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General experimental procedures

All reactions that required anhydrous or airless conditions were carried by standard procedures
under nitrogen atmosphere. Commercially available reagents from Tansoole and Adamas-beta were

used as received. The solvents were dried by distillation over the appropriate drying reagents.

"H NMR spectra were recorded on commercial instruments (400 MHz). Chemical shifts were
reported in ppm from tetramethylsilane with the solvent resonance as the internal standard (CDCls,
d = 7.26). Spectra were reported as follows: chemical shift (5 ppm), multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, m = multiplet), coupling constants (Hz), integration and, assignment.
3C NMR spectra were collected on commercial instruments (101 MHz) with complete proton
decoupling. Chemical shifts are reported in ppm from the tetramethylsilane with the solvent
resonance as internal standard (CDCls, 6 = 77.0). Mass spectra were recorded on ThermoQuest
Finnigan LCQDECA system equipped with an ESI source. Enantiomeric excesses (ee) were
determined by HPLC analysis using the corresponding commercial chiral column as stated in the

experimental procedures at 30 °C with UV detector at 220 or 254 nm.



General procedure for the synthesis of 0o-PDAs!!!
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Scheme S1 Method for preparation of the 0-PDAs

To a solution of EtOH (5.0 ml) was added a suspension of o-nitrofluorobenzene S1-1 (10.0
mmol) and primary amine S1-2 (35 mmol) at 55 °C. After stirring for 3 h at 55 °C, remove the EtOH
under the vacuum. The product was extracted with ethyl ether (50 mL x 3), and the combined
organic extracts were washed with brine and dried over Na;SOa. After removal of the solvents under
reduced pressure, crude S1-3 was obtained without further purification. S1-3 was dissolved in
CH3COOH (2 mL/mmol) with the addition of Fe (3.3 eq). The mixture was heated to 60 °C until
the solution turns white. Quenched the reaction with sat. NaHCO3 and extracted the product with
EtOAc (50 mL x 3). The combined organic extracts were washed with brine and dried over Na>SOs.
After removal of the solvents under reduced pressure, the residue was purified by flash column

chromatography (hexane/EtOAc = 5/1 to 2/1) afforded substrate 1.

General procedure for the synthesis of primary a-hydroxy ketones!?!
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Scheme S2 Method for preparation of the primary a-hydroxyl ketones

To a solution of KOH (112.5 mmol) in MeOH (150 mL) was added a suspension of ketone S2-
1 (25.0 mmol) in MeOH (50 mL) at 0 °C. Then PhI(OAc), (37.5 mmol) was added portion wise.
After stirring for 3 h at 0 °C, the reaction was quenched by the addition of water. Remove the MeOH
under the vacuum. The product was extracted with EtOAc (50 mL x 3), and the combined organic
extracts were washed with brine and dried over Na;SOs. After removal of the solvents under reduced
pressure, crude S2-2 was obtained as a white solid without further purification. S2-2 was dissolved

in THF: H>O (37.5 mL: 12.5 mL) with the addition of p-TsOH (46.5 mmol). The mixture was heated



to reflux for 4.5 h. monitored the reaction with TLC. Quenched the reaction with sat. NaHCO3 and
extracted the product with EtOAc (50 mL x 3). The combined organic extracts were washed with
brine and dried over Na,SO4. After removal of the solvents under reduced pressure, the residue was
purified by flash column chromatography (hexane/EtOAc = 5/1 to 3/1) afforded substrate 2 as a

white solid.

General procedure for the synthesis of the racemic a- hydroxyl ketones!!
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Scheme S3 Method for preparation of the racemic a-hydroxyl ketones

The chalcone S2'-1, 10% Pd/C (an amount equal to Y4 the quantity of the chalcone) and 30 mL
of ethyl acetate were placed into the reactor. The reaction was conducted in room temperature for
overnight and monitored by TLC using ethyl acetate as the solvent system. When the reaction was
finished, the Pd/C was filtered, and the solvent was removed. In most cases, the crude product was
purified by column chromatography using ethyl acetate/petroleum ether as the solvent system. All
the compounds S2'-2 without the spectrum data were obtained as pure products monitored by TLC,
and the crude products S2'-2 were directly used in the next step. Aryl ketones S2'-2 (100 mg, 0.75
mmol), molecular iodine (0.5 equiv. 0.37 mmol) and TBHP (3 equiv. 2.23 mmol) in DMSO (1 mL)
were stirred at 80 °C (6-12 h) in a 5 ml round bottomed flask. After the completion of the reaction
(monitored by TLC), added water (25 mL) and extracted with ethyl acetate (3 x 20 mL). The
combined organic layer was washed with dilute sodium thiosulphate solution (10 mL, 5% aqueous
solution) and water. The combined organic layer was dried over Na;SO4 and concentrated under
reduced pressure. The crude product was purified on a silica gel column using hexane/ EtOAc to

get the pure product 2'.



Optimizing the reaction conditions for the synthesis of THQ 3a

Table S1: Optimizing the reaction conditions for synthesis of 3a

NH EtO,C CO Et
O T @
N solvent add

1a 2a HEH
5 R D |
R 9-phenanthryl 4a .
5 O 0 o S-anthny 4b
: P\ i
: O OH1 pyrenyl 4c :
: OO 1-naphthyl 4d !
' R 4-biphenyl 4e
E CPA: 4a_4g 2,4,6-I-PF3CGH2 af E

10-phenylanthracen-9-yl 4g

Entry*  Sol. T/°C Cat. Yield® (%) Ee(%)
1 PhMe 70 4a 70 68
2 PhMe 70 4b 65 69
3 PhMe 70 4c 55 44
4 PhMe 70 4d 68 10
5 PhMe 70 4e 58 10
6 PhMe 70 4f 62 67
7 PhMe 70 4g 56 58
8 m-xylene 70 4a 72 54
9 Benzene 70 4a 66 50
10 PhCl 70 4a 75 60
11 PhMe 70 4a 60 44
12 PhMe 60 4a 50 63
13 PhMe 80 4a 68 62
I PhMe 65 4a 92 80

2 All the reactions were carried out using 1a (0.05 mmol), 2a (0.05 mmol) and HEH (1.5 eq.)
under nitrogen atmosphere in solvent (1 mL) for 16 h. ® The reaction yield was calculated
based on purification via silica column. ¢ The ee value was calculated via HPLC with chiral
column. ¢ The reaction adding sequence was changed as following: The mixture of 1a and 2a
was run at 110 °C for 2 h, then the reaction temperature was decreased to 65 °C followed by
the addition of HEH, and the reaction mixture was further reacted for 16 h.

In the initial stage, the reaction catalyst was screened (Entries 1-7, Table S1). According to the

reaction results, CPA 4a was chosen as the optimal catalyst considering the reaction yield and ee



(Entry 1). Then the reaction solvent and the reaction temperature were screened, which
demonstrated that better results could be obtained for the reaction proceeded in toluene at 65 °C.
Then the reaction adding sequence was changed according to the reaction mechanism investigation
result: the chirality of the reaction was formed via enantioselective transfer hydrogenation rather
that enantioselective protonation. After the modification of the reaction adding sequence, both the

reaction yield and the ee value were increased (Entry 14).

General procedure A for the synthesis of monosubstituted THQ 3

0.05 mmol of 1, 0.05 mmol of 2, 5 mmol% 4a and 50 mg 4 A MS were reacted in 1 mL of toluene
at 110 °C for 2 h. Then the reaction temperature was decreased to 65 °C and HEH (1.5 eq.) was
added, add the reaction mixture was further run at 65 °C for 16 h. After the finish of the reaction,
10 mL saturated sodium sulfite solution was added and the reaction product was extracted with
CHCl, (10 mLx2). Then the extractant was concentrated and purified with flash silica column

eluted with CH>Cly/petroleum ether (1:4-1:1).
Optimizing the reaction conditions for synthesis of disubstituted THQ 5a

Table S2. Optimizing the reaction conditions for synthesis of 5a

EtO,C CO Et
‘/\)\‘ 2 2 Cat. T/°C
NH2 OH solvent ©: ]
(+/-) 2'a 5a :

dr. > 99:1
entry*  Sol. T(°C) Cat. Add. Yield (%)  Ee (%)
1 PhMe 85 4a 4 AMS 30 62
2 PhCl 85 4a 4 AMS 45 72
3 1,4-dioxane 85 4a 4 AMS 35 44
4 MTBE 85 4a 4 AMS 40 56
5 PhCl:n-hexane (1:1) 85 4a 4 AMS 44 64
6 PhCIL:CHCI3 (1:1) 85 4a 4 AMS 45 70
7 PhCL:DCE (1:1) 85 4a 4 AMS 46 74
8 PhCL:DCE (1:1) 85 4a -- 40 64
9 PhCL:DCE (1:1) 85 4a 3AMS 38 74



