 Hz, 2H), 4.37 (q,J= 7.2 Hz, 2H), 1.42 (t,J= 7.1 Hz, 3H); 13C
NMR (101 MHz, CDCl3): & 152.9, 148.5 (t, J = 21.4 Hz), 133.1, 132.7, 132.3, 131.8,
124.3,113.9, 109.6 (tt, J=29.3, 232.5 Hz), 37.5, 12.5; ’F NMR (377 MHz, CDCl;): 6

-124.96 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for  CH;,DF,N,O* ([M+H*))
226.0897, found 226.0899.

(s

(LA,
D
3-(difluoromethyl-d)-1-propylquinoxalin-2(1H)-one (3g) : Yield: 77%; D-inc: 95%;
White solid. 'H NMR (400 MHz, CDCl;): 6 7.99 (d, J = 8.0 Hz, 1H), 7.71 — 7.57 (m,
1H), 7.49 — 7.29 (m, 2H), 4.23 (t, J= 7.8 Hz, 2H), 1.86 — 1.76 (m, 2H), 1.06 (t, J=7.4
Hz, 3H); *C NMR (101 MHz, CDCl;): § 153.2, 148.5 (t, J = 18.2 Hz), 133.4, 132.7,
132.3, 131.8, 124.3, 114.1, 106.0 (tt, J = 29.8, 230.4 Hz), 43.9, 20.7, 11.4; °F NMR
(377 MHz, CDCl3): ¢ -125.00 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
C1,H,DF,N,O" ([M+H"]) 240.1053, found 240.1056.
O

(o
L

Ethyl 2-(3-(difluoromethyl-d)-2-oxoquinoxalin-1(2H)-yl)acetate (3h): Yield: 86%;
D-inc: 95%; White solid. 'H NMR (400 MHz, CDCl;): 6 8.01 (d, /= 8.1 Hz, 1H), 7.65
(t,J=79Hz, 1H), 7.43 (t, J=7.7 Hz, 1H), 7.14 (d, /= 8.5 Hz, 1H), 5.04 (s, 2H), 4.25
(g, J =7.1 Hz, 2H), 1.28 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz, CDCls): 5 166.6,
152.9, 148.6 (t, J = 22.7 Hz), 133.3, 133.0, 132.1, 131.9, 124.8, 113.6, 107.3 (tt, J =
29.4, 241.5 Hz), 62.5, 43.4, 14.2; 9F NMR (377 MHz, CDCl3): 6 -124.92 (t, J=17.5
Hz). HRMS m/z (ESI): calc. for C,3H;,DF,N,0O5* ([M+H*]) 284.0952, found 284.0949.
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(LA,

D
1-benzyl-3-(difluoromethyl-d)quinoxalin-2(1H)-one (3i): Yield: 70%; D-inc: 95%;
White solid. '"H NMR (400 MHz, CDCls): 6 8.01 (d, J = 7.8 Hz, 1H), 7.57 (t,J=17.9
Hz, 1H), 7.44 — 7.20 (m, 7H), 5.53 (s, 2H); 3C NMR (101 MHz, CDCl;): & 153.5,
148.8, 134.7, 133.5, 132.7, 132.3, 131.6, 129.2, 128.1, 127.1, 124.5, 114.9, 109.8 (tt, J
=29.3, 243.4 Hz), 45.9; IF NMR (377 MHz, CDCly): 6 -124.81 (t, J = 7.5 Hz).

HRMS m/z (ESI): calc. for C;¢H,DF,N,O* ((M+H"]) 288.1053, found 288.1056.
F

N.__O
(LA
D

3-(difluoromethyl-d)-1-(4-fluorobenzyl)quinoxalin-2(1H)-one (3j): Yield: 63%; D-
inc: 95%; White solid. "H NMR (400 MHz, CDCls): 8 8.00 (d, J=7.3 Hz, 1H), 7.59 (t,
J=7.8 Hz, 1H), 7.40 (t,J= 7.7 Hz, 1H), 7.33 (d, J=9.0 Hz, 1H), 7.30 — 7.21 (m, 2H),
7.01 (t, J = 8.6 Hz, 2H), 5.48 (s, 2H); 3C NMR (101 MHz, CDCl;):  162.5 (d, J =
247.2 Hz), 153.4, 148.8 (t,J = 22.6 Hz), 133.4, 132.8, 132.3, 131.8, 130.5 (d, /= 3.5
Hz), 129.0 (d, J = 8.1 Hz), 124.7, 116.1 (d, J = 21.8 Hz), 114.6, 109.9 (tt, J = 31.4,
245.1 Hz), 45.3, 45.9; F NMR (377 MHz, CDCly): & -113.73,-124.75 (t, J = 7.5 Hz).

HRMS m/z (ESI): calc. for C;¢H;(DF3;N,ONa* ([M+Na*]) 328.0778, found 328.0783.
Cl

N @)

N D
1-(4-chlorobenzyl)-3-(difluoromethyl-d)quinoxalin-2(1H)-one (3k): Yield: 55%; D-
inc: 95%; White solid. '"H NMR (400 MHz, CDCls): & 8.00 (d, J= 6.5 Hz, 1H), 7.57 (t,

J=8.1 Hz, 1H), 7.39 (t, J = 7.4 Hz, 1H), 7.29 (d, J = 8.4 Hz, 3H), 7.20 (d, /= 8.5 Hz,
2H), 5.46 (s, 2H); 3C NMR (101 MHz, CDCls): & 153.4, 148.8 (t, J = 22.7 Hz), 134.1,
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133.3,133.2,132.9, 132.3, 131.8, 129.4, 128.6, 124.7, 114.6, 109.9 (tt, J=31.6, 241.0
Hz), 45.3; 19F NMR (377 MHz, CDCls): ¢ -124.73 (t, J = 7.5 Hz). HRMS m/z (ESI):
calc. for Ci¢H;DCIF,N,O* ([M+H"]) 322.0664, found 322.0666.

Br

N.__O
(LA
D

1-(4-bromobenzyl)-3-(difluoromethyl-d)quinoxalin-2(1H)-one (31): Yield: 44%; D-
inc: 96%; White solid. '"H NMR (400 MHz, CDCls): & 8.00 (d, J= 8.0 Hz, 1H), 7.57 (t,
J=28.1Hz, 1H), 7.44 (d, /= 8.4 Hz, 2H), 7.39 (t, /= 7.7 Hz, 1H), 7.28 (d, J = 8.6 Hz,
1H), 7.14 (d, J= 8.4 Hz, 2H), 5.45 (s, 2H); *C NMR (101 MHz, CDCl;): 6 153.4, 148.9
(t,J=22.8 Hz), 133.7,133.3, 132.9, 132.4, 131.8, 128.9, 124.7, 122.1, 114.6, 109.9 (tt,
J = 30.5, 238.2 Hz), 45.4; °/F NMR (377 MHz, CDCls): & -124.73 (t, J = 7.5 Hz).

HRMS m/z (ESI): calc. for C;¢H;{DBrF,N,O" ((M+H"]) 366.0158, found 366.0164.
Br

o
(LA,
D
1-(2-bromobenzyl)-3-(difluoromethyl-d)quinoxalin-2(1H)-one (3m): Yield: 56%; D-
inc: 96%; White solid. '"H NMR (400 MHz, CDCl5): & 8.03 (d, J= 7.2 Hz, 1H), 7.75 —
7.62 (m, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.19 — 7.13 (m, 2H),
7.10 (d, J = 8.4 Hz, 1H), 6.75 — 6.69 (m, 1H), 5.57 (s, 2H); '*C NMR (101 MHz,
CDCl5): 0 153.4,148.9 (t,J=22.6 Hz), 133.3,133.3, 133.2, 133.0, 132.3, 131.7, 129.5,
128.2, 127.0, 124.8, 122.7, 114.9, 109.8 (tt, J = 29.0, 237.3 Hz), 46.2; '’F NMR (377

MHz, CDCl,): 6 -124.78 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for C;sH;;DBrF,N,O*
([M+H"]) 366.0158, found 366.0168.

cie,
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3-(difluoromethyl-d)-1-(4-methylbenzyl)quinoxalin-2(1H)-one (3n): Yield: 67%; D-
inc: 96%; White solid. '"H NMR (400 MHz, CDCls): & 7.99 (d, J = 8.3 Hz, 1H), 7.56 (t,
J=17.8 Hz, 1H), 7.39 — 7.35 (m, 2H), 7.17 — 7.14 (m, 4H), 5.47 (s, 2H), 2.30 (s, 3H);
3C NMR (101 MHz, CDCly): 6 153.5, 148.7 (t, J = 22.7 Hz), 137.9, 133.5, 132.7,
132.3, 131.6, 131.6, 129.8, 127.1, 124.5, 114.9, 109.8 (tt, J = 30.2, 241.8 Hz), 45.7,
21.1; F NMR (377 MHz, CDCl5): § -124.77 (t, J = 7.5 Hz). HRMS m/z (ESI): calc.
for C;;H4DF,N,O* ([M+H"]) 302.1210, found 302.1211.

