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I. General considerations

All reagents and solvents were obtained from commercial suppliers and used without
further purification. The starting materials were synthesized according to literature
procedures. Flash chromatography was performed on silica gel (200~300 mesh).

'H and BC NMR data were recorded at 500 and 125 MHz on a BRUKER 500
spectrometer. Proton and carbon magnetic resonance spectra ('H NMR and 3C NMR)
were recorded using tetramethylsilane (TMS) as the internal standard in DMSO-dg or
in CDCIl;. Spectra were calibrated relative to solvent’s residual proton and carbon
chemical shift: CHCl; (8 = 7.26 for 'H NMR and & = 77.0 for 13C NMR), DMSO-dg
(6 = 2.50 and 3.30 for 'H NMR and 6 = 39.50 for '3C NMR). Data are reported as
follows: chemical shift 6/ppm, integration ('H only), multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, dd = doublet of doublets, m = multiplet or
combinations thereof; 3C signals are singlets unless otherwise stated), coupling
constants J in Hz, assignment.

High Resolution Mass Spectrometry (HRMS): All were recorded on an UPLC-
Q/TOF Xevo G2-XS (Waters, MA, USA) with an ESI source.

UV-visible spectroscopy was recorded on a UV-2600 UV-visible spectrophotometer.
The fluorescence emission intensity of reaction solution was recorded on a RF-6000
spectrofluorimeter. The reactor was 3.0 cm from 20W blue LED, the power density
of the incident light was recorded on CEL-FZ-A radiometer.

Cyclic voltammetry was performed on a CH Instruments electrochemical

workstation model CS300H.
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The spectrum of our lamp and the visible-light irradiation instrument
All reactions have been studied in borosilicate glass vessels irradiated by a blue light
LED manufactured by Xuzhou Ai Jia Electronic Technology Co., Ltd. without using

filters.

BEas:

5 M AL HE (208F) : x=0. 1546  y=0. 0269/u’ =0.2051 v'=0.0804 duv=-2. 137e-001
KB Te=100000k EPde: )\ d=454. 4nm EHLHE: Purity=98. 4%
fiHi:R=1. 3% G=13. 8% B=85.0% WHEMIH: A p=448.8nm HWF: A A d=18.9nm
B AR 8 Ra=-56.8

Rl =-1.95 R2 =-44. 77 R3 =-159. 98 R4 =-101.71 RS =10.83
R6 =-52.38 R7 =-59. 23 R8 =-44. 90 R9 =-242. 06 R10=-230. 58
R11==127. 00 R12=-119. 15 R13==20. 13 R14=-36. 93 R15=14. 17

TM30 #£38: Rf = 0.0, Rg:21.9

Figure S1. The spectrum of our lamp (blue LED)

Figure S3. Photograph of the reaction setup
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II. Experimental procedures

1. Preparation of quinoxalin-2 (1H)-one!!l
0 X N\
%o/\ _— R1@[NLO
H

Ethyl-2-oxoacetate (22.1 mL, 111.11 mmol) was added to a solution of 1,2-

o NH;
RT + O
NH,

diaminobenzene (10.0 g, 92.59 mmol) in ethanol (200 mL). The mixture was heated
and maintained at 45 °C for 8 h. The resulting precipitate was filtered, thoroughly
washed with water and dried under vacuum to afford quinoxalin-2 (1H) -ones.

Quinoxalin-2(1H)-one derivatives were prepared according to the reported

methods!!!

N PLN . ) K,CO3, DMF 1@&
" i/:[ﬂj\) x=|::|,);r,| S :}0

General procedure: To a 100 mL round-bottomed flask with a stir bar was added
quinoxalin-2(1H)-one (5.0 mmol), DMF (15.0 mL), then was added potassium
carbonate (828 mg, 6.0 mmol), followed by the dropwise addition of R,-X (8.0 mmol).
The reaction mixture was then stirred for 1~12h at room temperature, poured into
brine and extracted with EtOAc. The combined extracts were dried over Na,SO,,
filtered, and evaporated. The residue was purified by column chromatography
(petroleum ether/EtOAc) to afford the desired quinoxalin-2(1H)-ones.

2. Modification of natural molecules and pharmaceutically relevant compounds

are prepared from the following procedure:

(a)

[0}
,,
[o]
/I H I
o] = H
) I90L
0 SO e
A Br” "o @ l Nv&o
y N o
HO H

K,CO3, DMF, 55°C
OH + Br” >"Br

e T - - NNO
OMe MeO@/CHO K,CO3, DMF, 55°C N
Br” "0 W\ OMe
o

“CHO

CHO

General procedure: A mixture of phenol (4.0 mmol) and K,CO; (1.1 g, 8.0 mmol) in
DMF (6.4 mL) was stirred at 55 °C, and then 1, 3-dibromopropane (8.0 mmol) was
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added. After stirring overnight, the mixture was added water and extracted with DCM.
The organic phase was washed with water (40 mL x 2), then washed with brine (40
mL x 2), dried over Na,SO,, followed by concentrated and purification on silica gel
column chromatography. The resulting compound (1.6 equiv.) was then dissolved
anhydrous DMF (10 mL) and quinoxalin-2(1H)-one (1.0 equiv.) was added and the
mixture stirred for 12 h at 55 °C. After the reaction was complete, reaction mixture
was quenched with water and extracted with CH,Cl,. Combined organic layers were
concentrated in vacuo and the residue obtained was purified by flash chromatography

on silica gel to obtain the desired product.
N
(b) )
Cre oy
[0}

o )
COOH 50, DCM, 55°C OH H

General procedure: To a 25 mL round-bottomed flask with a stir bar was added
ibuprofen (2.0 mmol), DCM (10 mL), then was added SOCIl, (4.0 mmol). The
reaction mixture was then refluxed for 4 h in oil bath. The solvent was then removed
under reduced pressure with the aid of a rotary evaporator. The result mixture was
added the quinoxalin-2(1H)-one (1.0 mmol), K,COs3 (1.5 mmol) and DMF (5.0 ml) ,
which was stirred at room temperature for 5 h, poured into brine and extracted with
EtOAc. The combined extracts were dried over Na,SQOy,, filtered, and evaporated. The
residue was purified by column chromatography to afford the desired product.
; CCy, O
O O AT
CLy

General procedure: Alcohol (1.0 mmol), alpha,alpha'-dibromo-p-xylene (1.2 mmol)
and diisopropylethylamine (2.0 mmol) were charged in reaction vessel equipped with
magnetic stirring bar under nitrogen atmosphere. The mixture was refluxed in 150 °C
bath for 2 h. The resulting mixture typically showed two phases. Ethyl acetate (5.0

mL) and 10% aqueous sodium bisulphate (5.0 mL) were added to the mixture and the
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organic phase extracted by three potions of EtOAc. Combined organic layer was dried
over magnesium sulfate and the solvent evaporated in vacuo. Further purification was
carried out by silica gel column chromatography. The resulting compound (1.6 equiv.)
was then dissolved anhydrous DMF (10 mL) and quinoxalin-2(1H)-one (1.0 equiv.)
was added and the mixture stirred for 12 h at 55 °C. After the reaction was complete,
reaction mixture was quenched with water and extracted with EA. Combined organic
layers were concentrated in vacuo and the residue obtained was purified by flash
chromatography on silica gel to obtain the desired product.

3. General method for sulfonium salt synthesis: 213114l

O (1.2 equiv.)

R s c R x°
Aryl or in acetone or MeCN Aryl or ®
Heteroaryl OH Heteroaryl SQ
HPFg or HBF 4'Et,0

R=Hor C

Method A: Tetrahydrothiophene (441 mg, 816 ul, 5.00 mmol, 1.20 equiv.) and
heteroaryl methanol (1.05 equiv.) was dissolved in diethyl ether (5 ml) and cooled to
0 °C using an ice bath. 60% HPF¢ in water (1.013 mg, 614 ul, 4.2 mmol, 1.00 equiv.)
was added dropwise and the reaction was stirred for 30 minutes at 0 °C and then
another hour at room temperature. The product was filtered and washed first with
toluene (10 ml) then hexane (10 ml) finally with diethyl ether (15 ml) and dried in-
vacuo.

Method B: A flame-dried round bottom flask (for 3 mmol: 50 mL flask, 5 mmol: 100
mL, 10 mmol: 250 mL) with a magnetic stirring bar was charged with the benzyl
alcohol (1.1 equiv.), tetrahydrothiophene (THT) (1.2 equiv.), and acetonitrile (MeCN)
([1 M] with respect to (w.r.t.) the benzyl alcohol). Thereafter, tetrafluoroboric acid
diethyl ether complex (HBF,-OEt,) (1.2 equiv.) was added dropwise and the reaction
was left to stir until full consumption of the alcohol was observed by TLC (1:1
hexanes (Hex)/ethyl acetate (EtOAc)) or for a 12 h period. After the end of the
reaction, the reaction liquid was concentrated, and then the desired product was

obtained by adding ether to wash and removing the washing liquid.
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H:Ezlog:yl —SH 0 PFe

1. Et3N/MTBE, 23°C Arylor | @

+ Heteroaryl
(]

Br/\/\/Br 2. NH4PFg, acetone, 23°C

O (1.2 equiv.)

S

X@
Aryl or X in acetone or MeCN Aryl or g)
Heteroaryl X=Cl. Br- Heteroaryl Q

NH4PFg or NaClO,4

General procedure:

Method A: Tetrahydrothiophene (441 mg, 816 ul, 5.00 mmol, 1.10 equiv.),
benzylbromide or benzylchloride (4.50 mmol, 1.00 equiv.) and NH4PF¢ (815 mg, 5.00
mmol, 1.10 equiv.) was dissolved in acetone (5.0 ml) and stirred at 25 °C for 16 hours.
The formed precipitate was filtered and washed with acetone. The filtrate was reduced
to half its volume and excess diethyl ether was added. The formed precipitate was
filtered and washed with diethyl ether then dried in-vacuo to get the product.

Method B: Triethylamine (27.5 g, 272.3 mmol, 1.5 equiv.) was slowly added to a 500
mL round-bottom flask containing thiophenol (20 g, 181.5 mmol), 1, 4-
dibromobutane (78.4 g, 363 mmol, 2.0 equiv.) and Et,0 (200 mL). The reaction
mixture was stirred for 30 min then diluted with Et,O (200 mL) and washed with 1.2
N HCI (2 x 200 mL) and brine. The organic layer was dried (MgSQ,), the solvents
were evaporated, and the crude material was dissolved in acetone (40 mL) and treated
with NH4PF¢ (44.4 g, 272.3 mmol). After stirring overnight at room temperature, the
reaction mixture was filtered through a medium porosity fritted-glass funnel, the
filtrate was concentrated under reduced pressure, and Et,0O (200 mL) was added
producing colorless crystals. The crystals were collected on a coarse fritted-glass
funnel and washed with water (200 mL), ethanol (200 mL), and Et,O (200 mL). The
product was purified by recrystallization from acetone/Et ,0 to give 42.8 g (76 %) of
analytically pure colorless crystals.

4. Preparation of 1-allyl-tetrahydrothiophenium bromide!!

MeOH, rt, Ar, 16 h Q
Cs + B N 5P

> 95%
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General procedure: To a 50 mL round bottom flask with stir bar was added 15 mL
of MeOH (dried over anhydrous Na,SO, and briefly dried over molecular sieves). Via
syringe was added allyl bromide (6.05 g, 50 mmol, 4.32 35 mL, 1.0 equiv.) and
tetrahydrothiophene (5.3 g, 5.3 mL, 60 mmol, 1.2 equiv.) and the reaction mixture
stirred overnight at rt. The solvent was removed via rotary evaporator and the product
dried under vacuum to give 1-allyl-tetrahydrothiophenium bromide as an off white

solid (10.3 g / >95%). (note: tetrahydrothiophene has an extremely unpleasant and

strong odor, the waste should be segregated and stored in a fume hood until disposal.)

5. Preparation of 5-phenethyl-5H-dibenzo|b,d|thiophen-5-ium

trifluoromethanesulfonatel®

General procedure: 8.2 g (120 mmol, 1.2 equiv.) sodium formate was measured into
a 100 mL round bottom flask. 8.8 mL abs. ether was added. Then 7.1 mL acetyl
chloride (100 mmol, 1.0 equiv.) was added. The mixture was stirred at room
temperature overnight. After 16 h, the sodium chloride was filtered off, washed with
ether. The acetic formic anhydride was used as a solution in ether.

