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Part | Experimental part

1. General information

Unless otherwise indicated, commercial reagents and solvents were used as received
without further purification. Anhydrous THF and toluene were distilled from sodium
and benzophenone. Anhydrous CH>Cl was distilled from CaH,. Column
chromatography was performed on silica gel 200~300 mesh. All '"H NMR ( 500 and
600MHz), '*C NMR (100 and 125 MHz) spectra were recorded in CDCls, with
tetramethylsilane as an internal standard and reported in parts per million (ppm, 8). 'H
NMR Spectroscopy splitting patterns were designated as singlet (s), doublet (d),
triplet (t), quartet (q). Splitting patterns that could not be interpreted or easily

visualized were designated as multiplet (m).
2. The Preparation of Substrates.

2.1. The substrates investigated

o-phenylendiamine derivatives:
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NHTs CH / : :NHTs F NHTs Cl: : :NHTs Br NHTs
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Prop-2-ynyl sulfonium salts:
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o-phenylendiamine derivatives 1a-1j!'-2! and prop-2-ynyl sulfonium salts 2a-2b,!

2g-2h*31 are known compounds. Prop-2-ynyl sulfonium salts 2¢-2f were prepared
according to the reported literature procedures.
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2.2. The preparation of diamines

NH, (0] NHTs
R N . g‘CI pyridine R N
! — 1 CH,Cl, ! —
NH, o)

NHTs

The o-phenylendiamines (5.0 mmol, 1 equiv) was dissolved in CH2Cl; (15 mL),
then to this mixture was added a solution of 4-toluene sulfonyl chloride (2.09 g, 2.2
equiv) and pyridine (1.2 mL, 3 equiv) in CH2Clz (20 mL). The mixture was heated at
reflux overnight. The organic layer is washed three times successively by dilute
hydrochloric acid, saturated NaHCO; and saturated NaCl. The organic layer was dried
over NaxSQs, filtered, concentrated under reduced pressure and the residue was
purified by chromatography on silica gel ( petroleum ether/ethylacetate, typically 4/1)

to give the desired product 1a-1i.
NH, j\ NHCbz
©: . g NaHCO, ©:
NH, ©/\ NHCbz
The o-phenylenediamine (0.54g, 5.0 mmol, 1 equiv), NaHCO; (0.84 g, 10 mmol, 2
equiv) and ethyl acetate/water (30mL/15mL) was added in a 100ml reaction flask.
The mixture was stirred for 10 minutes, benzyl chloroformate (1.70 g, 10 mmol, 2
equiv) was added, After stirring for overnight, the organic layer was washed with
saturated NaCl and dried over anhydrous Na>SO4 Then it was filtered and

concentrated under reduced pressure. Purification by chromatography on silica gel

(petroleum ether/EtOAc = 5/1) gave the desired product 1j (1.5g, 80%yield).

2.3. The preparation of prop-2-ynyl sulfonium salts

— R
R——— - -
\ar + S —S\+ Br

1-Bromopropl-2-yne (10 mmol, 1.0 equiv) is added in a 25ml reaction flask, then
dimethyl sulfide (2.2g, 3.0equiv) and acetone (ImL) was added to this reaction
flask.The mixture was stirred at room temperature for 24 h. The mixture was filtered

by filling funnel to give the desired product 2a-2h.



3. General procedure for the preparation of tetrahydroquinoxalines 3.

e s

To an oven-dried 25 mL Schlenk tube equipped with a stir bar was charged with
protected o-phenylendiamines 1 (0.2 mmol), 3-alkyl- or 3-aryl-substituted
prop-2-ynyl sulfonium salts 2 ( 0.3 mmol) and anhydrous Cs,CO; (130.4 mg, 0.40
mmol). To this mixture was added freshly distilled THF (2 mL). After stirring for
overnight, the reaction mixture was concentrated and the residue was purified by
chromatography on silica gel ( petroleum ether/ethylacetate, typically 4/1) to give the
desired product 3.

4 Procedure for the preparation of gram-scale reaction of 3aa

NHTs
/ Cs,CO0;3 (2.0 eq)
\ TOTHR R
NHTs

1a(208g, 50mmol)  2a 3aa (2.02, 86% yield)

To an oven-dried 100 mL Schlenk tube equipped with a stir bar was charged with
sulfonyl protected o-phenylendiamine 1a (5 mmol, 2.08g), but-2-ynyl sulfonium salt
2a ( 7.5 mmol, 1.46g) and anhydrous Cs>COs3 (3.26 g, 10 mmol). To this mixture was
added freshly distilled THF (40 mL). After stirring for overnight, the reaction mixture
was concentrated and the residue was purified by chromatography on silica gel
(petroleum ether/ethylacetate = 4/1) to give the desired product 3aa (2.02g,
86%yield).

5. Synthetic transformation

Ts
@[ f oo LT
. 4Ts
To a solution of 3ab (90.8 mg, 0.20 mmol) in 2 mL THF was added 9-BBN (0.6
mL, 0.3 mmol, 0.5 mol/L in THF) dropwise at 0°C. The mixture was stirred at room
temperature until the complete consumption of 3ab. Then NaOH (30 mg) and 0.1 mL
H>0: was added and quenched with Na>S>0s after 1h. The mixture was extracted with

CH2ClLz. The organic layer was washed with brine, dried over MgSOs, filtered and



concentrated and purified by chromatography on silica gel (petroleum ether/ethyl

acetate = 2/1) to afford the desired product 4.

