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General information. Analytical grade solvents were used as received. Hexanes used for extraction
and chromatography was distilled before use. Commercially available dry THF and DMF were used
KHMDS 1M THF solution was prepared by dissolving solid KHMDS (weighted in a glove-box) in
anhydrous THF in a Schlenk flask under Ar atmosphere. All *H, °C and °F NMR spectra were
recorded at 298 K in CDCl; using a 400 MHz or a 500 MHz NMR spectrometer. The *H and **C
NMR chemical shifts are given relative to the TMS signal at 0.0 ppm and relative to CFCl; for °F
spectra. Mass spectra and HRMS measurements were obtained using a mass spectrometer equipped
with an electrospray ion source and g-TOF type mass analyzer (ESI), or a magnetic sector mass
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spectrometer equipped with an electron impact (EI) ion source and the EBE double focusing
geometry mass analyzer. Column chromatography was performed using silica gel 60 (0.040—0.063
mm). Analytical thin layer chromatography (TLC) was performed using pre-coated silica gel plates

(0.20 mm thickness) and visualized under a UV lamp.

Experimental procedures and characterization data for new compounds

Cyanomethylation of quinoxaline 1 with 4-chlorophenoxyacetonitrile (4). In a dry Schlenk flask
under Ar atmosphere DMF (3 mL) was cooled to 0 °C and tert-BuOK (4.5 mmol, 504 mg) was
added with stirring. The resulting suspension was cooled to -20 °C and quinoxaline 1 (1.5 mmol,
195 mg) solution in DMF (1.5 mL) was added, followed by drop-wise addition (duration 15 min) of
solution of 4 (1.5 mmol, 251 mg) in DMF (1.5 mL). After 2 h, 3% aqueous HCI (1.5 mL) was
added, followed by saturated aqueous NaHCO3 (10 mL). The products was extracted with AcOEt (3
x 5 mL) and the combined organic phases washed with brine (3x 20 mL). After evaporation and
column chromatography on silica gel with hexanes/AcOEt 3:1 as eluent, 2-

Cyanomethylquinoxaline (5)* was isolated as brown crystalline solid, 115 mg
Q jﬂ (45%) yield. 64 (200 MHz; CDCl3; Me,Si) 8.92 (s, 1H), 8.12 (m, 2H), 7.83 (m,

2H), 4.15 (s, 2H). 6¢c (101 MHz; CDCl3; Me,Si) 145.6, 143.5, 141.9, 141.8,
130.9, 130.5, 129.3, 129.1, 115.7, 25.1.

NH, 3-Amino-2,4-bis(4-chlorophenoxy)crotonitrile  (6)*>  was

/©/ O\%\/OO isolated as beige crystalline solid, 125 mg (50%) yield. &y (400

cl CN CI MHz; CDCly; Me,Si) 7.28 (m, 4H), 6.94 (m, 4H), 4.83 (s, 2H),

4.76 (bs, 2H). oc (101 MHz; CDCls; Me,Si) 155.7, 154.3, 145.7, 129.8, 129.7, 128.5, 127.5, 116.8,
116.3, 115.4, 102.2, 64.4.

Cyanomethylation of 2-chloroquinoxaline (2) with nitrile 4. Performed as above for quinoxaline,
but 2 (1.5 mmol, 241 mg) and 4 (1.5 mmol, 251 mg) were dissolved together in DMF (3.0 mL) and
added drop-wise.
2-Chloro-3-cyanomethylquinoxaline (7a)® was isolated as light brown
@ rCN crystalline solid, 169 mg (55%) yield. 8, (500 MHz; CDCls: MesSi) 8.16 (m,
1H), 8.05 (m, 1H), 7.84 (m, 2H), 4.28 (s, 2H). 8¢ (126 MHz; CDCl3; Me,Si)
145.4, 144.3, 141.7, 140.6, 131.7, 131.0, 129.1, 128.2, 114.6, 25.7. MS (EI) m/z 203 (97%, M"),
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168 (100%), 102 (64%), 76 (35%), 50 (34%).

Preparation of nitriles 9b, 10b. A solution of KOt-Bu (1.5 mmol, 168 mg, 3 equiv.) in THF (1 mL)
was placed in a flame-dried Schlenk flask under argon atmosphere and cooled to -78 °C. A solution
of 2 (0.5 mmol, 83 mg, 1 equiv.) and 2-(p-chlorophenoxy)propionitrile 8 (0.6 mmol, 109 mg, 1.2
equiv.) in THF (1 mL) was added dropwise with vigorous magnetic stirring. After 5 min brine (10
mL) was added, followed by AcOEt (10 mL). The phases were separated, the organic phase was
washed with brine (10 mL), dried over anhydrous Na,SO,4 and evaporated. Column chromatography
on silica gel using hexanes-ethyl acetate (5:1) as eluent gave an inseparable 1:1.2 mixture of 9b
(one diastereoisomer) and 10b as brown oil in 105 mg (64%) combined yield.