A 100 mL round bottom flask was charged with 7.2 mL 2-phenylethanol (60 mmol,
1.0 equiv.) and 25 mL abs. ether. 8.4 mL triethylamine (60 mmol, 1.0 equiv.) was
added and finally acetic formic anhydride solution was added dropwise (29 mL
solution, ca. 100 mmol, 1.6 equiv.). The mixture was stirred at room temperature for 3
hours. After the reaction was completed, the mixture was washed with sat. NaHCO;
and water, dried over MgSO,. Ether was evaporated, and the crude product was
distilled at reduced pressure 65-70 °C. The product was obtained as a colourless
liquid (6.3 g, yield: 70%), containing 18% phenylethyl acetate. The product was used

without further purification.
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A 20 mL screw capped vial was charged with 3.68 g dibenzothiophene (20.0 mmol, 1
equiv.) and alkyl formate (40.0 mmol, 2 equiv.). The mixture was stirred vigorously
on ice bath and then 10 mL trifluoromethanesulfonic acid (120 mmol, 6 equiv.) was
added dropwise. The mixture was stirred over night at room temperature. After a
night the mixture became a clear solution. The mixture was poured into water (200
mL) and extracted with dichloromethane (3 x 200 mL). The solution was concentrated
under reduced pressure to 20 mL and poured into ether (370 mL). The product
precipitated as white oil which crystallized easily after scratching and cooling in a
refrigerator. The product was filtered and washed with ether, dried on air or under

vacuum. The preparations were carried out in 2 mmol to 50 mmol scales.

6. Synthesis of Sulfonium Salt 2a*

dj 125 °C, 24 h w&
+ Sg + —[3

_ s

A

(R)-Limonene (161.8 mL, 1.0 mol, 99:1 e.r.) was placed in a 1.0 L three-necked round

bottom flask equipped with a reflux condenser and a thermometer (to note the internal
temperature). Elemental sulfur (32.0 g, 1.0 mol) and y-terpinene (160.6 mL, 1.0 mol)
were then added. The reaction mixture was heated to 125 °C (internal temperature) for
8 h, (the oil bath temperature was set to a higher temperature of 130 °C on this scale).
After 8 h, more elemental sulfur (25.6 g, 0.8 mol) and y-terpinene (176.7 mL, 1.1 mol)
were added to the reaction mixture. It was then stirred at 125 °C for another 16 h.
From the 'H-NMR spectrum of the crude reaction mixture after 24 h it was estimated
that less than 5% (R)-Limonene was still left unreacted but the y-terpinene was fully
consumed. The reaction mixture was then cooled to room temperature, transferred to a
1.0 L one-necked round bottom flask and a vacuum distillation apparatus with a

Vigreux column (18.0 cm long) was connected. The above compound 2 was distilled
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at 40-46 °C/ approx. 0.64 mm Hg [79 °C/5 mm Hg]. Pure (R)-isothiocineole was
obtained as a viscous yellow liquid (103.0 g, 61% yield, e.r. 99:1).

Detailed Description of the Distillation Procedure. The crude reaction mixture was
transferred to a 1.0 L round bottom flask fitted with a 18.0 cm long Vigreux column.
Under vacuum, at room temperature, the volatile by-products started distilling out.
After the initial distillation of the volatile by-products, the oil bath temperature was
increased every 5 °C till 40 °C to make sure all the colourless volatiles (p-cymene and
the other smelly by-products) were removed. From 4045 °C, a yellow material
started condensing in the Vigreux column. (R)-Isothiocineole was collected at 40—46
°C/approx. 0.64 mm Hg (the pressure was measured with a manometer directly from
the vacuum pump without the manifold). The temperature of the oil bath was
increased to 75 °C (internal temperature: 48 °C) to distil off the remaining
isothiocineole from the viscous mixture. Pure fractions were analysed by "H-NMR for
purity. A few mixed fractions containing both sulfide and p-cymene were also

obtained. The mixed fractions were collected and redistilled to obtain the pure (R)-

e

Isothiocineole to give a total yield of 61%.

WA dichloromethane *8 _
Br , oTf
S lithium triflate (5 M in H,0, 5 equiv.)

2a*

Sulfide (1-2 equiv.) was dissolved in dichloromethane (1 mL for each 2.4 mmol of
sulfide) and then the appropriate bromide (2 equiv.) and a solution of lithium triflate
(5 M in H,O, 5 equiv) were added. The resulting biphasic mixture was stirred at rt for
24 h. Water (same amount as starting volume) and dichloromethane (same amount as
starting volume) were added and the layers were separated. The aqueous organic layer
was extracted with dichloromethane (3 x half the amount of starting volume). The
combined organic layers were dried over MgSO, and the solvent was removed under
reduced pressure. The crude product was dissolved in the minimum amount of
dichloromethane and added dropwise to rapidly stirring diethyl ether (at least 10 times

the volume of dichloromethane used to dissolve the crude). The precipitate was
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filtered and washed several times with diethyl ether (same amount as used to

precipitate the salt).

7. General procedure for synthesis of quinoxalin-2(1H)-ones

N _{H
X I
N o
‘%
./k. ,,,,,, . ./%@ x©  4czIPN (2 mol %) @[
NMP, Naco3 Ny, 24 h, it

2
@ = OH, SH, Br X = PFgor BF,
@ = aryl, heteroaryl, allyl

3

General procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar,
added quinoxalin-2(1H)-ones 1 (0.2 mmol), sulfonium salt 2 (0.3 mmol), Na,COj3 (2.0
equiv.) and 4CzIPN (0.004 mmol, 2 mol%) in NMP (2.0 mL). The tube was
evacuated and backfilled with nitrogen (three times), Then the mixture was stirred and
irradiated by the two 20W blue LEDs at room temperature for 24 h. The residue was
added water (10 mL) and extracted with ethyl acetate (5 mL x 3). The combined
organic phase was dried over Na,SO,. The resulting crude residue was purified via

column chromatography on silica gel to afford the desired products.

Col OO oo

4CzIPN (2 mol %), Na,COs, Ny, 24 h, rt

2a ®

1a 3a, trace

General procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar,
added quinoxalin-2(1H)-ones 1 (0.2 mmol), sulfonium salt 2 (0.3 mmol), Na,COj3 (2.0
equiv.) and 4CzIPN (0.004 mmol, 2 mol%) in H,O (2.0 mL). The tube was evacuated
and backfilled with nitrogen (three times), Then the mixture was stirred and irradiated
by the two 20W blue LEDs at room temperature for 24 h. The residue was extracted
with ethyl acetate (5 mL x 3). The combined organic phase was dried over Na,SO,.
The resulting crude residue was purified via column chromatography on silica gel to

afford the desired products.
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NMP, Na,CO3, Ny, 24 h

N H s PFé N
Ot - OO e e 00T
N o] N o]

Me M
1a 2a 3a, 0%

General procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar,
added quinoxalin-2(1H)-ones 1 (0.2 mmol), sulfonium salt 2 (0.3 mmol), Na,COj3 (2.0

equiv.) in NMP (2.0 mL). The tube was evacuated and backfilled with nitrogen (three

times), Then the mixture was stirred at 50°C for 24 h. The residue was extracted with

ethyl acetate (5 mL x 3). The combined organic phase was dried over Na,SO,. The
resulting crude residue was purified via column chromatography on silica gel to

afford the desired products.

Me
@1“%F@mm ool
1a 2 3,0%
General procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar,
added quinoxalin-2(1H)-ones 1 (0.2 mmol), sulfonium salt 2 (0.3 mmol), Na,COj3 (2.0
equiv.) and 4CzIPN (0.004 mmol, 2 mol%) in NMP (2.0 mL). The tube was
evacuated and backfilled with nitrogen (three times), Then the mixture was stirred and
irradiated by the two 20W blue LEDs at room temperature for 24 h. The residue was
added water (10 mL) and extracted with ethyl acetate (5 mL x 3). The combined

organic phase was dried over Na,SO,. The resulting crude residue was purified via

column chromatography on silica gel to afford the desired products.

fo

Me Me PF6 NMe Me
@[ I 4CzIPN (2 mol %) ©: m
>
Q NMP, Na,COg, Ny, 24 h, rt N0
|
Me
1a 2q 3aq, trace

General procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar,
added quinoxalin-2(1H)-ones 1 (0.2 mmol), sulfonium salt 2q (0.3 mmol), Na,CO;
(2.0 equiv.) and 4CzIPN (0.004 mmol, 2 mol%) in NMP (2.0 mL). The tube was

evacuated and backfilled with nitrogen (three times), Then the mixture was stirred and
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irradiated by the two 20W blue LEDs at room temperature for 24 h. The residue was
added water (10 mL) and extracted with ethyl acetate (5 mL x 3). The combined
organic phase was dried over Na,SO,. The resulting crude residue was purified via

column chromatography on silica gel to afford the desired products.

C[NIH E\Q 4CzIPN (2 mol %) @[ I\©
+ -
N"So (jJ oTf NMP, Na,COj, Na, 24 h, 1t
Me

1a 2a* 3a, 62%

General procedure: To a 25 mL Schlenk tube equipped with a magnetic stir bar,
added quinoxalin-2(1H)-ones 1 (0.2 mmol), sulfonium salt 2a* (0.3 mmol), Na,CO;
(2.0 equiv.) and 4CzIPN (0.004 mmol, 2 mol%) in NMP (2.0 mL). The tube was
evacuated and backfilled with nitrogen (three times), Then the mixture was stirred and
irradiated by the two 20W blue LEDs at room temperature for 24 h. The residue was
added water (10 mL) and extracted with ethyl acetate (5 mL x 3). The combined
organic phase was dried over Na,SO,. The resulting crude residue was purified via

column chromatography on silica gel to afford the desired products.

8. Gram scale

I PFe 4CzIPN (1 mol %) ©: rph
(I EjA NMP, Na;COs, Np, 36 h, t

3a

1a

5.5 mmol, 0.88 g 8.25 mmol, 2.67 g 1.07 g, 78% isolated yield

General procedure: To an oven-dried 50 mL Schlenk Tube with a stirring bar was
added quinoxalin-2(1H)-ones 1a (5.5 mmol), followed by the addition of sulfonium
salt 2a (8.25 mmol), Na,CO; (2.0 equiv.) and 4CzIPN (0.11 mmol, 2 mol%) Then, air
was withdrawn and backfilled with N, (three times). NMP (25 mL) was added and the
mixture was irradiated under 20W blue LEDs for 36 h. When the reaction is
completed, The residue was added water and extracted with CH,Cl,, washed with
brine, dried over anhydrous sodium sulfate, concentrated in vacuo, and purified by

column chromatography (hexane/ethyl acetate = 5/1, v/v) to afford the product 3a.

II1. Mechanistic studies
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1. Investigation on the effect of TEMPO and 1,1-diphenylethylene
(a)

@: L @/\Q Fo Standard condition @i j\[ q
TEMPO (2.0 equiv.) :

3a 0%
Detected by HRMS
Calc. 248.2009
Found. 248.2011

Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.3 mmol), 4CzIPN (2 mol %)
and 2, 2, 6, 6-tetramethyl-1-piperidinyloxy (TEMPO, 0.4 mmol) in NMP (2 mL)
irradiated with two 20W blue LEDs for 24 hours at room temperature in N,.

The radical trapping experiments were conducted with 1a and 2a under the standard
conditions with a trapping agent 2, 2, 6, 6-tetramethyl-1-piperidinyloxy (TEMPO, 0.4
mmol) to capture the radical intermediate expected in our system, and the products
were detected by HRMS techniques. Supplementary Figure S4 showed that TEMPO,
the most common trapping agent, captured benzyl radical with TEMPO-trapped
compound 5 observed. HRMS (ESI): compound 5, HRMS (ESI) calcd for C;sHy,sNO*
[M+H]* : 248.2009, found: 248.2011.

o

5
Detected by HRMS
Calc. 248.2009
Found. 2482011

ggggg

miz

100 ' 200 300 ' 400 ' 500 ' 600 700 ' 800 ' 900 ' 1000 ' 1100 ' 1200 ' 1300 1400 ' 1500 ' 1600 ' 1700 = 1800 ' 1800 '

Figure S4. HRMS of TEMPO and the Benzylic Radical Adduct
(b)

Q ® Standard condition Ph
Ph/& Ph)\/ Bn

9, 64% isolated yield

Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.3 mmol), 4CzIPN (2 mol %)
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and 1, 1-diphenylethylene (0.4 mmol) in NMP (2 mL) irradiated with two 20W blue
LEDs for 24 hours at room temperature in N,.