6. Characterization data

-’\r‘S 4
-

3aa
(E)-2-ethylidene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3aa, white solid, mp
123-124 °C, 88.9 mg, 95% yield; Rt = 0.4 (petroleum ether / EtOAc = 4:1); 'H NMR
(500 MHz, CDCl3) 6 7.79-7.77 (m, 1H), 7.70-7.68 (m, 1H), 7.34 (d, J = 8.5 Hz, 2H),
7.28 (d, J= 8.0 Hz, 2H), 7.20-7.15 (m, 4H), 7.12 (d, /= 8.0 Hz, 2H), 5.89 (q, /= 14.5
Hz, J = 7.0 Hz, 1H), 3.82 (s, 2H), 2.40 (s, 3H), 2.35 (s, 3H), 1.73 (d, J = 7.5 Hz,
3H);!13C NMR (125 MHz, CDCl3) § 144.6, 144.1, 135.5, 134.6, 129.8, 129.5, 129.4,

127.6, 127.1, 126.7, 125.8, 125.6, 125.1, 122.8, 42.6, 21.6, 21.5, 13.4; HRMS (ESI)
calcd for C24H2sN2O4So[M+H]™: 469.1250, found 469.1246.

Ts
oy
CH; N

Ts

3ba

(E)-2-ethylidene-6,7-dimethyl-1,4-ditosyl-1,2,3 4-tetrahydroquinoxaline 3ba, white
solid, mp 118-119°C, 89.3 mg, 90% yield; R¢ = 0.5 (petroleum ether / EtOAc = 4:1);
'"H NMR (500 MHz, CDCls) 8 7.54 (s, 2H), 7.46 (s, 2H), 7.35 (d, J = 8.0 Hz, 2H),
7.28 (d, J = 8.5 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 5.84 (q, J
=14.5 Hz, J= 7.0 Hz, 1H), 3.76 (s, 2H), 2.40 (s, 3H), 2.35 (s, 3H), 2.26 (s, 3H), 2.24
(s, 3H), 1.68 (d, J = 7.5 Hz, 3H);'3C NMR (125 MHz, CDCl3) & 144.4, 143.9, 135.6,
134.8, 134.5, 133.8,129.7, 129.3, 127.6, 127.1, 127.0, 126.3, 126.2, 123.5,42.7, 21.6,

21.5, 19.6, 19.5, 13.4; HRMS (ESI) calcd for Ca26HasN204So[M+H]*: 497.1563, found
497.1555.



3ca

(E)-2-ethylidene-6,7-difluoro-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline  3ca, white
solid, mp 133-134°C; 87.7 mg, 87% yield; Rr= 0.5 (petroleum ether / EtOAc = 4:1);
'"H NMR (600 MHz, CDCI3) 8 7.74 (s, 1H), 7.67 (s, 1H), 7.35 (d, J = 5.4 Hz, 2H),
7.28 (d, J= 8.4 Hz, 2H), 7.23 (d, J = 6.6 Hz, 2H), 7.16 (d, J = 7.8 Hz, 2H), 5.90 (d, J
= 9.6 Hz, 1H), 3.70 (s, 2H), 2.42 (s, 3H), 2.37 (s, 3H), 1.73 (d, J = 4.8 Hz, 3H); 1*C
NMR (150 MHz, CDCl3) & 148.1 (d, J = 13.5 Hz), 147.8 (d, J = 13.5 Hz), 146.5 (d, J
= 13.5 Hz), 146.2 (d, J = 13.5 Hz), 145.1, 144.6, 134.8, 134.0, 130.0, 129.6, 127.9,
127.6, 127.1, 125.3, 114.0 (d, J = 22.5 Hz), 111.8 (d, J = 22.5 Hz), 41.5, 21.6, 13.5;
YF NMR (565 MHz, CDCIl3) & -138.2--138.3(m, 2F); HRMS (ESI) calcd for
C24H23F2N204S:[M+H]™: 505.1062, found 505.1054.

cl I
oL

Cl N

Ts

3da

(E)-2-ethylidene-6,7-dichloro-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3da, white
solid, mp 135-136°C; 91.4 mg, 85%; Rr = 0.5 (petroleum ether / EtOAc = 4:1); 'H
NMR (600 MHz, CDCIl3) & 7.95 (s, 1H), 7.90 (s, 1H), 7.37 (d, /= 4.8 Hz, 2H), 7.31 (d,
J=4.8 Hz, 2H), 7.24 (d,J= 5.4 Hz, 2H), 7.17 (d, J= 5.4 Hz, 2H), 5.91 (d, /= 4.2 Hz,
1H), 3.72 (s, 2H), 2.42 (s, 3H), 2.38 (s, 3H), 1.73 (d, J = 8.4 Hz, 3H); '3C NMR (150
MHz, CDCls) & 145.1, 144.7, 134.8, 134.0, 130.0, 129.6, 129.2, 128.4, 128.3, 128.1,

127.7, 127.1, 126.2, 125.3, 123.7, 41.6, 21.7, 21.6, 13.5; HRMS (ESI) calcd for
C24H23CL1aN204S:[M+H]*: 537.0471, found 537.0466.

