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Abstract An operationally simple electrochemical oxidative C—H trifluoromethylation of quinoxalin-2(1H)-ones was
achieved by employing the inexpensive, readily available and easy processing CF3SO2Na as CF3 source. In the absence of any
catalysts or oxidant reagents, this method is more in line with the requirements of green and sustainable development. Most
importantly, “electric-descriptor-diagram” was used to evaluate the reaction substrates. The reactive/non-reactive boundary and
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the trend of yield change can been clearly seen.
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1 Introduction

Quinoxalin-2(1H)-one derivative, especially 3-substitu-
ted quinoxalin-2(1H)-ones are highly significant N-hetero-
cyclic compounds that are not only versatile synthetic in-
termediates but also the most ubiquitous scaffolds in natu-
ral products, pharmaceuticals and functional materials.!"]
Consequently, the development of efficient methodologies
for preparation of diverse 3-substituted quinoxalin-2(1H)-
one derivative is highly desirable. Especially over the past
few decades, a number of approaches have been developed
in this area with the tireless efforts of researchers. Alkyla-
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tion,”! alkoxylation,3! (hetero)arylation,!*! acylation,*! per-
fluoroalkylation,[®! cyanation,l’! difluorination,’® amina-
tion, thioetherification'”? and phosphonatation!'! of
quinoxalin-2(1H)-one at C(3) position via direct C—H
functionalization have been reported.

At the same time, the fluorine-containing compounds,
particularly trifluoromethyl compounds, have attracted
considerable attention in the fields of pharmaceutical, ag-
rochemical and functional material.['?! The trifluoromethyl
group is highly electron withdrawing, and incorporation of
trifluoromethyl group into functionalized molecules can
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remarkably improve desirable properties, such as lipo-
philicity, metabolic stability and bioavailability.['?®!3]
Therefore, a series of significant synthetic strategies for
trifluoromethylation have been developed with the exten-
sive efforts of researchers.l'¥) Among of them, direct C—H
trifluoromethylation through radical pathway which initi-
ated by redox chemical reagents or photocatalysts has been
proved to be one of the most effective methods. In particu-
lar, considering the potential application of quinoxalin-
2(1H)-one trifluoromethylation, several cases have
achieved at the C(3) position by this method in recent
years. Some groups have successively reported the radical
C—H trifluoromethylation of quinoxalin-2(1H)-one initi-
ated by PhI(TFA),, PhI(OAc), or (NH4),S,0s.'"] Never-
theless, these protocols suffer from the use of inert gases,
excess amounts of oxidizing reagents, as well as additives.
To overcome these shortcomings, in 2019, Jin’s and
Duan’s group almost at the same time developed the prac-
tical approach for C—H perfluoroalkylation of quinoxali-
nones under aerobic oxidation condition with the irradia-
tion of blue LEDs. However, these methods suffer from the
disadvantages of photocatalyst or long reaction time
(Scheme 1a).[%
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Scheme 1 Methods for trifluoromethylation of quinoxalin-
2(1H)-ones

With the continuous requirements for green and sus-
tainable development, it is precisely because of the use of
electrical current to replace hazardous chemical redox rea-
gents and proton acceptors, reducing the footprint of unde-
sirable byproducts, that electrochemical organic synthesis
has received continuous attention as a synthetic strategy.['®]
By utilizing electrochemical analysis which has powerful
functions such as quantitative analysis and mechanism
research, electrochemical organic synthesis will make great
progress. Among them, it has been reported that the redox
potentials of different substrates and different functional
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groups in the same substrate measured by cyclic voltam-
metry (CV) can be used to speculate or prove the reaction
mechanism.l'” In 2014, radical C—H trifluoromethylation
of heteroarenes under electrochemical condition which
employed divided cells and Et4NCIO4/DMSO (dimethyl
sulfoxide) supporting electrolyte was reported by Baran,
Blackmond, and co-workers.['¥] Recently, Zeng’s group
described an alternative electrochemical trifluoromethyla-
tion methodology of quinoxalin-2(1H)-one by virtue of the
in situ generated sulfonyl hypobromite intermediate in a
beaker-type undivided cell.l'”? Obviously, both reactions
used expensive and poor stable (SO,CF3),Zn as CF3 source
which limited the application. Meanwhile, in the above
cases and most reports on electrochemical organic synthe-
sis, researchers only use the onset potential to evaluate the
reaction mechanism or experimental results. It is difficult
to show clearly the change of yield and the boundary be-
tween reactive and non-reactive conditions/substrates. Re-
cently, Ding's group® took the lead in developing an ex-
perimentally-derived descriptors system for predicting the
reactivity of organic reactions. Through the so-called
“electric-descriptor-diagram”, which combines electro-
chemical parameters such as onset potential, Tafel slope
and effective voltage to evaluate reaction conditions and
predict reaction activity, satisfactory results have been ob-
tained. This provides a promising tool for predicting and
screening substrates, optimizing reaction conditions and
studying mechanism in electrochemical organic synthesis.
Inspired by the recent development of electrochemical ar-
yl(alkyl)trifluorome-thylation of allyl alcohols pioneered
by the Lei group,”!! we conducted electrochemical oxida-
tive trifluoromethylation of quinoxalin-2(1H)-one projects
which employed the inexpensive, readily available and
easy processing CF3SO,Na as CF3; source and obtained a
relatively accurate performance evaluation by “elec-
tric-descriptor-diagram”.