The radical trapping experiments were conducted with 1a and 2a under the standard
conditions with a trapping agent 1,1-diphenylethylene (0.4 mmol) to capture the
radical intermediate expected in our system, and the product 10 was detected by 'H

NMR and 3C NMR techniques.

2. Sunlight-driven experiment

S
N H ® _ PF N
N (o] NMP, NHQCO?,, N2, rt N (o]
Me 2a 3 days Me

(a total of 24 hours

1a of sunlight irradiation)

3a (79%)

1a (0.20 mmol), 2a (0.30 mmol), 4CzIPN (2 mol %), Na,CO; (2.0 equiv.) and a
magnetic stir bar were added to an oven dried 25 mL Schlenk tube. The tube was
evacuated twice and backfilled with nitrogen. 2.0 mL NMP was then added to the
mixture in the presence of a flow of nitrogen. The solution was stirred under solar
light for three days (A total of 24 hours of sunlight irradiation, Location: 36°8'54" N,
120°23'3" E). Afterward, the residue was added water (10 mL) and extracted with
ethyl acetate (5 mL x 3). The combined organic phase was dried over Na,SO,4, The
resulting crude residue was purified via column chromatography on silica gel to

afford 3a in 79% yield.

Figure S5. Sunlight-driven experiment
3. Light on/ off

A standard reaction mixtures in 25 mL schlenk tube were equipped with a magnetic
stir bar, added 1a (0.20 mmol, 1.0 equiv.), 2a (0.30 mmol, 1.5 equiv.), Na,COj; (0.40
mmol, 2.0 equiv.), 1, 3, 5-trimethoxybenzene (0.20 mmol, as the internal standard)

and 4CzIPN (0.004 mmol, 2 mol %) in NMP (2.0 mL). The tube was evacuated twice
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and backfilled with nitrogen. Then the mixture was stirred and irradiated by two 20W
blue LEDs at room temperature. After 2.0 h, the blue LEDs were turned off, and the
schlenk tube was taken from the irradiation device and 0.2 ml of the mixture was
taken out for analysis. The remaining mixture was stirred in the absence of light for an
additional 2.0 h. Then, the schlenk tube was taken from the irradiation device and 0.2
ml of the mixture was taken out for analysis, and the blue LEDs were turned back on
to irradiate the residual mixture. After an additional 2.0 h of irradiation, the blue
LEDs were turned off, and the schlenk tube was taken from the irradiation device and
0.2 ml of the mixture was taken out for analysis. The remaining mixture was stirred in
the absence of light for an additional 2.0 h. Then, schlenk tube was removed for
analysis, and the blue LEDs were turned back on to irradiate the residual mixture.
After 2.0 h, the blue LEDs were turned off, and the schlenk tube was taken from the
irradiation device and 0.2 ml of the mixture was taken out for analysis. The remaining
mixture was stirred in the absence of light for an additional 2.0 h, and then it was
analyzed. The yield was determined by 'H NMR spectroscopy using 1, 3, 5-
trimethoxybenzene as the internal standard.

50 -

40 4

30 4

20

Yield (%) of 3a

Time (h)
Figure S6. Light on/ off experiment
4. Calculation of apparent quantum efficiency (A. Q. E)

Experimental procedure
A standard reaction mixtures in 25 mL schlenk tube were equipped with a magnetic
stir bar, added 1a (0.20 mmol, 1.0 equiv.), 2a (0.30 mmol, 1.5 equiv.), Na,CO; (0.40

mmol, 2.0 equiv.), 1, 3, 5-trimethoxybenzene (0.20 mmol, as the internal standard)
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and 4CzIPN (0.004 mmol, 2 mol %) in NMP (2.0 mL). The tube was evacuated twice
and backfilled with nitrogen. Then the mixture was stirred and irradiated by two 20W
blue LEDs at room temperature. After 2.0 h, the blue LEDs were turned off, and the
schlenk tube was taken from the irradiation device and 0.2 ml of the mixture was
taken out for analysis.

The photon flux of the light source was determined by an optical power meter to be
82.30 mW (average of three experiments)

hc 6.63 x 10 "3*1.§ x 3 x 10®m-x-s !
Ainc (455nm) = 455 x 10~ °m _437x10°19

Ephoton:
E,,.,= PSt=28230 X 1073 W-cm™?x 2.57 cm® X 2.0 x 3600 s = 1.52 x 10%

E

total

Number of incident photons = Ephoton = 3.48 x 10%" = 5.78 mmol

Number of product 0.032 mmol

A. Q.Y (%) = Number of incident photons = 5.78 mmol =( 559 <1

Where h (J-s) is Planck’s constant, ¢ (m's™) is the speed of light and A, (m) is the
wavelength of the incident light. P (W-cm™) is the power density of the incident light,
S (cm?) is the irradiation area and t (s) is the photoreaction time.

5. EPR experiments

Free radical trapping investigation by Electron Paramagnetic Resonance
Spectroscopy (EPR):

To an oven-dried Schlenk tube equipped with a stir bar was loaded with 4CzIPN
(0.002 mmol), Sulfonium salt 2a (0.3 mmol), and 5,5-dimethyl-1-pyrroline N-oxide
(DMPO, 2.0 equiv.) in NMP (2.0 mL) under N,, the solution sample was taken out
into a capillary tube, then the capillary tube was transferred to a EPR tube and
measured. Subsequently, the reaction solution was irradiated with 20W blue LED
(455 nm) for 5 min, then analyzed by EPR again, as is shown by the orange line. EPR
spectrum was recorded at 123 K on EPR spectrometer operated at 9.045GHz, scan
width 1.57 mT, center field 2.32 mT, time constant 0.1s, scan time 1min, modulation

width 0.1 mT, gain 500, power ImW.
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6,
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Figure S7. EPR Spectra of the DMPO-Radical Adduct
6. The UV-vis spectra of Sulfonium salt 2a
UV-visible spectroscopy of reaction solution was recorded on a UV-2600 UV-visible
spectrophotometer. The sample was prepared by mixing Sulfonium salt 2a with NMP
(C=5.0x103 M), in a light path quartz UV cuvette. The absorption was collected and

the result was listed in Figure S8

0.30
025 4
0.20 o

0.15 4

Abs

010 o

0.05 H

0.00 o

T T T T T T T |
300 350 400 450 500 550 600 650
wavelength (nm)

Figure S8. UV—vis spectra of Sulfonium salt 2a

7. Emission spectrum of Sulfonium salt 2a

The fluorescence emission intensities were recorded on a HITACHI F-2700
spectrofluorimeter. The excitation wavelength was fixed at 338 nm. The sample is the
NMP solution of 2a in the optical path quartz fluorescence cuvette. Then the emission

intensity was collected and the results were presented in Figure S8.
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Figure S9. Emission spectrum of Sulfonium salt 2a

8. Fluorescence quenching experiments

The fluorescence emission intensities were recorded on a RF-6000 spectrofluorimeter.

The excitation wavelength was fixed at 475 nm. The samples were prepared by

mixing 4CzIPN (2x10-3 mol/L) and different amount of quencher in NMP in a light

path quartz fluorescence cuvette. The concentration of quencher is 5M in NMP. For

each quenching experiment, 0.003 ml of quencher solution was titrated to a mixed

solution of 4CzIPN (0.003 mL, in a total volume = 3.0 mL). Then the emission

intensity was collected and the results were presented in Figure S10 or Figure S11.
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Figure S10. The emission spectra of a solution of 4CzIPN in NMP upon irradiation at

475 nm in the presence of varying amounts of quinoxalin-2(1H)-one 1a
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Figure S11. The emission spectra of a solution ot 4CzIPN in NMP upon irradiation at
475 nm in the presence of varying amounts of sulfonium salt 2a

9. Cyclic Voltammetry Experiments

Cyclic Voltammetry was performed on a CH Instruments Electrochemical
Workstation model CS300H. A solution of the sample in CH,Cl, (0.2 M) was tested
with 0.3 M BuyNBr as the supporting electrolyte, using a glassy carbon as the
working electrode, a Pt as the counter electrode, and Ag/AgCl as reference electrode.
Scan rate = 100 mV/s.

Reductive potential of 2a

0.004 —

—2a
—— background

0.003

0.002

0.001

Current (A)

0.000 A

-0.001

-0.002 - E (2a)=-2.56V

Potential (V)

Figure S12. Cyclic Voltammogram of 2a, E,%-!(2a) =-2.56 V (vs Ag/AgCl), E,”-!(2a)
=-2.607 V (vs SCE)

According to the emission spectra of 2a, which was excited at 338 nm, the maximum
emission wavelength is 394 nm, After calculation, the Eyy (2a%/2a) = 3.15 V, E*(2a

*/2a°) = Eq (2a */2a) + E(2a /2a°), E*,%"1(2a) = 0.543V (vs SCE).
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IV. Characterization of products

Characterization data of compounds 3a-10

3-Benzyl-1-methylquinoxalin-2(1H)-one (3a)3. Eluent petroleum ether/ethyl acetate
(5:1). White solid, 43 mg, 86% yield. '"H NMR (CDCls, 500 MHz, ppm) & 7.87 (d, J =
8.0 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 7.48 (d, J = 7.6 Hz, 2H), 7.37 — 7.27 (m, 4H),
7.22 (t,J= 7.3 Hz, 1H), 4.28 (s, 2H), 3.67 (s, 3H). 3C NMR (CDCls, 125 MHz, ppm)
0 159.3, 154.7, 137.0, 133.3, 132.7, 130.0, 129.9, 129.5, 128.4, 126.6, 123.5, 113.5,

40.7, 29.1. HRMS calcd for C;cH;sN,O" [M+H]": 251.1179; found 251.1183.

N

SHAS!
rﬂ (0] Br
Me

3b

3-(4-Bromobenzyl)-1-methylquinoxalin-2(1H)-one  (3b)’.  Eluent petroleum
ether/ethyl acetate (5:1). Yellow solid, 51 mg, 78% yield. 'H NMR (CDCls, 500 MHz,
ppm) & 7.84 (d, J = 7.9 Hz, 1H), 7.54 (t, J = 7.7 Hz, 1H), 7.40 (d, J = 8.3 Hz, 2H),
7.34 (t,J=17.9 Hz, 3H), 7.28 (d, J= 8.4 Hz, 1H), 4.21 (s, 2H), 3.67 (s, 3H). 3C NMR

(CDCl;, 125 MHz, ppm) & 158.7, 154.6, 136.0, 133.3, 132.7, 131.5, 131.3, 130.1,
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130.0, 123.7, 120.6, 113.6, 40.2, 29.1. HRMS caled for C;sH;4BrN,O" [M+H]":

329.0284; found 329.0286.

N

CLCL L
NO F
Me

3c

3-(4-Fluorobenzyl)-1-methylquinoxalin-2(1H)-one  (3¢)’.  Eluent  petroleum
ether/ethyl acetate (5:1). White solid, 49 mg, 91% yield. "H NMR (CDCls, 500 MHz,
ppm) & 7.85 (dd, J= 8.1, 0.9 Hz, 1H), 7.55-7.51 (m, 1H), 7.44-7.41 (m, 2H), 7.34 (t, J
=17.5 Hz, 1H), 7.28 (d, J = 8.4 Hz, 1H), 6.97 (t, J = 8.7 Hz, 2H), 4.23 (s, 2H), 3.67 (s,
3H). 3C NMR (CDCls, 125 MHz, ppm) 8 162.7, 160.8, 159.0, 154.7, 133.3, 132.7,
132.6, 131.0, 130.9, 130.0, 129.9, 123.6, 115.2, 115.1, 113.6, 39.9, 29.1. HRMS calcd

for C;sH4FN,O" [M+H]": 269.1085; found 269.1089.