10 PhCL:DCE (1:1) &5 4a 5AMS 40 64

11 PhCL:DCE (1:1) 85 4a MgSO4 35 62
12b PhCI:DCE (1:1) 85 4a 4 AMS 36 62
13¢ PhCL:DCE (1:1) 85 4a 4 AMS 45 78
144 PhCL:DCE (1:1) 85 4a 4 AMS 35 76
15¢ PhCI:DCE (1:1) 85 4b 4 AMS 40 80
16° PhCL:DCE (1:1) 85 4c 4 AMS 36 42
17¢ PhCL:DCE (1:1) 85 4g 4 AMS 42 80
18¢ PhCI:DCE (1:1) 85 4f 4 AMS 46 90
19¢ PhCI:DCE (1:1) 95 4f 4 AMS 40 88
20¢ PhCIL:DCE (1:1) 105 4f 4 AMS 39 88

2 All the reactions were carried out using 1b (0.05 mmol), 2'a (0.05 mmol) and HEH (1.5¢eq.)
under nitrogen atmosphere in solvent (1 mL) for 16 h. ®reaction proceeded in 0.5 mL solvent.
¢reaction proceeded in 1.5 mL solvent. ¢reaction proceeded in 2 mL solvent.

Considering the broad usage of THQ in pharmaceuticals, we optimized the reaction conditions
for obtaining the disubstituted THQ. At the beginning, equal amount of 0-PDA 1b and racemic o-
hydroxyl ketone 2°a, and 1. 5 eq. of HEH were reacted in toluene at 85 °C. According to the result,
the disubstituted THQ 5a was obtained in excellent diastereoselectivity (99:1) with 30% yield and
62% ee (Table S3, Entry 1). Then we screened the reaction solvent (Table S3, Entries 2-4). The
results demonstrated that PhCl was the optimal solvent (Entry 2). Then PhCl was chosen to mix
with other solvent (Entries 5-7). The results demonstrated that the mixture of PhCl and DCE (1:1)
was the optimal reaction solvent for higher ee (Entry 7). Next, different dehydration reagents were
investigated (Entries 8-11). The results demonstrated that 4 A molecular sieves was the optimal
water drying reagent for both good yield and ee. Then, the effects of the concentration were studied
(Entries 12-14), which indicated that 1.5 ml solvent was optimal for higher ee (Entry 13). Next, the
reaction catalysts were screened (Entries 15-18), which demonstrated that TRIP 4f was optimal for
higher ee (Entry 18). Finally, the temperature was screened (Entries 19-20) which demonstrated that
85 °C was the optimal temperature. Based on the above results, the optimizing reaction conditions
were summarized as following: equal amount of substrates and 1.5 eq. of HEH were reacted in 1.5
mL solvent (PhCI:DCE, 1:1) with 5 mol% of TRIP and 50 mg of 4 A MS as additive at 85 °C under
nitrogen atmosphere for 16 h. The disubstituted THQ 5a was obtained in high diastereoselectivity

:1) with high yie 0) and good ee 0).
99:1) with high yield (46%) and good ee (90%)



General procedure B for synthesis of disubstituted THQ 5

0.05 mmol of 1, 0.05 mmol of 2°, 5 mmol% TRIP and 50 mg 4 A MS were reacted in 1.5 mL of
PhCI and DCE (1:1) at 85 °C for 16 h. Then, 10 mL saturated sodium sulfite solution was added
and the reaction product was extracted with CH2Cl, (10 mLx2). Then the extractant was

concentrated and purified with flash silica column eluted with CH,Cly/petroleum ether (1:4-1:1).
Investigation of the reaction mechanism by D,O NMR experiment

For reactions with primary a-hydroxyl ketone, The following D.O NMR experiments were done
s0 as to ensure the reaction mechanism (Scheme S4). According to the results, the addition sequence
of HEH was important for the reaction. When HEH was added at the beginning of the reaction, both
of the hydrogens (C-2, C-3) were deuterated (Scheme S4a). However, when HEH was added after
the formation of the dihydroquinoxaline ring, only the C2-H was deuterated (Scheme S4b).
According to the above results, we modified the reaction conditions. The reductant HEH was added
after mixing 1a and 2a at high temperature for 2 h. In this way, the ee value of 3a could be improved

because the chirality was formed by enantioselective transfer hydrogenation rather than protonation.
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Scheme S4 D,O NMR experiments for reactions with primary a-hydroxyl ketone as substrate

For reaction with racemic a-hydroxyl ketone, the reaction mechanism was investigated with the
following D-O NMR experiments (Scheme S5). According to the results, the C3-H was not
deuterated for product 5a, while both the C2-H and C5-H of product 5a and 5a’ were deuterated
(Scheme S5a). Therefore, we could concluded that the reaction proceeded by transfer hydrogenation
of ketone imine rather than imnium ion. Meanwhile, ketone imine 5a’ was stable and could not
isomerized into enamine under the reaction conditions according to the deuteration result (Scheme

5b).
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Scheme S5 D,O NMR experiments for reactions with racemic a-hydroxyl ketone as substrate

X-ray results of the product

CCDC: 2005816

Chemical formula C2a Hy6 N2 02 S
Formula weight 406.53
Space group P212121
Hall group P 2ac 2ab

Z 4

a/A 8.1129(5)
b/A 8.6639(5)
c/A 31.0808(15)
o/° 90

B/ 90

v/° 90
Volume/A3 2184.6(2)
Pealcg/cm® 1.236
Temperature/K 293K
Flack parameter -0.02(6)
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CCDC: 2005817
Chemical formula C24 Hae N2
Formula weight 342.47
Space group P212121
Hall group P 2ac 2ab
V4 4
a/A 7.63264(7)
b/A 13.82175(12)
/A 18.09078(15)
o/° 90
B/ 90
v/° 90
Volume/A3 1908.51(3)
Pealcg/cm? 1.192
Temperature/K 180K
Flack parameter -0.2(2)
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Characteristic data for selected compounds

N]/,“
A

(S)-1-methyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3a): White oil (10.3 mg, yield 92%),
with 80% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm;

tr = 9.888 min; [a]D?=+22° (¢ 0.01, CH2Cly).

TH NMR (400 MHz, CDCl3) 3 7.46 — 7.31 (m, SH), 6.84 — 6.51 (m, 4H), 4.64 (dd, J= 8.2, 3.1

Hz, 1H), 3.98 (s, 1H), 3.38 — 3.18 (m, 2H), 2.91 (s, 3H).

13C NMR (101 MHz, CDCl3) & 141.76, 135.48, 134.64, 128.65, 127.95, 127.02, 118.89, 118.32,

113.43, 111.76, 57.63, 54.70, 39.10.

HRMS (ESI): CisHi6N2 Neutral mass: 224.1313, Observed ([M+H]) *: 225.1384.

o
N ""@

(S)-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3b): Yellow oil (11.8 mg, yield 95%),
with 94% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm;

tr = 6.785 min; [0]D?*= +33° (¢ 0.01, CH2CL,).

'H NMR (400 MHz, CDCL3) § 7.46 — 7.37 (m, 4H), 7.37 — 7.32 (m, 1H), 6.75 (dd, J=13.3, 1.6
Hz, 2H), 6.61 (q, J = 4.3 Hz, 2H), 4.47 (dd, J= 8.3, 3.1 Hz, 1H), 4.12 (dt, J= 13.2, 6.6 Hz, 1H),
3.97 (s, 1H), 3.40 (dd, J = 11.3, 3.2 Hz, 1H), 3.05 (dd, J= 11.3, 8.3 Hz, 1H), 1.24 (d, J= 6.6 Hz,

3H), 1.10 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) §142.26, 134.79, 134.23, 128.59, 127.86, 127.03, 118.94, 117.26,

113.98, 111.40, 55.00, 47.00, 46.75, 19.35, 17.94.

HRMS (ESI): Ci7H20N> Neutral mass: 252.1626, Observed ([M+H]) *:253.1678.



(S)-3-phenyl-1-propyl-1,2,3,4-tetrahydroquinoxaline (3¢): Yellow oil (11.6 mg, yield 92%),
with 90% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm;

tr = 6.372 min; [a]D?= +72° (¢ 0.02, CH2Cl,).