Ts
Brj@[Nj/\
Br N

Ts

3ea

(E)-2-ethylidene-6,7-dibromo-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ea, white
solid, mp 161-162 °C; 110.6 mg, 88% yield; R¢r= 0.4 (petroleum ether / EtOAc = 4:1);
"H NMR (500 MHz, CDCl3) & 8.09 (s, 1H), 8.05 (s, 1H), 7.37 (J = 8.5 Hz, 2H), 7.31
(d, J = 8.5 Hz, 2H), 7 .24 (d, J = 8.5 Hz, 2H), 7 .17 (d, J = 8.5 Hz, 2H), 5.91 (q, J =

14.5 Hz, J = 6.0 Hz, 1H), 3.72 (s, 2H), 2.43 (s, 3H), 2.38 (s, 3H), 1.73 (d, J = 7.5 Hz,
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3H); *C NMR (125 MHz, CDCls) 8 145.2, 144.8, 134.8, 134.1, 130.0, 129.7, 129.2,
128.9, 127.7, 126.7, 125.3, 121.0, 120.1, 41.6, 21.7, 21.6, 13.6; HRMS (ESI) calcd for
C24H22BraN204S2[M+H]™: 624.9461, found 624.9452.
Nj/\
%

3fa

(E)-2-ethylidene-5-methyl-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3fa, white solid,
r.r >20:1 on the crude reaction mixture, mp 121-122 °C; 86.1 mg, 89%; Rr = 0.5
(petroleum ether / EtOAc = 4:1); '"H NMR (500 MHz, CDCl3) & 7.70 (d, J = 8.5 Hz,
2H), 7.64 (d, J = 8.5 Hz, 2H), 7.32-7.28 (m, 4H), 7.21 (d, J= 7.0 Hz, 1H), 7.07-7.01
(m, 2H), 5.96-5.90 (q, /= 17.0 Hz, J=9.5 Hz, 1H), 4.66 (d, J = 14.5 Hz, 1H), 3.93 (d,
J=14.5Hz, 1H), 2.47 (s, 3H), 2.45 (s, 3H), 2.39 (s, 3H), 1.64 (d, J= 7.5 Hz, 3H); 13C
NMR (125 MHz, CDCl3) & 148.2, 145.1, 144.1, 143.8, 142.4, 141.4, 138.2, 133.2,
131.3, 130.9, 129.7, 129.5, 129.4, 129.0, 126.1, 125.4, 124.9, 66.1, 21.6, 21.5, 16.6,
13.1; HRMS (ESI) calcd for C2sH27N204S2[M+H]": 483.1407, found 483.1408.

B i
AL AL

3ga 3ga*
(E)-2-ethylidene-1,4-ditosyl-6-(trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline ~ 3ga,
and  (E)-2-ethylidene-1,4-ditosyl-7-(trifluoromethyl)-1,2,3,4-tetrahydroquinoxaline
3ga*. A mixture of two isomers, r.r = 4:1on the crude reaction mixture; white solid,
mp 146-148 °C; 89.2 mg, 83%. R = 0.5 (petroleum ether / EtOAc = 4:1); '"H NMR
(500 MHz, CDCl3) & 8.07 (s, 1H), 7.84 (d, J=9.0 Hz, 1H), 7.38-7.32 (m, 5SH), 7.22 (d,
J=8.0Hz, 2H), 7.17 (d, J= 8.0 Hz, 2H), 5.98-5.93 (m, 1H), 3.87 (s, 2H), 2.42 (s, 3H),
2.37 (s, 3H), 1.74 (d, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCls) & 145.0, 144.7,
135.1, 134.3, 132.2, 130.0, 129.7, 129.6, 129.0, 127.8, 127.7, 127.6, 127.2, 127.1,
125.8, 122.8 (d, J = 3.75 Hz), 122.4, 122.3 (d, J = 3.75 Hz), 42.4, 41.7, 21.7, 21.6,

13.5; F NMR (565 MHz, CDCL) & -62.3, -62.4;, HRMS (ESI) calcd for
C25H24F3N204S2[M+H]": 537.1130, found 537.1130.



v i
WAL I

3ha 3ha*
(E)-2-ethylidene-6-nitro-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ha and
(E)-2-ethylidene-7-nitro-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ha*. A mixture of
two isomers, r.r = 10:1 on the crude reaction mixture; white solid, mp 149-151 °C;
82.3 mg, 80%. Rr= 0.5 (petroleum ether / EtOAc = 4:1); 'TH NMR (500 MHz, CDCl;)
0 8.66 (d, J= 8.0 Hz, 1H), 7.97 (q, J = 9.0 Hz, J = 2.5 Hz, 1H), 7.90 (d, J = 9.5 Hz,
1H), 7.42 (d, J = 8.5 Hz, 2H), 7.37 (d, J = 8.5 Hz, 2H), 7.25 (d, /= 9.0 Hz, 2H), 7.19
(d, J=8.0 Hz, 2H), 5.98 (q, J = 14.5 Hz, J = 7.5 Hz, 1H), 3.92 (s, 2H), 2.43 (s, 3H),
2.38 (s, 3H), 1.77 (d, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCls) & 145.3, 145.1,
143.6, 134.8, 134.7, 134.1, 130.1, 129.9, 128.7, 128.6, 127.8, 127.1, 125.3, 121.7,
121.1, 120.4, 42.4, 21.7, 21.6, 13.6; HRMS (ESI) calcd for C24H24N306S:[M+H]":
514.1107, found 514.1107.