N.__O
(LA
D

3-(difluoromethyl-d)-1-(3,5-dimethylbenzyl)quinoxalin-2(1 H)-one (30): Yield: 61%;
D-inc: 96%; White solid. '"H NMR (400 MHz, CDCl;): 4 8.00 (d, /= 8.0 Hz, 1H), 7.57
(t, J= 8.0 Hz, 1H), 7.41 — 7.33 (m, 2H), 6.91 (s, 1H), 6.85 (s, 2H), 5.44 (s, 2H), 2.26
(s, 6H); 3C NMR (101 MHz, CDCl;): 6 153.5, 148.8 (t, J = 22.5 Hz), 138.8, 134.6,
133.6, 132.7, 132.3, 131.5, 129.8, 124.7, 124.5, 115.0, 109.8 (tt, J = 31.6, 245.3 Hz),

46.0, 21.4; 1F NMR (377 MHz, CDCly): & -124.76 (t, J = 7.5 Hz). HRMS m/z (ESI):
calc. for CgH;sDF,N,O" ([M+H*]) 316.1366, found 316.1370.

N.__O
LA
D
1-(4-(tert-butyl) benzyl)-3-(difluoromethyl-d)quinoxalin-2(1H)-one (3p): Yield: 50%;
D-inc: 96%; White solid. 'H NMR (400 MHz, CDCl;): 6 8.00 (d, J= 7.4 Hz, 1H), 7.58
(t,J=7.8 Hz, 1H), 7.43 — 7.30 (m, 4H), 7.20 (d, J = 8.2 Hz, 2H), 5.48 (s, 2H), 1.28 (s,
9H); BC NMR (101 MHz, CDCls): 8 153.5, 151.2, 148.9 (t,J=22.5 Hz), 133.6, 132.7,
132.3, 131.6, 131.6, 126.9, 126.1, 124.5, 115.0, 109.8 (tt, J = 31.4, 241.6 Hz), 45.7,

34.6, 31.3; 9F NMR (377 MHz, CDCls): 6 -124.80 (t, J = 7.5 Hz). HRMS m/z (ESI):
calc. for Cy0H,0DF,N,O" ([M+H*]) 344.1679, found 344.1683.
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3-(difluoromethyl-d)-1-(4-methoxybenzyl)quinoxalin-2(1H)-one (3q): Yield: 61%;
D-inc: 96%; White solid. "H NMR (400 MHz, CDCl3): 6 8.04 (d, J= 8.0 Hz, 1H), 7.66
—17.55 (m, 3H), 7.47 — 7.37 (m, 3H), 7.27 (d, J= 8.1 Hz, 1H), 5.58 (s, 2H); *C NMR
(101 MHz, CDCl;): 6 159.4, 153.5, 148.8 (t, J=22.6 Hz), 133.5, 132.7, 132.3, 131.7,
128.6, 126.7, 124.5, 114.9, 114.5, 109.9 (tt, J = 30.5, 241.7 Hz), 55.4, 45.5; 'F NMR
(377 MHz, CDCls): o6 -124.82 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for

Ci7H3DF,N,O,Na* ([M+Na*]) 340.0978, found 340.0976.
FsC

N.__O
(LA
D
3-(difluoromethyl-d)-1-(4-(trifluoromethyl)benzyl)quinoxalin-2(1H)-one (3r): Yield:
50%; D-inc: 96%; White solid. '"H NMR (400 MHz, CDCl;): 6 8.02 (d, J= 8.0 Hz, 1H),
7.61 — 7.54 (m, 3H), 7.48 — 7.30 (m, 3H), 7.25 (d, J = 8.1 Hz, 1H), 5.56 (s, 2H); 13C
NMR (101 MHz, CDCly): 6 153.4, 148.9 (t, J = 22.8 Hz), 138.7, 133.3, 133.0, 132.3,
131.9, 130.6 (q, J = 32.5 Hz), 127.4, 126.2 (q, J = 3.8 Hz), 124.9, 124.0 (q, J = 272.7
Hz), 114.5, 109.6 (tt, J=31.5, 242.3 Hz), 45.6; '°’F NMR (377 MHz, CDCl5): § -62.70,

-124.74 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for C7H;(DFsN,ONa* ([M+Na"])
378.0747, found 378.0737.

N (0]
90¢
D
3-(difluoromethyl-d)-1-phenylquinoxalin-2(1H)-one (3s): Yield: 73%; D-inc: 94%;

White solid. "H NMR (400 MHz, CDCls): § 8.04 (d, J = 7.8 Hz, 1H), 7.69 — 7.54 (m,
3H), 7.47 (t, J= 7.6 Hz, 1H), 7.40 (t, J= 7.6 Hz, 1H), 7.33 — 7.27 (m, 2H), 6.76 (d, J =

S14



8.4 Hz, 1H); *C NMR (101 MHz, CDCl3): 6 153.1, 149.5 (t, J=22.5 Hz), 135.0, 134.9,
132.4, 132.0, 131.1, 130.6, 130.0, 128.2, 124.7, 115.9, 109.5 (tt, J = 31.1, 240.3 Hz);
9F NMR (377 MHz, CDCly): & -124.86 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
CisH;(DF,N,O" ((M+H*]) 274.0897, found 274.0900.

F

N.__O
LA
D

3-(difluoromethyl-d)-1-(4-fluorophenyl)quinoxalin-2(1H)-one (3t): Yield: 78%; D-
inc: 96%; White solid. 'H NMR (400 MHz, CDCl;): 8.04 (d, J= 7.8 Hz, 1H), 7.49 (t,
J=17.7Hz, 1H), 7.41 (t,J=7.6 Hz, 1H), 7.35 - 7.27 (m, 4H), 6.76 (d, J= 8.3 Hz, 1H);
BC NMR (101 MHz, CDCl;): 8 163.2 (d, J=250.6 Hz), 153.1, 149.4 (t, J = 25.6 Hz),
135.0, 132.5, 132.0, 131.3, 130.7, 130.2 (d, /= 8.7 Hz), 124.8, 117.7 (d, J = 23.2 Hz),
115.7, 109.8 (tt, J = 32.8, 242.1 Hz); '°F NMR (377 MHz, CDCls): 6 -110.34, -124.84
(t, J=7.5 Hz). HRMS m/z (ESI): calc. for C;sHyDF;N,O* ([M+H*]) 292.0803, found

292.0798.
Br

N.__O
LA
D
1-(4-bromophenyl)-3-(difluoromethyl-d)quinoxalin-2(1H)-one (3u): Yield: 71%; D-
inc: 96%; White solid. 'H NMR (400 MHz, CDCl;): 8.04 (d, J= 7.9 Hz, 1H), 7.77 (d,
J=28.6 Hz, 2H), 7.50 (t, /= 7.8 Hz, 1H), 7.42 (t,J = 7.6 Hz, 1H), 7.20 (d, J = 8.6 Hz,
2H), 6.77 (d, J= 8.4 Hz, 1H); 3C NMR (101 MHz, CDCls): 8 152.9, 149.5 (t,J=23.0
Hz), 134.7, 133.9, 133.9, 132.6, 132.0, 131.4, 130.0, 124.9, 124.3, 115.6, 109.7 (tt, J =

30.6, 241.0 Hz); '9F NMR (377 MHz, CDCls): § -124.81 (t, J = 7.5 Hz). HRMS m/z
(ESI): cale. for C,sHyDBrF,N,O* ([M+H*]) 352.0002, found 351.9997.

S15



N.__O

LA
D

3-(difluoromethyl-d)-1-(p-tolyl)quinoxalin-2(1H)-one (3v): Yield: 71%; D-inc: 96%;
White solid. 'H NMR (400 MHz, CDCls): 8.03 (d, J = 7.8 Hz, 1H), 7.49 — 7.33 (m,
4H), 7.18 (d, J = 8.2 Hz, 2H), 6.80 (d, J = 8.3 Hz, 1H), 2.48 (s, 3H); *C NMR (101
MHz, CDCl;): 6 153.3, 149.5 (t, J=22.4 Hz), 140.2, 135.2, 132.4, 132.2, 132.0, 131.2,
131.1, 127.9, 124.6, 116.0, 109.5 (tt, J = 31.0, 241.4 Hz), 21.4; '°F NMR (377 MHz,

CDCls): 6-124.89 (t,J="7.5 Hz). HRMS m/z (ESI): calc. for C;sH,DF,N,O* ((M+H"])
288.1053, found 288.1046.