TH NMR (400 MHz, CDCL) § 7.49 — 7.40 (m, 4H), 7.40 — 7.33 (m, 1H), 6.77 (dd, J=9.9, 4.1
Hz, 1H), 6.70 — 6.59 (m, 3H), 4.52 (t, J = 5.7 Hz, 1H), 3.96 (s, 1H), 3.38 (d, J = 5.7 Hz, 3H), 3.25

~3.09 (m, 1H), 1.77 — 1.57 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 141.78, 134.32, 128.66, 127.94, 127.11, 119.21, 117.16, 114.02,

111.32, 55.86, 54.19, 53.36, 19.37, 11.66.

HRMS (ESI): Ci7H20N> Neutral mass: 252.1626, Observed ([M+H]) *: 253.1693.

NH

\/\/\/NJ
Q0

(S)-1-hexyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3d): Yellow oil (13.8 mg, yield 94%), with
90% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm; tgr =

5.997 min; [a]D*= +48° (¢ 0.01, CH,ClL).

H NMR (400 MHz, CDCl) § 8.34 (dd, J = 6.5, 2.9 Hz, 2H), 7.99 (d, J = 7.9 Hz, 1H), 7.60 (t, J
— 7.4 Hz, 1H), 7.54 — 7.48 (m, 3H), 7.42 — 7.34 (m, 2H), 4.42 — 4.27 (m, 2H), 1.83 (dt, J = 15.6,

7.7 Hz, 2H), 1.52 (dd, J = 14.6, 7.1 Hz, 2H), 1.48 — 1.33 (m, 5H), 0.93 (t, J = 6.9 Hz, 4H).

13C NMR (101 MHz, CDCls) § 141.82, 134.33, 128.65, 127.93, 127.11, 119.21, 117.15, 114.00,

111.30, 55.77, 54.23, 51.56, 31.78, 26.99, 26.01, 22.71, 14.12.

HRMS (ESI): C;0H26N> Neutral mass: 294.2096, Observed ([M+H]) *: 295.2140.



(S)-1-allyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3e): Yellow oil (11.9 mg, yield 95%), with
82% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm; tr =

7.560 min; [a]D*=+21° (¢ 0.01, CH,ClL).

TH NMR (400 MHz, CDCL3) § 7.52 — 7.32 (m, 5H), 6.82 — 6.57 (m, 4H), 5.91 (ddd, J = 22.5,
10.5, 5.4 Hz, 1H), 5.23 (ddd, J = 13.7, 11.7, 1.5 Hz, 2H), 4.54 (dd, J= 7.7, 4.0 Hz, 1H), 4.00 (dd,

J=16.5,5.2 Hz, 2H), 3.83 (dd, /= 16.5, 5.5 Hz, 1H), 3.45 — 3.25 (m, 2H).

13C NMR (101 MHz, CDCl3) §141.69, 134.49, 134.19, 133.52, 128.66, 127.96, 127.09, 119.09,

117.83,116.86, 113.97, 112.01, 55.38, 54.36, 54.05

HRMS (ESI):Ci7HisN,  Neutral mass: 250.1470, Observed ([M+H]) *: 251.1491.

N]w
(X, S

(S)-1-cyclohexyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3f): Yellow oil (14.1 mg, yield 97%),
with 98% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm;

tr = 9.418 min; [a]D?=+78° (¢ 0.01, CH2Cly).

'H NMR (400 MHz, CDCL3) § 7.43 (dd, J= 8.2, 5.6 Hz, 4H), 7.40 — 7.33 (m, 1H), 6.76 (d, J=
6.6 Hz, 2H), 6.63 (s, 2H), 4.46 (d, J= 5.3 Hz, 1H), 3.97 (s, 1H), 3.64 (t, J= 9.6 Hz, 1H), 3.48 (d, J
=10.3 Hz, 1H), 3.19 — 3.07 (m, 1H), 1.89 (dd, J = 24.8, 11.8 Hz, 4H), 1.75 (d, /= 13.1 Hz, 1H),

1.60 — 1.26 (m, 5SH).

13C NMR (101 MHz, CDCl:) 5 142.26, 134.76, 134.23, 128.60, 127.86, 127.07, 119.00, 117.11,

114.12, 111.37, 56.17, 55.05, 48.62, 29.88, 28.86, 26.30, 26.16, 26.09.



HRMS (ESI): C;0H24N> Neutral mass: 292.1939, Observed ([M+H]) *: 293.2033.

0
s

(S)-1,3-diphenyl-1,2,3,4-tetrahydroquinoxaline (3g): Yellow oil (13.7 mg, yield 96%), with
92% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254 nm; tgr =

11.742 min; [a]D?= +53° (¢ 0.01, CH,ClL).

IH NMR (400 MHz, CDCls) § 7.53 — 7.32 (m, 7H), 7.25 (d, J = 7.6 Hz, 2H), 7.15 — 6.92 (m, 2H),

6.75 (dd, J = 32.9, 26.2 Hz, 3H), 4.56 (s, 1H), 4.20 (s, 1H), 3.88 (s, 1H), 3.60 (s, 1H).

13C NMR (101 MHz, CDCls3) & 147.98, 141.08, 135.78, 130.95, 129.29, 128.75, 128.07, 127.06,

122.91, 122.62, 120.80, 118.10, 117.47, 114.86, 55.99, 54.04.

HRMS (ESI): C;0HisN2> Neutral mass: 286.1470, Observed ([M+H]) *: 287.1546.
0
F N ©

H

(S)-6,7-difluoro-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3h): Yellow oil (13.4
mg, yield 93%), with 84% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 8.617 min; [a]D?= +48° (¢ 0.01, CH2CL,).

'H NMR (400 MHz, CDCL3) § 7.52 — 7.32 (m, 5H), 6.50 (dd, J = 13.5, 7.6 Hz, 1H), 6.38 (dd, J =
11.4,7.9 Hz, 1H), 4.41 (dd, J = 8.2, 2.9 Hz, 1H), 3.93 (dt, /= 19.5, 6.4 Hz, 2H), 3.35 (dd, J =
11.4,3.0 Hz, 1H), 2.99 (dd, J = 11.3, 8.4 Hz, 1H), 1.22 (d, J = 6.6 Hz, 3H), 1.08 (d, /= 6.5 Hz,

3H).

13C NMR (101 MHz, CDCl3) § 141.59, 140.77, 140.64, 130.65 (dd, J= 8.08 Hz, 2.02 Hz),
130.42 (dd, J= 8.08 Hz, 2.02 Hz), 128.69, 128.08, 126.94, 101.43(d, J=179.78 Hz), 101.22

130.65 (d, J=180.79 Hz), 54.96, 47.53, 46.62, 19.24, 17.68.



PF{IH} NMR (376 MHz, CDCl3) § -150.95 (d, J=22.6), -133.36 (d, J=22.6).

HRMS (ESI): Ci7H;sF2N, Neutral mass: 288.1438, Observed ([M+H]) *: 289.1456.
IO
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(S)-6,7-dichloro-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3i): Yellow oil (15.2 mg,

yield 95%), with 94% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 9.572 min; [a]D*=+61° (¢ 0.01, CH2CL).

TH NMR (400 MHz, CDCl3) § 7.45 — 7.32 (m, SH), 6.71 (s, 1H), 6.61 (s, 1H), 4.42 (dd, J=7.7,
2.6 Hz, 1H), 3.98 (dt, J = 13.0, 6.5 Hz, 2H), 3.36 (dd, J = 11.3, 2.8 Hz, 1H), 3.01 (dd, /= 11.3, 8.1

Hz, 1H), 1.22 (d, J = 6.6 Hz, 3H), 1.07 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) §141.40, 134.49, 133.99, 128.72, 128.15, 126.88, 120.84, 119.00,

114.06, 112.09, 54.69, 47.17, 46.30, 19.11, 17.89.

HRMS (ESI):C17H3CIbN2 - Neutral mass: 320.0847, Observed ((M+H]) *: 321.0919.
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(S)-1-isopropyl-6,7-dimethyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3j): Yellow oil (12.7
mg, yield 91%), with 94% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 10.425 min; [a]D>= +43° (¢ 0.01, CH2ClL).

TH NMR (400 MHz, CDCL) § 7.51 — 7.32 (m, 5H), 6.56 (s, 1H), 6.43 (s, 1H), 4.43 (dd, J = 8.0,
2.4 Hz, 1H), 4.16 — 4.03 (m, 2H), 3.83 (s, 1H), 3.34 (d, J = 13.7 Hz, 1H), 3.00 (dd, /= 10.9, 8.5

Hz, 1H), 2.21 (s, 3H), 2.15 (s, 3H), 1.22 (d, J = 6.6 Hz, 3H), 1.09 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) §142.56, 132.66, 132.11, 128.54, 127.76, 127.05, 126.28, 124.87,

115.83,113.39, 55.25, 47.27, 46.86, 19.45, 18.74, 17.87.