N_Cl o 9b: 3y (400 MHz; CDCl3; Me,Si) 7.7 (dm, J = 9.0 Hz, 2H), 7.25 (m,
@NI‘CN/@ 1H), 7.13 (td, J = 7.7 Hz, 1.5 Hz, 1H), 7.05 (dm, J = 9.0 Hz, 2H), 6.83

HH e (td, J = 7.6 Hz, 1.3 Hz, 1H), 6.73 (dd, J = 7.9 Hz, 1.1 Hz, 1H), 4.88 (d, J
=3.4 Hz, 1H), 4.79 (d, J = 3.4 Hz, 1H), 1.52 (s, 3H).

Meo The same reaction performed at -78 °C to -20 °C over 15 min gave
@Nj)(c’\'\@\ only 2-(4'-chlorophenoxy)-2-(2'-quinoxalinyl)propionitrile 10D,

NG Cl jsolated in 84 mg (54%) yield, pale yellow oil. 84 (400 MHz; CDClIj;
Me,Si) 9.05 (s, 1H), 8.19 (m, 1H), 8.14 (m, 1H), 7.85 (m, 2H), 7.19 (d, J = 9.1 Hz, 2H), 6.97 (d, J =
9.1 Hz, 2H), 2.20 (s, 3H). 6¢c (101 MHz; CDCls; Me,Si) 152.7, 151.3, 142.4, 141.6, 140.9, 131.2,
131.1, 129.6, 129.6, 129.4, 129.3, 120.6, 117.7, 78.0, 28.8. HRMS (APCI): Calcd for C17H13N3OCI
(IM+H]") 310.0747, found: 310.0752.

Preparation of nitriles 10c, 10d. A 1M THF solution of KHMDS (1.1 mmol, 1.1 mL, 2.2 equiv.)
was placed in a flame-dried Schlenk flask under argon atmosphere and cooled to -78 °C. A solution
of 2 (0.5 mmol, 83 mg, 1 equiv.) and carbanion precursor (0.5 mmol, 1 equiv.) in DMF (1 mL) was
added dropwise with vigorous magnetic stirring. After 15 min 2M HClg (5 mL) was added,
followed by AcOEt (10 mL) and brine (5 mL). The phases were separated, the organic phase was
washed with brine (1x10 mL), dried over anhydrous Na,SO3 and evaporated. The products were
purified by column chromatography on silica gel using hexanes-ethyl acetate (5:1) as eluent.
Ph Nitrile 10c. Prepared from 2-phenoxy-2-phenylacetonitrile in 152 mg (90%),
Nj/kc?fh pale yellow oil. 8 (400 MHz: CDCls; Me,Si) 9.15 (s, 1H), 8.21 (m, 1H), 8.10
©:N/ (m, 1H), 7.79 (m, 4H), 7.41 (m, 3H), 7.23 (t, J = 7.7 Hz, 2H), 7.10 (m, 2H),
7.04 (m, 1H). 8¢ (101 MHz; CDCls; Me,Si) 154.1, 151.9, 142.2, 142.0, 140.8, 136.9, 130.9, 130.8,
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129.7, 129.6, 129.5, 129.2, 129.2, 126.0, 123.8, 118.9, 116.9, 82.4. MS (EI) m/z 337 (5%, M*), 244
(100%), 216 (11%), 190 (9%). HRMS (ESI): Calcd for CH1sN3O (M*) 337.1215, found: 337.1218.

Me Nitrile 10d. Prepared from 2-(1-ethoxyethoxy)-2-phenylacetonitrile in 145
O)\OEt mg (87%) yield as 1.7: 1 mixture of diastereoisomers, pale yellow oil.

©:N\])<CP£ Major diastereoisomer: 8y (400 MHz; CDCl3; MeySi) 9.02 (s, 1H), 8.15 (m,