N.__O

LA
D

3-(difluoromethyl-d)-1-(3,5-dimethylphenyl)quinoxalin-2(1H)-one (3w): Yield: 69%;
D-inc: 96%; White solid. 'H NMR (400 MHz, CDCls): 8.03 (d, /= 8.2 Hz, 1H), 7.47
(t,J=17.6 Hz, 1H), 7.39 (t,J = 7.6 Hz, 1H), 7.20 (s, 1H), 6.91 (s, 2H), 6.80 (d, /= 8.4
Hz, 1H), 2.40 (s, 6H); 3C NMR (101 MHz, CDCl;): 6 153.2, 149.5 (t, J = 22.4 Hz),
140.6, 135.1, 134.7,132.3, 131.9, 131.7, 131.0, 125.5, 124.6, 116.2, 109.5 (tt, J=31.5,

241.1 Hz), 21.4; 1%F NMR (377 MHz, CDCl): & -124.90 (t, J = 7.5 Hz). HRMS m/z

(ESI): calc. for Cy7H4DF,N,O" (IM+H"]) 302.1210, found 302.1207.

)

N.__O
L L

N D
3-(difluoromethyl-d)-1-(4-methoxyphenyl)quinoxalin-2(1H)-one (3x): Yield: 72%;
D-inc: 96%; White solid. 'H NMR (400 MHz, CDCls): 8.02 (d, /= 8.0 Hz, 1H), 7.46

(d, J= 6.8 Hz, 1H), 7.38 (d, J= 7.3 Hz, 1H), 7.21 (d, J = 8.9 Hz, 2H), 7.12 (d, /= 8.8
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Hz, 2H), 6.82 (d, J = 8.8 Hz, 1H), 3.89 (s, 3H); '*C NMR (101 MHz, CDCL;): & 160.5,
153.4, 149.5 (t, J = 22.4 Hz), 135.4, 132.4, 132.0, 131.1, 129.2, 127.2, 124.6, 116.0,
115.8, 109.2 (tt, J = 31.0, 241.4 Hz), 55.7; '"9F NMR (377 MHz, CDCls): § -124.87 (t,
J=17.5 Hz). HRMS m/z (ESI): calc. for C;gH;;DF,N,0," ([M+H]) 304.1002, found
304.1004.
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6. Optimization of reaction conditions for the difluorodeuteromethylation of 2-

phenyl-2H-indazole (4a)

Table S1, Optimization of the reaction conditions for the difluorodeuteromethylation of 2-phenyl-2H-indazole

(4a)*

D
5 0 C(+)/Pt(-), CH3CN:H,0 = 5:3
= + S - =
CE:,NO J Tona NaClO, 5mA, 25°C, 4.0 h, air \N’NQ
4a 2 5a
Entry Variation from standard conditions YP© (%)

1 None &4
2 DMSO instead of CH;CN 36
3 DMEF instead of CH;CN 83
4 DMA instead of CH;CN 55
5 CH;0H instead of CH;CN 65
6 C,H;s0OH instead of CH;CN 45
7 CH;CN/H,0 = 6/2 78
8 without H,O 49
9 CH;CN/H,0 = 4/4 81
10 CH;CN/H,0 =3/5 20
11 C(+)/C(-) instead of C(+)/Pt(-) 18
12 Pt(+)/Pt(-) instead of C(+)/Pt(-) 37
13 C felt(+)/Pt(-) instead of C(+)/Pt(-) 45
14 C(+)/Cu foam(-) instead of C(+)/Pt(-) 82
15 C(+)/Ni foam(-) instead of C(+)/Pt(-) 72
16 NaBF, instead of NaClO, 76
17 LiClOy instead of NaClO4 71
18 "BuyNBF, instead of NaClOy4 56

a) Standard conditions: 4a (0.2 mmol), 2 (0.4 mmol, 95% D), NaClO, (0.1 M), CH;CN/ H,O (5.0/3.0, 8.0 mL),
C(+)/Pt(-), 8 mA, 3 h, 25 °C, air. b) Isolated yield. ¢) The deuterium incorporation of product 5a was 95% under all

conditions, which was calculated based on the °F NMR.
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Table S1, Optimization of the reaction conditions for the difluorodeuteromethylation of 2-phenyl-2H-indazole (4a)

(continue)?

Entry Variation from standard conditions Yb° (%)
19 "BuyNPF¢ instead of NaClO, 74
20 "BuyNClO;, instead of NaClOy 70
21 TBAB instead of NaClO,4 78
22 Without NaClO,4 72
23 2 (0.3 mmol) instead of 2 (0.4 mmol) 72
25 3 mA instead of 5 mA 70
26 4 mA instead of 5 mA 78
27 6 mA instead of 5 mA 76
28 7mA instead of 5 mA 70
29 15 °C instead of 25 °C 53
30 35 °C instead of 25 °C 77
31 N, instead of air 82
32 Without current N.D.

a) Standard conditions: 4a (0.2 mmol), 2 (0.4 mmol, 95% D), NaClO, (0.1 M), CH;CN/ H,O (5.0/3.0, 8.0 mL),
C(+)/Pt(-), 8 mA, 3 h, 25 °C, air. b) Isolated yield. c) The deuterium incorporation of product Sa was 95% under all

conditions, which was calculated based on the °F NMR.

7. Characterization data of products 5

D

-
\/N
N

3-(difluoromethyl-d)-2-phenyl-2H-indazole (5a): Yield: 84%; D-inc: 95%; White
solid. 'TH NMR (400 MHz, CDCl;): 6 7.93 (d, /= 8.7 Hz, 1H), 7.83 (d, /= 8.8 Hz, 1H),
7.64 —7.54 (m, 5H), 7.41 (t, J = 8.4 Hz, 1H), 7.26 (t, J= 7.6 Hz, 1H); 3C NMR (101
MHz, CDCl5): 6 148.8, 139.1, 129.9, 129.7, 127.5 (t, J=31.2 Hz), 127.4, 125.8, 124.2,
121.2, 112.0, 118.2, 109.6 (tt, J = 30.1, 236.2 Hz); 'F NMR (377 MHz, CDCl3): 6 -
109.76 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for C,4H;(DF,;N,* ((M+H"]) 246.0948,
found 246.0940.
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3-(difluoromethyl-d)-2-(4-fluorophenyl)-2H-indazole (5b): Yield: 80%; D-inc: 96%;
White solid. 'H NMR (400 MHz, CDCls): 7.90 (d, J= 8.6 Hz, 1H), 7.80 (d, /= 8.8 Hz,
1H), 7.63 — 7.60 (m, 2H), 7.43 — 7.39 (m, 1H), 7.29 — 7.24 (m, 3H); 3C NMR (101
MHz, CDCl;): 6 163.23 (d, J = 250.8 Hz), 148.76, 135.29 (d, /= 3.1 Hz), 127.80 (d, J
=89 Hz), 127.6 (t,J=3.4 Hz), 127.52, 124.42,121.30, 119.81, 118.22, 116.73 (d, J =
23.2 Hz), 109.4 (tt, J = 29.3, 234.8 Hz); '°F NMR (377 MHz, CDCl5): 4 -109.78 (t, J =
7.5 Hz), 110.31. HRMS m/z (ESI): calc. for C;4HoDF;N," ([M+H"]) 264.0853, found
264.0846.

D

-
O
N

2-(4-chlorophenyl)-3-(difluoromethyl-d)-2H-indazole (5c): Yield: 72%; D-inc: 96%;
White solid. '"H NMR (400 MHz, CDCls): 7.90 (d, /= 8.4 Hz, 1H), 7.80 (d, J= 8.8 Hz,
1H), 7.59 — 7.53 (m, 4H), 7.42 — 7.38 (m, 1H), 7.26 — 7.24 (m, 1H); 3C NMR (101
MHz, CDCl;): 6 148.9, 137.7, 136.0, 129.9, 127.6 (d, J = 114.7 Hz), 127.4 (t, J = 30.6
Hz), 127.0, 124.5, 121.5, 119.8, 118.2, 109.3 (tt, J = 29.5, 234.6 Hz); '°F NMR (377
MHz, CDCl;): 6 -109.60 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for C;;HoDCIF,N,*
(IM-+H"]) 280.0558, found 280.0551.