HRMS (ESI): Ci9H24N> Neutral mass: 280.1939, Observed ([M+Na]) *: 303.1851.

o

(S)-6-fluoro-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3k): Yellow oil (11.5 mg,
yield 85%), with 86% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 8.768 min; [a]D*= +44° (¢ 0.01, CH2CL).

'H NMR (400 MHz, CDCL3) § 7.48 — 7.31 (m, 5H), 6.62 (dd, J= 8.7, 5.3 Hz, 1H), 6.46 — 6.30
(m, 2H), 4.51 (d,J = 5.5 Hz, 1H), 4.03 (dt, J = 13.0, 6.1 Hz, 2H), 3.36 (d, J = 11.0 Hz, 1H), 2.97

(d, J=19.4 Hz, 1H), 1.24 (d, J = 6.6 Hz, 3H), 1.07 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 156.02 (d, J =234.32 Hz), 141.92, 136.02 (d, J=10.10 Hz),
130.29 (d, J=3.03 Hz), 128.65, 127.98, 126.93, 112.06 (d, J=9.09 Hz), 103.75 (d, J =22.22 Hz),

100.76 (d, J=26.26 Hz), 55.29, 47.29, 46.73, 19.43, 17.57.
F{H} NMR (376 MHz, CDCl;) § -127.28.

HRMS (ESI):C17H19FN> Neutral mass: 270.1532, Observed ([M+H]) *: 271.1605.
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(S)-7-chloro-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (31): Yellow oil (13.1 mg,
yield 92%), with 94% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 9.077 min; [a]D?= +52° (¢ 0.01, CH2CL,).

'H NMR (400 MHz, CDCls) § 7.47 — 7.33 (m, SH), 6.69 (s, 1H), 6.56 (d, J= 7.1 Hz, 1H), 6.49
(d,J=8.1 Hz, 1H), 4.41 (d, J = 5.6 Hz, 1H), 4.05 (dt, /= 13.2, 6.5 Hz, 1H), 3.98 (s, 1H), 3.40 (d,

J=13.3 Hz, 1H), 3.13 - 2.98 (m, 1H), 1.24 (d, /= 6.5 Hz, 3H), 1.11 (d, /= 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5141.80, 135.27, 133.25, 128.68, 128.04, 127.01, 123.74, 116.37,

114.31, 111.03, 54.72, 46.97, 46.68, 19.18, 18.07.



HRMS (ESI):C7H19CIN; Neutral mass: 286.1237, Observed ([M+H]) *: 287.1296.
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(S)-6-bromo-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3m): Yellow oil (14.3 mg,
yield 87%), with 92% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 11.585 min; [a]D?*= +42° (¢ 0.01, CH,CL,).

TH NMR (400 MHz, CDCLs) § 7.47 — 7.32 (m, 5H), 6.81 (dd, J = 8.6, 2.1 Hz, 1H), 6.69 (d, J =
2.2 Hz, 1H), 6.58 (d, J = 8.7 Hz, 1H), 4.47 (dd, J = 7.9, 3.0 Hz, 1H), 4.04 (dt, /= 13.1, 6.5 Hz,
2H), 3.37 (dd, J= 11.4, 3.0 Hz, 1H), 3.01 (dd, /= 11.3, 8.1 Hz, 1H), 1.23 (d, /= 6.6 Hz, 3H), 1.08

(d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 141.79, 136.27, 133.33, 128.69, 128.04, 126.95, 121.03, 116.02,

112.61, 108.97, 54.90, 46.97, 46.59, 19.25, 17.8.

HRMS (ESI):C17H19BrN>  Neutral mass: 330.0732, Observed ([M+H]) *: 331.0791.

o
| \ @

(S)-6-iodo-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3n): Yellow oil (17.0 mg, yield
90%), with 88% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1 mL/min,

254 nm; tr = 11.600 min; [o]D*= +28° (¢ 0.01, CH,Cl,).

TH NMR (400 MHz, CDCls) § 7.45 — 7.32 (m, SH), 6.99 (d, J = 8.4 Hz, 1H), 6.85 (s, 1H), 6.48
(d, J = 8.5 Hz, 1H), 4.45 (dd, J= 7.7, 2.3 Hz, 1H), 4.08 —3.96 (m, 2H), 3.38 (dd, J= 11.4, 2.6 Hz,

1H), 3.01 (dd, J= 112, 8.2 Hz, 1H), 1.22 (d, J= 6.6 Hz, 3H), 1.07 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl3) §141.74, 136.60, 134.05, 128.67, 128.05, 127.31, 126.95, 126.46,

121.64, 113.18, 54.77, 46.88, 46.59, 38.80, 19.23, 17.94.

HRMS (ESI):C17H19IN>  Neutral mass: 378.0593, Observed ([M+H]) *: 379.0656.



(S)-1-isopropyl-6-methoxy-3-phenyl-1,2,3,4-tetrahydroquinoxaline (30): Yellow oil (11.8 mg,
yield 85%), with 92% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 16.408 min; [a]D>= +46° (¢ 0.01, CH2ClL).

TH NMR (400 MHz, CDCl) § 7.40 (dd, J = 8.7, 5.2 Hz, 4H), 7.37 — 7.31 (m, 1H), 6.66 (d, J= 8.7 Hz,
1H), 6.32 (dd, J= 8.7, 2.3 Hz, 1H), 6.25 (d, J = 2.7 Hz, 1H), 4.51 (dd, J = 8.1, 2.7 Hz, 1H), 4.02 (dt, J
= 13.0, 6.5 Hz, 2H), 3.77 (s, 3H), 3.34 (dd, J = 11.3, 2.7 Hz, 1H), 2.96 (dd, J= 11.1, 8.4 Hz, 1H), 1.23

(d, J = 6.6 Hz, 3H), 1.08 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCl:) 6 152.36, 142.30, 136.15, 128.51, 127.84, 126.98, 112.74, 102.90,

100.82, 55.53,47.23, 19.55, 17.53.

HRMS (ESI):CisH»N>O  Neutral mass: 282.1732, Observed ([M+Na]) *: 305.1650.
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(S)-7-bromo-6-chloro-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (3p): Yellow oil
(17.3 mg, yield 95%), with 92% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-

propanol, 1 mL/min, 254 nm; tg = 10.568 min; [a]D*= +56° (¢ 0.01, CH>CL).

TH NMR (400 MHz, CDCls) § 7.45 — 7.32 (m, SH), 6.85 (s, 1H), 6.63 (s, 1H), 4.43 (dd, J= 7.8,
3.0 Hz, 1H), 4.06 (s, 1H), 3.97 (dq, J= 13.2, 6.6 Hz, 1H), 3.36 (dd, J= 11.5, 3.1 Hz, 1H), 3.00

(dd, J=11.4,7.9 Hz, 1H), 1.22 (d, J = 6.6 Hz, 3H), 1.07 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5141.38, 135.12, 134.16, 128.72, 128.15, 126.87, 121.09, 115.02,

113.98, 109.65, 54.67, 47.15, 46.24, 19.10, 17.90.

HRMS (ESI):C17H13sBrCIN,  Neutral mass: 364.0342, Observed ([M+H]) *: 365.0395.



(S)-3-(furan-2-yl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline (3q): Yellow oil (11.8 mg, yield
98%), with 90% ee (HPLC, Diacel Chiralcel OD-H column 90:10 hexanes/2-propanol, 1 mL/min,

254 nm; tr = 7.417 min; [a]D?= +38° (¢ 0.01, CH,CL,).

TH NMR (400 MHz, CDCL) § 7.41 (d, J= 1.0 Hz, 1H), 6.79 — 6.69 (m, 2H), 6.66 — 6.57 (m, 2H),
6.38 (dd, J= 3.1, 1.8 Hz, 1H), 6.28 (d, J = 3.2 Hz, 1H), 4.64 (dd, J = 7.2, 3.0 Hz, 1H), 4.11 (dt, J
= 13.2, 6.6 Hz, 1H), 4.02 (s, 1H), 3.49 (dd, J= 11.2, 3.1 Hz, 1H), 3.28 (dd, J= 11.2, 7.3 Hz, 1H),

1.24 (d,J=6.6 Hz, 3H), 1.14 (d, J= 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) §155.26, 141.70, 134.40, 133.57, 119.29, 117.39, 114.42, 111.47,

110.38, 105.91, 49.22, 46.72, 43.50, 19.07, 18.27.