2 Results and discussion

Our investigation was started by choosing quinoxalin-
2(1H)-one (1a) and CF3SO,Na (2a) as reaction partners for
optimization studies (Table 1). After considerable efforts,
3-(trifluoromethyl)quinoxalin-2(1H)-one 3a could be ob-
tained in 81% isolated yield with a graphite rod anode and
platinum cathode under constant current (20 mA) for 4 h in
the presence of "BusNBF4 as the electrolyte and CH3;CN/
HOAc/HO (V- VI ¥V=9.0:0.5:0.5) as the cosolvent
(Entry 1). Removal of H,O or HOAc caused a significant
reduction in 30%~53% yield, revealing that the mixed
solvent was crucial for producing a C—H trifluoromethyl-
ation product (Entries 2~4). Other solvent, such as N.N'-
dimethylformamide (DMF) gave disappointing yield (En-
try 5). Electrolytes such as "BusNPFg, tetrabutylammonium
iodide (TBAI) and tetrabutylammonium bromide (TBAB)
were subsequently investigated. However, all led to the
product 3a in lower yield, especially the use of TBAI re-
sulted in no product (Entry 6). Further experiments have
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shown that a change of the anode with platinum plate or
reticulated vitreous carbon (RVC) leads to a decrease of
yield significantly (Entry 7). Subsequently, it was proved
to be less efficient when the operating current was changed
(10 or 30 mA) (Entries 8, 9). It is also noteworthy that
there was no conversion of substrates under no electric
current conditions (Entry 10).

Table 1 Optimization of the reaction conditions”
H
H o) N O
L oo 2 (L X
— b
N~ TH N "CFg
1a 2 3a

a
EntryVariation from the standard reaction conditionsYield”/%

c)| Pie)

1 None 81

2 No H20 and HOAc 30

3 No HOAc 53

4 No H20 46

5 DMF instead of CH;CN Trace
6 "BusNPFs, TBAI and TBAB instead of "BusNBF4 61,0, 19
7 Pt,RVC instead of C as anode 44,0

8 10 mA, 8 hinstead of 20 mA, 4 h 77

9 30mA, 3 hinstead of 20 mA, 4 h 65

10 No electricity 0

@ Reaction conditions: C anode, Pt cathode, constant current (20 mA), 1a (0.3
mmol), 2a (0.9 mmol), "BuyNBF, (0.3 mmol), CH;CN (9.0 mL), H,O (0.5
mL), HOAc (0.5 mL), r.t., 4 h. ? Isolated yields.

After the optimal conditions were established, our atten-
tion was turned toward the substrate scope to explore the
versatility of this electrochemical trifluoromethylation
protocol. The results are shown in Table 2. Firstly, contra-
ry to previous reports, quinoxalin-2(1H)-one without any
substituents gave the highest yield (81%, 3a). Subsequent-
ly, a series of quinoxalinones with different N-protecting
groups, such as ethyl, butyl, hexyl and esteryl (3b~3e)
were tested and afforded the desired products in 52%~
75% yields. Pleasingly, quinoxalinones bearing function-
ally diverse N-benzyl groups (CH,Ar) (3f~3j) could also
react smoothly, however, providing relatively lower corre-
sponding products in 60% ~ 68% yields than N-alkyl
groups. To our delight, quinoxalinones possessing elec-
tron-rich and electron-deficient groups on the benzene ring
reacted with CF3SO,Na (2a) to afford the trifluoromethyl-
ation products (3k~3q). From the results, the yield of
substrates with electron-rich groups is generally slightly
higher than that of substrates with electron-deficient
groups. It is noteworthy that some valuable electrophilic
functional groups, such as fluoro, chloro and ester substitu-
tions, are tolerated. Disappointingly, some other heterocy-
cles such as 5,6-diphenyl-5,6-dihydropyrazin-2-ol (1s),
pyrido[2,3-b]pyrazin-2(1H)-one (1t), 2H-benzo[b][1,4]-
oxazin-2-one (1u) failed to react under the optimized con-
ditions and the starting materials were recovered, showing
certain limitations of this method.
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To gain some insight into the mechanism of the electro-
chemical direct C—H trifluoromethylation of quinoxa-
lin-2(1H)-one, control experiments were carried out. When
radical scavengers such as 2,2,6,6-tetramethyl-1-piperidi-
nyloxy (TEMPO), 2.,4-ditert-butyl-4-methylphenol (BHT)
and 1,1-diphenylethylene were introduced to the system,
the transformation was strongly inhibited and no desired
product was obtained. Moreover, adducts of radical scav-
engers and CF; radical could be detected by HRMS. These
results above imply that the reaction involves a radical
pathway (Scheme 2).