D

/
- /N@CF3
N

3-(difluoromethyl-d)-2-(4-(trifluoromethyl)phenyl)-2H-indazole (5d): Yield: 75%; D-
inc: 94%; White solid. '"H NMR (400 MHz, CDCl;): 7.90 (d, J = 8.6 Hz, 1H), 7.87 —
7.79 (m, 5H), 7.42 (t, J = 6.8 Hz, 1H), 7.27 (t,J = 8.0 Hz, 1H); '*C NMR (101 MHz,
CDCly): 6 149.1, 142.1, 131.9 (q, J = 33.1 Hz), 127.9, 127.5 (t, J = 30.9 Hz), 126.9 (q,
J=3.7Hz), 126.2,124.8,122.3,121.8, 119.8, 118.4, 109.2 (tt, J=29.7, 233.7 Hz); '°F
NMR (377 MHz, CDCls): 6 -62.69, -109.47 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
Cy5HoDFsN,™ ([M+H*]) 314.0821, found 314.0818.
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Ethyl 4-3-(difluoromethyl-d)-2H-indazol-2-yl)benzoate (5e¢) : Yield: 77%; D-inc:
95%; White solid. '"H NMR (400 MHz, CDCls): 8.24 (d, J = 8.6 Hz, 2H), 7.89 (d, J =
8.6 Hz, 1H), 7.80 (s, 1H), 7.71 (d, J = 8.6 Hz, 2H), 7.39 (t, J= 7.1 Hz, 1H), 7.24 (t, J =
8.2 Hz, 1H), 4.42 (q, J= 7.1 Hz, 2H), 1.42 (t, J = 7.1 Hz, 3H); 3C NMR (101 MHz,
CDClIy): 8 165.5, 149.0 (d, J = 2.1 Hz), 142.6, 131.7, 131.0, 127.7, 127.4 (t, J = 30.9
Hz), 125.5, 124.6, 121.7, 119.9, 118.3, 109.3 ((tt, J = 29.0, 231.9 Hz)), 61.6, 14.4; 1°F
NMR (377 MHz, CDCl;): 9 -109.54 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
C,7H4DF,N,0," ((M+H*]) 318.1159, found 318.1157.

D

-
\/N
N

3-(difluoromethyl-d)-2-(p-tolyl)-2H-indazole (5f): Yield: 72%; D-inc: 96%; White
solid. 'H NMR (400 MHz, CDCl;): 7.93 (d, J = 8.4 Hz, 1H), 7.82 (d, /= 8.7 Hz, 1H),
7.50 (d, J=8.2 Hz, 2H), 7.42 — 7.35 (m, 3H), 7.25 (t,J= 7.6 Hz, 1H), 2.46 (s, 3H); 13C
NMR (101 MHz, CDCly): & 148.6, 140.1, 136.6, 130.2, 127.4 (t, J=31.3 Hz), 127.2,
125.6, 124.1, 121.1, 119.9, 118.2, 109.7 (tt, J = 30.1, 230.4 Hz), 21.3; '°F NMR (377
MHz, CDCls): 6 -109.80 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for C;sH;;DF,N,*
(IM+H"]) 260.1104, found 260.1099.

D

= /
N ol
N

3-(difluoromethyl-d)-2-(4-methoxyphenyl)-2H-indazole (5g): Yield: 75%; D-inc:
96%; White solid. '"H NMR (400 MHz, CDCls): 7.91 (d, J = 8.6 Hz, 1H), 7.80 (d, J =
8.8 Hz, 1H), 7.52 (d, J= 8.9 Hz, 2H), 7.39 (d, /= 7.3 Hz, 1H), 7.24 (t, J= 6.5 Hz, 1H),
7.05 (d, J = 9.0 Hz, 2H), 3.87 (s, 3H); 13C NMR (101 MHz, CDCl;):  160.7, 148.5,
132.0, 127.5 (t, J = 26.6 Hz), 127.2, 127.1, 124.1, 121.0, 119.9, 118.1, 114.7, 110.40
(tt, J=28.6, 231.6 Hz), 55.7; '°F NMR (377 MHz, CDCl5): 4 -109.89 (t, J = 7.5 Hz).
HRMS m/z (ESI): calc. for C;sH,DF,N,O* ((M+H"]) 276.1053, found 276.1048.
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3-(difluoromethyl-d)-2-(4-(methylthio)phenyl)-2H-indazole (5h): Yield: 74%; D-inc:
96%; White solid. '"H NMR (400 MHz, CDCls): 7.91 (d, J= 8.6 Hz, 1H), 7.80 (d, J =
8.9 Hz, 1H), 7.53 (d,J=8.6 Hz, 2H), 7.41 — 7.38 (m, 3H), 7.25 (t, /= 7.8 Hz, 1H), 2.55
(s, 3H); 3C NMR (101 MHz, CDCl;): 6 148.7, 141.6, 135.9, 127.4 (t, J = 30.1 Hz),
127.4,126.8,126.0, 124.2,121.3,119.9, 118.2, 109.6 (tt, J= 30.7, 232.3 Hz), 15.6; '°F
NMR (377 MHz, CDCl;): ¢ -109.73 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
C5sH1,DF,;N,S* ([M+H*]) 292.0825, found 292.0819.

D

= /N
N

2-(4-(tert-butyl)phenyl)-3-(difluoromethyl-d)-2H-indazole (5i): Yield: 67%; D-inc:
95%; White solid. '"H NMR (400 MHz, CDCls): 7.94 (d, J= 8.6 Hz, 1H), 7.82 (d, J =
8.8 Hz, 1H), 7.60 — 7.53 (m, 4H), 7.40 (t, /= 8.0 Hz, 1H), 7.26 (t,J = 8.7 Hz, 1H), 1.39
(s, 9H); 3C NMR (101 MHz, CDCIl;): 6 153.3, 148.7, 136.5, 127.4 (t, J = 31.5 Hz),
127.2, 126.6, 125.4, 124.1, 121.1, 120.0, 118.2, 109.7 (tt, J = 30.1, 233.6 Hz), 35.0,
31.4; °F NMR (377 MHz, CDCl3): 6 -109.76 (t, J = 7.5 Hz). HRMS m/z (ESI): calc.
for C;gHsDF,N,* ([M+H"]) 302.1574, found 302.1564.

D
F

—
\/N
N

3-(difluoromethyl-d)-2-(3-fluorophenyl)-2H-indazole (5j): Yield: 77%; D-inc: 96%;
White solid. '"H NMR (400 MHz, CDCl): 6 7.93 (d, J= 8.5 Hz, 1H), 7.83 (d, /= 8.8
Hz, 1H), 7.58 — 7.53 (m, 1H), 7.47 — 7.40 (m, 3H), 7.29 (d, J = 7.2 Hz, 2H); '3C NMR
(101 MHz, CDCl3): 6 162.8 (d, J = 249.8 Hz), 148.9, 140.4 (d,J=9.8 Hz), 131.0 (d, J
=8.9 Hz), 127.6, 127.1 (t,J=30.3 Hz), 124.5,121.4 (d,J=3.3 Hz), 119.1 (d, /= 160.6
Hz), 117.0 (d, J = 21.0 Hz), 113.6 (d, J = 24.9 Hz), 109.3 (tt, J = 29.1, 236.2 Hz); '°F
NMR (377 MHz, CDCl3): 6 -109.75 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
C14sHoDF;N,™ ([M+H™]) 264.0853, found 264.0843.
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3-(difluoromethyl-d)-2-(m-tolyl)-2H-indazole (5k): Yield: 70%; D-inc: 96%; White
solid. "H NMR (400 MHz, CDCls): 7.93 (d, J= 8.5 Hz, 1H), 7.82 (d, J = 8.8 Hz, 1H),
7.46 —7.34 (m, 5H), 7.26 (t,J="7.9 Hz, 1H), 2.47 (s, 3H); '*C NMR (101 MHz, CDCl;):
0 148.7, 140.1, 139.0, 130.7, 129.4, 127.5 (t, J = 31.3 Hz), 127.3, 126.4, 124.1, 122.8,
121.1, 120.0, 118.2, 109.6 (tt, J=28.7, 234.5 Hz), 21.4; °F NMR (377 MHz, CDCl;):
0-109.79 (t,J=7.5 Hz). HRMS m/z (ESI): calc. for C;sH,DF,N," ([M+H*]) 260.1104,
found 260.1097.

3-(difluoromethyl-d)-2-(3,5-dimethylphenyl)-2H-indazole (5]): Yield: 65%; D-inc:
96%; White solid. '"H NMR (400 MHz, CDCls): 7.93 (d, J = 8.6 Hz, 1H), 7.81 (d, J =
8.8 Hz, 1H), 7.39 (t, /= 7.2 Hz, 1H), 7.26 — 7.22 (m, 3H), 7.17 (s, 1H), 2.42 (s, 6H);
3C NMR (101 MHz, CDCl): & 148.6, 139.7, 138.9, 131.6, 127.5 (t, J = 31.7 Hz),
127.2,124.1,123.5, 121.1, 120.0, 118.2, 109.7 (tt, J = 29.6, 232.9 Hz), 21.4; I°F NMR
(377 MHz, CDCl;): 6 -109.83 (t,J= 7.5 Hz). HRMS m/z (ESI): calc. for C;sH;4DF,N,*
(IM+H*]) 274.1261, found 274.1252.