HRMS (ESI): CisHisN>O Neutral mass: 242.1419, Observed ([M+H]) *: 243.1428.
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(S)-1-isopropyl-3-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoxaline (3r): Yellow oil (12.3 mg,
yield 96%), with 92% ee (HPLC, Diacel Chiralcel OD-H column 90:10 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 12.153 min; [a]D>= +56° (¢ 0.01, CH.CL).

'"H NMR (400 MHz, CDCl3) 4 7.31 (dd, J=5.0, 0.9 Hz, 1H), 7.10 (d, /= 3.0 Hz, 1H), 7.04 (dd, J
=5.0,3.5 Hz, 1H), 6.80 — 6.73 (m, 2H), 6.66 — 6.56 (m, 2H), 4.85 (dd, /= 7.6, 3.1 Hz, 1H), 4.20 —
4.04 (m, 2H), 3.48 (dd, J=11.3, 3.1 Hz, 1H), 3.19 (dd, J=11.3, 7.6 Hz, 1H), 1.25 (d, /= 6.6 Hz,

3H), 1.17 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) §146.18, 134.29, 133.83, 126.50, 125.00, 124.05, 119.39, 117.46,

114.35,111.50, 50.91, 47.15, 46.70, 19.21, 18.14.

HRMS (ESI): CisHisN2>S Neutral mass: 258.1191, Observed ([M+H]) *: 259.1261.



(S)-3-(4-fluorophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline (3s): Yellow oil (12.0 mg,
yield 89%), with 96% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 8.515 min; [a]D*= +72° (¢ 0.01, CH2CL).

TH NMR (400 MHz, CDCl) 5 7.38 (dd, J = 8.5, 5.5 Hz, 2H), 7.08 (t, J = 8.6 Hz, 2H), 6.75 (d, J= 2.7
Hz, 2H), 6.61 (s, 2H), 4.46 (d, J = 5.7 Hz, 1H), 4.11 (dt, /= 12.8, 6.4 Hz, 1H), 3.95 (s, 1H), 3.35 (d, J =

11.0 Hz, 1H), 3.07 - 2.93 (m, 1H), 1.23 (d, J = 6.6 Hz, 3H), 1.09 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCls) § 162.40 (d, J = 246.44 Hz), 138.12, 134.58, 134.18, 128.59 (d, J = 8.08

Hz), 119.06, 117.36, 115.41 (d, J=21.21 Hz), 114.01, 111.43, 54.31, 46.91, 46.68, 19.27, 17.99.
YF{'H} NMR (376 MHz, CDCl3) § -114.75.

HRMS (ESI): Ci7H9FN> Neutral mass: 270.1532, Observed ([M+H]) *: 271.1601.
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(S)-3-(4-chlorophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline (3t): Yellow oil (13.3 mg,
yield 93%), with 98% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 7.277 min; [a]D*= +82° (¢ 0.01, CH2CL).

IH NMR (400 MHz, CDCl3) § 7.40 — 7.31 (m, 4H), 6.89 — 6.43 (m, 4H), 4.47 (d, J = 4.9 Hz, 1H),
4.19 - 3.82 (m, 2H), 3.35 (dd, J= 11.2, 2.5 Hz, 1H), 3.01 (dd, J = 11.1, 8.0 Hz, 1H), 1.29 (s, 1H),

1.22 (d, J=6.6 Hz, 3H), 1.08 (d, /= 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 140.98, 134.44, 134.19, 133.48, 128.71, 128.37, 119.08, 117.44,

114.04, 111.50, 54.41, 46.69, 29.73, 19.18, 18.08.



HRMS (ESI): Ci7H9CIN, Neutral mass: 286.1237, Observed ([M+H]) *: 287.1245.

o

(S)-3-(4-bromophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline (3u): Yellow oil (14.5 mg,

r

yield 88%), with 99% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 9.283 min; [a]D*= +80° (¢ 0.01, CH2CL).

'H NMR (400 MHz, CDCl3) $ 7.51 (d, J= 8.4 Hz, 2H), 7.29 (d, J= 3.2 Hz, 2H), 6.75 (dd, J =
4.4,2.0 Hz, 2H), 6.62 (qd, J=17.3, 2.0 Hz, 2H), 4.45 (dd, J=7.8, 3.0 Hz, 1H), 4.09 (dq, J=13.2,
6.6 Hz, 1H), 3.95 (s, 1H), 3.34 (dd, J=11.4, 3.1 Hz, 1H), 3.01 (dd, /J=11.3, 7.8 Hz, 1H), 1.22 (d,

J=6.6 Hz, 3H), 1.08 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 141.51, 134.41, 134.19, 131.66, 128.72, 121.59, 119.08, 117.44,

114.03, 111.50, 54.47, 46.66, 19.17, 18.09.

HRMS (ESI): Ci7H9BrN> Neutral mass: 330.0732, Observed ([M+H]) *: 331.0795.
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(S)-1-isopropyl-3-(4-methoxyphenyl)-1,2,3,4-tetrahydroquinoxaline (3v): Yellow oil (13.1 mg,
yield 93%), with 98% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tr = 10.752 min; [a]D>= +76° (¢ 0.01, CH.CL).

'H NMR (400 MHz, CDCLs) § 7.33 (d, J= 8.6 Hz, 2H), 6.93 (d, J = 8.6 Hz, 2H), 6.74 (d, J= 2.4
Hz, 2H), 6.67 — 6.54 (m, 2H), 4.40 (dd, J = 8.4, 3.0 Hz, 1H), 4.12 (dp, J = 13.4, 6.7 Hz, 1H), 3.93
(s, 1H), 3.85 (s, 3H), 3.36 (dd, J= 11.3, 3.1 Hz, 1H), 3.02 (dd, J= 11.2, 8.5 Hz, 1H), 1.23 (d, J =

6.6 Hz, 3H), 1.11 (d, J= 6.6 Hz, 3H).



13C NMR (101 MHz, CDCl:) 6 155.25, 141.70, 134.40, 133.56, 128.16, 119.29, 117.38, 114.42,

113.98,111.47,110.38, 105.91, 55.36,49.21, 46.72, 43.49, 19.07, 18.26.
HRMS (ESI): C;sH2:N>0O Neutral mass: 282.1732, Observed ([M+Na]) *: 305.1744.
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(S)-1-isopropyl-3-methyl-1,2,3,4-tetrahydroquinoxaline (3w) Yellow oil (7.6 mg, yield 80%),
with 64% ee (HPLC, Diacel Chiralcel OD-H column 95:5 hexanes/2-propanol, 1 mL/min, 254

nm; tr = 10.373 min; [a]D?°= +34° (¢ 0.01, CH:CL).

TH NMR (400 MHz, CDCl3) § 6.68 (d, J = 5.4 Hz, 2H), 6.60 — 6.49 (m, 2H), 4.16 — 4.04 (m, 1H),
3.50 (s, 1H), 3.29 — 3.20 (m, 1H), 2.84 — 2.72 (m, 1H), 1.22 (d, J= 1.9 Hz, 3H), 1.21 (d, /= 1.3 Hz,

3H), 1.18 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 134.49, 134.34, 118.86, 117.03, 113.99, 111.06, 46.38, 45.85, 20.32,
19.29, 17.88.
HRMS (ESI): Ci2H;sN> Neutral mass: 190.1470, Observed ((M+H]) *: 191.1479.
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(R)-3-phenyl-1-(3-(trifluoromethoxy)benzyl)-1,2,3,4-tetrahydroquinoxaline (3y) Yellow oil
(18.4 mg, yield 96%), with 94% ee (HPLC, Diacel Chiralcel AD-H column 95:5 hexanes/2-propanol,

1 mL/min, 254 nm; tr = 10.990 min; [a]D*= +54° (¢ 0.01, CH,CL).

TH NMR (400 MHz, CDCls) 3 7.41 (dd, J = 7.0, 4.7 Hz, 4H), 7.36 (dd, J = 5.1, 3.5 Hz, 1H), 7.35 - 7.31
(m, 1H), 7.22 (d, J = 7.7 Hz, 1H), 7.17 — 7.09 (m, 2H), 6.73 — 6.63 (m, 3H), 6.59 (dd, J = 7.6, 4.4 Hz,

1H), 4.58 (t, J= 5.6 Hz, 1H), 4.54 — 4.42 (m, 2H), 4.07 (s, 1H), 3.40 (d, J = 5.7 Hz, 2H).