N7 1H), 8.07 (m, 1H), 7.76 (m, 2H), 7.61 (m, 2H), 7.35 (m, 3H), 5.27 (g, J =
5.2 Hz, 1H), 3.35 (m, 2H), 1.49 (d, J = 5.2 Hz, 3H), 0.71 (t, J = 7.0 Hz, 3H). ¢ (101 MHz; CDCls;
Me,Si) 153.4, 143.4, 141.6, 140.3, 137.3, 130.7, 130.3, 129.5, 129.4, 129.0, 128.9, 126.0, 117.2,
99.5, 81.0, 61.5, 20.6, 14.4.
Minor diastereoisomer: oy (400 MHz; CDCl3; Me,Si) 8.96 (s, 1H), 8.15 (m, 1H), 8.07 (m, 1H),
7.76 (m, 2H), 7.66 (m, 2H), 7.35 (m, 3H), 5.19 (g, J = 5.2 Hz, 1H), 3.67 (dg, J = 9.1 Hz, 7.0 Hz,
1H), 3.53 (dg, J = 9.2 Hz, 7.0 Hz, 1H), 1.35 (d, J = 5.2 Hz, 3H), 1.13 (t, J = 7.0 Hz, 3H). §¢ (101
MHz; CDCls; Me,Si) 152.4, 142.9, 141.9, 140.5, 137.9, 130.8, 130.4, 129.7, 129.3, 129.0, 128.8,
126.1, 117.5, 99.5, 80.5, 62.0, 21.2, 14.8.
HRMS (ESI): Calcd for CyH19N3O,Na ([M+Na]") 356.1375, found: 356.1378.

Preparation of dithiocarbamates 10e, 10f. A solution of KOt-Bu (2 mmol, 224 mg, 4 equiv.) in
THF (2 mL) was placed in a flame-dried Schlenk flask under argon atmosphere and cooled to -30
°C. A solution of 2 (0.5 mmol, 83 mg, 1 equiv.) and 4-cyanobenzyl or 2,4-dichlorobenzyl N,N-
diethyldithiocarbamate (0.6 mmol, 1.2 equiv.) in THF (1 mL) was added dropwise with vigorous
magnetic stirring. After 90 min brine (20 mL) was added, followed by AcOEt (15 mL). The phases
were separated, the organic phase was washed with brine (10 mL), dried over anhydrous Na,SO,
and evaporated. The products were purified by column chromatography on silica gel using hexanes-

ethyl acetate (5:1) as eluent.

j\ Dithiocarbamate 10e. Obtained in 120 mg (61%) vyield, yellow oil. &y

N 7 NE2 (400 MHz; CDCls; MesSi) 9.00 (s, 1H), 8.09 (m, 1H), 8.07 (m, 1H), 7.75

©I : (m, 4H), 7.60 (d, J = 8.4 Hz, 2H), 7.00 (s, 1H), 3.97 (m, 2H), 3.76 (m,
N CN

2H), 1.29 (m, 3H), 1.23 (m, 3H). 8¢ (101 MHz; CDCls; Me,Si) 192.1,
154.1, 145.4, 143.9, 142.0, 141.4, 132.2, 130.3, 130.1, 130.0, 129.3, 129.2, 118.5, 111.6, 58.5, 50.0,
47.0,12.7, 11.4. HRMS (ESI): Calcd for Co1H20N.S,Na ([M+Na]") 415.1027, found: 415.1022.

S Dithiocarbamate 10f. Obtained in 124 mg (57%) vyield, yellow oil. oy

S)J\NEtz (400 MHz; CDCl3; Me,Si) 9.07 (s, 1H), 8.08 (m, 1H), 8.04 (m, 1H), 7.71

©IN\ (m, 3H), 7.41 (d, J = 2.2 Hz, 1H), 7.24 (s, 1H), 7.23 (dd, J = 8.4, 2.2 Hz,
N i cl
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1H), 3.97 (m, 2H), 3.77 (m, 2H), 1.32 (m, 3H), 1.23 (M, 3H). &c (101 MHz; CDCls; Me,Si) 192.5,
154.1, 146.0, 142.1, 141.4, 134.9, 134.7, 134.3, 132.2, 129.9, 129.8, 129.6, 129.3, 129.2, 127.2,
55.6, 49.9, 47.0, 12.8, 11.5. HRMS (ESI): Calcd for CaoHaoNsS,Cl, ([M+H]") 436.0476, found:
436.0474.

O Bis(aziridine) 11. A 1M THF solution of KHMDS (1.75 mmol, 1.75 mL,

N CF, 3.5 equiv.) was placed in a flame-dried Schlenk flask under argon

©: atmosphere and cooled to -78 °C. A solution of 1 (0.5 mmol, 65 mg, 1

N O cFs equiv.) and 3-trifluoromethylbenzyl chloride (1.5 mmol, 292 mg, 3 equiv.)

in DMF (1 mL) was added dropwise with vigorous magnetic stirring.