T

3ia
(E)-2-ethylidene-1,4-ditosyl-1,2,3,4-tetrahydrobenzo[g]quinoxaline 3ia, white solid,
mp 167-168 °C; 86.1 mg, 83% yield; Rr = 0.3 (petroleum ether / EtOAc = 4:1); 'H
NMR (500 MHz, CDCls) 6 8.17 (s, 1H), 8.04 (s, 1H), 7.84-7.81 (m, 1H), 7.76-7.74
(m, 1H), 7.50-7.44 (m, 2H), 7.40-7.37 (m, 4H), 7.18 (d, /= 10.0 Hz, 2H), 7.13 (d, J =
10.0 Hz, 2H), 5.98 (q, J = 18.5 Hz, J = 9.0 Hz, 1H), 4.05 (s, 2H), 2.40 (s, 3H), 2.34 (s,
3H), 1.75 (d, J = 9.0 Hz, 3H); '*C NMR (125 MHz, CDCl3) & 144.5, 144.2, 135.7,
135.2, 131.2, 130.5, 129.9, 129.6, 128.7, 128.5, 127.8, 127.5, 127.1, 126.4, 126.3,

126.0, 1239, 1199, 439, 21.6, 21.5, 13.4; HRMS (ESI) caled for
CasH26N204S:Na[M+Nal*: 541.1226, found 541.1221.

1,\'15

j/\ "
N
Ts

3ih



(E)-2-benzylidene-1,4-ditosyl-1,2,3,4-tetrahydrobenzo[ g]quinoxaline 3ig, white solid,
mp 156-157 °C; 91.7 mg, 79%; R¢ = 0.5 (petroleum ether / EtOAc = 4:1); '"H NMR
(500 MHz, CDCls) 6 8.21 (s, 1H), 8.07 (s, 1H), 7.87-7.85 (m, 1H), 7.78-7.76 (m, 1H),
7.49-7.41 (m, 6H), 7.38-7.34 (m, 1H), 7.24-7.20 (m, 4H), 7.15 (d, J = 7.5 Hz, 2H),
7.06 (d, J = 8.0 Hz, 2H), 6.96 (s, 1H), 4.31 (s, 2H), 2.42 (s, 3H), 2.34 (s, 3H); 13C
NMR (125 MHz, CDClz) 6 144.8, 144.1, 135.5, 135.2, 134.2, 131.3, 130.5, 130.4,
130.0, 129.6, 129.1, 128.8, 128.5, 128.4, 128.4, 128.3, 127.9, 127.8, 127.6, 127.2,
126.5, 126.1, 124.1, 1199, 447, 21.7, 21.6; HRMS (ESI) calcd for
C33H20N204S:[M+H]™: 581.15697, found 581.1569.

Ts
Ly

3ab
2-methylene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ab, white solid, mp 110-111
°C; 80.1 mg, 88% yield; Rf = 0.4 (petroleum ether / EtOAc = 4:1); '"H NMR (500
MHz, CDCl3) 6 7.83 (q, J = 7.5 Hz, J = 2.0 Hz, 1H), 7.67 (q, J = 7.5 Hz, J = 2.0 Hz,
1H), 7.37 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.21 - 7.18 (m, 3H), 7.17-7.14
(m, 3H), 5.33 (s, 1H), 4.95 (s, 1H), 3.78 (s, 2H), 2.39 (s, 3H), 2.36 (s, 3H);'*C NMR
(125 MHz, CDCl3) o 144.8, 144.2, 135.4, 134.4, 134.3, 129.8, 129.7, 129.6, 129.5,
127.6, 127.3, 125.7, 125.4, 125.2, 123.4, 112.7, 48.0, 21.6, 21.5; HRMS (ESI) calcd
for C23H23N204S:[M+H]™: 455.1094, found 455.1086.