13C NMR (101 MHz, CDCL3) § 149.62 (d, J =2.02), 141.40 (d, J= 15.15), 134.32 (d, J=21.21), 129.93,
128.68, 128.02, 127.00, 125.22, 123.02 (t, J = 258.56) 121.74, 119.48, 119.32, 119.13, 118.37, 114.07,

112.04, 56.05, 55.15, 54.33.
HRMS (ESI): CHi9F3N>0 Neutral mass: 384.1449, Observed ([M+H]) *: 385.1522

F{H} NMR (376 MHz, CDCl3) § -57.66
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(2R,3S)-2-benzyl-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (5a): White solid (7.9
mg, yield 46%), with 90% ee (HPLC, Diacel Chiralcel OD-H column 95:5 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 6.762 min; m.p. 122-125 °C; [a]D?**= -36° (¢ 0.01, CH,CL,).

TH NMR (400 MHz, CDCl) § 7.38 (dt, J = 15.1, 7.5 Hz, 4H), 7.26 (t, J = 7.0 Hz, 1H), 7.03 (dq, J =
14.1, 6.9 Hz, 3H), 6.84 (d, J= 7.9 Hz, 1H), 6.73 (dd, J = 9.5, 5.7 Hz, 3H), 6.66 (d, J = 4.0 Hz, 2H),
422 (d,J=2.5Hz, 1H), 3.97 (s, 1H), 3.75 (dq, J = 13.5, 6.7 Hz, 1H), 3.44 (dt, J = 10.1, 3.0 Hz, 1H),

2.38-2.15(m, 2H), 0.97 (d, J= 6.6 Hz, 3H), 0.33 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl:) 6 141.50, 140.69, 134.93, 131.55, 130.59, 126.76, 125.56, 119.35,

118.68, 115.17, 58.33, 56.23, 53.57, 32.92, 20.83, 19.39.

HRMS (ESI): C24sH6N2> Neutral mass: 342.2096, Observed ([M+H]) *: 343.2174.
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(2R,3S5)-3-(4-fluorophenyl)-1-isopropyl-2-(4-methylbenzyl)-1,2,3,4-tetrahydroquinoxaline

(5b): White solid (7.5 mg, yield 40%), with 90% ee (HPLC, Diacel Chiralcel OD-H column 95:5



hexanes/2-propanol, 1 mL/min, 254 nm; tr = 4.117 min; m.p. 134-136 °C ; [0]D?°= -49° (¢ 0.01,

CH.CL).

TH NMR (400 MHz, CDCL) 5 7.38 (d, J = 7.9 Hz, 2H), 7.28 (d, J= 8.1 Hz, 2H), 6.94 (d, /= 7.8 Hz,
1H), 6.91 — 6.73 (m, 7H), 4.29 (d, J=2.1 Hz, 1H), 4.07 (s, 1H), 3.88 (dt, J= 13.3, 6.5 Hz, 1H), 3.46
(dt, /= 10.0, 3.0 Hz, 1H), 2.43 (d, J = 7.9 Hz, 3H), 2.37 (dt, J = 24.1, 12.0 Hz, 2H), 1.08 (d, /= 6.5 Hz,

3H), 0.46 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl:) 5 161.34(d, J = 243.41 Hz), 138.36, 137.06, 136.34 (d, J=3.03 Hz),
135.06, 132.85, 131.38(d, J = 8.08 Hz), 129.36, 126.60, 119.29, 118.83 (d, J=8.08 Hz), 115.14,

114.41, 114.20, 58.21, 55.81, 53.69, 31.96, 29.73, 21.16, 20.94, 19.36.
HRMS (ESI): C,sH27FN>  Neutral mass: 374.2158, Observed ([M+Na]) *: 397.2011.

F{H} NMR (376 MHz, CDCls) & -118.32.
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(2R,3S)-2-(4-fluorobenzyl)-3-(4-fluorophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline
(5¢): White solid (5.7 mg, yield 30%), with 90% ee (HPLC, Diacel Chiralcel IC-H column 99:1
hexanes/2-propanol, 1 mL/min, 254 nm; tg = 6.275 min; m.p. 122-125°C; [a]D?*= -56° (¢ 0.01,

CH:Cly).

TH NMR (400 MHz, CDCL3) § 7.47 (dd, J = 8.2, 5.5 Hz, 2H), 7.17 (t, J = 8.6 Hz, 2H), 6.94 (d, /= 7.9
Hz, 1H), 6.86 (dd, /= 11.9, 5.3 Hz, 3H), 6.78 (dt, J = 7.1, 5.4 Hz, 4H), 4.30 (s, 1H), 4.04 (s, 1H), 3.87
(dt, J=13.4, 6.7 Hz, 1H), 3.43 (dd, J= 9.4, 4.2 Hz, 1H), 2.35 (d, J = 6.9 Hz, 2H), 1.07 (d, J = 6.6 Hz,

3H), 0.46 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 162.13 (d, J = 247.45 Hz), 161.38 (d, J = 244.42 Hz); 137.13 (d, J =

3.03 Hz), 136.02 (d, J=3.03 Hz), 134.82, 132.81, 131.34 (d, /= 7.07 Hz), 128.26 (d, J = 8.08 Hz),



119.59, 118.96, 118.92, 115.59 (d, J=21.21 Hz), 115.30, 114.40 (d, J = 21.21 Hz), 58.13, 55.47,

53.70, 31.82, 29.73, 2091, 19.37.
F{IH} NMR (376 MHz, CDCL3) § -115.11, -118.08.

HRMS (ESI): C2sH24F2N> Neutral mass: 378.1908, Observed ([M+H]) *:379.1992.

NT
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(2R,3S5)-3-(4-fluorophenyl)-1-isopropyl-6,7-dimethyl-2-(4-methylbenzyl)-1,2,3,4-
tetrahydroquinoxaline (5d): White solid (8.1 mg, yield 40%), with 94% ee (HPLC, Diacel

Chiralcel IC-H column 99:1 hexanes/2-propanol, 1 mL/min, 254 nm; tr = 4.603 min; m.p. 142-

145°C; [o]D*= -48° (¢ 0.01, CH,CL).

'"H NMR (400 MHz, CDCl3) 6 7.38 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.91 — 6.78 (m, 4H),
6.75 (s, 1H), 6.58 (s, 1H), 4.25 (s, 1H), 3.94 - 3.77 (m, 1H), 3.40 (d, /= 9.5 Hz, 1H), 2.44 (s, 3H), 2.39

~2.30 (m, 2H), 2.25 (d, J = 6.9 Hz, 6H), 1.07 (d, J = 6.6 Hz, 3H), 0.47 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 161.31 (d, J = 243.41 Hz), 138.69, 136.90, 136.58 (d, J=3.03), 132.94,
131.39 (d, J = 8.08 Hz), 130.64, 129.30, 127.08, 126.81, 126.58, 120.35, 116.70, 114.22 (d, J = 21.21),

58.54,55.91, 53.71, 31.84, 21.13, 21.02, 19.42, 19.16, 19.03.
F{IH} NMR (376 MHz, CDCL3) § -118.49.

HRMS (ESI): C>7H3FN, Neutral mass: 402.2471, Observed ((M+H]) *: 403.2482.

F



(2R,3S5)-2-(4-fluorobenzyl)-3-(4-fluorophenyl)-1-isopropyl-6,7-dimethyl-1,2,3,4-
tetrahydroquinoxaline (5¢): White solid (6.1 mg, yield 30%), with 92% ee (HPLC, Diacel
Chiralcel OD-H column 99:1 hexanes/2-propanol, 1 mL/min, 254 nm; tg = 5.885 min; m.p. 140-

143°C; [o]D¥= -36° (¢ 0.01, CH,CL).

'H NMR (400 MHz, CDCL3) § 7.46 (dd, J= 8.3, 5.5 Hz, 2H), 7.16 (t, J = 8.6 Hz, 2H), 6.93 — 6.78 (m,
4H), 6.75 (s, 1H), 6.58 (s, 1H), 4.27 (s, 1H), 3.80 (d, J = 48.6 Hz, 2H), 3.37 (s, 1H), 2.41 — 2.31 (m,

2H), 2.25 (d, J = 4.2 Hz, 6H), 1.07 (d, J = 6.5 Hz, 3H), 0.47 (d, J = 6.7 Hz, 3H).

13C NMR (101 MHz, CDCL) § 162.07 (d, J = 246.44 Hz), 161.34 (d, J = 243.41 Hz), 136,26, 136.24,
132.72 (d, J=2.02 Hz), 131.34 (d, J = 8.08 Hz), 132.71, 130.58, 128.22 (d, J = 7.07 Hz), 126.98,
120.48, 116.81, 115.51 (d, J=22.22 Hz), 114.31 (d, J=21.21 Hz), 58.43, 55.55, 53.71, 31.70, 20.97,

19.45, 19.12.
YF{H} NMR (376 MHz, CDCls) § -115.32, -118.26.