After 15 min 2M HCl,q (5 mL) was added, followed by AcOEt (10 mL) and brine (5 mL). The

phases were separated, the organic phase was washed with brine (1x10 mL), dried over anhydrous

Na,SOj3 and evaporated. Compound 11 was isolated by column chromatography on silica gel using

hexanes-ethyl acetate (20:1) as eluent in 69 mg (31%) yield, yellow oil. 6y (400 MHz; CDCls;

Me,Si) 7.65 (s, 2H), 7.56 (m, 4H), 7.49 (m, 2H), 7.31 (m, 2H), 7.07 (m, 2H), 3.17 (d, J = 3.3 Hz,

2H), 3.11 (d, J = 3.3 Hz, 2H). 8¢ (101 MHz; CDCls; Me,Si) 139.0, 137.2, 131.1 (q, 2Jcr = 32.4 Hz),

129.4,129.0, 127.0, 125.6, 124.4 (q, %Jcr = 3.7 Hz), 124.1 (q, Ycr = 272.1 Hz), 122.8 (q, %Jcr = 3.8
Hz), 53.5, 40.0. HRMS (ESI): Calcd for CosH16F¢N2Na ([M+Na]") 469.1115, found: 469.1109.

VNS reactions with quinoxaline N-oxide (3) — preparation of N-oxides 12.

1M solution of '‘BUOK in THF (3.5 mL, 3.5 equiv) was introduced into a flame-dried Schlenk flask
under argon atmosphere was cooled to -20 °C (brine/dry ice bath). A solution of 3 (1 mmol, 146 mg)
and the appropriate carbanion precursor (1.3 mmol) in dry THF (1.5 mL) was then added drop-wise
with vigorous stirring. After 10 minutes, the reaction was quenched with 2M HCI, diluted with
brine (20 mL) and AcOEt (20 mL) and transferred to a separatory funnel. The phases were
separated and the aqueous phase was washed with AcOEt (2 x 20 mL). The combined organic
extracts were dried over Na,SO, and concentrated using a rotary evaporator. The products were
purified by column chromatography on silica gel with 10% — 30% AcOEt in hexanes as eluent.

In some cases the reaction temperature and time were different than given above, see Scheme 4 in

the main text for details.

2-Cyanomethylquinoxaline-1-oxide (12a). Obtained in 112 mg (60%) yield,

N
@ \jv yellow solid. 84 (500 MHz; CDCls; Me,Si) 8.94 (s, 1H), 8.56 (d, 1H, J = 8.5
~ CN
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Hz), 8.17 (d, 1H, J = 8.4 Hz), 7.86 (m, 1H), 7.80 (m, 1H), 4.17 (s, 2H). 8¢ (126 MHz; CDCls; Me4Si)
145.4, 144.8, 136.5, 132.2, 132.0, 131.0, 130.4, 118.6, 114.1, 18.4. HRMS (ESI): Calcd for
C10H7N3ONa ([M+Na]") 208.0487, found: 208.0478.

2-(1-Cyanoethyl)quinoxaline-1-oxide (12b). Obtained in 128 mg (64%)

@N: o yield, yellow solid. &4 (500 MHz; CDCl3; Me,Si) 8.96 (s, 1H), 8.57 (dd, J =

N® 8.7, 1.6 Hz, 1H), 8.16 (dd, J = 8.4, 1.5 Hz, 1H), 7.85 (ddd, J = 8.4, 6.9, 1.6 Hz,

1H), 7.79 (ddd, J = 8.5, 7.0, 1.4 Hz, 1H), 4.82 (g, J = 7.1 Hz, 1H), 1.80 (d, J =

7.1 Hz, 3H). 8¢ (126 MHz; CDCl3; Me,Si) 145.2, 144.1, 137.1, 136.6, 131.8, 130.9, 130.3, 118.8,
118.3, 25.1, 15.8. HRMS (ESI): Calcd for C1;HsNsONa ([M+Na]*) 222.0643, found: 222.0633.

2-(Phenylsulfonyl)methylquinoxaline-1-oxide (12c). Obtained in 232

@ ]\/SOZPh mg (77%) yield, white solid. o4 (500 MHz; CDCl3; Me,Si) 8.84 (s, 1H),

e 8.36 (d, 1H, J = 8.6 Hz), 8.13 (d, 1H, J = 8.5 Hz), 7.82 (m, 3H), 7.71 (t, 1H,

J=7.4Hz), 761 (t, 1H, J = 7.5 Hz), 7.46 (m, 2H), 5.02 (s, 2H). ¢ (126

MHz; CDCls; Me,Si) 147.5, 145.3, 138.8, 136.7, 134.3, 131.9, 131.0, 130.6, 130.3, 129.3, 128.2,
119.0, 54.5. HRMS (ESI): Calcd for C15H1,N20sSNa ([M+Na]™) 323.0466, found: 323.0479.