N CN
OHadl

rﬂ (o)

Me

3d

3-((4-methyl-3-0x0-3,4-dihydroquinoxalin-2-yl)methyl)benzonitrile (3d). Eluent
petroleum ether/ethyl acetate (5:1). White solid, 22 mg, 40% yield. 'H NMR (CDCl;,
500 MHz, ppm) 6 7.85 (d, J= 8.0 Hz, 1H), 7.74 (s, 1H), 7.70 (d, /= 7.8 Hz, 1H), 7.58

—7.54 (m, 1H), 7.51 (d, J = 7.8 Hz, 1H), 7.41 — 7.35 (m, 2H), 7.30 (d, /= 8.3 Hz, 1H),
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4.28 (s, 2H), 3.68 (s, 3H). 3C NMR (CDCls, 125 MHz, ppm) & 157.9, 154.6, 138.6,
134.2, 133.3, 133.0, 132.6, 130.4, 130.3, 130.1, 129.1, 123.8, 118.9, 113.7, 112.4,

40.1, 29.2. HRMS calcd for C7H4N;O" [M+H]": 276.1131; found 276.1137.

-+ l
\
N° O

|
Me

3e

1-Methyl-3-(naphthalen-1-ylmethyl)quinoxalin-2(1H)-one (3¢)’. Eluent petroleum
ether/ethyl acetate (5:1). yellow oil, 35 mg, 58% yield. '"H NMR (CDCls;, 500 MHz,
ppm) & 8.40 (d, /= 8.5 Hz, 1H), 7.83 (d, J = 8.1 Hz, 1H), 7.79-7.74 (m, 2H), 7.63 (d,
J=7.0Hz, 1H), 7.52 — 7.42 (m, 4H), 7.28 (t,J = 7.6 Hz, 1H), 7.24 (d, J = 8.4 Hz, 1H),
4.75 (s, 2H), 3.67 (s, 3H). 3C NMR (CDCl;, 125 MHz, ppm) & 158.9, 154.8, 133.9,
133.3, 133.2, 132.7, 132.5, 130.0, 129.9, 128.5, 128.3, 127.4, 125.9, 125.5, 125.4,
124.8, 123.5, 113.5, 37.7, 29.1. HRMS calcd for C,,H;N,O" [M+H]*: 301.1335;

found 301.1344.

N

SHAS!
rﬂ (0] Me
Me

3f

1-Methyl-3-(4-methylbenzyl)quinoxalin-2(1H)-one  (3f)8. Eluent petroleum

ether/ethyl acetate (5:1). Red solid, 46 mg, 86% yield. 'H NMR (CDCls, 500 MHz,
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ppm) 5 7.82 — 7.79 (m, 1H), 7.48 — 7.44 (m, 1H), 7.32 — 7.28 (m, 3H), 7.20 (d, /= 8.8
Hz, 1H), 7.05 (d, J = 7.8 Hz, 2H), 4.18 (s, 2H), 3.60 (s, 3H), 2.25 (s, 3H). 3C NMR
(CDCls, 125 MHz, ppm) & 159.5, 154.7, 136.1, 133.9, 133.3, 132.7, 129.9, 129.8,
129.4, 129.1, 123.5, 113.5, 40.4, 29.1, 21.0. HRMS calcd for Ci7H;7;N,O* [M+H]*:

265.1335; found 265.1340.

N Br
s

r;: (o]

Me

39

3-(3-Bromobenzyl)-1-methylquinoxalin-2(1H)-one  (3g). Eluent petroleum
ether/ethyl acetate (5:1). White solid, 44 mg, 67% yield. "H NMR (CDCls, 500 MHz,
ppm) o 7.84 (d, J=7.8 Hz, 1H), 7.59 (s, 1H), 7.52 (t, /= 7.7 Hz, 1H), 7.39 (d, J= 7.5
Hz, 1H), 7.33 (t, J = 6.7 Hz, 2H), 7.26 (d, J = 8.6 Hz, 1H), 7.15 (t, J = 7.8 Hz, 1H),
4.21 (s, 2H), 3.66 (s, 3H). 13C NMR (CDCl;, 125 MHz, ppm) & 158.5, 154.6, 139.3,
133.3, 132.7, 132.3, 130.1, 130.0, 129.9, 129.7, 128.3, 123.6, 122.4, 113.6, 40.2, 29.1.

HRMS calcd for C,¢H4BrN,O" [M+H]": 329.0284; found 329.0287.

N
\
Hyle s
M
€ NC

3h
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4'-((4-Methyl-3-0x0-3,4-dihydroquinoxalin-2-yl)methyl)-[1,1'-biphenyl]-2-

carbonitrile (3h). Eluent petroleum ether/ethyl acetate (5:1). White solid, 37 mg, 52%
yield. '"H NMR (CDCl;, 500 MHz, ppm) & 7.87 — 7.81 (m, 1H), 7.70 (d, J = 7.8 Hz,
1H), 7.59 — 7.55 (m, 3H), 7.51 — 7.43 (m, 4H), 7.37 (t, J = 7.6 Hz, 1H), 7.31 (t,J=7.6
Hz, 1H), 7.26 — 7.23 (m, 1H), 4.29 (s, 2H), 3.65 (s, 3H). 3C NMR (CDCls, 125 MHz,
ppm) & 158.8, 154.7, 145.3, 137.8, 136.4, 133.7, 133.3, 132.7, 130.1, 130.0, 129.9,
128.7, 127.3, 123.6, 118.8, 113.6, 111.1, 40.4, 29.1. HRMS calcd for C,3H;sN;O*

[M+H]": 352.1444; found 352.1446.

N
UL

rﬂ (o) OCF;

Me

3i

1-Methyl-3-(4-(trifluoromethoxy)benzyl)quinoxalin-2(1H)-one  (3i).">  Eluent
petroleum ether/ethyl acetate (5:1). White solid, 40 mg, 60% yield. 'H NMR (CDCl;,
500 MHz, ppm) & 7.82 (d, J = 8.1 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.46 (d, J = 8.5
Hz, 2H), 7.32 (t, J = 7.5 Hz, 1H), 7.24 (d, J = 6.0 Hz, 1H), 7.10 (d, J = 8.1 Hz, 2H),
4.23 (s, 2H), 3.64 (s, 3H). 3C NMR (CDCl;, 125 MHz, ppm) 3 158.7, 154.7, 148.0,
135.7, 133.3, 132.7, 130.8, 130.1, 130.0, 123.7, 120.9, 113.6, 40.0, 29.1. HRMS calcd

for C17H14F3N202+ [M+H]+Z 3351002, found 335.1005.
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N
L

rﬂ (o) CO,CH;

Me

3j

Methyl 4-((4-methyl-3-0x0-3,4-dihydroquinoxalin-2-yl)methyl)benzoate  (3)).
Eluent petroleum ether/ethyl acetate (5:1). White solid, 43 mg, 69% yield. '"H NMR
(CDCl;, 500 MHz, ppm) & 7.96 (d, J = 8.1 Hz, 2H), 7.84 (d, J = 8.0 Hz, 1H), 7.55-
7.51 (m, 3H), 7.34 (t,J = 7.6 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 4.31 (s, 2H), 3.88 (s,
3H), 3.67 (s, 3H). 3C NMR (CDCl;, 125 MHz, ppm) 6 167.0, 158.5, 154.6, 142.4,
133.3, 132.7, 130.1, 130.0, 129.7, 129.5, 128.5, 123.7, 113.6, 52.0, 40.7, 29.1. HRMS

calcd for C1gH7N,Os* [M+H]*: 309.1234; found 309.1233.

::N l

\

r;: (o]
Me

3k

3-([1,1'-Biphenyl]-4-ylmethyl)-1-methylquinoxalin-2(1H)-one (3k). Eluent
petroleum ether/ethyl acetate (5:1). White solid, 56 mg, 85% yield. 'H NMR (CDCl;,
500 MHz, ppm) 6 7.86 (d, J = 8.0 Hz, 1H), 7.55 — 7.47 (m, 7H), 7.38 (t, / = 7.7 Hz,
2H), 7.33 — 7.27 (m, 2H), 7.23 (d, J = 8.2 Hz, 1H), 4.30 (s, 2H), 3.64 (s, 3H). 13C
NMR (CDCl;, 125 MHz, ppm) 6 159.1, 154.7, 141.0, 139.5, 136.1, 133.3, 132.7,
129.9, 128.6, 127.1, 127.0, 127.0, 123.5, 113.5, 40.4, 29.1. HRMS calcd for
CpH1oN,O" [M+H]": 327.1492; found 327.1490.
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N
SHAS!

rﬂ (0] OMe

Me

3l

3-(4-Methoxybenzyl)-1-methylquinoxalin-2(1H)-one  (31)!°. Eluent petroleum
ether/ethyl acetate (5:1). White solid, 51 mg, 90% yield. "H NMR (CDCls, 500 MHz,
ppm) & 7.84 — 7.79 (m, 1H), 7.50 — 7.45 (m, 1H), 7.36 (d, J = 8.6 Hz, 2H), 7.29 (t, J =
7.7 Hz, 1H), 7.23 — 7.21 (m, 1H), 6.79 (d, J = 8.6 Hz, 2H), 4.16 (s, 2H), 3.72 (s, 3H),
3.62 (s, 3H). 3C NMR (CDCl;, 500 MHz, ppm) & 159.5, 158.4, 154.7, 133.3, 132.7,
130.5, 129.9, 129.8, 129.0, 123.5, 113.8, 113.5, 55.2, 39.9, 29.1. HRMS calcd for

Ci7H7N,O,*" [M+H]": 281.1285; found 281.1285.

3-Allyl-1-methylquinoxalin-2(1H)-one (3m). Eluent petroleum ether/ethyl acetate
(6:1). Yellow solid, 18 mg, 45% yield. 'H NMR (CDCl;, 500 MHz, ppm) 6 7.85 (d, J
= 8.0 Hz, 1H), 7.53 (t, /= 7.8 Hz, 1H), 7.33 (t, /= 7.6 Hz, 1H), 7.29 (d, J = 8.4 Hz,
1H), 6.23-6.15 (m, 1H), 5.27 (dd, J = 17.1, 1.1 Hz, 1H), 5.19 (d, J = 10.1 Hz, 1H),
3.73 (d, J = 6.7 Hz, 2H), 3.70 (s, 3H). *C NMR (CDCl;, 500 MHz, ppm) & 159.0,
154.7, 133.2, 133.1, 132.7, 129.9, 129.8, 123.6, 117.7, 113.6, 38.8, 29.1. HRMS calcd

for C;,H3N,O" [M+H]": 201.1022; found 201.1020.
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N

DOAG
rﬂo (0]
Me

3n

O

3-(4-(Benzyloxy)benzyl)-1-methylquinoxalin-2(1H)-one (3n). Eluent petroleum
ether/ethyl acetate (5:1). White solid, 62 mg, 87% yield. "H NMR (CDCls, 500 MHz,
ppm) & 7.85 (d, J=8.1 Hz, 1H), 7.54 — 7.48 (m, 1H), 7.42 — 7.29 (m, 8H), 7.25 (d, J =
7.5 Hz, 1H), 6.91 (d, J = 8.6 Hz, 2H), 5.02 (s, 2H), 4.21 (s, 2H), 3.65 (s, 3H). 13C
NMR (CDCl;, 125 MHz, ppm) & 159.5, 157.6, 154.7, 137.1, 133.3, 132.7, 130.5,
129.9, 129.8, 129.3, 128.5, 127.8, 127.4, 123.5, 114.8, 113.5, 70.0, 39.9, 29.1. HRMS

calcd for Cp3H, N,O,* [M+H]*: 357.1598; found 357.1593.

1-Methyl-3-(thiophen-2-ylmethyl)quinoxalin-2(1H)-one (30)°. Eluent petroleum
ether/ethyl acetate (5:1). Yellow solid, 32 mg, 63% yield. 'H NMR (CDCls, 500 MHz,
ppm) & 7.86 (d, J=8.0 Hz, 1H), 7.53 (t, /= 7.8 Hz, 1H), 7.34 (t,J=7.6 Hz, 1H), 7.28
(d, J=8.4 Hz, 1H), 7.16 (d, /= 5.0 Hz, 1H), 7.06 (d, /= 2.6 Hz, 1H), 6.96 — 6.89 (m,
1H), 4.47 (s, 2H), 3.70 (s, 3H). *C NMR (CDCl;, 125 MHz, ppm) & 158.0, 154.6,
138.6, 133.4, 132.7, 130.1, 130.0, 126.8, 126.6, 124.6, 123.7, 113.6, 34.8, 29.2.