On the basis of these controlled experiments and previ-
ous reports, a plausible mechanism is depicted in Scheme
3. When the current is passed, sodium trifluoromethanesul-
finate loses an electron at the anode to generate trifluoro-
methyl radical B, and at the same time, quinolinone is pro-
tonated to form intermediate A. Then intermediate B at-
tacks selectively the C(3) position of A to form intermedi-
ate C. Finally, intermediate C loses electrons at the anode
and deprotonates to obtain product 3a. Simultaneously,
protons get electrons at the cathode and hydrogen evolu-
tion reaction occurs.

In order to explain the above experimental results and
verify the proposed reaction mechanism, the reaction sub-
strates were first measured by cyclic voltammetry. The
initial potential of CF3SO,Na is 0.7 V (vs. Ag/AgCl),
which is lower than that of quinoxalin-2(1H)-one (1.7 V
vs. Ag/AgCl), indicating that CF3;SO;Na is easier to be
oxidized on the anode during the reaction (Figure Sl1).
However, it is difficult to explain other phenomena, such
as the change of yield and the boundary between reactive
and non-reactive substrates. Then, we made CV diagrams
of different substrates in the reaction system (Table 2, Ta-
ble S1).

As shown in Figure la, the reactivity of the substrate
mainly depends on the electrochemical parameters of the
second peak. It is well known that the lower the onset
voltage is, the easier the reaction is and the more favorable
the thermodynamics is. This also explains that Entry 30
(1.57 V vs. Ag/AgCl) and 3U (1.53 V vs. Ag/AgCl) do not
react (higher than 1.37 V vs. Ag/AgCl). It is noticed that
although Entry 15 has a low onset voltage (1.35 V vs.
Ag/AgCl), the yield is only 52%. At this time, we consider
its effective voltage (1.75 V vs. Ag/AgCl), and the effec-
tive voltage indicates the voltage required for the reaction
to reach the same operando rate, that is, to reach the rate, a
higher effective voltage usually requires a higher driving
force and the less products are obtained in the same condi-
tion. This parameter can also explain the above non-
reactive Entry 30 (1.64 V vs. Ag/AgCl) and Entry 31 (1.65
V vs. Ag/AgCl). For Entry 13 (1.33 V, 1.63 V vs.
Ag/AgCl) with lower initial voltage and effective voltage,
the theoretical yield should be very high, but the actual
yield is 64%. In order to explain this phenomenon, we in-
troduce the electrochemical parameter-Tafel slope, which
describes the electrodynamics of electron transfer on the
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Table 2 Substrate scope and electro-descriptors of different substrates under optimized conditions?

R2 R2
| I
N O C(+) | Pt(- N O
Z>N"YH ZSNTNCF,
1 3

2
H CH>CH3 CH2(CH2 4CH3 CHy( CH2 >CH3
N._O N._O
X, CL. ol
N” ~CF;, N “CFs
Entry11 3a, 81% Entry12 3b, 75% Entry13 3c, 64% Entry14 3d, 71%
Eonset 1.37 1.41 1.33 1.34
Ecffective 1.63 1.62 1.63 1.64
Tafel slope 1.00 1.30 1.04 0.93

CHs CN
CH,COOCH,CH; ( : ( :
N_O N_O N._O N._O
N~ CF, N~ CF, N~ CF, N~ CF

Entry 15 3e, 52% Entry 16 3f, 67% Entry 17 3g, 62% Entry 18 3h, 60%
Eonset 1.35 1.30 1.30 1.38
Eefrective 1.75 1.62 1.62 1.63
Tafel slope 1.00 0.92 0.91 1.01

T K K
Clr oo L LICX

Entry 19 3i, 61% Entry 20 3], 68% Entry 21 3k, 56% Entry 22 31, 51%
Eonset 1.31 1.36 1.43 1.37
Eeffective 1.64 1.64 1.62 1.67
Tafel slope 0.92 0.99 1.04 0.93

N_O N._O F N._O cl N._O
O,N N” “CF;  COOCHj N~ CF, F N~ CF, cl N~ cF

Entry 23 3m, 55% Entry 24 3n, 61% Entry 25 30, 55% Entry 26 3p, 54%
Eonset 1.45 1.36 1.54 1.38
Eefective 1.63 1.63 1.65 1.63
Tafel slope 1.18 0.85 1.54 0.98
H
H
N. 0 Ph._N.__O H
N.__O
H3C N~ "CF3
j@[ I PN CR N" N7 CF
H;C N~ "CF
Entry 27 3q, 62% Entry 28 3r (3:1) , 74% Entry 29 3s, 0% Entry 30 3t, 0%
Eonset 1.62 1.39 1.41 1.57
Eefective 1.65 1.64 1.64 1.64
Tafel slope 1.95 1.07 1.18 1.71

o.__0O
©: i Eonset 1.34
Z Ecfrecti 1.65
F effective
N CFs Tafel slope 1.55
Entry 31 3u, 0%

4 Reaction conditions: C anode, Pt cathode, constant current=20 mA, 1a (0.3 mmol), 2a (0.9 mmol), "BusNBF, (0.3 mmol), CH;CN (9.0 mL), H,O (0.5 mL), HOAc
(0.5mL), r.t., 4 h.