2-(p-Tolylsulfonylmethyl)quinoxaline-1-oxide (12d). Obtained in 280

@ vasozp_m mg (89%) yield, yellow solid. 5 (500 MHz; CDCls; Me,Si) 8.82 (s, 1H),
NG 8.39 (dd, 1H, J = 8.7, 1.4 Hz), 8.12 (dd, 1H, J = 8.4, 1.3 Hz), 7.82 (m,

1H), 7.71 (m, 1H), 7.70 (d, 2H, J = 8.3 Hz), 7.25 (d, 2H, J = 8.2 Hz),

5.00 (s, 2H), 2.40 (s, 3H). &¢c (126 MHz; CDCl3; Me,Si) 147.5, 145.4, 145.2, 136.8, 135.9, 131.9,

131.2, 130.5, 130.3, 129.9, 128.2, 119.0, 54.5, 21.7. HRMS (ESI): Calcd for CisH14N,OsSNa
([M+Na]*) 337.0623, found: 337.0630.

N 2-(1-p-Tolylsulfonylpropyl)guinoxaline-1-oxide (12e). Obtained in 140
N
©I mg (41%) yield, yellow solid. 8 (500 MHz; CDCls; Me,Si) 8.93 (s, 1H),
Ng SO,p-Tol
be 8.35(d, 1H, J = 8.6 Hz), 8.12 (d, 1H, J = 8.4 Hz), 7.81 (m, 1H), 7.70 (m,
Me 1H), 7.63 (d, 2H, J = 8.2 Hz), 7.17 (d, 2H, J = 8.0 Hz), 5.73 (m, 1H),
2.56 (m, 1H), 2.33 (s, 3H), 2.29 (m, 1H), 0.95 (t, 3H, J = 7.5 Hz). 3¢ (126 MHz; CDCl3; Me,Si)
145.7, 145.2, 144.8, 136.6, 135.0, 134.8, 131.8, 130.4, 130.2, 129.7, 128.5, 119.2, 62.1, 21.6, 21.0,
11.2. HRMS (ESI): Calcd for C1gH13N20sSNa ([M+Na]™) 365.0936, found: 365.0943.
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N N-Oxide 12f. Obtained in 170 mg (73%) yield, yellow oil. 54 (500 MHz;

@ j\/& CDCls; MesSi) 8.74 (s, 1H), 8.57 (dd, 1H, J = 8.6, 0.9 Hz), 8.12 (dm, 1H,

gg; OF " J=8.3Hz), 7.80 (M, 1H), 7.74 (m, 1H), 4.23 (q, 2H, J = 7.1 Hz), 4.03 (s,

2H), 1.27 (t, 3H, J = 7.1 Hz). 5¢ (126 MHz; CDCl3; Me,Si) 167.7, 147.1,

145.1, 136.9, 136.5, 131.2, 130.3, 130.1, 118.8, 61.7, 34.9, 14.1. HRMS (ESI): Calcd for
C12H12N,03Na ([M+Na]™) 255.0746, found: 255.0753.

N N-Oxide 12g. Obtained in 210 mg (81%) yield, white solid. oy (500 MHz;

@ j\/ﬁ\ CDCl3; Me,Si) 8.71 (s, 1H), 8.58 (dd, 1H, J = 8.6, 1.0 Hz), 8.11 (dd, 1H,

Eg o' J=8.2, 1.1 Hz),7.78 (m, 1H), 7.73 (m, 1H), 3.96 (s, 2H), 1.46 (s, 9H). d¢c

(126 MHz; CDCl3; Me,Si) 166.9, 147.2, 145.0, 136.93, 136.87, 131.1,

130.2, 130.1, 118.9, 82.3, 36.0, 28.0. HRMS (ESI): Calcd for C14H16N20sNa ([M+Na]*) 283.1059,
found: 283.1072.

N-Oxide 12h. Obtained in 158 mg (64%) yield, yellow oil. &4 (500 MHz;

@N: o CDCl3; Me4Si) 8.74 (s, 1H), 8.58 (dd, J = 8.5, 1.7 Hz, 1H), 8.14 (m, 1H),
23 r OEt 7.81 (m, 1H), 7.75 (m, 1H), 4.39 (g, J = 7.3 Hz, 1H), 4.21 (g, J = 7.1 Hz,

2H), 1.70 (d, J = 7.3 Hz, 3H), 1.23 (t, J = 7.1 Hz, 3H). &c (126 MHz;

CDCl3; Me,Si) 171.0, 145.3, 144.5, 140.8, 136.5, 130.9, 130.1, 129.8, 118.6, 61.2, 39.4, 13.9, 13.6.

HRMS (ESI): Calcd for C1sH14N,03Na ([M+Na]*) 269.0902, found: 269.0907.