HRMS calcd for C14H;3N,OS™ [M+H]": 257.0743; found 257.0745.
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(S)-1-Methyl-3-(1-phenylethyl)quinoxalin-2(1H)-one  (3p)8. Eluent petroleum
ether/ethyl acetate (5:1). White solid, 46 mg, 86% yield. "H NMR (CDCl;, 500 MHz,
ppm) & 7.92 (d, J = 8.0 Hz, 1H), 7.49 (t, J = 7.7 Hz, 1H), 7.45 (d, J = 7.5 Hz, 2H),
7.33 (t, J=7.6 Hz, 1H), 7.29-7.22 (m, 3H), 7.17 (t, /= 7.3 Hz, 1H), 4.83 (q, /= 7.1
Hz, 1H), 3.61 (s, 3H), 1.69 (d, J = 7.1 Hz, 3H). 13C NMR (CDCl;, 500 MHz, ppm) &
161.8, 154.4, 143.1, 133.0, 132.7, 130.1, 129.6, 128.3, 128.1, 126.4, 123.4, 113.4,

41.8,29.0, 19.6. HRMS calcd for C;7H;7N,O" [M+H]": 265.1355; found 265.1340.

3-Benzylquinoxalin-2(1H)-one (3q)%. Eluent petroleum ether/ethyl acetate (5:1).
Yellow solid, 37 mg, 79% yield. 'H NMR (DMSO-d¢, 500 MHz, ppm) & 12.40 (s, 1H),
7.72 (d, J=17.9 Hz, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.33 (d, J= 7.5 Hz, 2H), 7.28 (t, J =

7.2 Hz, 4H), 7.20 (t, J = 7.1 Hz, 1H), 4.12 (s, 2H). 3C NMR (DMSO-ds, 125 MHz,
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ppm) 6 160.4, 154.6, 137.5, 132.0, 131.7, 129.9, 129.2, 128.4, 128.3, 126.4, 123.3,

115.4, 39.0. HRMS calcd for C;sH3N,O" [M+H]*: 237.1022; found 237.1023.

N
LT

N (o] OMe

H

3r

3-(4-Methoxybenzyl)quinoxalin-2(1H)-one (3r)!3. Eluent petroleum ether/ethyl
acetate (4:1). White solid, 38 mg, 71% yield. '"H NMR (CDCl3, 500 MHz, ppm) &
12.17 (s, 1H), 7.84 (d, J = 7.9 Hz, 1H), 7.50 — 7.46 (m, 1H), 7.40 (d, J = 8.6 Hz, 2H),
732 (t, J = 7.6 Hz, 1H), 7.25 (d, J = 9.6 Hz, 1H), 6.83 (d, J = 8.6 Hz, 2H), 4.23 (s,
2H), 3.75 (s, 3H). 3C NMR (CDCls, 500 MHz, ppm) & 160.0, 158.4, 156.3, 132.9,
131.1, 130.5, 129.8, 129.1, 129.0, 124.1, 115.6, 113.9, 55.2, 39.1. HRMS calcd for

Ci6HisN,O," [M+H]": 267.1128; found 267.1131.

Me N
JOBAS
Me N (o]

3-Benzyl-1,6,7-trimethylquinoxalin-2(1H)-one (4a)3. Eluent petroleum ether/ethyl
acetate (5:1). White solid, 52 mg, 93% yield. 'H NMR (CDCl;, 500 MHz, ppm) 6
7.58 (s, 1H), 7.44 (d, J=17.5 Hz, 2H), 7.26 (t,J = 7.5 Hz, 2H), 7.18 (t, /= 7.2 Hz, 1H),
6.99 (s, 1H), 4.22 (s, 2H), 3.60 (s, 3H), 2.37 (s, 3H), 2.32 (s, 3H). 1*C NMR (CDCl;,

125 MHz, ppm) 6 157.9, 154.7, 139.5, 137.3, 132.3, 131.3, 131.1, 129.9, 129.4, 128.3,
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126.4, 114.1, 40.6, 28.9, 20.4, 19.1. HRMS calcd for C,gHoN,O" [M+H]": 279.1492;

found 279.1496.

3-Benzyl-7-bromo-1-methylquinoxalin-2(1H)-one  (4b)°.  Eluent  petroleum
ether/ethyl acetate (5:1). White solid, 53 mg, 80% yield. 'H NMR (CDCl;, 500 MHz,
ppm) 6 7.99 (d, J = 1.2 Hz, 1H), 7.64-7.54 (m, 1H), 7.43 (d, J = 7.1 Hz, 2H), 7.31-
7.19 (m, 3H), 7.12 (d, J = 8.8 Hz, 1H), 4.24 (s, 2H), 3.62 (s, 3H). *C NMR (CDCl;,
125 MHz, ppm) 6 160.7, 154.4, 136.6, 133.6, 132.6, 132.5, 132.4, 129.6, 128.4, 126.7,
116.1, 115.0, 40.7, 29.2. HRMS calcd for C;¢H;4BrN,O" [M+H]*: 329.0284; found

329.0286.

3-Benzyl-6-methoxy-1-methylquinoxalin-2(1H)-one  (4c). FEluent petroleum
ether/ethyl acetate (5:1). Yellow solid, 51 mg, 90% yield. '"H NMR (CDCl;, 500 MHz,
ppm) o 7.47 (d, J= 7.5 Hz, 2H), 7.34 — 7.27 (m, 3H), 7.21 (t,J= 7.3 Hz, 1H), 7.17 (d,

J=9.1 Hz, 1H), 7.14-7.11 (m, 1H), 4.26 (s, 2H), 3.87 (s, 3H), 3.64 (s, 3H). 3C NMR
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(CDCl;, 125 MHz, ppm) & 159.8, 155.9, 154.3, 137.1, 133.4, 129.5, 128.4, 127.5,
126.5, 119.0, 114.4, 111.4, 55.7, 40.8, 29.2. HRMS calcd for C;7H;7N,O," [M+H]":

281.1285; found 281.1286.

Cl N
JOBAS!
Cl rﬂ (o) Me

Me

4d

6, 7-Dichloro-1-methyl-3-(4-methylbenzyl)quinoxalin-2(1H)-one (4d). Eluent
petroleum ether/ethyl acetate (5:1). White solid, 32 mg, 48% yield. '"H NMR (CDCls,
500 MHz, ppm) 8 7.92 (s, 1H), 7.36 — 7.29 (m, 3H), 7.11 (d, J = 7.8 Hz, 2H), 4.19 (s,
2H), 3.60 (s, 3H), 2.30 (s, 3H). *C NMR (CDCl;, 125 MHz, ppm) & 161.0, 154.1,
136.4, 133.8, 133.2, 132.7, 131.8, 130.8, 129.4, 129.2, 127.3, 115.0, 40.3, 29.3, 21.1.

HRMS calcd for C7H;5C;p,N,O" [M+H]*: 333.0556; found 333.0551.

3-Benzyl-6-chloro-1-methylquinoxalin-2(1H)-one  (4e)’.  Eluent  petroleum
ether/ethyl acetate (5:1). White solid, 44 mg, 76% yield. 'H NMR (CDCl;, 500 MHz,
ppm) 6 7.83 (d, J=2.3 Hz, 1H), 7.49 — 7.43 (m, 3H), 7.29 (t, J = 7.6 Hz, 2H), 7.21 (4,

J=173Hz, 1H), 7.17 (d, J = 8.9 Hz, 1H), 4.24 (s, 2H), 3.63 (s, 3H). '*C NMR (CDCl,,
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125 MHz, ppm) 6 160.7, 154.4, 136.6, 133.3, 132.0, 129.8, 129.6, 129.3, 128.9, 128.4,
126.7, 114.7, 40.7, 29.3. HRMS calcd for C;sH4CIN,O" [M+H]": 285.0789; found

285.0793.

1, 3-Dibenzylquinoxalin-2(1H)-one (4f)3. Eluent petroleum ether/ethyl acetate (5:1).
White solid, 59 mg, 90% yield. 'H NMR (CDCl;, 500 MHz, ppm) & 7.84 (d, J = 8.0
Hz, 1H), 7.48 (d, J = 7.6 Hz, 2H), 7.36 (t, /= 7.8 Hz, 1H), 7.31 — 7.25 (m, 4H), 7.23-
7.21 (m, 2H), 7.19 (s, 1H), 7.17 (d, J = 7.0 Hz, 3H), 5.43 (s, 2H), 4.32 (s, 2H). BC
NMR (CDCl;, 125 MHz, ppm) 6 159.4, 154.8, 137.1, 135.2, 133.0, 132.6, 130.0,
129.8, 129.5, 128.9, 128.4, 127.6, 126.8, 126.6, 123.6, 114.3, 45.9, 40.7. HRMS calcd

for CyoH19N,O" [M+H]": 327.1492; found 327.1493.

N\
seash
Ph

49

1-Benzyl-3-(4-bromobenzyl)quinoxalin-2(1H)-one  (4g). Eluent  petroleum
ether/ethyl acetate (5:1). Yellow solid, 50 mg, 62% yield. '"H NMR (CDCl;, 500 MHz,

ppm) & 7.84 (d, J = 7.9 Hz, 1H), 7.44-7.35 (m, SH), 7.30 (t, J = 6.9 Hz, 3H), 7.25 (d, J
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=5.3 Hz, 1H), 7.22 (d, J = 8.4 Hz, 1H), 7.19 (d, J = 7.3 Hz, 2H), 5.46 (s, 2H), 4.27 (s,
2H). '3C NMR (CDCls, 125 MHz, ppm) 5158.8, 154.7, 136.0, 135.1, 133.0, 132.6,
131.5, 131.3, 130.1, 130.0, 128.9, 127.7, 126.8, 123.7, 120.6, 114.4, 46.0, 40.1.

HRMS caled for CyH sBrN,O* [M+H]": 405.0597; found 405.0589.

Ethyl 2-(3-benzyl-2-oxoquinoxalin-1(2H)-yl)acetate (4h)%. Eluent petroleum
ether/ethyl acetate (5:1). White solid, 48 mg, 75% yield. 'H NMR (CDCl;, 500 MHz,
ppm) & 7.87 (d, J= 8.0 Hz, 1H), 7.50-7.44 (m, 3H), 7.35-7.28 (m, 3H), 7.21 (t, J=17.3
Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 4.98 (s, 2H), 4.28 (s, 2H), 4.22 (q, J = 7.1 Hz, 2H),
1.24 (t, J = 7.1 Hz, 3H). 3C NMR (CDCl;, 125 MHz, ppm) 6 167.0, 159.1, 154.3,
136.8, 132.8, 132.4, 130.3, 130.0, 129.5, 128.4, 126.6, 123.8, 113.0, 62.0, 43.6, 40.6,

14.0. HRMS calcd for C;9H9N,O5" [M+H]": 323.1390; found 323.1399.

3-Benzyl-1-(4-bromobutyl)quinoxalin-2(1H)-one. (4i) Eluent petroleum ether/ethyl

acetate (5:1). Yellow oil, 62 mg, 83% yield. '"H NMR (CDCl;, 500 MHz, ppm) & 7.78
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(d, J=8.0 Hz, 1H), 7.46 — 7.41 (m, 1H), 7.38 (d, J = 7.5 Hz, 2H), 7.27 — 7.19 (m, 4H),
7.13 (t, J= 7.4 Hz, 1H), 4.20 — 4.15 (m, 4H), 3.37 (t, J = 6.2 Hz, 2H), 1.94 — 1.81 (m,
4H). 3C NMR (CDCls, 125 MHz, ppm) & 159.2, 154.4, 137.0, 133.0, 132.3, 130.3,
129.9, 129.5, 128.4, 126.5, 123.5, 113.4, 41.2, 40.6, 32.8, 29.7, 25.8. HRMS calcd for

Ci9H20BrN,O" [M+H]*: 371.0754; found 371.0752.