644 http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 641~649



Chinese Journal of Organic Chemistry

CF3SO2Na

Standard condition

H
N.__O
CLxr -
—Z
N™ TH
1a 2a

Radical scavenger
TEMPO (3.0 equiv.)
BHT (3.0 equiv.)

H
N

o Ph iy
Standard condition
©i I + CFSSO2Na * Ph/& @
N

H
1a 2a

H
N.__O
XX
N~ “CF,
3a

4a (3 equiv.)

undetected
undetected
H
* )\/CF
= 3
N~ “CF;, Ph
3a 5a
CisHyoF3"
undetected Found: 248.0813

Calcd: 248.0813

Scheme 2 Mechanism experiment and radical trapping

! o
] 1}
N__O
CF,SO,Na @[ j
o
N~ TH
1a
.
b
H
N N__O
X
N" TH
y H
N__O A
I H
N CF 2
HH 3 N
c
H +
Ho o 2H
X -
N” CF,
3a

Scheme 3 Possible reaction mechanism of electrochemical
oxidative C—H trifluoromethylation

electrode. Generally speaking, the larger the Tafel slope,
the slower the electron transfer on the electrode surface
and the more unfavorable the kinetics. The larger Tafel
slope Entry 13 (1.04) inhibited the reaction. Entry 12 can
also be explained in this way. For non-reactive (or 0%
yield) Entry 29, although its initial voltage and effective
voltage indicate that it can be reacted, its lower Tafel slope
relative to Entries 30 and 31 indicates that side reactions
may occur and desired products are not obtained. Howev-
er, it cannot be considered that the smaller the Tafel slope,
the more target products can be obtained, such as Entry 13,
its onset voltage and effective voltage are very close to
Entry 11 with the highest yield, but there is a much smaller
Tafel slope (0.85), which indicates that the substrate is
oxidized too fast on the anode surface and more side reac-
tions inevitably occur, resulting in the yield of only 61%.
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Figure 1 (a) Three electro-descriptors, onset potential, Tafel
slope and effective voltage, identified from the CV diagram of

Entries 26 and 28; (b) the 3D electro-descriptor-diagram built
with three electro-descriptors

From the above results we can see that if only one or
two parameters are used to predict the reaction activity
(including yield and reactive/non-reactive), it is difficult to
get the correct results. Inspired by Ding’s group report, we
made the CV curve of the reaction system, and fitted the
initial potential, Tafel slope and effective voltage to gener-
ate a 3D “electric-descriptor-diagram” (Figure 1b). In the
reactive region, it can also be seen such a trend, that is, the
closer to the red ball (the highest yield), the higher the
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yield, indicating that the three parameters are concentrated
here, rather than the increase or decrease of some parame-
ters. However, for Entries 25, 27 with acceptable yields, it
can be seen from the figure that they are far away from the
region of high reactivity, which indicates that there are
exceptions when using three-dimensional “electric de-
scriptor diagram” to predict reactivity. It is undeniable that
the accuracy of reactivity prediction can be greatly im-
proved by using multidimensional electrical descriptors.

3 Conclusions

In summary, we have developed an electrochemical di-
rect C—H trifluoromethylation of quinoxalin-2(1H)-ones
in the undivided cell. Quinoxalin-2(1H)-ones with a varie-
ty of substituents can react and get corresponding products.
Especially, by employing the inexpensive, readily availa-
ble and easy processing CF3;SO;Na as CF3 source, as well
as no oxidant and catalyst used, this method is more in line
with the requirements of green and sustainable develop-
ment. Finally, by using this 3D “electric-descriptor-
diagram” to evaluate the substrates, the reac-
tive/non-reactive boundary and the trend of yield change
can be clearly seen. Ongoing research includes extending
the method to other heterocyclic aromatic substrates, as
well as the applicability and accuracy of a powerful “elec-
tric-descriptor-diagram” tool.

4 Experimental section

4.1 General information

Unless otherwise noted, all reagents and solvents were
used directly as obtained commercially without further
purification. Column chromatography was performed us-
ing silica gel (200~300 mesh size) with indicated sol-
vents. Thin-layer chromatography (TLC) was conducted
with silica gel GF254 precoated plates (0.25 mm) and vis-
ualized with UV light. The instrument for electrolysis is
dual display potentiostat (DJS-292) (made in China). Cy-
clic voltammograms were obtained on a CHI 610E poten-
tiostat. The anodic electrode was graphite rod (¢ 6 mm)
and cathodic electrode was platinum plate (10 mmX 10
mm X 0.3 mm). All 'H NMR spectra were recorded on 600
MHz spectrometers, and the data are reported using sol-
vents as internal standards (CDCls at ¢ 7.26, DMSO-ds at o
2.50). All proton-decoupled '*C NMR spectra were rec-
orded at 151 MHz, and the data are reported using solvents
as internal standards (CDCl; at ¢ 77.2, DMSO-ds at o
39.5). All YF NMR spectra were recorded on 377 MHz
spectrometers. HRMS analyses of the compounds were
conducted on a Thermo Q Exactive mass spectrometer
using electrospray ionization in the positive ion mode.