N N-Oxide (12i). Obtained in 104 mg (39%) yield, yellow oil. &4 (500 MHz;
@ M CDCls; MesSi) 9.04 (s, 1H), 8.56 (d, 1H, J = 8.5 Hz), 8.17 (d, 1H, J = 8.3

o OF' H2), 7.87 (t, 1H, J = 7.4 Hz), 7.79 (t, 1H, J = 7.8 Hz), 5.98 (s, 1H), 4.32 (q,
2H, J = 7.1 Hz), 1.31 (t, 3H, J = 7.1 Hz). 8¢ (126 MHz; CDCls; MesSi)
165.5, 1455, 145.2, 136.7, 136.3, 132.1, 130.8, 130.3, 118.8, 63.2, 51.7, 13.9. HRMS (ESI): Calcd
for C1,H1:N,05CINa ([M+Na]*) 289.0356, found: 289.0347.

N-Oxide 12j. Obtained in 170 mg (55%) yield, brown solid. &4 (500

N
@ M MHz; CDCls; MesSi) 8.67 (s, 1H), 8.55 (dd, J = 8.5, 1.6 Hz, 1H),
~
NG N" e 813 (dd, ) = 8.4, 14 Hz, 1H), 7.78 (ddd, J = 8.4, 7.0, 15 Hz, 1H),

Q
© a 7.73 (ddd, J = 8.5, 6.9, 1.5 Hz, 1H), 7.48 (m, 2H), 7.40 (m, 3H), 3.83

(q, 3 =7.1Hz, 2H), 3.77 (s, 2H), 1.17 (t, J = 7.1 Hz, 3H). 8¢ (126 MHz; CDCl3; MeJSi) 166.2, 147.2,

144.4, 141.9, 138.4, 137.0, 131.1, 130.2, 130.0, 129.7, 128.5, 128.4, 118.8, 44.4, 35.3, 13.0. HRMS
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(ESI): Calcd for C1gH17N30,Na ([M+Na]*) 330.1218, found: 330.1205.

N N-Oxide 12k. Obtained in 40 mg (16%) yield, brown solid. &4 (500 MHz;

@ : £ CDCls; Me,Si) 8.87 (s, 1H), 8.57 (d, J = 8.6 Hz, 1H), 8.18 (d, J = 8.4 Hz, 1H),

Eﬁi Soet 788 (tI=T7.4Hz 1H) 7.79 (t, ) = 7.9 Hz, 1H), 6.37 (d, 2Jur = 46.0 Hz, 1H),

4.35 (m, 2H), 1.32 (t, J = 7.1 Hz, 3H). 8¢ (126 MHz; CDCl3; Me,Si) 165.2 (d,

2Jcr = 24.7 Hz), 145.7, 144.7 (d, 3Jcr = 6.2 Hz), 136.6, 132.3, 130.8, 130.3, 118.8, 84.5 (d, YJcr =

184.4 Hz), 62.7, 14.0. HRMS (ESI): Calcd for Ci,H11N,OsFNa ([M+Na]*) 273.0651, found:
273.0663.

N-Oxide 12k’. Obtained in 78 mg (28%) yield, brown solid. &4 (500 MHz;

N
@ S CDCls; Me,Si) 8.83 (s, 1H), 8.57 (dd, J = 8.7, 1.5 Hz, 1H), 8.16 (dd, J = 8.4,
P F
NG 1.3 Hz, 1H), 7.86 (ddd, J = 8.5, 7.0, 1.5 Hz, 1H), 7.78 (ddd, J = 8.5, 7.0, 1.4
0° Co,Bu

Hz, 1H), 6.27 (d, “Jur = 46.2 Hz, 1H), 1.50 (s, 9H). 8¢ (126 MHz; CDCls;
Me,Si) 164.1 (d, 2Jcr = 24.4 Hz), 145.5, 144.6 (d, *Jcr = 6.0 Hz), 136.7, 135.9 (d, “Jcr = 25.0 Hz),
132.2, 130.6, 130.2, 118.8, 84.3 (d, Ycr = 1845 Hz), 84.3, 27.8. HRMS (ESI): Calcd for
C14H15N,0sFNa ([M+Na]*) 301.0964, found: 301.0960.

N-Oxide 12I. Obtained in 166 mg (60%) yield, yellow solid. &4 (500 MHz;

N

@ : _ CDCl3; MesSi) 8.99 (s, 1H), 8.54 (dd, J = 8.7, 1.5 Hz, 1H), 8.18 (dd, I = 8.4,
o 1.4 Hz, 1H), 7.85 (ddd, J = 8.4, 6.9, 1.5 Hz, 1H), 7.77 (ddd, J = 8.5, 6.9, 1.4
0° CONEt,

Hz, 1H), 6.81 (d, 2y = 46.4 Hz, 1H), 3.70 (m, 1H), 3.58 (m, 1H), 3.50 (m,
1H), 3.43 (m, 1H), 1.38 (t, J = 7.2 Hz, 3H), 1.20 (t, J = 7.1 Hz, 3H). ¢ (126 MHz; CDCl;
Me,Si) 163.3 (d, Zcr = 20.8 Hz) 145.2, 144.5 (d, 3Jcr = 7.8 Hz) 137.3 (d, 2cr = 28.6 Hz), 136.1,
131.8, 130.5, 130.3, 118.4, 83.2 (d, “Jcr = 178.7 Hz), 42.3, 41.2, 14.7, 12.7. HRMS (ESI): Calcd for
C1H16N30,FNa ([M+Na]*) 300.1124, found: 300.1137.