3-Benzyl-1-(naphthalen-1-ylmethyl)quinoxalin-2(1H)-one (4j). Eluent petroleum
ether/ethyl acetate (4:1). White oil, 55 mg, 80% yield. 'H NMR (CDCls, 500 MHz,
ppm) & 8.05 (d, J = 8.3 Hz, 1H), 7.90-7.88 (m, 2H), 7.73 (d, J = 8.2 Hz, 1H), 7.60-
7.57 (m, 1H), 7.54 (t, J= 7.3 Hz, 1H), 7.49 (d, J = 7.4 Hz, 2H), 7.33 — 7.25 (m, 4H),
7.23 —7.20 (m, 2H), 6.97-6.94 (m, 1H), 6.71 (d, /= 7.1 Hz, 1H), 5.89 (s, 2H), 4.34 (s,
2H). 3C NMR (CDCls, 125 MHz, ppm) & 159.4, 154.9, 137.0, 133.8, 133.0, 132.8,
130.5, 130.0, 129.9, 129.6, 129.3, 129.1, 128.4, 128.0, 126.7, 126.6, 126.0, 125.4,
123.7, 1224, 122.1, 114.6, 43.8, 40.8. HRMS calcd for C,H, N,O* [M+H]":

377.1648; found 377.1647.

CLL O

OH

4k
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3-Benzyl-1-(2-hydroxyethyl)quinoxalin-2(1H)-one  (4k)8. Eluent petroleum
ether/ethyl acetate (3:1). White solid, 48 mg, 85% yield. 'H NMR (CDCl;, 500 MHz,
ppm) & 7.82 (d, J = 7.9 Hz, 1H), 7.47 (t, J = 7.7 Hz, 1H), 7.40 (d, J = 7.5 Hz, 2H),
7.36 (d,J= 8.4 Hz, 1H), 7.29 (t, /= 7.6 Hz, 1H), 7.25 (t,J= 7.3 Hz, 2H), 7.16 (t, J =
7.3 Hz, 1H), 4.39 (t, J = 5.4 Hz, 2H), 4.20 (s, 2H), 3.95 (t, J = 5.3 Hz, 2H), 2.75 (s,
1H). 13C NMR (CDCl;, 125 MHz, ppm) 6 159.0, 155.5, 136.9, 133.0, 132.7, 130.2,
129.9, 129.5, 128.4, 126.6, 123.8, 113.8, 60.3, 44.9, 40.5. HRMS calcd for

Ci17H17NLO, " [M+H]": 281.1285; found 281.1289.

3-Benzyl-1-(2-ox0-2-phenylethyl)quinoxalin-2(1H)-one (41)%. Eluent petroleum
ether/ethyl acetate (5:1). White solid, 62 mg, 88% yield. 'H NMR (CDCl;, 500 MHz,
ppm) & 8.03 (d, J = 7.5 Hz, 2H), 7.88 (d, J = 7.7 Hz, 1H), 7.65 (t, J = 7.4 Hz, 1H),
7.52 (t, J=17.7 Hz, 2H), 7.46 (d, J = 7.4 Hz, 2H), 7.42-7.39 (m, 1H), 7.32-7.26 (m,
3H), 7.22 (t, /= 7.3 Hz, 1H), 6.91 (d, J = 8.3 Hz, 1H), 5.68 (s, 2H), 4.29 (s, 2H). 13C
NMR (CDCl;, 125 MHz, ppm) o6 191.1, 158.9, 154.5, 136.9, 134.5, 134.2, 132.9,
132.7, 130.2, 129.9, 129.5, 129.0, 128.4, 128.1, 126.6, 123.7, 113.4, 48.5, 40.6.

HRMS calcd for Cp3H9N,O, * [M+H]*: 355.1441; found 355.1442.
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1-Allyl-3-benzylquinoxalin-2(1H)-one (4m)8. Eluent petroleum ether/ethyl acetate
(5:1). White solid, 38 mg, 68% yield. '"H NMR (CDCls, 500 MHz, ppm) 6 7.84 (d, J =
8.3 Hz, 1H), 7.47-7.44 (m, 3H), 7.31-7.26 (m, 3H), 7.23-7.18 (m, 2H), 5.92-5.85 (m,
1H), 5.22 (d, J = 10.4 Hz, 1H), 5.12 (d, J = 17.3 Hz, 1H), 4.84 (d, J = 5.0 Hz, 2H),
4.26 (s, 2H). 3*C NMR (CDCls, 125 MHz, ppm) & 159.3, 154.3, 137.0, 132.9, 132.5,
130.6, 130.0, 129.7, 129.5, 128.4, 126.5, 123.5, 118.1, 114.1, 44.5, 40.6. HRMS calcd

for CigsH7N,O * [M+H]": 277.1335; found 277.1340.

Seave

4n

3-(Benzo[d][1,3]dioxol-5-ylmethyl)-1-methylquinoxalin-2(1H)-one (4n). Eluent
petroleum ether/ethyl acetate (5:1). White solid, 48 mg, 82% yield. '"H NMR (CDCls,
500 MHz, ppm) & 7.85 (d, J= 7.6 Hz, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.33 (t, /= 7.6
Hz, 1H), 7.27 (d, J = 7.5 Hz, 1H), 6.96 (d, /= 0.9 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H),
6.73 (d, J = 8.0 Hz, 1H), 5.89 (s, 2H), 4.17 (s, 2H), 3.66 (s, 3H). 3C NMR (CDCl;,

125 MHz, ppm) 6 159.2, 154.7, 147.5, 146.3, 133.3, 132.7, 130.6, 129.9, 129.9, 123.6,
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122.5, 113.5, 110.0, 108.2, 100.8, 40.3, 29.1. HRMS calcd for C;7H;sN,O3; * [M+H]":

295.1077; found 298.1082.

2-Benzylquinoxaline (40)!l. Eluent petroleum ether/ethyl acetate (20:1). Yellow oil,
27 mg, 61% yield. '"H NMR (CDCl;, 500 MHz, ppm) & 8.72 (s, 1H), 8.10 — 8.04 (m,
2H), 7.77-7.70 (m, 2H), 7.35 — 7.30 (m, 4H), 7.26 — 7.21 (m, 1H), 4.38 (s, 2H). 13C
NMR (CDCl;, 500 MHz, ppm) ¢ 155.8, 145.9, 142.1, 141.2, 137.9, 130.1, 129.3,
129.2, 129.1, 129.0, 128.9, 126.9, 43.0. HRMS caled for C;sH;3N," [M+H]":

221.1073; found 221.1081.

2-(4-Fluorobenzyl)quinoxaline (4p). Eluent petroleum ether/ethyl acetate (20:1).
White solid, 31 mg, 65% yield. (CDCl;, 500 MHz, ppm) o 8.70 (s, 1H), 8.07 (d, J =
8.2 Hz, 2H), 7.77-7.70 (m, 2H), 7.30-7.27 (m, 2H), 7.03 — 6.98 (m, 2H), 4.34 (s, 2H).

13C NMR (CDCl3, 500 MHz, ppm) 8 162.8, 160.9, 155.5, 145.7, 142.0, 141.2, 133.6,
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133.5, 130.6, 130.5, 130.1, 129.3, 129.2, 129.0, 115.7, 115.6, 42.1. HRMS calcd for

CisH1oFN," [M+H]™: 239.0979; found 239.0990.

2-(3-Bromobenzyl)-3-chloroquinoxaline (4q). Eluent petroleum ether/ethyl acetate
(15:1). Yellow solid, 30 mg, 45% yield. '"H NMR (CDCl;, 500 MHz, ppm) 6 8.14 —
8.12 (m, 1H), 8.06 — 7.99 (m, 1H), 7.82 — 7.78(m, 2H), 7.54 (s, 1H), 7.41 (d, J=7.8
Hz, 1H), 7.31 (d, J = 7.7 Hz, 1H), 7.20 (t, J = 7.8 Hz, 1H), 4.50 (s, 2H). 13C NMR
(CDCl;, 500 MHz, ppm) & 153.3, 147.4, 141.2, 141.0, 138.9, 132.2, 130.6, 130.3,
130.1, 130.0, 128.9, 128.1, 127.9, 122.6, 41.5. HRMS caled for C;sH;;BrCIN,*

[M+H]": 332.9789; found 332.9796.

2-Benzyl-3-chloroquinoxaline (4r)'2. Eluent petroleum ether/ethyl acetate (15:1).
Brown solid, 30 mg, 58% yield. "H NMR (CDCl;, 500 MHz, ppm) & 8.10 — 8.08 (m,
1H), 7.80 — 7.98 (m, 1H), 7.78 — 7.72 (m, 2H), 7.36 (d, J = 7.5 Hz, 2H), 7.30 (t, J =

7.5 Hz, 2H), 7.23 (t, J= 7.3 Hz, 1H), 4.51 (s, 2H). *C NMR (CDCls, 500 MHz, ppm)
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0 154.1, 147.7, 141.1, 141.0, 136.6, 130.3, 130.1, 129.2, 128.9, 128.5, 128.1, 126.8,

42.0. HRMS calcd for C;sH,CIN," [M+H]": 255.0684; found 255.0695.

2-Benzyl-6-bromoquinoxaline (4s). Eluent petroleum ether/ethyl acetate (15:1).
White solid, 26 mg, 44% yield. 'H NMR (CDCls, 500 MHz, ppm) & 8.70 (s, 1H), 8.24
(d, J=2.0Hz, 1H), 7.94 (d, /= 8.9 Hz, 1H), 7.83 — 7.81 (m, 1H), 7.39 — 7.30 (m, 4H),
7.27 — 7.23 (m, 1H), 4.35 (s, 2H). 13C NMR (CDCl;, 500 MHz, ppm) & 156.2, 146.7,
141.8, 140.8, 137.5, 133.6, 131.5, 130.4, 129.1, 128.9, 127.0, 123.1, 42.9. HRMS

calcd for C1sH,BrN," [M+H]": 299.0178; found 299.0186.

2-Benzyl-7-bromoquinoxaline (4s’). Eluent petroleum ether/ethyl acetate (20:1).
White solid, 22 mg, 36% yield. '"H NMR (CDCls, 500 MHz, ppm) & 8.71 (s, 1H), 8.26
(d,J=1.9 Hz, 1H), 7.92 (d, J= 8.9 Hz, 1H), 7.80 — 7.77 (m, 1H), 7.33 — 7.29 (m, 4H),

7.27 — 7.24 (m, 1H), 4.36 (s, 2H). 3C NMR (CDCls, 125 MHz, ppm) § 156.8, 146.2,
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142.7, 140.0, 137.5, 132.8, 131.5, 130.5, 129.1, 128.9, 127.0, 124.1, 43.0. HRMS

calcd for C1sH,BrN," [M+H]": 299.0178; found 299.0187.

6-Bromo-2-(4-fluorobenzyl)quinoxaline (4t). Eluent petroleum ether/ethyl acetate
(2:1). White solid, 24 mg, 38% yield. 'H NMR (CDCl;, 500 MHz, ppm) & 8.69 (s,
1H), 8.25 (d, J = 2.1 Hz, 1H), 7.93 (d, J = 8.9 Hz, 1H), 7.84 — 7.82 (m, 1H), 7.29 —
7.26 (m, 2H), 7.01 (t, J = 8.6 Hz, 2H), 4.32 (s, 2H). 13C NMR (CDCl;, 125 MHz, ppm)
0 162.9, 161.0, 155.9, 146.5, 141.8, 140.8, 133.7, 133.3, 133.2, 131.5, 130.7, 130.6,

130.4, 123.2, 115.9, 115.7, 42.0. HRMS calcd for C;sH;;BrFN," [M+H]": 317.0084;

found 317.0089.

4u

4-Benzyl-3,6-dichloropyridazine (4u)!l. Eluent petroleum ether/ethyl acetate (8:1).
Yellow oil, 16 mg, 33% yield. '"H NMR (CDCl;, 500 MHz, ppm) & 7.40 (t, J= 7.3 Hz,

2H), 7.35 (d, J = 7.2 Hz, 1H), 7.19 (d, J = 7.3 Hz, 2H), 7.08 (s, 1H), 4.05 (s, 2H). 13C
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NMR (CDCl3, 500 MHz, ppm) 8 156.8, 156.1, 143.6, 134.5, 129.5, 129.3, 127.8, 38.2.

HRMS calcd for C;;HyCpN,™ [M+H]*: 239.0137; found 239.0148.

Cl Me

4v

3,6-Dichloro-4-(4-methylbenzyl)pyridazine (4v). Eluent petroleum ether/ethyl
acetate (8:1). Colorless oil, 18 mg, 35% yield. 'H NMR (CDCl;, 500 MHz, ppm) &
7.20 (d, J= 7.8 Hz, 2H), 7.07 (d, J = 7.5 Hz, 3H), 4.01 (s, 2H), 2.37 (s, 3H). *C NMR
(CDCl;, 500 MHz, ppm) & 156.8, 156.1, 143.9, 137.6, 131.4, 130.0, 129.5, 129.2,

37.8,21.1. HRMS calcd for C,H;;CpN," [M+H]*: 253.0294; found 253.0302.