HRMS (ESI): C2sH23F2N> Neutral mass: 406.2221, Observed ([M+H]) *: 407.2230.
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(2R,3S)-2-benzyl-6-bromo-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (5f): White
solid (6.3 mg, yield 30%), with 96% ee (HPLC, Diacel Chiralcel OD-H column 95:5 hexanes/2-

propanol, 1 mL/min, 254 nm; tg = 7.765 min; m.p. 133-135°C; [a]D?’= -68° (¢ 0.01, CH2CL,).

TH NMR (400 MHz, CDCL) 5 7.47 (d, J = 4.4 Hz, 4H), 7.41 — 7.34 (m, 1H), 7.20 — 7.09 (m, 3H), 6.94
~ 6.86 (m, 2H), 6.83 (d, J = 6.6 Hz, 2H), 6.78 (d, J = 8.5 Hz, 1H), 4.30 (d, J= 2.7 Hz, 1H), 4.14 (s,
1H), 3.78 (dt, J = 13.4, 6.7 Hz, 1H), 3.53 (dd, J = 13.4, 2.8 Hz, 1H), 2.44 — 2.25 (m, 2H), 1.06 (d, J =

6.6 Hz, 3H), 0.42 (d, /= 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl:) 5 140.86, 140.28, 136.35, 131.98, 129.99, 128.76, 127.65, 126.68 (s),

125.69, 121.83, 119.98, 117.31, 110.46, 58.07, 56.15, 53.83, 32.82, 20.62, 19.41.



HRMS (ESI): C24H25BrN, Neutral mass: 420.1201, Observed ((M+H]) *: 421.1274

H

F
(2R,3S)-7-bromo-6-chloro-3-(4-fluorophenyl)-1-isopropyl-2-(4-methylbenzyl)-1,2,3,4-
tetrahydroquinoxaline (5g): White solid (6.3 mg, yield 26%), with 90% ee (HPLC, Diacel

Chiralcel IC-H column 99:1 hexanes/2-propanol, 1 mL/min, 254 nm; tg = 5.563 min; m.p. 162-

165°C; [a]D?°= -46° (¢ 0.01, CH2CLy).

TH NMR (400 MHz, CDCL3) § 7.36 — 7.24 (m, 4H), 7.07 (s, 1H), 6.88 (t, J = 8.7 Hz, 2H), 6.84 — 6.74
(m, 3H), 4.23 (d, J = 2.4 Hz, 1H), 4.14 (s, 1H), 3.83 — 3.70 (m, 1H), 3.45 (d, J = 8.3 Hz, 1H), 2.43 (s,

3H), 2.41 — 2.34 (m, 1H), 2.32 - 2.22 (m, 1H), 1.07 (d, J= 6.5 Hz, 3H), 0.44 (d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl3) 5 161.45 (d, J = 242.42 Hz), 137.49, 137.31, 135.66 (d, J = 3.03 Hz),
135.41, 13291, 131.25 (d, J=7.07 Hz), 129.52, 126.47, 122.92, 122.29, 115.45, 114.57 (d, J=21.21

Hz), 110.11, 57.82, 55.92, 54.09, 32.04, 21.14, 20.60, 19.42.
YF{'H} NMR (376 MHz, CDCl3) § -117.72.

HRMS (ESI): C,5H,sBrCIFN; Neutral mass:486.0874, Observed ((M+H]) *: 487.0892.
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(2R,3S)-1-isopropyl-2-phenethyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline (5h): White solid
(6.2 mg, yield 35%), with 82% ee (HPLC, Diacel Chiralcel OD-H column 95:5 hexanes/2-

propanol, 1 mL/min, 254 nm; tg = 6.288 min; m.p. 136-138°C; [a]D*’= -18° (¢ 0.01, CH2CL,).

TH NMR (400 MHz, CDCL) 5 7.46 (q, J = 7.7 Hz, 4H), 7.36 (t, J = 6.6 Hz, 1H), 7.18 (t, J= 7.2 Hz,

2H), 7.12 (t, J=7.2 Hz, 1H), 7.00 (d, J=7.9 Hz, 1H), 6.93 (d, /= 7.2 Hz, 2H), 6.82 (dd, J=11.4, 4.8



Hz, 1H), 6.74 (q, J = 7.7 Hz, 2H), 4.33 (d, J = 2.4 Hz, 1H), 4.13 (dt, J = 13.3, 6.6 Hz, 1H), 4.03 (s, 1H),
3.53—3.43 (m, 1H), 2.69 (ddd, J= 14.4, 11.1, 5.2 Hz, 1H), 2.22 (ddd, /= 13.8, 11.4, 5.9 Hz, 1H), 1.72

~ 1.59 (m, 1H), 1.56 — 1.4 (m, 1H), 1.35 (d, J = 6.8 Hz, 3H), 1.27 (d, J = 6.6 Hz, 3H).

13C NMR (101 MHz, CDCl:3) 5 142.61, 141.37, 135.05, 132.97, 128.60, 128.31, 128.09, 127.36,

126.85, 125.42, 119.05, 118.65, 118.23, 115.06, 55.99, 55.37, 53.48, 33.12, 29.07, 22.24, 19.68

HRMS (ESI): C3sHasN> Neutral mass: 356.2252, Observed ([M+H]) *: 357.2268.

SR
N~
e

(2R,35)-2-benzyl-1,3-diphenyl-1,2,3,4-tetrahydroquinoxaline (5i): White solid (6.0 mg, yield
32%), with 96% ee (HPLC, Diacel Chiralcel IC-H column 99:1 hexanes/2-propanol, 1 mL/min,

254 nm; tr = 4.718 min; m.p. 139-141°C; [a]D?°= —-92° (¢ 0.01, CH,CL).

TH NMR (400 MHz, CDCL3) § 7.45 (dd, J= 7.3, 6.0 Hz, 4H), 7.41 — 7.34 (m, 1H), 7.28 — 7.18 (m,
3H), 7.09 (t, J = 7.4 Hz, 3H), 7.02 (d, J = 7.0 Hz, 2H), 6.97 (t, J = 7.5 Hz, 1H), 6.87 (dd, J = 13.5, 7.0
Hz, 2H), 6.79 (t, J = 7.5 Hz, 1H), 6.54 (d, J= 8.1 Hz, 2H), 4.58 (d, J= 2.7 Hz, 1H), 4.28 (s, 1H), 3.98 —

3.87 (m, 1H), 2.70 — 2.59 (m, 1H), 2.54 (dd, J = 13.5, 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl:) § 150.42, 140.41, 140.08, 136.71, 129.81, 128.93, 128.71, 128.26,

127.91, 127.66, 126.92, 126.06, 123.37, 122.17, 121.63, 121.36, 118.79, 115.71, 67.32, 54.95, 31.99.

HRMS (ESI): C,7H24N> Neutral mass: 376.1939, Observed ([M+H]) *:377.2017.

(2R,3S)-2-(4-fluorobenzyl)-3-(4-fluorophenyl)-1-phenyl-1,2,3,4-tetrahydroquinoxaline (5j):



White solid (7.2 mg, yield 35%), with 92% ee (HPLC, Diacel Chiralcel IC-H column 99:1
hexanes/2-propanol, 1 mL/min, 254 nm; tg = 6.275 min; m.p. 140-142°C; [a]D?*’= -58° (¢ 0.01,

CH:Cly).

'H NMR (400 MHz, CDCL) § 7.42 (dd, J = 8.4, 5.4 Hz, 2H), 7.11 (ddd, J= 20.9, 12.9, 8.7 Hz, 5H),
6.95 (dd, J = 10.0, 7.2 Hz, 5H), 6.88 (t, J= 7.3 Hz, 2H), 6.79 (t, J= 7.5 Hz, 1H), 6.54 (d, /= 7.8 Hz,
2H), 4.55 (d, J = 2.6 Hz, 1H), 4.22 (s, 1H), 3.89 — 3.72 (m, 1H), 2.67 — 2.55 (m, 1H), 2.51 — 2.40 (m,

1H).

13C NMR (101 MHz, CDCl) § 162.22 (d, J = 250.48 Hz), 161.57 (d, J = 244.42 Hz), 150.35, 136.05
(d, J=3.03 Hz), 136.45 (d, J=3.03 Hz), 131.13 (d, /= 7.07Hz), 129.03, 128.47 (d, J=7.07 Hz),
127.79, 123.39, 122.34, 121.57, 119.08, 115.86, 115.63 (d, J=21.21 Hz), 115.04 (d, /= 21.21 Hz),

114.94, 67.29, 54.19, 30.98.
YF{H} NMR (376 MHz, CDCls) & -114.63, -117.26.