2-(4-Cyanobenzyl)quinoxaline-1-oxide (12m). Obtained in 220 mg

N CN
@ j\/@ (84%) yield, yellow solid. 5 (500 MHz; CDCls: Me,Si) 8.65 (s, 1H),
~
NG 8.56 (dd, J = 8.5, 1.6 Hz, 1H), 8.11 (dd, J = 8.3, 1.5 Hz, 1H), 7.80 (m

o
© 1H), 7.75 (m, 1H), 7.61 (d, J = 8.3 Hz, 1H), 7.47 (d, J = 8.3 Hz, 1H),

4.43 (s, 2H). d¢c (126 MHz; CDCls; Me,Si) 146.5, 144.9, 141.0, 140.1, 137.0, 132.6, 131.2, 130.6,
130.2, 130.0, 118.8, 118.6, 111.3, 34.9. HRMS (ESI): Calcd for CigH12N30 ([M+H]") 262.0980,
found: 262.0985.

S8



2-(2,4-Dichlorobenzyl)quinoxaline-1-oxide (12n). Obtained in 150

@Nj\/@ ' mg (49%) yield, brown solid. & (500 MHz: CDCls: Me,Si) 8.59
r}lg 8.55 (m, 2H), 8.09 (dd, J = 8.2, 1.5 Hz, 1H), 7.77 (ddd, J = 8.3, 7.6,

© c 1.6 Hz, 1H), 7.73 (ddd, J = 8.5, 6.9, 1.5 Hz, 1H), 7.45 (d, J = 8.3 Hz,

1H), 7.43 (d, J = 2.2 Hz, 1H), 7.25 (dd, J = 8.3, 2.2 Hz, 1H), 4.44 (s, 2H). 8¢ (126 MHz; CDCl5;

Me,Si) 146.8, 144.6, 139.6, 137.0, 135.1, 134.1, 132.9, 131.5, 131.0, 130.3, 130.1, 129.6, 127.5,
118.8, 32.6. HRMS (ESI): Calcd for C1sH1:N,OCI, ([M+H]*) 305.0248, found: 305.0241.

N N-Oxide 120. Obtained in 110 mg (41%) yield, yellow oil. &4 (600 MHz;
@ j\(Ph CDCls; MesSi) 9.01 (s, 1H), 8.55 (d, J = 8.7 Hz, 1H), 8.11 (d, J = 8.3 Hz, 1H),

N® 7.80 (ddd, J = 8.4, 6.8, 1.4 Hz, 1H), 7.73 (ddd, J = 8.5, 7.0, 1.4 Hz, 1H), 7.56
(m, 2H), 7.38 (t, J = 7.5 Hz, 2H), 7.34 (t, J = 7.4 Hz, 1H), 6.91 (s, 1H). 8¢ (151
MHz; CDCls; Me,Si) 145.7, 144.6, 141.0, 136.6, 136.4, 131.7, 130.6, 130.2, 129.1, 129.0, 127.8,
119.0, 54.6. HRMS (ESI): Calcd for C15H1,N,OCI ([M+H]") 271.0638, found: 271.0634.

|
o® ¢l

Preparation of quinoxalines 13. 1M solution of 'BuOK in THF (3.5 mL, 3.5 equiv) was introduced
into a flame-dried Schlenk flask under argon atmosphere was cooled to -20 °C (brine/dry ice bath).
A solution of 3 (1 mmol, 146 mg) and the appropriate carbanion precursor (1.3 mmol) in dry DMF
(1.5 mL) was then added drop-wise with vigorous stirring. After 10 minutes, the reaction was
quenched with 2M HCI, diluted with brine (20 mL) and AcOEt (20 mL) and transferred to a
separatory funnel. The phases were separated and the aqueous phase was washed with AcOEt (2 x
20 mL). The combined organic extracts were washed with brine (3 x 20 mL), dried over Na,SO,
and concentrated using a rotary evaporator. The products were purified by column chromatography
on silica gel with 10% — 30% AcOEt in hexanes as eluent.