CH, I
JLS
3bb

6,7-dimethyl-2-methylene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3bb, white solid,
mp 109-110 °C; 83.9 mg, 87% yield; Rt = 0.4 (petroleum ether / EtOAc = 4:1); 'H
NMR (500 MHz, CDCls) & 7.59 (s, 1H), 7.34 (s, 1H), 7.38 (d, J= 8.0 Hz, 2H), 7.32 (d,
J=28.5 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 5.26 (s, 1H), 4.87
(s, 1H), 3.70 (s, 2H), 2.39 (s, 3H), 2.36 (s, 3H), 2.27 (s, 3H), 2.25 (s, 3H);'3C NMR
(125 MHz, CDCIl3) & 144.6, 144.0, 135.6, 134.6, 134.5, 134.4, 134.2, 129.7, 129.5,

127.6, 127.4, 127.3, 126.9, 125.7, 124.1, 112.3, 48.1, 21.6, 19.6; HRMS (ESI) calcd
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for CosH27N204S2[M+H]": 483.1407, found 483.1404.
Cl Lsf
Ts
3db

6,7-dichloro-2-methylene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3db, white solid,
mp 110-111°C; 88.6 mg, 85% yield; Rf = 0.4 (petroleum ether / EtOAc = 4:1); 'H
NMR (500 MHz, CDCIls) & 8.03 (s, 1H), 7.89 (s, 1H), 7.39 (d, /= 8.0 Hz, 2H), 7.33 (d,
J=28.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 5.34 (s, 1H), 5.00
(s, 1H), 3.63 (s, 2H), 2.42 (s, 3H), 2.38 (s, 3H); 3C NMR (125 MHz, CDCls) § 145.4,
144.8, 134.7, 133.7, 132.5, 130.0, 129.8, 129.1, 129.0, 128.5, 128.0, 127.7, 127.4,

125.6, 124.6, 115.0, 47.0, 21.7, 21.6; HRMS (ESI) calcd for C23Ha1CLLN204S,[M+H]'*:
523.0314, found 523.0314.

Br L
AL
3eb

6,7-dibromo-2-methylene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline, white solid, mp
114-115 °C; 104.8 mg, 86%. Rr= 0.4 (petroleum ether / EtOAc = 4:1); '"H NMR (500
MHz, CDCl;) ¢ 8.16 (s, 1H), 8.03 (s, 1H), 7.40 (d, J = 8.5 Hz, 2H), 7.33 (d, J = 8.0
Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 5.34 (s, 1H), 4.99 (s, 1H),
3.63 (s, 2H), 2.42 (s, 3H), 2.38 (s, 3H); '*C NMR (125 MHz, CDCI3) & 145.4, 144.9,
134.7, 133.7, 132.4, 130.0, 129.8, 129.1, 128.6, 127.7, 127.5, 120.8, 120.7, 115.0,

47.0, 21.7, 21.6; HRMS (ESI) caled for CasHaiBraN2OsSo[M+H]*: 610.9304, found
610.9287.

"I\'ls
Ly

s

3ac
(E)-2-propylidene-1,4-ditosyl-1,2,3 4-tetrahydroquinoxaline 3ac, white solid, mp
116-117 °C; 88.9 mg, 92% yield; R¢= 0.5 (petroleum ether / EtOAc = 4:1); 'H NMR
(500 MHz, CDCl3) 6 7.79-7.77 (m, 1H), 7.70-7.68 (m, 1H), 7.36 (d, J = 8.0 Hz, 2H),

7.31 (d, J = 8.0 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.16-7.12 (m, 4H), 5.87 (t, J = 16.0
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Hz, J=8.0 Hz, 1H), 3.84 (s, 2H), 2.40 (s, 3H), 2.35 (s, 3H), 2.14-2.08 (m, 2H), 1.05 (t,
J =15.0 Hz, J = 7.5 Hz, 3H);'*C NMR (125 MHz, CDCl3) & 144.6, 144.1, 135.5,
134.7, 133.4, 129.8, 129.7, 129.5, 129.4, 127.7, 127.1, 125.9, 125.7, 125.0, 122.5,
43.0, 21.6, 21.5, 21.2, 13.7; HRMS (ESI) calcd for C2sH27N204S;[M+H]*: 483.1407,
found 483.1400.

"I\"s
oy

¥

3ad
(E)-2-butylidene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ad, white solid, mp
121-122 °C; 88.5 mg, 89% yield; Ry = 0.6 (petroleum ether / EtOAc = 4:1); 'H NMR
(500 MHz, CDCls) & 7.78-7.77 (m, 1H), 7.69-7.67 (m, 1H), 7.35 (d, J = 8.0 Hz, 2H),
7.31 (d, J= 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.16-7.12 (m, 4H), 5.87 (t, J = 15.5
Hz, J=17.5 Hz, 1H), 3.87 (s, 2H), 2.40 (s, 3H), 2.35 (s, 3H), 2.06 (q, /= 15.0 Hz, J =
7.5 Hz, 2H), 1.50-1.43 (m, 2H), 0.99 (t, J = 15.0 Hz, J = 7.5 Hz, 3H); '3C NMR (125
MHz, CDCls) & 144.6, 144.1, 135.5, 134.8, 132.0, 129.8, 129.7, 129.5, 127.6, 127.1,

126.2, 125.8, 124.9, 122.4, 43.1, 29.9, 22.5, 21.6, 21.5, 13.8; HRMS (ESI) calcd for
C26H20N204S2[M+H]": 497.1563, found 497.1558.