4.2 General procedure for electrochemical oxidative
C—H trifluoromethylation of quinoxalin-2(1H)-ones

In an undivided cell (25 mL) was equipped with a car-
bon anode (¢ 6 mm) and a platinum electrodes (10
mm X 10 mm) as the cathode. Quinoxalin-2(1H)-one (1a,

646 http://sioc-journal.cn/
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0.3 mmol), CF3SO,;Na (2a, 0.9 mmol), "BusNBF4 (0.3
mmol), CH3CN (9.0 mL), H,O (0.5 mL), HOAc (0.5 mL)
were continuously added. The reaction mixture was stirred
and electrolyzed at a constant current of 20 mA under air at
room temperature for 4 h. After the reaction was complet-
ed, the solvent was removed under reduced pressure. The
residue was purified by column chromatography on silica
gel to afford the desired pure product 3a.
3-(Trifluoromethyl)quinoxalin-2-ol (3a): Yellow solid,
m.p. 181~182 °C; 'H NMR (600 MHz, DMSO-ds) ¢:
13.05 (s, 1H), 7.90 (dd, J=8.1, 0.9 Hz, 1H), 7.75~7.67
(m, 1H), 7.44~7.35 (m, 2H); C NMR (151 MHz,
DMSO-dg) o: 152.11, 134.11, 133.93, 130.31 (d, J=5.0
Hz), 124.62, 121.40, 119.57, 116.29; 'F NMR (377 MHz,
DMSO) 0: —68.52. HRMS (Thermo Q Exactive) calcd
for CoHgF3N,O [M-+H]" 215.0427, found 215.0425.
1-Ethyl-3-(trifluoromethyl)quinoxalin-2(1H)-one  (3b):
Light yellow solid, m.p. 97~98 C; 'H NMR (600 MHz,
CDCl) 6: 8.01 (dd, J=38.1, 1.4 Hz, 1H), 7.73 (ddd, J=38.6,
7.4, 1.5 Hz, 1H), 7.46~7.40 (m, 2H), 4.38 (q, /=7.2 Hz,
2H), 1.42 (t, J=7.2 Hz, 3H); *C NMR (151 MHz, CDCl;)
0: 166.32, 151.14, 143.82 (d, J=34.5 Hz), 133.78, 133.63,
132.05, 130.98, 124.74, 120.62, 118.79, 113.51, 62.38,
43.38, 14.05; 'F NMR (377 MHz, CDCl;) 6: —69.99.
HRMS (Thermo Q Exactive) caled for C;;H;oF3N,0 [M+
H]" 243.0740, found 243.0739.
1-Hexyl-3-(trifluoromethyl)quinoxalin-2(1H)-one (3c¢):
Red oil. "H NMR (600 MHz, CDCI;) &: 8.00 (dd, J=38.1,
1.3 Hz, 1H), 7.75~7.68 (m, 1H), 7.45~7.41 (m, 1H), 7.39
(d, J/=8.5 Hz, 1H), 4.30~4.25 (m, 2H), 1.78 (dt, J=15.7,
7.7 Hz, 2H), 1.51~1.44 (m, 2H), 1.36 (ddd, J=10.1, 6.5,
3.0 Hz, 4H), 0.90 (t, J=7.1 Hz, 3H); 3C NMR (151 MHz,
CDCI3) ¢: 151.31, 143.88 (d, /=34.0 Hz), 133.87, 133.34,
131.95, 131.16, 124.21, 113.95, 42.63, 31.33, 27.14, 26.59,
22.48, 13.94; °F NMR (377 MHz, CDCls) 6: —70.03 (s).
HRMS (Thermo Q Exactive) caled for CisH;gF3N,O [M+
H]" 299.1293, found 299.1290.
1-Butyl-3-(trifluoromethyl)quinoxalin-2(1 H)-one  (3d):
Light yellow solid, m.p. 68~69 C; 'H NMR (600 MHz,
CDCl3) o: 8.00 (dd, J=8.1, 1.2 Hz, 1H), 7.74~7.69 (m,
1H), 7.45~7.41 (m, 1H), 7.40 (d, J/=8.5 Hz, 1H), 4.33~
4.25 (m, 2H), 1.77 (tt, J=17.9, 6.7 Hz, 2H), 1.55~1.47 (m,
2H), 1.02 (t, J=7.4 Hz, 3H); *C NMR (151 MHz, CDCI3)
o0: 151.34, 143.89(d, J=34.1 Hz), 143.78, 133.88, 133.33,
131.97, 131.17, 124.22, 120.83, 119.00, 113.96, 42.39,
29.21, 20.23, 13.67; F NMR (377 MHz, CDCl;) §: —
70.04; YF NMR (377 MHz, CDCI3) §: —62.74, —69.92.
HRMS (Thermo Q Exactive) caled for Ci3H;4F3N,0 [M+
H]" 271.1053, found 271.1049.