D

2-(3-chloro-4-methylphenyl)-3-(difluoromethyl-d)-2H-indazole (5m): Yield: 70%; D-
inc: 96%; White solid. 'H NMR (400 MHz, CDCl;): 7.90 (d, J = 8.6 Hz, 1H), 7.80 (d,
J=28.9 Hz, 1H), 7.67 (s, 1H), 7.42 — 7.38 (m, 3H), 7.27 — 7.23 (m, 1H), 2.48 (s, 3H);
I3C NMR (101 MHz, CDCls): 6 148.8, 138.4, 137.8, 135.4, 131.6, 127.5, 127.5 (t, J =
30.3 Hz), 126.4, 124.4, 123.8, 121.4, 119.9, 118.3, 109.4 (tt, J = 29.7, 234.9 Hz), 20.0;
F NMR (377 MHz, CDCl): 6 -109.74 (t, J = 7.5 Hz). HRMS m/z (ESI): calc. for
CisH;DCIF,N,* ([M+H']) 294.0714, found 294.0709.
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3-(difluoromethyl-d)-5-fluoro-2-phenyl-2H-indazole (5n): Yield: 77%; D-inc: 96%;
White solid. 'H NMR (400 MHz, CDCl3): 7.81 — 7.77 (m, 1H), 7.62 — 7.56 (m, 5H),
7.51 —7.48 (m, 1H), 7.23 — 7.17 (m, 1H); 3C NMR (101 MHz, CDCl;): 4 159.6 (d, J
=243.5 Hz), 146.2, 139.0, 130.1, 129.8, 128.2 (t,J=36.5 Hz), 125.7, 120.8 (d, /= 12.4
Hz), 120.5 (d, J=9.7 Hz), 119.2 (d, J=29.1 Hz), 109.5 (tt, J = 29.3, 205.9 Hz), 102.8
(d,J=25.3 Hz); ’F NMR (377 MHz, CDCl;): 4 -110.10 (t,J= 7.5 Hz), -116.04. HRMS
m/z (ESI): calc. for C;4,HoDF;N,* ([M+H"]) 264.0853, found 264.0854.

D

cl
-
N

5-chloro-3-(difluoromethyl-d)-2-phenyl-2H-indazole (50): Yield: 69%; D-inc: 96%;
White solid. 'TH NMR (400 MHz, CDCls): 7.91 (s, 1H), 7.75 (d, J = 9.2 Hz, 1H), 7.61
—7.57 (m, 5H), 7.35 — 7.32 (m, 1H); 3C NMR (101 MHz, CDCl;): & 147.1, 138.8,
130.2, 129.8, 128.9, 127.3 (t,J=31.6 Hz), 125.7, 121.6, 121.1, 119.8, 118.8, 109.4 (tt,
J=29.7,233.3 Hz); '°F NMR (377 MHz, CDCl5): 4 -109.99 (t, J= 7.5 Hz). HRMS m/z
(ESI): calc. for C;4HoDCIF,N," ([M+H*]) 280.0558, found 280.0552.

D

Br
—
N

5-bromo-3-(difluoromethyl-d)-2-phenyl-2H-indazole (5p): Yield: 65%; D-inc: 96%;
White solid. 'TH NMR (400 MHz, CDCls): 8.11 (s, 1H), 7.69 (d, J = 9.2 Hz, 1H), 7.61
—7.57 (m, 5H), 7.47 — 7.44 (m, 1H); 3C NMR (101 MHz, CDCl;): & 147.2, 138.8,
131.2, 130.2, 129.8, 127.1 (t,J=31.8 Hz), 125.8, 122.3, 122.2, 120.0, 118.1, 109.4 (tt,
J=28.3,236.0 Hz); '°F NMR (377 MHz, CDCl5): 4 -109.95 (t,J= 7.5 Hz). HRMS m/z
(ESI): calc. for C;4HoDBrF,;N,"™ ([M+H*]) 324.0053, found 324.0053.
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3-(difluoromethyl-d)-6-methyl-2-phenyl-2H-indazole (5q): Yield: 67%; D-inc: 96%;

White solid. 'H NMR (400 MHz, CDCls): 7.81 (d, J = 8.7 Hz, 1H), 7.63 — 7.53 (m,

6H), 7.10 (d, J = 8.7 Hz, 1H), 2.49 (s, 3H); 13C NMR (101 MHz, CDCly): & 149.4,

139.2, 137.4, 129.8, 129.7, 127.3 (t, J = 31.2 Hz), 127.2, 125.8, 119.7, 119.4, 116 .4,

109.6 (tt, J = 28.8, 233.1 Hz), 22.3; '°F NMR (377 MHz, CDCl;): 6 -109.76 (t,J=17.5

Hz). HRMS m/z (ESI): calc. for C;sH;;DF,N,* ((M+H*]) 260.1104, found 260.1097.
D

-
— /N
~ N

@)
3-(difluoromethyl-d)-6-methoxy-2-phenyl-2H-indazole (5r): Yield: 73%; D-inc: 95%;
White solid. 'H NMR (400 MHz, CDCl3): 7.71 — 7.68 (m, 1H), 7.62 — 7.52 (m, 5H),
7.11 —7.08 (m, 2H), 3.89 (s, 3H); *C NMR (101 MHz, CDCl;): 6 156.9, 145.7, 139.3,
129.7, 129.0, 126.4 (t, J = 29.2 Hz), 125.7, 122.7, 121.7, 119.7, 109.9 (tt, J = 28.8,
233.6 Hz), 95.8, 55.6; '°F NMR (377 MHz, CDCl5): 6 -109.89 (t, J= 7.5 Hz). HRMS
m/z (ESI): calc. for C14,HyDBrF,N,™ ([M+H"]) 276.1053, found 276.1049.

D

F
-
— /N@CI
N

2-(4-chlorophenyl)-3-(difluoromethyl-d)-5-fluoro-2H-indazole (5s): Yield: 73%; D-
inc: 95%; White solid. "H NMR (400 MHz, CDCl;): 7.79 — 7.76 (m, 1H), 7.58 — 7.53
(m, 4H), 7.48 — 7.45 (m, 1H), 7.23 — 7.18 (m, 1H); 3C NMR (101 MHz, CDCl): §
159.8 (d, J=244.4 Hz), 146.3, 137.5,136.2, 130.0, 127.8 (t,/=31.0 Hz), 126.9, 121.1
(d,J=12.2Hz), 120.6 (d,/=10.0 Hz), 119.5 (d, J=29.4 Hz), 109.2 (tt, J=29.6, 233.5
Hz), 102.7 (d, J = 25.4 Hz); '°F NMR (377 MHz, CDCl3): 6 -109.89 (t, J = 7.5 Hz).
HRMS m/z (ESI): calc. for C;4;HgDCIF;N," ([M+H*]) 298.0464, found 298.0462.
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3-(difluoromethyl-d)-5-fluoro-2-(p-tolyl)-2H-indazole (5t): Yield: 75%; D-inc: 95%;
White solid. '"H NMR (400 MHz, CDCl3): 7.80 — 7.76 (m, 1H), 7.50 — 7.46 (m, 3H),
7.37 —7.35 (m, 2H), 7.21 — 7.16 (m, 1H), 2.46 (s, 3H); '*C NMR (101 MHz, CDCI;):
0 159.6 (d, J = 243.5 Hz), 146.0, 140.4, 136.5, 130.3, 127.7 (t, J = 31.5 Hz), 125.5,
120.7 (d,J=12.2 Hz), 120.5 (d,J=9.9 Hz), 119.0 (d, J = 29.1 Hz), 109.6 (tt, J=30.4,
232.0 Hz), 102.8 (d, J=25.4 Hz), 21.3; '9F NMR (377 MHz, CDCl3): 4 -110.17 (t, J =
7.5 Hz), 116.3. HRMS m/z (ESI): calc. for C;sH;;DF;N,* ([M+H"]) 278.1010, found
278.1002.

3-(difluoromethyl-d)-5-methoxy-2-(p-tolyl)-2H-indazole (5u): Yield: 70%; D-inc:
96%; White solid. '"H NMR (400 MHz, CDCl3): 7.77 (d, J=9.2 Hz, 1H), 7.47 (d, J =
8.4 Hz, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.01 (s, 1H), 6.94 (d, J = 9.2 Hz, 1H), 3.88 (s,
3H), 2.45 (s, 3H); 3C NMR (101 MHz, CDCl;): 4 159.6, 149.9, 139.9, 136.7, 130.2,
127.6 (t, J=31.3 Hz), 125.5, 120.7, 119.4, 116.9, 109.9 (tt, J = 30.7, 233.6 Hz), 94.8,
55.4,21.3; 9F NMR (377 MHz, CDCl;): 8 -110.00 (t, J = 7.5 Hz). HRMS m/z (ESI):
calc. for CicH4DF,;N,™ ((M+H*]) 290.1210, found 290.1215.