3-Benzyl-1-(3-(((8R,98,13S,145)-13-methyl-17-0x0-7,8,9,11,12,13,14,15,16,17-
decahydro-6H-cyclopentaa]phenanthren-2-yl)oxy)propyl)quinoxalin-2(1H)-one
(4w). Eluent petroleum ether/ethyl acetate (5:1). White soild, 82 mg, 75% yield. 'H
NMR (CDCl;, 500 MHz, ppm) 6 7.87 (dd, J = 8.1, 0.8 Hz, 1H), 7.51 — 7.41 (m, 4H),
7.33-7.28 (m, 3H), 7.23-7.20 (m, 2H), 6.71 (dd, J = 8.5, 2.4 Hz, 1H), 6.65 (d, J=2.2
Hz, 1H), 4.45 —4.39 (m, 2H), 4.27 (s, 2H), 4.04 (t, /= 5.7 Hz, 2H), 2.92-2.88 (m, 2H),
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2.54-2.48 (m, 1H), 2.40 (d, J = 10.4 Hz, 1H), 2.28-2.22 (m, 2H), 2.14 (d, J= 9.8 Hz,
1H), 2.09 — 1.95 (m, 3H), 1.69 — 1.39 (m, 7H), 0.92 (s, 3H). *C NMR (CDCl;, 125
MHz, ppm) § 220.8, 159.2, 156.6, 154.5, 137.8, 137.1, 133.0, 132.5, 132.4, 130.1,
129.9, 129.5, 128.4, 126.5, 126.4, 123.5, 114.6, 113.6, 112.2, 65.2, 50.4, 48.0, 44.0,
40.6, 39.8, 38.3, 35.8, 31.6, 29.7, 29.6, 27.2, 26.5, 25.9, 21.6, 13.8. HRMS calcd for

C36H39N,O3 " [M+H]": 547.2955; found 547.2960.

4x

2-(3-(Benzo|d][1,3]dioxol-5-ylmethyl)-2-0xoquinoxalin-1(2 H)-yl)ethyl 2-(4-
isobutylphenyl)propanoate. (4x). Eluent petroleum ether/ethyl acetate (3:1). yellow
oil, 80 mg, 78% yield. 'H NMR (CDCls, 500 MHz, ppm) 6 7.84 (d, J = 8.1 Hz, 1H),
7.46-7.43 (m, 1H), 7.32 (t, J = 7.9 Hz, 2H), 7.05 (q, J = 8.1 Hz, 4H), 6.96 (s, 1H),
6.93 — 6.88 (m, 1H), 6.73 (d, J = 8.0 Hz, 1H), 5.88 (s, 2H), 4.52 — 4.32 (m, 4H), 4.16
(d, J=8.2 Hz, 2H), 3.53 (q, J=7.1 Hz, 1H), 2.43 (d, /= 7.2 Hz, 2H), 1.88 — 1.79 (m,
1H), 1.39 (d, J= 7.2 Hz, 3H), 0.89 (d, J = 6.5 Hz, 6H). 3C NMR (CDCl;, 125 MHz,
ppm) & 174.7, 159.0, 154.5, 147.5, 146.3, 140.6, 137.2, 132.9, 132.8, 130.5, 130.1,
129.9, 129.3, 127.0, 123.6, 122.5, 113.7, 110.0, 108.2, 100.8, 60.9, 45.0, 44.9, 40.8,
40.2, 30.1, 22.4, 18.3. HRMS calcd for C;;H33N,0s" [M+H]": 513.2384; found

513.2388.
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4y

3-Benzyl-1-(4-((((1R,2S,5R)-2-isopropyl-5-

methylcyclohexyl)oxy)methyl)benzyl)quinoxalin-2(1H)-one (4y). Eluent petroleum
ether/ethyl acetate (5:1). Yellow oil, 84 mg, 85% yield. '"H NMR (CDCl;, 500 MHz,
ppm) 6 7.82 (d, J=7.9 Hz, 1H), 7.47 (d, J= 7.4 Hz, 2H), 7.35 - 7.20 (m, 7H), 7.15 (t,
J =28.7 Hz, 3H), 5.42 (s, 2H), 4.58 (d, J = 11.5 Hz, 1H), 4.32 (d, J = 8.0 Hz, 3H),
3.14-3.09 (m, 1H), 2.24-2.21 (m, 1H), 2.13 (d, J = 11.9 Hz, 1H), 1.64-1.57 (m, 2H),
1.27-1.22 (m, 2H), 0.97-0.79 (m, 9H), 0.65 (d, J = 6.8 Hz, 3H). *C NMR (CDCl;,
125 MHz, ppm) 6 159.4, 154.8, 138.6, 137.1, 134.3, 133.0, 132.6, 130.0, 129.8, 129.5,
128.4, 128.3, 126.8, 126.5, 123.5, 114.4, 78.8, 69.9, 48.2, 45.7, 40.7, 40.2, 34.5, 31.5,
25.5,23.2,22.3, 21.0, 16.00.HRMS calcd for C33H39N,O," [M+H]": 495.3006; found

495.3008.

4z

4-(3-(3-Benzyl-2-oxoquinoxalin-1(2H)-yl)propoxy)-3-methoxybenzaldehyde (4z)8.
Eluent petroleum ether/ethyl acetate (5:1). White solid, 75 mg, 88% yield. 'H NMR
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(CDCl;, 500 MHz, ppm) 6 9.84 (s, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.1 Hz,
1H), 7.60 (t, J= 7.4 Hz, 1H), 7.54 (t, J = 7.4 Hz, 1H), 7.40 (d, J = 7.2 Hz, 2H), 7.29
(d, J=7.4 Hz, 2H), 7.21 (t,J = 7.4 Hz, 2H), 7.15 (t,J= 7.1 Hz, 1H), 6.80 (d, /= 8.4
Hz, 1H), 4.65 (t, J = 5.9 Hz, 2H), 4.31 (s, 2H), 4.05 (t, J = 6.4 Hz, 2H), 3.90 (s, 3H),
2.39-2.34 (m, 2H). 3C NMR (CDCls, 125 MHz, ppm) & 190.8, 155.8, 153.8, 149.8,
149.1, 140.0, 138.6, 137.6, 130.1, 129.2, 128.9, 128.5, 128.4, 126.7, 126.5, 126.5,
111.6, 109.3, 65.7, 63.0, 55.9, 40.3, 28.5. HRMS calcd for C,sHpsN,O4" [M+H]™:

429.1809; found 429.1809.

N

DALY
r;:o S
Me

4ab

(R)-1-Methyl-3-(4-((tetrahydrothiophen-2-yl)methyl)benzyl)quinoxalin-2(1H)-

one (4ab). Eluent petroleum ether/ethyl acetate (5:1). White solid, 62 mg, 88% yield.
'H NMR (CDCls, 500 MHz, ppm) 6 7.84 (dd, J = 7.7, 0.8 Hz, 1H), 7.53 — 7.49 (m,
1H), 7.41 (d, J = 8.0 Hz, 2H), 7.32 (t, J = 7.5 Hz, 1H), 7.27 — 7.24 (m, 3H), 4.23 (s,
2H), 3.80 (dd, J = 11.6, 2.1 Hz, 1H), 3.65 (s, 3H), 2.87 — 2.81 (m, 1H), 2.63 (d, J =
13.3 Hz, 1H), 2.10 — 1.86 (m, 4H), 1.67 — 1.61 (m, 1H), 1.49 — 1.41 (m, 1H). 3C
NMR (CDCl;, 125 MHz, ppm) ¢ 159.2, 154.7, 141.1, 135.9, 133.3, 132.8, 129.9,
129.8, 129.7, 127.5, 123.54, 113.5, 47.1, 40.4, 35.1, 30.8, 29.1, 27.0, 26.7. HRMS

calcd for C;H»3N,OS™ [M+H]": 351.1526; found 351.1524.
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5aa

1-Methyl-3-phenethylquinoxalin-2(1H)-one (5aa)d. Eluent petroleum ether/ethyl
acetate (5:1). White solid, 25 mg, 57% yield. 'H NMR (CDCl;, 500 MHz, ppm) 6
7.86 (d, J=7.9 Hz, 1H), 7.54 (t, J= 7.8 Hz, 1H), 7.37 — 7.28 (m, 6H), 7.18 (d, J = 7.2
Hz, 1H), 3.71 (s, 3H), 3.30 — 3.25 (m, 2H), 3.16 — 3.11 (m, 2H). 3C NMR (CDCl;,
500 MHz, ppm) 8 160.1, 154.9, 141.6, 133.1, 132.7, 129.7, 129.7, 128.6, 128.3, 125.9,
123.57, 113.6, 35.9, 32.5, 29.0. HRMS calcd for C;7;H7N,O* [M+H]": 265.1335;

found 265.1349.

o0

10

Prop-1-ene-1, 1, 3-triyltribenzene (10)’. Eluent petroleum ether. Colorless oil, 35
mg, 64% yield. 'H NMR (CDCl;, 500 MHz, ppm) & 7.42 (t, J = 7.4 Hz, 2H), 7.39-
7.24 (m, 10H), 7.25-7.21(m, 3H), 6.30 (t, J = 7.6 Hz, 1H), 3.50 (d, J = 7.6 Hz, 2H).
BC NMR (CDCls, 125 MHz, ppm) & 142.5, 142.4, 141.0, 139.8, 129.9, 128.5, 128.4,
128.3, 128.1, 127.8, 127.3, 127.1, 127.0, 126.0, 35.9. HRMS (ESI) calcd for C;;H;o*

[M+H]" : 271.1481, found: 271.1478.
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Crystal preparation of compound 4k.

Compound 4k (20 mg) was dissolved in CHCl; (3 mL), and it was crystallized to
give crystal as colorless prisms after the solvent was slowly volatilized in 3 days
at room temperature (~ 25 °C). All diffraction data were obtained on a Bruker
Smart Apex CCD diffractometer equipped with graphite-monochromated Mo Ka
radiation. X-ray crystallographic data for 4k is available as Figure S12. X-ray
crystallographic data in CIF format are available from the Cambridge

Crystallographic Data Centre (http://www.ccdc.cam.ac.uk/).

Figure S12 X-ray crystallography of 4k.
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Table 1.

Crystal data and structure refinement for 210830c.

CCDC number
Empirical formula
Formula weight
Temperature

Wavelength

Crystal system, space group

Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient
F(000)

Crystal size

2107239

C17 H18 N2 O3

298.33

298(2) K

0.71073 A

Monoclinic, P2(1)/n
a=9.5217(9) A alpha =90 deg.
b=16.1081(16) A beta=104.665(4) deg.
¢ =9.6233(8) A gamma = 90 deg.
1427.9(2) A™3
4, 1.388 Mg/m"3
0.096 mm~-1

632

0.30x0.21 x 0.18 mm

Theta range for data collection 2.53 to 25.01 deg.

Limiting indices

Reflections collected / unique

Completeness to theta = 25.01

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters
Goodness-of-fit on F*2

Final R indices [[>2sigma(I)]

R indices (all data)

Largest diff. peak and hole

-11<=h<=11, -19<=k<=10, -11<=I<=11
7006 /2519 [R(int) = 0.0359]
99.9 %
Semi-empirical from equivalents
0.9829 and 0.9717
Full-matrix least-squares on F"2
2519/0/200
1.016
R1=0.0407, wR2 = 0.0985
R1=0.0626, wR2 =0.1080

0.174 and -0.166 e.A"-3
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Table 2. Atomic coordinates (x 1074) and equivalent isotropic displacement
parameters (A2 x 1073) for 210830c. U(eq) is defined as one third of the trace of the
orthogonalized Uij tensor.