Ts
©:Nj/\05”‘11

%

3ae
(E)-2-hexylidene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ae, white solid, mp
144-145 °C; 94.6 mg, 90% yield; Ry = 0.6 (petroleum ether / EtOAc = 4:1); 'H NMR
(500 MHz, CDCls) & 7.78-7.76 (m, 1H), 7.69-7.67 (m, 1H), 7.35 (d, J = 8.5 Hz, 2H),
7.31 (d, J= 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.16-7.12 (m, 4H), 5.87 (t, J = 15.5
Hz, J=7.5 Hz, 1H), 3.86 (s, 2H), 2.40 (s, 3H), 2.35 (s, 3H), 2.07 (q,J=15.0 Hz, J =
7.5 Hz, 2H), 1.44-1.41 (m, 2H), 1.37-1.33 (m, 4H), 0.94 (t, J = 13.0 Hz, J = 6.5 Hz,
3H); *C NMR (125 MHz, CDCls) & 144.6, 144.1, 135.5, 134.8, 132.2, 129.8, 129.7,

129.5, 127.6, 127.1, 126.0, 125.9, 124.9, 122.4, 43.1, 31.4, 28.8, 27.8, 22.5, 21.6, 21.5,
14.1; HRMS (ESI) calcd for C2sH33N204S2[M+H]": 525.1876, found 525.1873.
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©:LSJ/AC7H15

Ts

3af

(E)-2-octylidene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3af, white solid, mp
126-127 °C; 100.7 mg, 91% yield; Rs= 0.6 (petroleum ether / EtOAc = 4:1); '"H NMR
(500 MHz, CDCl3) 6 7.78-7.76 (m, 1H), 7.69-7.67 (m, 1H), 7.35 (d, J = 8.0 Hz, 2H),
731 (d, J=8.5 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.16-7.12 (m, 4H), 5.87 (t, J = 15.5
Hz, J = 7.5 Hz, 1H), 3.86 (s, 2H), 2.40 (s, 3H), 2.35 (s, 3H), 2.09-2.04 (m, 2H),
1.43-1.40 (m, 2H), 1.34-1.31 (m, 8H), 0.91 (t, /= 13.5 Hz, J = 6.5 Hz, 3H); '3C NMR
(125 MHz, CDCl3) 6 144.6, 144.1, 135.5, 134.8, 132.2, 129.8, 129.7, 129.5, 127.6,
127.1, 126.0, 125.9, 124.9, 122.4, 43.1, 31.8, 29.2, 29.1, 27.9, 22.7, 21.6, 21.5, 14.1;
HRMS (ESI) caled for C30H37N204S2[M+H]": 553.2189, found 553.2181.

1’\—‘5 =
e

3ag
3-cyclopropylidene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ag, white solid, mp
126-127 °C; 84.9 mg, 88% yield; R = 0.5 (petroleum ether / EtOAc = 4:1); 'H NMR
(500 MHz, CDCl3) & 7.81-7.77 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.5 Hz,
2H), 7.20-7.15 (m, 4H), 7.08 (d, J = 8.0 Hz, 2H), 5.17 (d, J = 10.5 Hz, 1H), 3.84 (s,
2H), 2.40 (s, 3H), 2.33 (s, 3H), 1.54-1.51 (m, 1H), 0.97-0.93 (m, 2H), 0.53-0.50 (m,
2H);'3C NMR (125 MHz, CDCI;) & 144.6, 144.0, 137.0, 135.1, 134.4, 129.7, 129.4,

129.3, 128.7, 127.7, 127.4, 125.5, 125.3, 125.2, 123.4, 123.1, 42.5, 21.6, 21.5, 10.3,
7.7; HRMS (ESI) calcd for C26H27N204S2[M+H]": 495.1407, found 495.1401.

H,C %
LTV

HsC N

Ts

3bg

(E)-2-(cyclopropylmethylene)-6,7-dimethyl-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline
3bg, white solid, mp 151-152 °C; 90.8, 87% yield; Rf = 0.5 (petroleum ether / EtOAc
= 4:1); '"H NMR (500 MHz, CDCI3) 4 7.56 (d, J = 11.5 Hz, 2H), 7.35 (d, J = 8.5 Hz,

2H), 7.29 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 7.09 (d, J = 8.0 Hz, 2H), 5.12

12



(d, J=5.5 Hz, 1H), 3.76 (s, 2H), 2.40 (s, 3H), 2.34 (s, 3H), 2.27 (s, 3H), 2.25 (s, 3H),
1.52-1.47 (m, 1H), 0.95-0.91 (m, 2H), 0.50-0.47 (m, 2H) ; 3C NMR (125 MHz,
CDCL) & 144.4, 143.8, 136.8, 135.2, 134.4, 134.1, 133.9, 129.7, 129.2, 127.8, 127.4,
126.9, 126.1, 125.8, 124.0, 123.4, 42.5, 21.6, 19.6, 10.3, 7.7; HRMS (ESI) caled for
CasH31N204S:[M+H]*: 523.1704, found 523.1704.