8. Gram-scale experiment for the synthesis of 3a

H H
NO | L C(+)/Pt(-), NaBF 4, 8 mA, 25 °C, air N O
©: j /S, "CR,CN/H,0 (31.5/18.5, 50 mL), 25.0 h _
= D ONa N
N~ H b

1a, 3.0 mmol 2, 6.0 mmol 3a, 72%, 0.4269, 96% D

1a (3.0 mmol, MW = 146.0, 0.438 g), 2 (6.0 mmol, MW = 139.0, 0.834¢g), NaBF,
(5.0 mmol, MW = 109.8, 0.549¢g) and CH;CN/H,0 (31.5/18.5, 50.0 mL) were added to
a 100.0 mL undivided cell with a stir bar. The cell was equipped with a carbon plate

anode (4.5 cm?) and a platinum plate cathode (4.5 cm?). The reaction mixture was
$26



stirred at room temperature and electrolyzed at a constant current of 8 mA for 25 h.
After the reaction was completed (monitored by TLC), the mixture was concentrated in
vacuum, the obtained residue was purified by column chromatography using PE and

EA as the eluent to afford the product 3a.

9. Gram-scale experiment for the synthesis of 5a

D
H
_ . sf’o C(+)IPt(-), NaClO,, 5 mA, 25 °C, air
\N,N4© D/_ ONa CHsCN/H20 (31.5/18.5, 50 mL), 34.0 h = N@
N
4a, 3.0 mmol 2, 6.0 mmol 5a, 75%, 0.551 g, 95% D

4a (3.0 mmol, MW =194.1, 0.582 g), 2 (6.0 mmol, MW = 139.0, 0.834g), NaClO4
(5.0 mmol, MW =122.4, 0.612g) and CH;CN/H,0 (31.5/18.5, 50.0 mL) were added to
a 100.0 mL undivided cell with a stir bar. The cell was equipped with a carbon plate
anode (4.5 cm?) and a platinum plate cathode (4.5 cm?). The reaction mixture was
stirred at room temperature and electrolyzed at a constant current of 5 mA for 34 h.
After the reaction was completed, the mixture was directly purified by column

chromatography using PE/THF as the eluent to afford the product 5a.

10. The green chemistry metrics evaluation

The green chemistry metrics evaluation of the reaction between 1a and 2 in our work:

E - factor
_ Total mass of wastes _ 0.438 g +0.834 g+ 0.549 g - 0.4
~ Mass of product B 0426 g
3.27

PMI
_ Total mass of input material in the whole process _ 0.43
- Mass of product B
= 4.27

RME (%)

Mass of product
= . — X 1009
Total mass of input material in the whole process

X 100% = 23.4%
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AE (%)

_ Molecular weight of product « 100% = 197
~ Total molecular weight of reactants T 1460 + 1
= 69.2%
CE (%)
Amount of carbon in product 9x 22
= x100% = ————X
Total amount of carbon 8xXx3+1x6

The green chemistry metrics evaluation of the reaction between 4a and 2 in our work:

E - factor
_ Totalmass of wastes _ 0.582 g +0.834 g + 0.612 g - 0.5
~ Mass of product B 0.551g
2.68
PMI
_ Total mass of input material in the whole process _ 0.5&
B Mass of product B
= 3.68
RME (%)
Mass of product
= - — X 1009
Total mass of input material in the whole process
X 100% = 27.2%
AE (%)
Molecular weight of product 245.]
= , X 100% = ——
Total molecular weight of reactants 194.1 + 1
= 73.6%
CE (%)
Amount of carbon in product 14 x 2.2
= X 100% = X
Total amount of carbon 13x3+1x%x6
68.4%

(Water and easily reusable solvents are generally excluded from the calculation.)

Our reaction utilizes a mixed solvent of CH3CN and H,O to achieve improved
sustainability. The low boiling point and high reusability of CH;CN are key to reducing
waste, leading to well-performing sustainability indicators (E-factor, PMI and RME).
Furthermore, the main by-products in the reaction are limited to sulfur dioxide (SO,)

and hydrogen gas (H,), and the yields of the products are also satisfactory. Therefore,
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in terms of atomic efficiency and carbon efficiency, the system maintains a good level

in these aspects as well.
The green chemistry metrics of previous reactions:
Chem. Sci. 2025, 16, 16039-16047:

OTf
N y 4DPAIPN (2 mol%), isopropyl acetate
Ar, 60 W LED, 12-18 h

802 D
0.1 mmol 0.15 mmol 0.0150 g, 76%

E-factor = 4.82 PMI = 5.82 RME = 17.2% AE =31.8% CE =21.4%

Org. Lett. 2021, 23, 5545-5548:

m m D
N CuCl, (10 mol%), K»S,05 (3.0 equiv,) N

+ DSO,Na
)\N 2 CH5CN, 50 °C, 36 h )\N
) A
0.3 mmol 0.2 mmol 0.0404 g, 82%

E-factor = 5.22 PMI = 6.22 RME = 19.2% AE =40.7% CE =56.1%
The green metrics of our work:
H
C(+)/Pt(-), NaBF4, 8 mA, 25 °C, air N. 0O
©: f \ , CHsCN/H,0 (315/18.5, 50 mL), 25.0 h C[ L
N D

1a, 3.0 mmol 2, 6.0 mmol 3a, 72%, 0.4269, 96% D

E-factor = 3.27 PMI =4.27 RME = 23.4% AE = 69.2% CE = 66.0%

D
H
2 C(+)/Pt(-), NaClO,, 5 mA, 25 °C, air
— + /—S
\N,N@ D ONa CHasCN/H;O (31.5/18.5,50 mL),34.0 h = N@
N

4a, 3.0 mmol 2, 6.0 mmol 5a, 75%, 0.551 g, 95% D

E-factor = 2.68 PMI = 3.68 RME =27.2% AE =73.6% CE =68.4%

(Water and easily reusable solvents are generally excluded from the calculation.)

Compared to the previously reported deuterodifluoromethylation reactions, our

strategy demonstrates superior performance in terms of green chemistry metrics.
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11. HRMS of 1,1-DPE-trap compounds

[]
[
[
[
[
[
[
[
[]
[]
[]
[]
[]
[]
[]
L}

«

1,1-DPE (3.0 equiv.)

1,1-DPE-trap compound
cal. for C45H2DF5 ((M+H]) 232.1043
found 232.1034

‘EEsEEEEEEEEEEEEP

H N__o
F
NO ¢ 0
“ D ONa Standard conditions N N

N~ H T
1a 2 3a, 15%

3 Icpd 1: C15HI1 DF2; 0.799: = FBF Spectrum (rt: 0. 765-0. 815 min) LWQ-20250908-0022. d

: gé

.

N

o

)

%ﬁ.

—Z
O @]
1
N
O
Z
T
~
5.1783
+NH4) +

396.1722
(N+NH4) +

1,1-DPE-trap compound

cal. for CozHy4DF,N3O* (IM+NH,*]) 395.1788 |

found 395.1783

Figure S1, HRMS of 1,1-DPE-trap compounds
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12. General procedure for cyclic voltammetry

Cyclic voltammetry experiments were carried out in a 10.0 mL undivided cell at
room temperature on a CHI600e workstation. The total amount of solvent was 8.0 mL.
The concentration of substrate was 0.01 M. The working electrode was an L-type glassy
carbon (diameter, 3.0 mm) while the counter electrode was a platinum plate (2.25 cm?).

In addition, an Ag/Ag* (0.1 M AgNOj; in CH3CN) was used as the reference electrode.
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13. NMR spectra of prepared compounds
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Figure S2, 'F NMR spectrum of 2 (377 MHz, D,0)
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Figure S3, '"H NMR spectrum of 3a (400 MHz, DMSO-dj)
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Figure S17, 3C NMR spectrum of 3e (101 MHz, CDCl;)
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Figure S25, 'H NMR spectrum of 3h (400 MHz, CDCl;)

o
re
o
Fe
o
r~
o
re
09zZL'L
L3 Kﬁ.n/
! €10a0 0092°L 4
o EOEM — %o
r¥ 09zt L ~\ ~—1 €0’}
8Svi'/ _ 320°L
‘w_ €629°L
LLY9'L N N
o 059927 N
r 50008
1020'8
[a) Lo o

P
'
%
X




8Lyl —

ov'ey —

rov=uTon
8V 29

¥89/7

€10ad91°22
9L,
N

8v'LL

[A40)%
L1401

926+

18901

n

GZ'/01

DD

LGAO|

1

62601 0

|

110

L2011

L

20

0

602¢+

__
a0zeL -

G6'¢el 7

2e'eel

0

h

Cidcids

e— o1 2

15

G8'8vl
06'¢St /

T
160

e TawraTaus
7999+

T
170

Figure S26, 1*C NMR spectrum of 3h (101 MHz, CDCl;)

=
e}
o
e P
ey 000} -
06721 -
<
o
[ €
© Q
; N
i F T
4 -
<
<
B
szvei-i- LTSQO o
N

v6'vel-
c6'vel- W“\

06'vel-
gevel- \

/0000 L

"

“v.v0°0

-110 -1‘20 »1‘30 -140 -150 -160 —1‘70 -180 -190 -200 —2‘10 -2

-100
1 (ppm)