HRMS (ESI): C27H2FoNo  Neutral mass: 412.1751, Observed ((M+H]) *:413.18258.

(2R,3S)-3-(4-fluorophenyl)-2-(4-methylbenzyl)-1-phenyl-1,2,3,4-tetrahydroquinoxaline (5k):
White solid (7.1mg, yield 35%), with 96% ee (HPLC, Diacel Chiralcel IC-H column 99:1
hexanes/2-propanol, 1 mL/min, 254 nm; tg = 11.297 min; m.p. 143-146°C; [a]D?’= -49° (¢ 0.01,

CHCly).

TH NMR (400 MHz, CDCl3) § 7.37 — 7.21 (m, SH), 7.10 (dd, J = 15.9, 8.0 Hz, 3H), 6.96 (dd, J = 14.6,
6.6 Hz, SH), 6.88 (t, J = 7.7 Hz, 2H), 6.79 (t, /= 7.3 Hz, 1H), 6.56 (d, J = 7.8 Hz, 2H), 4.54 (s, 1H),

4.24 (s, 1H), 3.86 (d, J= 11.1 Hz, 1H), 2.68 — 2.49 (m, 2H), 2.43 (s, 3H).



13C NMR (101 MHz, CDCl:) 6 161.55 (d, J = 244.42 Hz), 150.46, 137.37, 137.27, 136.83, 135.76 (d,
J=3.03 Hz), 131.19 (d, J=7.07 Hz), 129.41, 129.01, 127.71, 126.77, 123.39, 122.29, 121.54, 121.44,

118.75, 115.71, 114.99(d, J = 21.21 Hz), 67.28, 54.60, 31.11, 21.15.
YF{'H} NMR (376 MHz, CDCl3) § -117.43.

HRMS (ESI): CysH2sFN>  Neutral mass: 408.2001, Observed ([M+H]) *: 409.2076

(2R,3S)-2-benzyl-3-(4-fluorophenyl)-1-phenyl-1,2,3,4-tetrahydroquinoxaline (51): White solid
(7.5 mg, yield 38%), with 88% ee (HPLC, Diacel Chiralcel IC-H column 99:1 hexanes/2-

propanol, 1 mL/min, 254 nm; tg = 12.630 min; m.p. 144-146°C; [a]D*’= -38° (¢ 0.01, CH,CL,).

'H NMR (400 MHz, CDCL3) § 7.45 (d, J = 4.3 Hz, 4H), 7.38 (td, J = 8.3, 4.0 Hz, 1H), 7.10 (dd, J =
16.4, 8.4 Hz, 3H), 7.02 — 6.92 (m, 5H), 6.88 (t, /= 6.9 Hz, 2H), 6.79 (t, J = 7.4 Hz, 1H), 6.56 (d, J =
7.9 Hz, 2H), 4.57 (s, 1H), 4.27 (s, 1H), 3.89 (d, J = 11.3 Hz, 1H), 2.69 — 2.56 (m, 1H), 2.51 (dd, J =

13.6, 2.4 Hz, 1H).

13C NMR (101 MHz, CDCl3) 6 161.54 (d, J = 244.42 Hz), 150.42, 140.28, 136.73, 135.64, 131.15
(d, J=8.08 Hz), 129.01, 128.72, 127.71 (d, J =2.02 Hz), 126.88, 123.40, 122.32, 121.555, 121.49,

118.84, 115.76, 115.00 (d, J = 21.21Hz), 67.26, 54.80, 31.13.
F{H} NMR (376 MHz, CDCls) & -117.39

HRMS (ESI): C7H23FN>  Neutral mass: 394.1845, Observed ([M+H]) *: 395.1919.
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(2R,35)-2-benzyl-7-chloro-1,3-diphenyl-1,2,3,4-tetrahydroquinoxaline (5m): White solid (5.1
mg, yield 30%), with 86% ee (HPLC, Diacel Chiralcel IC-H column 99:1 hexanes/2-propanol, 1

mL/min, 254 nm; tg = 21.177 min; m.p. 146-148°C; [a]D?’=-28° (¢ 0.01, CH,Cl,).

'H NMR (400 MHz, CDCL3) § 7.4 (d, J = 3.7 Hz, 4H), 7.40 — 7.34 (m, 1H), 7.28 — 7.19 (m, 3H), 7.10
(t,J=7.9 Hz, 2H), 7.01 (dd, J = 12.4, 4.5 Hz, 3H), 6.89 (dd, J = 13.5, 4.9 Hz, 2H), 6.78 (d, J = 8.5 Hz,
1H), 6.49 (d, J= 7.9 Hz, 2H), 4.54 (d, J = 2.9 Hz, 1H), 4.28 (s, 1H), 3.87 (dt, J= 10.6, 3.0 Hz, 1H), 2.65

~2.49 (m, 2H).

13C NMR (101 MHz, CDCl3) § 149.77, 139.96, 139.72, 135.08, 129.75, 129.22, 128.75, 128.36, 127.78,

126.85,126.19, 123.27, 122.15, 121.75, 116.48, 67.32, 54.92, 32.15, 29.72.

HRMS (ESI): C,7H23CIN, Neutral mass: 410.1549, Observed ([M+H]) *: 411.1637.

(S)-2-benzyl-1-isopropyl-3-phenyl-1,2-dihydroquinoxaline (5a’): Yellow solid (5.1 mg, yield
30%), with 94% ee (HPLC, Diacel Chiralcel IC-H column 99:1 hexanes/2-propanol, 1 mL/min, 254

nm; tg = 8.968 min; m.p. 134-136°C; [a]D?*’= +28° (¢ 0.01, CH2Cl,).

'H NMR (400 MHz, CDCl3) § 8.01 (dd, J = 7.3, 1.9 Hz, 2H), 7.56 (d, J= 7.7 Hz, 1H), 7.51 — 7.42 (m,
3H), 7.27 (d, J="7.4 Hz, 2H), 7.23 (d, J= 4.6 Hz, 1H), 7.20 (d, /= 7.3 Hz, 1H), 7.12 (d, /= 7.0 Hz, 2H),
7.08 (d, J = 8.0 Hz, 1H), 6.9 (t, J = 7.5 Hz, 1H), 4.76 (dd, J = 9.6, 4.7 Hz, 1H), 3.82 (dt, J = 13.3, 6.7
Hz, 1H), 2.68 (dd, J = 13.4, 4.6 Hz, 1H), 2.52 (dd, J = 13.3, 9.6 Hz, 1H), 0.88 (d, J = 6.5 Hz, 3H), 0.80

(d, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCl3) § 156.69, 137.83, 137.02, 136.43, 130.08, 129.97, 128.68, 128.06, 127.58,

127.00, 126.37, 119.49, 118.44, 53.86, 50.91 — 50.58, 36.37, 29.72, 21.60, 21.17.

HRMS (ESI): C24H24N> Neutral mass: 340.1939, Observed ([M+H]) *: 341.2013.
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(S)-6-bromo-1-isopropyl-3-phenyl-1,2,3,4-tetrahydroquinoxaline
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(S)-1-isopropyl-3-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoxaline
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(S)-3-(4-fluorophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline
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(S)-3-(4-chlorophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline
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(S)-3-(4-bromophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline
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(S)-1-isopropyl-3-(4-methoxyphenyl)-1,2,3,4-tetrahydroquinoxaline
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(S)-1-isopropyl-3-methyl-1,2,3,4-tetrahydroquinoxaline
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(2R,3S)-2-(4-fluorobenzyl)-3-(4-fluorophenyl)-1-isopropyl-1,2,3,4-tetrahydroquinoxaline
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(2R,3S)-3-(4-fluorophenyl)-1-isopropyl-6,7-dimethyl-2-(4-methylbenzyl)-1,2,3,4-tetrahydroquinoxaline
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(2R,3S)-7-bromo-6-chloro-3-(4-fluorophenyl)-1-isopropyl-2-(4-methylbenzyl)-1,2,3,4-
tetrahydroquinoxaline
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(2R,3S)-2-benzyl-1,3-diphenyl-1,2,3,4-tetrahydroquinoxaline
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(2R,3S)-2-(4-fluorobenzyl)-3-(4-fluorophenyl)-1-phenyl-1,2, 3,4-tetrahydroquinoxaline
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(2R,3S)-3-(4-fluorophenyl)-2-(4-methylbenzyl)-1-phenyl-1,2,3,4-tetrahydroquinoxaline
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(2R,3S)-2-benzyl-3-(4-fluorophenyl)-1-phenyl-1,2,3,4-tetrahydroquinoxaline
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(2R,3S)-2-benzyl-7-chloro-1,3-diphenyl-1,2,3,4-tetrahydroquinoxaline
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