.
ALY

3dg
(E)-6,7-dichloro-2-(cyclopropylmethylene)-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline
3dg, white solid, mp 163-164 °C; 94.3 mg, 84% yield; Rr = 0.5 (petroleum ether /
EtOAc = 4:1); 'H NMR (500 MHz, CDCl3) & 8.00 (d, J = 4.0 Hz, 2H), 7.42-7.37 (m,
4H), 7.28 (d, J=4.5 Hz, 2H), 7.17 (d, /= 8.0 Hz, 2H), 5.22 (d, /= 11.0 Hz, 1H), 3.78
(s, 2H), 2.45 (s, 3H), 2.39 (s, 3H), 1.58-1.53 (m,1H), 1.01-0.99 (m, 2H), 0.57-0.56 (m,
2H) ; 3C NMR (125 MHz, CDCl3) 3 145.2, 144.6, 138.2, 134.6, 133.9, 130.0, 129.6,
128.5, 128.3, 127.8, 127.5, 126.0, 124.1, 121.9, 41.8, 21.7, 21.6, 10.5, 7.8; HRMS
(ESI) caled for C26H25C1aN204S2[M+H]*: 563.0627, found 563.0615.
™

%

3ah
(E)-2-benzylidene-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3ah, white solid, mp
158-159 °C; 90.3 mg, 85% yield. R = 0.5 (petroleum ether / EtOAc = 4:1); 'H NMR
(500 MHz, CDCl3) 6 7.83 (q, J = 7.5 Hz, J= 2.0 Hz, 1H), 7.73 (q, J= 7.5 Hz, J=2.5
Hz, 1H), 7.44-7.41 (m, 4H), 7.36 (t, J = 15.0 Hz, J = 7.5 Hz, 1H), 7.25-7.24 (m, 2H),
7.22-7.19 (m, 2H), 7.12 (d, J = 7.0 Hz, 2H), 7.06-7.02 (m, 4H), 6.87 (s, 1H), 4.09 (s,
2H), 2.44 (s, 3H), 2.35 (s, 3H); 3C NMR (125 MHz, CDCl3) & 144.9, 143.9, 135.2,
134.6, 134.1, 130.9, 129.9, 129.5, 129.3, 129.2, 128.8, 128.4, 127.8, 127.1, 127.0,

1259, 125.7, 125.1, 1229, 43.1, 21.7, 21.6; HRMS (ESI) caled for
C29H27N204S:[M+H]": 531.1407, found 531.1401.
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HC Ts

3bh
(E)-2-benzylidene-6,7-dimethyl-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3bh, white
solid, mp 162-163 °C; 93.6 mg, 84% yield; Rf= 0.5 (petroleum ether / EtOAc = 4:1);
"H NMR (500 MHz, CDCl3) 8 7.59 (s, 1H), 7.49 (s, 1H), 7.43-7.40 (m, 4H), 7.37-7.35
(m, 1H), 7.26-7.24 (m, 2H), 7.08 (d, J = 7.0 Hz, 2H), 7.04 (s, 4H), 6.82 (s, 1H), 4.02
(s, 2H), 2.44 (s, 3H), 2.35 (s, 3H), 2.30 (s, 3H), 2.26 (s, 3H); '*C NMR (125 MHz,
CDCls) 6 144.8, 143.7, 135.2, 134.7, 134.6, 134.2, 133.8, 130.6, 129.9, 129.4, 129.2,
128.7, 128.3, 127.8, 127.4, 127.1, 126.9, 126.6, 126.3, 43.0, 21.7, 21.6, 19.7, 19.6;
HRMS (ESI) calcd for C31H31N204S:[M+H]": 559.1725, found 559.1724.

Ts
CI: : Nf\Ph
Cl N

Ts

3dh

(E)-2-benzylidene-6,7-dichloro-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3dh, white
solid, mp 180-181 °C; 96.9 mg, 81% yield; Rf = 0.5 (petroleum ether / EtOAc = 4:1);
"H NMR (500 MHz, CDCls) 6 8.01 (s, 1H), 7.97 (s, 1H), 7.47-7.39 (m, 5H), 7.30 (d, J
= 8.0 Hz, 2H), 7.09 (d, J = 7.0 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.0 Hz,
2H), 6.87 (s, 1H), 3.94 (s, 2H), 2.47 (s, 3H), 2.37 (s, 3H); *C NMR (125 MHz, CDCl;3)
0 145.5, 144.5, 134.3, 133.9, 133.6, 132.4, 130.1, 129.7, 129.3, 129.2, 128.9, 128.8,

128.6, 128.0, 127.9, 127.7, 127.1, 126.2, 125.0, 124.0, 41.6, 21.8, 21.7; HRMS (ESI)
caled for C2oH25C1aN204S:[M+H]™: 599.0633, found 599.0629.

Ts
BrIjiNj/\Ph
Br N

Ts

3eh

(E)-2-benzylidene-6,7-dibromo-1,4-ditosyl-1,2,3,4-tetrahydroquinoxaline 3eh, white
solid, mp 174-175 °C; 109.5 mg, 80% yield; R¢= 0.5 (petroleum ether / EtOAc = 4:1);
"H NMR (500 MHz, CDCls) & 8.14 (s, 1H), 8.11 (s, 1H), 7.46-7.40 (m, 5H), 7.30 (d, J
= 8.5 Hz, 2H), 7.08 (d, J = 7.5 Hz, 2H), 7.04 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.5 Hz,

2H), 6.87 (s, 1H), 3.94 (s, 2H), 2.47 (s, 3H), 2.37 (s, 3H); 13C NMR (125 MHz, CDCL:)
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0 145.5, 144.5, 134.3, 133.9, 133.6, 132.3, 130.1, 129.7, 129.2, 128.9, 128.8, 128.5,
128.3, 127.9, 127.1, 126.9, 125.0, 121.0, 120.2, 41.6, 21.8, 21.6; HRMS (ESI) calcd
for C20H2sBraN204S2:[M+H]"™: 686.9622, found 686.9622.