10 20 -30 -40 -50 -60 -70 -80 -90
Figure S27, 19F NMR spectrum of 3h (377 MHz, CDCI3)

-10

T
0

S44



8125°S

£1000 0092'2
€922
€12,
20822 |
6982° 1
v20€'L 1
290€'2 1
ovee L
0L |
zvoeL |
8128,
Lr1€°L Y
526€° L
L2V LA
02852
0z/52 >

=20'¢

| Fooz
=80'L

1 (ppm)

Z16G°Z
1€00°8
ze208”

— Foo'L

Figure S28, '"H NMR spectrum of 3i (400 MHz, CDCl,)

€6'GY —

785727

oL A7

|
clOUO It ZZ /r

82

12017

S¥'Z0L

62701
55601

k722 M2101N

tTott
G6LLLA
41

W

i

1 (prM)

ocZr 1 —

18Vl

120

$G 2

G0 /2L

LL'QZL -7

3

L1682}

¥9LEL

140

0g'zel

v.2¢el

LG'eel

T
n5p

997v¢EL

199

60|

TS oVl

mo.mvi

8y'eSt

Figure S29, 1*C NMR spectrum of 3i (101 MHz, CDCls)

545



-124.¢

-124.7

-124.5
1 (ppm)

-124.3

-124.1

/0000° L

L

[ZA4 0]

40 150 -160 -170 -180 -190 -200 -210 -2:

-140

-130

‘
-100
1 (ppm)

o 20 %0 40 b0 Bo Fo B0 o
Figure $30, °F NMR spectrum of 3i (377 MHz, CDCL;)

-10

-190

-160

-120

-110

-80

-50

-30

-20

0

GLIY'S
mmmm.o%
0610°Z1
Y9€0°L |
04vZ' L1

€10a0 0092 L |
8192/
v182° L1
1€2€° L7
L9vE/
2618 L

=102

20'2

4.5
1 (ppm)

V86T L
9\v'L

G196,

R | K@o.N

‘ Loo+t
2 feo

0785
S909°L /

1G66°L~\

— 1 80

I F00'L

Figure S31, 'H NMR spectrum of 3j (400 MHz, CDCl;)

vEl08

S46



1SV —

8974

€10a29L/2/

912/,

YL/

TIeT
61264

0S7071

€1 8011

09607 7
68'60! 1

6101
85 LLL
00211y
29211

T
100
1 (ppm

€9VILAE

A

o Qi1 -\

vZ oLl
RN

96'8¢CT
06! FV

S 0et

5O

9/°LeL

ogcel

L ooy
t8Cet

SEEET

65871
z8'8l

0641

#0611

Qoo

8EESH

¢C¢ 191

=—=29%9

Figure S32, 3C NMR spectrum of 3j (101 MHz, CDCls)

-2.

o
<
VAN re E
SLYE 000°L T ' Y
IR F S
© [«
<
L °
AN Lo
r g o
< & L2
< = ;
FO =
- R
N | 3
N <
FoN
i\ o
)
80'vZL-— ~Fszvo0 °
FS
o
10%2)- Fo
mm.vmr.w _ ,/0000° L]
mm.vwr.\ '5/10°0| &
80'vZL- v
€LEtT =4
s §
o=
re
o
re
o
r~
o
re
o
re
o
r¥
o
re
8
(=] [
O / o
\
z z = °
@ \O
[T o

Figure S33, '°F NMR spectrum of 3j (377 MHz, CDCl5)

S47



-

CHOb G —
&S i

6681°L1
020Z°L 7
£1000 0092'Z |
§62Z° L7
9962°L
6LLEZ A
0L6€°L

Lo0% L

/60T

=00'€

4.5
1 (ppm)

288"

el

8BULS L—F
g1eg s’
v686°L~,
150087

Cl

g0

Figure S34, '"H NMR spectrum of 3k (400 MHz, CDCls)

€S —

v8'9L
917244

T

TV Tow v
151 OAS OS2 20w 7.

)Y

i

8€°201

Qo
08246+

60801 1

oicHaiann

886017
210l

(PRM

06°LLL

f

gzzLi ¢
652LL
0oL’
RN
58zl

i

T
11

T
120

VANIYAR

6271¢T

o J]

P
6¢<¢CH

S8°CET
6L'eel

So'vel

“ae i

oeeel ‘

Q.
8581+

187871

TOEE]
9€'esG)

LO

21

Figure S35, 1*C NMR spectrum of 3k (101 MHz, CDCl;)

S48



re e

o

silyel-n - ~ [
€Lp Ll °
KAvNF.uMy 000°L Y '8
[ s

'St v

T g \m

Lz .

™ o

N FS

LS ;

L | 8

3 o

o L v

ooAvNTJ\ ATSo.o v _
r S

o

SLvZL- F2
m:\NTW _ /0000°}] '
K.wm?\ 9/%0°0| &
90'vZL- -
= o

-100
1 (ppm)

T
-90

G6YY'S —
[ZEAWE
v8vlL L

€100 00922 |
¥592°2 |
8982/ 1
ShI€L
6V6€Z
ZELY L
BEER L

T T T
-60 -70 -80

T
-50

549

0SG¥'/ o

bl

T
-40

eSS Z

EHESIN

H
e

i a2acwa
NNmm.h\
L166°L~

111087

Figure S36, '°F NMR spectrum of 3k (377 MHz, CDCl;)

T
-30

D
T
-20

0

CLX.
3k

i 0 -0

Cl
0

Figure S37, 'H NMR spectrum of 31 (400 MHz, CDCl;)

e QTR

LT

Br:



o)
6]
o
N W NGB TN R P20 DN~ o
PRICNPRPRIYINT. P TRENYO BO© <
5| b P PP g - <N Y SomNNN TP <
DFF SR MHOPO o N T Toleege NN K| )
s T HE -~ + delFedaes NN~ <
I L < b L |
BI’\{ j\
IN (0]
NK
D
3l
|
1
| m I \
T T T T T T T T T T T T T T T T T T
210 | |200 90 180 || 1[fl0 6 180( 140 130 | g0 [110 00 |90 80 [7 60 50 40 30 2 10 0 -10
f1|{ppm)

Figure S38, 1°C NMR spectrum of 31 (101 MHz, CDCls)

O~ MW ©
SNNN S
DA <
NN NN ﬁ
— T
A
iy
<
<
o
S
Br: —1é4.0 ‘ -12‘4.2 ‘ —12‘4.4‘ —1é4.6 ‘ »1é4.8
1 (ppm)
: :N O
NL
D
3l
s
@B
< ©
< ©
oo
g
; : ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ;
20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2:

1 (ppm)

Figure S39, '°F NMR spectrum of 31 (377 MHz, CDCls)

S50



S,
00 -C

4.0 3.5 3.0

4.5
1 (ppm)

¥695°G —
£60.°9
1022°9
6022°9
81€.'9
6680°L
601 F.L

F00'¢

6.0

6.5

98v1 L
86612
9LLLL
6LLLL Y
£10a0 009Z'L
eoee L
oYL

1 seoL[

7.0

Figure S40, "H NMR spectrum of 3m (400 MHz, CDCl,)

LECY L

pivs L]
8095/ |
¥085°Z
99£9'/ |
65+9°L
9659°2
£020°8
¥8€0°8 "

QZ°0f —

297

912,

elnangryy

8V’ LL

RO701

8€'/01

0+

8¥°601

T
100
(pp

87601

c0'Qll

fi

mm.r:V

\ww

Ozt

mw.ﬁé

Levil-[

Figure S41, *C NMR spectrum of 3m (101 MHz, CDCl;)

S51



L e
o8lyzi- L \m
8.% . b
N~
g 000'} 5 c
— S
|- o
R}
°E K
<
B | 8
- ;
r o
~
Q,v. M~
2 ;
LS .
[ o
- L2
vz —feevoo & :
Ay [=]
[ <
o
08'veh- Fe
8LvZL- /0000°L
mE\NT\ '59v0°0] &
LLbzL- <
-
= o
B}
‘T
o
re
o
re
o
r~
o
re
o
re
o
ry
o
re
o
ro
o L2
o / ;
. \ £ re
0 z 'z ®
o
@ o

Figure S42, '°F NMR spectrum of 3m (377 MHz, CDCl;)

gLoec —

t99v e —

6LLLLY
8zelL’L |
0LGL°L
9LLL LA

€100 0092/
805€°L |
€29€°L 7
LzieL

€68€Z
€6€G°L /W
08552 W
184G5°L
G9/6°/

& 3 &
SS9
~ N ¥

€166'L7

d
g
]
8lo

Figure S43, 'H NMR spectrum of 3n (400 MHz, CDCl;)