N
N
@NJ\/SOZpToI

yield, yellow solid. 5 (500 MHz; CDCls; Me,Si) 8.87 (s, 1H), 8.12 (dd, J = 8.2, 1.6 Hz, 1H), 7.93
(dd, J = 7.9, 1.9 Hz, 1H), 7.83 — 7.72 (m, 2H), 7.58 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 7.3 Hz, 2H),
4.75 (s, 2H), 2.41 (s, 3H). 8¢ (126 MHz; CDCl3; Me,Si) 146.1, 145.3, 144.7, 142.1, 141.9, 135.1,
130.6, 130.5, 129.9, 129.32, 129.29, 128.5, 63.0, 21.6. HRMS (ESI): Calcd for CysH14N,0,SNa
([M+Na]") 321.0674, found: 321.0688.

p-Tolyl (quinoxalin-2-yl)methyl sulfone (13a). Obtained in 132 mg (44%)

S9



: N S0,Ph
N
/j\@/
N

(55%) yield, yellow solid. &4 (500 MHz; CDCl3; Me,Si) 8.72 (s, 1H), 8.08 (m, 2H), 7.93 (m, 4H),
7.77 (m, 2H), 7.56 (m, 1H), 7.50 (M, 4H), 4.43 (s, 2H). 8¢ (126 MHz; CDCl3; Me,Si) 154.2, 1455,
143.7, 142.1, 141.6, 141.4, 140.2, 133.2, 130.3, 130.0, 129.6, 129.3, 129.2, 129.1, 128.2, 127.6,
42.5. HRMS (ESI): Calcd for C,;H16N,0,SNa ([M+Na]™) 383.0830, found: 383.0836.

N CN
LT
~
N 2-(4-Cyanobenzyl)quinoxaline (13c). Obtained in 126 mg (51%) yield,

yellow solid, along with 12m (26 mg, 10% yield). &4 (500 MHz; CDCl3; Me4Si) 6 8.73 (s, 1H), 8.08
(m, 2H), 7.77 (m, 2H), 7.62 (d, 2H, J = 8.1 Hz), 7.45 (d, 2H, J = 8.1 Hz), 4.43 (s, 2H). 8¢ (126 MHz;
CDCl3; Me,Si) 154.1, 1455, 143.3, 142.1, 141.4, 132.6, 130.4, 129.9, 129.7, 129.3, 129.1, 118.7,
110.9, 42.7. HRMS (ESI): Calcd for C1gH12N3 ([M+H]") 246.1031, found: 243.1039.

2-(4-Phenylsulfonylbenzyl)quinoxaline (13b). Obtained in 198 mg
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H NMR (CDCl3, 500 MHz)
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"H NMR (CDCl5, 600 MHz)

-
d
~
ok} it

A

901

Raye
8T
€21
b1

E80T
FH0'T

E00T

0.5

1.0

1.5

2.0

25

3.0

35

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.5

9vs—

L9L
oNnW.
€L

0'61T—
8
0’621 W
1621

T'0ET
w,omﬂ\
LTET
v.wmﬁ\
L'9€T
0 TbT \.
VA 49 \
n.mvﬁ

120

3C NMR (CDCl3, 151 MHz)

tMumm SRSEDISIHRES [P

60

T
200

T
210

S35



[4°H St

Wwe—

SLy—

N

L

N
7 SO,pTol
H NMR (CDCl3, 500 MHz)

|

N

Feze
o

— Fee

ES5T

R,
60°C
HINM.N
90T
H\.mo.ﬂ

— 00T

o

0'€9—

§'821
€621
€621
8'6CT—
S'0ET \‘
9'0€T
T'SET /
6'TbT
Tt AN
LT —
£'SbT \
ﬂ.wﬁ

13a

3C NMR (CDClj, 126 MHz)

40

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90

T
200

T
210

S36



91—

9L

JAZA
8v'L
8v'L

L
(4
£5°L
£5°L
¥57L
5L
SS°L
€04
€024

LA
SLLA
SCL

9L'LA
LLLA
887
062

16°L
1674
w6'L
£0'8
S0'8
S0'8
08
08
69'8—

SO,Ph

Fae

WNNA.\
90T
Fae
Tory
P80t

o001

0.0

0.5

1.5 1.0

2.0

3.0

35

STr—

8'9L

9Lzt
[4:14¢
6zt
[ 74
€621
9621
0°0€T
€0ET
TEET v
[4v2¢
vIvT Q
9Pt
a.mi*
LEvT .\
S'SbT
THST—

13b

13C NMR (CDCl,, 126 MHz)

SO,Ph

i

10

80

S37



CN

N
A
o

N

H NMR (CDCl3, 500 MHz)

13c

Wwr—

k

08

wus— —_—

0.0

0.5

1.0

1.5

2.0

3.5

MINN.N

Rt |2
861
psot

Foe1

oot

9 —

SL9L

mN.R.\

13c

13C NMR (CDCl5, 126 MHz)

1 11—

20

30

60

80

S38