Ethyl 2-(2-oxo-3-(trifluoromethyl)quinoxalin-1(2H)-yl)-
acetate (3e): White solid, m.p. 130~131 “C; 'H NMR (600
MHz, CDCl;) ¢: 8.02 (dd, J=28.0, 1.4 Hz, 1H), 7.70 (ddd,
J=8.6,17.5, 1.5 Hz, 1H), 7.48~7.43 (m, 1H), 7.16 (d, J=
8.5 Hz, 1H), 5.07 (d, J=4.6 Hz, 2H), 4.27 (q, J=7.1 Hz,
2H), 1.29 (t, J=7.1 Hz, 3H); *C NMR (151 MHz, CDCl;)
0: 166.32, 151.14, 143.82 (d, J/=34.3 Hz), 133.78, 133.63,
132.05, 130.98, 124.74, 122.46, 120.62, 118.79, 113.51,
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62.38, 43.38, 14.05; 'F NMR (377 MHz, CDCl3) 6: —
69.99; F NMR (377 MHz, CDCl3) §: —63.05, —70.19.
HRMS (Thermo Q Exactive) caled for Ci3H2F3N,03 [M+
H]" 301.0795, found 301.0792.
1-Benzyl-3-(trifluoromethyl)quinoxalin-2(1H)-one (3f):
Light yellow solid, m.p. 114~115 °C; 'H NMR (600
MHz, CDCl3) ¢: 8.03~7.98 (m, 1H), 7.63~7.58 (m, 1H),
7.42~7.38 (m, 1H), 7.38~7.32 (m, 3H), 7.31~7.27 (m,
3H), 5.54 (s, 2H); *C NMR (151 MHz, CDCls) é: 151.73,
144.07 (d, J=34.1 Hz), 134.43, 133.99, 133.44, 131.87,
131.18, 129.08, 128.06, 127.03, 124.51, 120.81, 118.98,
114.78, 46.04; '°F NMR (377 MHz, CDCl3) 6: —69.91.
HRMS (Thermo Q Exactive) calcd for Ci6H2F3N,O [M+
H]" 305.0896, found 305.0894.
1-(4-Methylbenzyl)-3-(trifluoromethyl)quinoxalin-
2(1H)- one (3g): Light yellow solid, m.p. 145~146 C; 'H
NMR (600 MHz, CDCl3) ¢: 8.03~7.96 (m, 1H), 7.64~
7.57 (m, 1H), 7.40 (dd, J=11.6, 4.5 Hz, 2H), 7.18 (d, J=
8.1 Hz, 2H), 7.14 (d, J/=28.0 Hz, 2H), 5.49 (s, 2H), 2.31 (s,
3H); 3C NMR (151 MHz, CDCl3) §: 151.74, 137.88,
134.02, 133.39, 131.83, 131.43, 131.18, 129.72, 127.08,
124.44, 114.81, 45.84, 21.07; '°F NMR (377 MHz, CDCI;)
0: —69.92. HRMS (Thermo Q Exactive) calcd for
Ci7H14F3N,O [M+H]" 317.0907, found 317.0910.
4-((2-0x0-3-(Trifluoromethyl)quinoxalin-1(2H)-yl)-me-
thyl)benzonitrile (3h): Light yellow solid, m.p. 198 ~
199 °C; '"H NMR (600 MHz, CDCls) &: 8.04 (dd, J=38.0,
1.3 Hz, 1H), 7.63 (dd, J=13.4, 4.9 Hz, 3H), 7.48~7.42
(m, 1H), 7.38 (d, /=8.2 Hz, 2H), 7.23 (d, /=8.4 Hz, 1H),
5.57 (s, 2H); ®C NMR (151 MHz, CDCls) §: 151.55,
143.06 (d, J=34.2 Hz), 139.67, 133.73, 133.59, 132.91,
132.24, 131.18, 127.72, 124.95, 120.65, 118.82, 118.16,
114.18, 112.25, 45.66; 'F NMR (377 MHz, CDCl;) &:
—69.91. HRMS (Thermo Q Exactive) calcd for Ci7H;Fs-
N;O [M+H]" 328.0703, found 328.0710.
3-(Trifluoromethyl)-1-(4-(trifluoromethyl)benzyl)qui-
noxalin-2(1H)-one (3i): White solid, m.p. 121~122 C; 'H
NMR (600 MHz, CDCl;) ¢: 8.03 (dd, J=S8.1, 1.4 Hz, 1H),
7.65~7.58 (m, 3H), 7.45~7.42 (m, 1H), 7.39 (d, J=8.1
Hz, 2H), 7.29~7.26 (m, 1H), 5.58 (s, 2H); '3C NMR (151
MHz, CDCls) d: 151.61, 144.07 (d, J=34.1 Hz), 138.39,
133.69 (d, J=8.7 Hz), 132.12, 131.18, 130.88, 130.58,
130.36, 128.81, 127.35, 126.11 (q, J=3.7 Hz), 124.81,
124.67, 122.87, 120.71, 118.88, 114.37, 45.61; '°F NMR
(377 MHz, CDCl3) 0: —62.74, —69.92. HRMS (Thermo
Q Exactive) caled for Ci7H; FeN,O [M+H]" 371.0625,
found 371.0627.
1-(2-Fluorobenzyl)-3-(trifluoromethyl)quinoxalin-
2(1H)-one (3j): Light yellow solid, m.p. 107~108 °C; 'H
NMR (600 MHz, CDCl;) ¢: 8.01 (dd, J=8.1, 1.3 Hz, 1H),
7.66~7.62 (m, 1H), 7.44~7.40 (m, 1H), 7.37 (d, J=8.5
Hz, 1H), 7.29 (dd, J=11.4, 4.2 Hz, 1H), 7.15~7.10 (m,
2H), 7.09~7.04 (m, 1H), 5.59 (s, 2H); '*C NMR (151
MHz, CDCl3) 6: 161.07, 159.44, 151.88, 133.67, 131.92,
131.15, 129.91 (d, J=8.2 Hz), 128.86 (d, J=3.3 Hz),
124.90 (d, J=3.6 Hz), 124.67 (s), 121.57 (d, J=13.5 Hz),
120.77, 118.93, 115.74, 115.60, 114.37 (d, J=3.1 Hz),
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109.99, 39.40 (d, J=5.1 Hz); '°F NMR (377 MHz, CDCl;)
0: —69.94, —118.13. HRMS (Thermo Q Exactive) caled
for C16H11FaN,O [M+H]" 323.0802, found 323.0804.