ﬁbz
cL

gbz

3ja

dibenzyl (E)-2-ethylidene-2,3-dihydroquinoxaline-1,4-dicarboxylate, oil, 48.9 mg,
57% yield; R¢ = 0.6 (petroleum ether / EtOAc = 5:1); 'H NMR (500 MHz, CDCl;3) &
7.40-7.31 (m, 12H), 7.14-7.07 (m, 2H), 5.76-5.71 (m, 1H), 5.25 (s, 2H), 5.20 (s, 2H),
4.61 (s, 2H), 1.69 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCls) 8 154.0, 153.5,
136.1, 135.9, 132.9, 128.6, 128.5, 128.3, 128.2, 128.1, 128.0, 127.8, 125.4, 124.7,
124.5, 68.0, 67.8, 48.1, 12.9; HRMS (ESI) caled for CzsH24N20OsNa[M-+Na]":
451.1633, found 451.1634.

Cbz

son

Cbz

3jh
dibenzyl (E)-2-benzylidene-2,3-dihydroquinoxaline-1,4-dicarboxylate, oil, 49.7 mg,
51% yield; Rs= 0.6 (petroleum ether / EtOAc = 5:1); 'H NMR (600 MHz, CDCl;3) &
7.48-7.46 (m, 1H), 7.36-7.31 (m, 12H), 7.27-7.25 (m, 2H), 7.20 (d, J = 7.8 Hz, 2H),
7.14-7.12 (m, 2H), 6.78 (s, 1H), 5.26 (s, 2H), 5.24 (s, 2H), 4.87 (s, 2H); '3C NMR
(150 MHz, CDCl3) & 153.4, 135.9, 134.9, 132.7, 128.7, 128.6, 128.5, 128.3, 128.2,
128.1, 127.9, 125.6, 124.7, 68.0; HRMS (ESI) calcd for C3iH27N204M+H]":
491.1971, found 491.1968.

Ts

N
cLy

T

4

1,4-ditosyl-1,2,3,4-tetrahydroquinoxalin-2-yl)methanol 4, oil; 57.7 mg, 61% yield; R
= 0.4 (petroleum ether / EtOAc = 3:1); '"H NMR (600 MHz, CDCl3) 8 7.73 (d, J= 7.8
Hz, 2H), 7.56 (d, J = 7.8 Hz, 1H), 7.42-7.38 (m, 4H), 7.17 (d, J = 7.8 Hz, 2H),
7.00-6.98 (m, 1H), 6.71-6.69 (m, 1H), 6.53 (d, J = 7.8 Hz, 1H), 4.14-4.11 (m, 1H),
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3.53 (m,1H), 3.25-3.22 (m, 1H), 3.14-3.11 (m,1H), 3.05-3.01 (m, 1H), 2.50 (s, 3H),
2.41 (s, 3H); 3C NMR (100 MHz, CDCLs) & 145.5, 144.0, 136.4, 136.2, 135.9, 130.2,
129.8, 127.9, 127.1, 117.9, 115.2, 58.9, 48.3, 43.2, 21.8, 21.6; HRMS (ESI) calcd for
C23H24N205S:[M+Na]*: 495.1024, found 495.0816.

7. X-Ray crystallographic data of 3af.

The relative configuration 3af was determined by X-ray single crystal diffraction
analysis. CCDC 2208884 (3af) contain the supplementary crystallographic data for
this paper. X-Ray Crystallography Data for 3af (CCDC 2208884): A colorless crystal
suitable for X-ray crystallography was obtained from a petroleum

ether/dichloromethane solution at room temperature under air.
Qc
H
@n
@o
»S

3af

Bond precision: = 0.0000 A Wavelength=1.54184
Cell: a=9.8087(3) b=10.6541(4) c=14.2276(4)
alpha=75.029(3) beta=87.646(2) gamma=77.962(3)

Temperature: 100 K

Calculated Reported
Volume 1404.64(8) 1404.64(8)
Space group P-1 P-1

Hall group -P1 -P1
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Moiety formula  C3oH36N204S; 1(C30H36N204S,)
Sum formula C30H36N204S2 C30H36N204S;
Mr 552.73 552.73

Dx,g cm-3 1.307 1.307

Z 2 2

Mu (mm-1) 2.025 2.025

F000 588.0 588.0

F000’ 590.87

h,k,Imax 12,13,17 12,13,17

Nref 5737 5635
Tmin,Tmax 0.747,0.904 0.699,1.000
Tmin’ 0.567

Correction method=# Reported T Limits: Tmin=0.699  Tmax=1.000
AbsCorr = MULTI-SCAN
Data completeness= 0.982 Theta(max)= 74.503
R(reflections) = 0.0734( 4916) wR2(reflections)= 0.1943( 5635)

S=1.105 Npar= 620
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