X y z U(eq)
N(1) 5848(1) 885(1) 3605(1) 31(1)
N(@2) 5194(1) 1813(1) 5781(1) 31(1)
O(1) 8059(1) 1473(1) 4162(1) 45(1)
0(2) 4682(1) 1005(1) 474(2) 56(1)
0(3) 9691(2) 2784(1) 3530(2) 61(1)
C() 6860(2) 1407(1) 4395(2) 32(1)
C(2) 6454(2) 1862(1) 5548(2) 30(1)
C@3) 4163(2) 1310(1) 4911(2) 30(1)
C4) 4466(2) 827(1) 3829(2) 30(1)
C(5) 3389(2) 319(1) 3031(2) 37(1)
C(6) 2050(2) 305(1) 3295(2) 43(1)
C(7N 1735(2) 801(1) 4336(2) 45(1)
C(8) 2784(2) 1296(1) 5134(2) 39(1)
C) 7577(2) 2403(1) 6491(2) 35(1)
C(10) 8715(2) 1921(1) 7549(2) 32(1)
C(11) 8421(2) 1604(1) 8770(2) 38(1)
C(12) 9453(2) 1164(1) 9747(2) 44(1)
C(13) 10790(2) 1033(1) 9507(2) 44(1)
C(14) 11094(2) 1348(1) 8315(2) 46(1)
C(15) 10070(2) 1793(1) 7337(2) 40(1)
C(16) 6287(2) 398(1) 2507(2) 38(1)
Cc(17) 6138(2) 860(1) 1137(2) 43(1)
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Table 3. Bond lengths [A] and angles [deg] for 210830c.

N(1)-C(1) 1.358(2)
N(1)-C(4) 1.389(2)
N(1)-C(16) 1.459(2)
N(2)-C(2) 1.2773(19)
N(2)-C(3) 1.380(2)
0(1)-C(1) 1.2220(19)
0(2)-C(17) 1.391(2)
0(2)-H(2) 0.8200
0(3)-H(3C) 0.8501
0(3)-H(3D) 0.8500
C(1)-C(2) 1.462(2)
C(2)-C(9) 1.495(2)
C(3)-C(8) 1.383(2)
C(3)-C(4) 1.387(2)
C(4)-C(5) 1.383(2)
C(5)-C(6) 1.362(2)
C(5)-H(5) 0.9300
C(6)-C(7) 1.372(3)
C(6)-H(6) 0.9300
C(7)-C(8) 1.355(3)
C(7)-H(7) 0.9300
C(8)-H(8) 0.9300
C(9)-C(10) 1.501(2)
C(9)-H(9A) 0.9700
C(9)-H(9B) 0.9700
C(10)-C(15) 1.372(2)
C(10)-C(11) 1.374(2)
C(11)-C(12) 1.372(2)
C(11)-H(11) 0.9300
C(12)-C(13) 1.366(3)
C(12)-H(12) 0.9300
C(13)-C(14) 1.351(3)
C(13)-H(13) 0.9300
C(14)-C(15) 1.374(3)
C(14)-H(14) 0.9300
C(15)-H(15) 0.9300
C(16)-C(17) 1.489(2)
C(16)-H(16A) 0.9700
C(16)-H(16B) 0.9700
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C(17)-H(17A)
C(17)-H(17B)

C(D-N(1)-C(4)
C(1)-N(1)-C(16)
C(4)-N(1)-C(16)
C(2)-N2)-CB)
C(17)-0(2)-H(2)
H(3C)-0(3)-H(3D)
O(T)-C(1)-N(1)
O(1)-C(H)-C2)
N(-C(1)-C(2)
N(2)-C(2)-C(1)
N(2)-C(2)-C(9)
C(D)-C(2)-CO)
N(2)-C(3)-C(8)
N(2)-C(3)-C(4)
C(8)-C(3)-C(4)
C(5)-C(4)-C(3)
C(5)-C(4)-N(1)
C(3)-C(4)-N(1)
C(6)-C(5)-C(4)
C(6)-C(5)-H(5)
C(#)-C(5)-HEG)
C(5)-C(6)-C(7)
C(5)-C(6)-H(6)
C(7)-C(6)-H(6)
C(8)-C(7)-C(6)
C(8)-C(7)-H(7)
C(6)-C(7)-H(7)
C(7)-C(8)-C(3)
C(7)-C(8)-H(8)
C(3)-C(8)-H(8)
C(2)-C(9)-C(10)
C(2)-C(9)-H(9A)
C(10)-C(9)-H(9A)
C(2)-C(9)-H(9B)
C(10)-C(9)-H(9B)
H(9A)-C(9)-H(YB)
C(15)-C(10)-C(11)
C(15)-C(10)-C(9)
C(11)-C(10)-C(9)
C(12)-C(11)-C(10)
C(12)-C(11)-H(11)

0.9700
0.9700

121.41(14)
116.42(14)
122.17(14)
119.02(14)
109.5
108.7
121.02(16)
122.33(15)
116.62(14)
122.91(15)
119.26(15)
117.83(14)
118.19(16)
122.25(15)
119.55(15)
118.88(15)
123.50(15)
117.62(14)
120.25(17)
119.9
119.9
120.97(17)
119.5
119.5
119.35(17)
120.3
120.3
120.96(18)
119.5
119.5
113.11(14)
109.0
109.0
109.0
109.0
107.8
118.31(16)
121.38(16)
120.31(15)
120.86(17)
119.6
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C(10)-C(11)-H(11)
C(13)-C(12)-C(11)
C(13)-C(12)-H(12)
C(11)-C(12)-H(12)
C(14)-C(13)-C(12)
C(14)-C(13)-H(13)
C(12)-C(13)-H(13)
C(13)-C(14)-C(15)
C(13)-C(14)-H(14)
C(15)-C(14)-H(14)
C(10)-C(15)-C(14)
C(10)-C(15)-H(15)
C(14)-C(15)-H(15)
N(1)-C(16)-C(17)
N(1)-C(16)-H(16A)
C(17)-C(16)-H(16A)
N(1)-C(16)-H(16B)
C(17)-C(16)-H(16B)

H(16A)-C(16)-H(16B)

0(2)-C(17)-C(16)
0(2)-C(17)-H(17A)
C(16)-C(17)-H(17A)
0(2)-C(17)-H(17B)
C(16)-C(17)-H(17B)

H(17A)-C(17)-H(17B)

119.6
120.03(18)
120.0
120.0
119.60(17)
120.2
120.2
120.72(18)
119.6
119.6
120.47(18)
119.8
119.8
113.13(15)
109.0
109.0
109.0
109.0
107.8
110.52(15)
109.5
109.5
109.5
109.5
108.1

Symmetry transformations used to generate equivalent atoms:
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Table 4.  Anisotropic displacement parameters (A*2 x 1073) for 210830c. The
anisotropic displacement factor exponent takes the form: -2 pi*2 [ h"2 a*”2 Ul1 + ...
+2hka*b*Ul2 ]

Ull U22 U33 U23 Ul13 Ul2

N(1) 32(1) 36(1) 26(1) o(1) 9(1) 1(1)
NQ) 30(1) 35(1) 28(1) 2(1) 5(1) 2(1)
o(1) 32(1) 60(1) 47(1) -4(1) 17(1) -5(1)

0(2) 51(1) 63(1) 47(1) 11(1) 8(1) 7(1)
0(3) 76(1) 64(1) 50(1) -8(1) 27(1) 21(1)

c(1) 30(1) 37(1) 29(1) 6(1) 7(1) 0(1)
CQ2) 30(1) 31(1) 28(1) 6(1) 6(1) 3(1)
C(3) 31(1) 33(1) 26(1) 4(1) 5(1) -1(1)
C(4) 29(1) 32(1) 27(1) 7(1) 5(1) 1(1)
C(5) 41(1) 40(1) 31(1) -1(1) 6(1) 3(1)

C(6) 34(1) 47(1) 44(1) 3(1) 0(1) 9(1)
C(7) 30(1) 55(1) 49(1) 4(1) 10(1) -5(1)
C(8) 36(1) 47(1) 38(1) 2(1) 13(1) 2(1)
C©9) 33(1) 36(1) 36(1) 1(1) 7(1) -1(1)
C(10)  31(1) 31(1) 31(1) -6(1) 4(1) -6(1)

C(1l)  33(1) 45(1) 37(1) 2(1) 10(1) 3(1)

C(12)  49(1) 46(1) 36(1) 7(1) 7(1) -6(1)
C(13)  41(1) 42(1) 39(1) 0(1) -5(1) 2(1)
C(14)  29(1) 58(1) 49(1) -5(1) 6(1) 3(1)
C(15)  34(1) 52(1) 34(1) 2(1) 9(1) -4(1)
c(16)  39(1) 40(1) 36(1) -4(1) 11(1) 5(1)
C(17)  46(1) 55(1) 32(1) -5(1) 13(1) 2(1)
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Table 5. Hydrogen coordinates ( x 1074) and isotropic displacement parameters
(A2 x 10"3) for 210830c.

X y z U(eq)
H(2) 4616 1387 -102 84
H@3CO) 9168 2363 3581 74
H(3D) 9754 2834 2668 74
H(5) 3580 -14 2311 45
H(6) 1338 -45 2762 52
H(7) 810 797 4493 53
H(8) 2574 1632 5841 47
H(9A) 7103 2782 7012 42
H(9B) 8044 2733 5894 42
H(11) 7512 1688 8937 46
H(12) 9242 955 10572 53
H(13) 11486 728 10161 52
H(14) 12006 1262 8155 55
H(15) 10297 2010 6524 48
H(16A) 5699 -101 2316 45
H(16B) 7290 229 2872 45
H(17A) 6649 1384 1330 52
H(17B) 6572 540 500 52
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Table 6.

Torsion angles [deg] for 210830c.

CH-N(D-C(1)-0(1)
C(16)-N(1)-C(1)-O(1)
CAH-N()-C(1)-C(2)
C(16)-N(1)-C(1)-C(2)
C(3)-N2)-C(2)-C(1)
C(3)-N(2)-C(2)-CO)
O(D-C(1)-C(2)-NQ@)
N(1)-C(1)-C(2)-N©2)
O(D)-C(1)-C(2)-CO)
N(D)-C(1)-C(2)-CO)
C(2)-N(2)-C(3)-C(8)
C(2)-N(2)-C(3)-C(4)
N(2)-C(3)-C(H-C5)
C(®)-C(3)-CH-C(5)
N(2)-C(3)-C(4)-N(D)
C(8)-C(3)-C(4)-N(1)
C()-N(1)-C(4)-C(5)
C(16)-N(1)-C(4)-C(5)
C()-N(1)-C(4)-C(3)
C(16)-N(1)-C(4)-C(3)
C3)-CH-C(5)-C(6)
N(1)-C(H-C(5)-C(6)
C(H-C(5)-C(6)-C(7)
C(5)-C(6)-C(7)-C(8)
C(6)-C(7)-C(8)-C(3)
N(2)-C(3)-C(8)-C(7)
C(H-CB3)-C®)-C(7)
N(2)-C(2)-C(9)-C(10)
C(1)-C(2)-C(9)-C(10)
C(2)-C(9)-C(10)-C(15)
C(2)-C(9)-C(10)-C(11)
C(15)-C(10)-C(11)-C(12)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(13)
C(11)-C(12)-C(13)-C(14)
C(12)-C(13)-C(14)-C(15)
C(11)-C(10)-C(15)-C(14)
C(9)-C(10)-C(15)-C(14)
C(13)-C(14)-C(15)-C(10)
C(1)-N(1)-C(16)-C(17)
C(4)-N(1)-C(16)-C(17)
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-177.74(15)
1.6(2)
3.9(2)

-176.74(14)
0.0(2)

-179.74(14)

178.39(16)
-3.3(2)
-1.9(2)

176.41(14)

-176.81(15)
2.8(2)

178.00(15)
2.3(2)
2.2(2)

177.49(15)

178.42(15)
-0.9(2)
-1.4(2)

179.31(15)

1.0(2)

-178.88(16)

1.0(3)
-1.5(3)
0.1(3)

-178.49(16)

1.8(3)
104.81(18)
-74.91(19)
102.70(19)
-78.02)

-0.5(3)

-179.85(16)

-0.4(3)
0.9(3)
0.5(3)
1.0(3)

-179.74(17)

-0.5(3)
-83.44(18)
95.88(18)



N(1)-C(16)-C(17)-0(2) -67.4(2)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for 210830c [A and deg.].

D-H dD-H) dH.A) <DHA dD.A) A
02-H2 0.820  1.890 172.62 2705 O3 [x-1/2,-y+1/2,2-1/2]
03-H3C 0.850  1.944 166.74 2778 Ol

03-H3D 0.850 2.045 166.81 2.879 N2 [ x+1/2, -y+1/2,z-1/2 ]
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