1-Benzyl-6-fluoro-3-(trifluoromethyl)quinoxalin-2(1H)-
one (3k): Yellow solid, m.p. 161~162 C; '"H NMR (600
MHz, CDCl3) 6: 7.99 (dd, J=8.9, 5.9 Hz, 1H), 7.36 (t, J=
7.3 Hz, 2H), 7.31 (t, J=7.3 Hz, 1H), 7.29~7.26 (m, 2H),
7.12 (td, J=8.9, 2.5 Hz, 1H), 7.03 (dd, J=9.9, 2.5 Hz,
1H), 5.47 (s, 2H); *C NMR (151 MHz, CDCls) d: 166.05,
164.36, 151.58, 135.81 (d, J=12.0 Hz), 134.15 (d, J=11.1
Hz), 133.82, 129.23, 128.30, 127.98, 127.20, 127.03,
120.74, 118.91, 112.95 (d, J=24.0 Hz), 101.78 (d, J/=28.3
Hz), 46.38; YF NMR (377 MHz, CDCl;) 6: —69.87, —
100.93. HRMS (Thermo Q Exactive) calcd for Ci¢Hii-
F4sN,O [M+H]" 323.0802, found 323.0802.

1-Benzyl-3,6-bis(trifluoromethyl)quinoxalin-2(1H)-one
(3D): Yellow oil. '"H NMR (600 MHz, CDCl;) 4: 8.11 (&,
J=7.3 Hz, 1H), 7.64 (s, 1H), 7.61 (dd, J=7.5, 6.1 Hz,
1H), 7.3~7.33 (m, 2H), 7.30 (dq, J=13.9, 7.0 Hz, 3H),
5.53 (s, 2H); '*C NMR (151 MHz, CDCl3) 6: 151.32,
134.56(d, J=33.7 Hz), 133.87(d, J=26.65 Hz), 132.72,
129.30, 128.48, 127.25, 120.91 (d, J=3.5 Hz), 112.22 (d,
J=4.2 Hz), 109.99, 46.32; '°F NMR (377 MHz, CDCl5) §:
—63.05, —70.19. HRMS (Thermo Q Exactive) calcd for
C17H11FeN,O [M+H]" 373.0770, found373.0764 .

1-Benzyl-6-nitro-3-(trifluoromethyl)quinoxalin-2(1H)-
one (3m): Red oil. '"H NMR (600 MHz, CDCl;) 4: 8.88 (d,
J=2.6 Hz, 1H), 8.42 (dd, J=9.3, 2.6 Hz, 1H), 7.48 (d, J=
9.3 Hz, 1H), 7.39~7.35 (m, 2H), 7.34~7.31 (m, 1H), 7.26
(d, J=5.8 Hz, 2H), 5.56 (s, 2H); '3C NMR (151 MHz,
CDCls) 0: 151.18, 138.20, 133.38, 130.88, 130.18, 129.39,
128.81, 128.59, 127.48 (d, J=3.9 Hz), 126.92, 115.67,
46.65; '°F NMR (377 MHz, CDCl3) 6: —70.21. HRMS
(Thermo Q Exactive) caled for Ci6H 1 F3N3O3 [M+H]"
350.0747, found 350.0744.