S52



o Fo
o 4 h
r re )
6Lzl [ o
Lo LUV = 0001 ™
DRV < =4
SLvTL B B 8
° ;
Lo L °
Lo} Lo
<= -
— rNE
FANYA — N L W E
o \
3 = F o
— - L=
- 8 & _
= - o
- O
869Gy — ——— @) ovvmr.jv \.Tuvo.o S re
o 5 ;
2 7
L3 M ry g
cQ'9/ 1 p— \4
D_“\I\ / o O o
ol = — 6Lv2L- R
€1oao 9t AR ~ LLv2)- i
6y 2L J— = - _0000°L
v0 20T L3 ) SL vNF.\ 1/v00[ &
ozoL — oL'vzL- re
€8°201 ] o 3 °
9v'601 = Fe
8460+ == g o E
Sronr sE 2 e
OF ChE = 5 T2
952N = L2 O oF
€0'ELL = o re
= — - 7]
SYvzl = o L3
90 ZeT~ =
82621 — R3] o
sg'Lel — - Z s
va'Lel ] - S o
=<t o
— -©
89CET - '
os'eel | — L3 M o
19 JC1| a — bl S \r\_u
S5'8vL | o ]
8.8l e = LS
1_.D¢_g u
steer s— & o
= = F®
o
— - a N
4 ) 01 =]
N £ E
= = < = ~ /N c
— N_( R (2] Lo
\_// _ |12 L
N
LR

Figure S45, '°F NMR spectrum of 3n (377 MHz, CDCl;)
S53



9Z'Cc—

44

58'9~
1697
€000 92°2~\
veL~
9e'L

\
ov'L
GG L
Nm.m\.

65°L
66°L
108

200
oL
2002
=€0'L

T T T
6.0 55 5.0 4.5

6.5

7.0

T
5

7

T
8.0

8.5

9.0

1 (ppm)

Figure S46, 'H NMR spectrum of 30 (400 MHz, CDCls)

cCla—

66 GV —

89
£10a09L/ /4

€620}

75601

.60}

(Ppm

OOt

S8l

f

teett

[ Ea27

Do.m_._\\

vt

e

1.62L —

qm.rm(m
mu.umiﬁ
n.;\.n.;_ \\

z9°€€l ]

SGvEL

¥8'8€L

657811 |

18°8pL

eO6V T

25esL”

1

N
N

30

Qi

Figure S47, 13C NMR spectrum of 30 (101 MHz, CDCl;)

S54



8\wzL-~\ p

Py
vivel-

—

000°L

vao.o

-124.5
1 (ppm)

-124.3

-124.

-124.7

-124.1

0000

\£9¥0'0

40 -150 -160 -170 -180 -190 -200 -210 -2:

-140

-110

:
-100
1 (ppm)

0 20 G0 40 b0 o 7o Bo o
Figure S48, '°F NMR spectrum of 30 (377 MHz, CDCls)

-10

-190

-160

-130

-120

-80

-50

-20

0

€812'L —

L¥8¥Y'G —

eVl L
VA4 YAVA
€10ad 009Z° L
evee’L
06G€°L
909¢€°L
G2ee’L

920V
9/GG"

\
69.5°L
06527
ZL66°L~
9600'8 7

=206

6.0

7.0

T T
8.5 8.0

9.0

9.5

5.0 4.5

55

6.5

7

1 (ppm)

f

Figure S49, 'H NMR spectrum of 3p (400 MHz, CDCl;)

S55



ve'le —
€9've —

99'GY —

VEOL
€10a0 ofmu%
912,

3

EYRETES.]

8Y42
86'901
v:o;
8.0}
£5°601

18°601
1oLl

(PpM)

06 TTT
orzLiAt
s8zLL~,

|

— S6 v

AN

1910 MO VAl My

16°9¢L s
09°LEL

rAS A7

o,
6E2E+

gleel

zoeel
v9'8yl -]

VAN SN

80-64) J

9L'LGL

JAZR 12

Figure S50, 1*C NMR spectrum of 3p (101 MHz, CDCl;)

p 3 .
-3 .
z8lgzL- ' L=
o8 PR~ =L A o
PeR T = 00007 [
8LvZL- o g
LS S
' o
- | &
eT i
<
S g K
L = °
™ L=
< )
o
_ '8
Q.wNF.JV - Tovo.o |5 |3
' o
- | <
o
Z8'vTh- F2
owemv.w _ ,/0000°L] '
wﬁvmr.\ \9910°0| &
€L velL- v
o
T
188
‘T
o
re
o
re
o
r~
o
re
o
re
o
rY
o
re
a L&
o \
o
\ r<
z p4
@ [~
=
o
LR

Figure S51, '°F NMR spectrum of 3p (377 MHz, CDCl;)

S56



|-

Ev8S G —

€10a9d 009¢°L
2092,
€08C'L
G6.€°L
866¢€°L
LeLy'L
8LEV'L
60S1°L

=10}

Jloa

v109'2 F
neos!
1¥€0°8 N
1¥50'8 7

oTT
Fg0'¢c

1 (ppm)

Figure S52, 'H NMR spectrum of 3q (400 MHz, CDCl;)

30

40

'Sy —

8€'65 —

ww.mw\.g

eOaO ot 22 I

Lo N |

o

90

88 L1

czZil

0|
1 (ppm)

9G'ZLL

14

PP

PGt

[olekk 1N

XAl

120

et

£9'821

30

991eLf

cezeld

40|

I

c«.oa_\g
cseel

Qv —F

€98V

voosy J

8 Rv+r

hc Gvr\\
8v'eGL I/

zr 6L 7

210 2Q0 110 18

Figure S53, 1*C NMR spectrum of 3q (101 MHz, CDCl;)

S57



\; \m—/_ \m/_m ! r_\
! )

L LS Lo
e8\WwTi-~\___ Lt ! e
evehe —= | 0000HLY g
6L 2L~ N ra L@

L o
© S
LS = i o
S E e
' W \w
<= o ;u L2
B R =
' ' C - o
» B = o
< ' @
ry o PN L@
AR A -< Feezvoor ! Lo HZ a
=3 o
s S
' o~
=} ~
£8'vZL- L2 ) o
:«vmr.w _ /0000°}]
6Lv2L- zzv0'0| & =2
IR AN i N L2
o G
L+ o
—— 0
o £ m [< E
) Q m (%
188 &
' - LPIW o
el
\mv_u O
s 6£95°G — 101z [©
@ DMn J
o
LR Z 168272 Fo
009Z°2
g & £1000 0092'L Lo
: = 16GE°L ©
- .
o -« v6LE"L
L3 T2) 826¢°L o
n vLLb L ~
Q @ S0EY L _ S =011
rY = ZI95 7" ———— e0e| @
) 0185, = Fo0€ |
L3 = 20002/ R
€7L0°8~\. e J LS
a g eve0'g” o 3 foore
@) / ' O,w /\ ©
[T
\ 2 \
z z z z
o
@ -~ @ -
Te}
Lo Lo
o 8]
\ o u” o
RS L=

Figure S55, 'H NMR spectrum of 3r (400 MHz, CDCl;)

S58



GGGV —

89/

YRWIWEA!
2

FRESEE
avss)
vy'90L
16°901 §

2e 701

017601

(== u]

96071

6001+

AT
nm._\_._\%

M

i

Nv.m_‘r%
0S't7LL

]

T
12

06611
L J

T
130

ag-
69<<t
994

98424
Le'szL
81'9z1

T
140

T 9Tt

<]

& 2
“.».0_L

12

2c0'8ch

L0°0€}

aYeul
1522

H

1Z70€T

VOTeT

(0]

T
180

14 maa7

PECET ]

agzot 4

862t

NTTIN

N

T
190

BCEET
L2°8€1 ]

B

3r

T
200

14 R143

(TR A
LL'évl
1€°€G) -

F3C

T
21Q

Figure S56, *C NMR spectrum of 3r (101 MHz, CDCl;)

L0°vZL-\— -<Feevo0

9L'vel-
vLvel- Wl’

zL wmr.\

10veL-

0L29-—

Toooé

T
-124.5 -124.7 -124.

-124.3

-124.1

-123.9

FsC

1 (ppm)

0000}
[‘eevo0

T T T T T T T T T T T
-120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -2

-110

T T
-90 -100
1 (ppm)

T
-80

T
-70

T T T T T T
-20 -30 -40 -50 -60

-10

T
0

Figure S57, '°F NMR spectrum of 3r (377 MHz, CDCls)
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Figure S60, '°F NMR spectrum of 3s (377 MHz, CDCl;)
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Figure S61, 'H NMR spectrum of 3t (400 MHz, CDCl;)
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Figure S65, *C NMR spectrum of 3u (101 MHz, CDCl;)
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Figure S66, '°F NMR spectrum of 3u (377 MHz, CDCly)
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Figure S67, 'H NMR spectrum of 3v (400 MHz, CDCls)
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Figure S69, '°F NMR spectrum of 3v (377 MHz, CDCls)
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Figure S72, '°F NMR spectrum of 3w (377 MHz, CDCls)
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Figure S73, 'H NMR spectrum of 3x (400 MHz, CDCls)
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