Methyl 1-benzyl-2-oxo-3-(trifluoromethyl)-1,2-dihydro-
quinoxaline-6-carboxylate (3n): White solid, m.p. 195~
196 C; '"H NMR (600 MHz, CDCl;) J: 8.67 (d, J=1.9 Hz,
1H), 8.23 (dd, J=8.9, 1.9 Hz, 1H), 7.41 (d, J=8.9 Hz,
1H), 7.34 (t, J=7.3 Hz, 2H), 7.30 (dd, J=38.6, 5.9 Hz,
1H), 7.26 (d, J=5.8 Hz, 2H), 5.54 (s, 2H), 3.95 (s, 3H);
3C NMR (151 MHz, CDCl3) d: 165.24, 151.54, 145.10 (q,
J=74.3 Hz), 136.99, 133.90 (d, /=11.5 Hz), 133.61 (s),
130.51, 129.20, 128.29, 127.01, 126.55, 120.54, 118.71,
114.92, 52.56, 46.29, 29.69; '°F NMR (377 MHz, CDCI;)
0: —70.07. HRMS (Thermo Q Exactive) calcd for CigH4-
F3N,O; [M+H]" 363.0951, found 363.0949.

1-Benzyl-6,7-difluoro-3-(trifluoromethyl)quinoxalin-
2(1H)-one (30): Yellow solid, m.p. 105~106 ‘C; '"H NMR
(600 MHz, CDCL) ¢: 7.82 (dd, J=9.5, 8.2 Hz, 1H),
7.39~7.35 (m, 2H), 7.35~7.31 (m, 1H), 7.26~7.24 (m,
2H), 7.17~7.12 (m, 1H), 5.47 (s, 2H); *C NMR (151
MHz, CDCl3) 6: 151.26, 133.56, 129.35, 128.46, 126.94,
119.28 (dd, J=18.1, 2.8 Hz), 118.70), 109.99, 103.58,
103.43, 46.65; 'F NMR (377 MHz, CDCl;) §: —70.03
(s), —123.71~—124.13 (m), —139.28 (dt, J=15.8, 7.6
Hz). HRMS (Thermo Q Exactive) calcd for CisHioFsN>O
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[M+H]" 341.0708, found 341.0706.

1-Benzyl-6,7-dichloro-3-(trifluoromethyl)quinoxalin-
2(1H)-one (3p): Yellow solid, m.p. 183~184 “C; '"H NMR
(600 MHz, CDCls) d: 8.09 (s, 1H), 7.46 (s, 1H), 7.37 (t,
J=17.4 Hz, 2H), 7.32 (t, J=7.2 Hz, 1H), 7.26 (t, J=3.7
Hz, 2H), 5.46 (s, 2H); *C NMR (151 MHz, CDCl) 6:
151.08, 138.11, 133.59, 133.17, 132.40, 130.04, 129.34,
128.79, 128.46, 127.01, 120.43, 118.59, 116.23, 46.35; '°F
NMR (377 MHz, CDCl3) 6: —70.04. HRMS (Thermo Q
Exactive) calcd for Ci¢H oCLF;N,O [M+H]" 373.0117,
found 373.0122.

1-Benzyl-6,7-dimethyl-3-(trifluoromethyl)quinoxalin-
2(1H)-one (3q): Light yellow solid, m.p. 188~189 C; 'H
NMR (600 MHz, CDCl3) ¢6: 7.74 (s, 1H), 7.33 (t, J=7.3
Hz, 2H), 7.30~7.26 (m, 3H), 7.12 (s, 1H), 5.50 (s, 2H),
2.35 (s, 3H), 2.33 (s, 3H); 3C NMR (151 MHz, CDCl;) 6:
151.85, 144.17, 134.69, 133.86, 132.16, 131.61, 129.71,
129.03, 127.93, 127.02, 115.07, 45.86, 21.00, 19.10; F
NMR (377 MHz, CDCls) 4: —69.71. HRMS (Thermo
Q Exactive) caled for CisHsFsN,O [M+H]" 333.1209,
found 333.1210.

6-Methyl-3-(trifluoromethyl)quinoxalin-2(1H)-one (3r)
and 7-methyl-3-(trifluoromethyl)quinoxalin-2(1H)-one
(3r"): Light yellow solid, m.p. 193~194 °C; 'H NMR (600
MHz, DMSO-ds, 3r) J: 13.00 (s, 1H), 7.79 (d, J/=28.3 Hz,
1H), 7.24 (d, J=8.3 Hz, 1H), 7.17 (s, 1H), 2.45 (s, 3H); 'H
NMR (600 MHz, DMSO-ds, 3r') 6: 13.00 (s, 1H), 7.72 (s,
1H), 7.56 (d, J=8.6 Hz, 1H), 7.30 (d, /=8.4 Hz, 1H), 2.40
(s, 1H); BC NMR (151 MHz, DMSO-ds) J: 152.27,
144.88, 135.28, 134.14, 130.03, 129.62, 128.67, 126.19,
121.55, 115.99, 115.70, 109.99, 21.98, 20.68; "YF NMR
(377 MHz, DMSO-dg) d: — 62.74, — 69.92. HRMS
(Thermo Q Exactive) caled for CioHsFsN,O [M+H]"
229.0583, found 229.0581.
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