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1. General information

Unless otherwise noted, all experiments were carried out under an atmosphere of
nitrogen using standard Schlenk techniques or in a nitrogen-filled glovebox. 'H NMR
and C NMR spectra were recorded on a Bruker Model Avance DMX 300
Spectrometer (‘"H 300 MHz and ">C 75 MHz, respectively). Chemical shifts (8) were
given in ppm and were referenced to residual solvent or TMS peaks. Optical rotations
were measured with PerkinElmer 341 polarimeter. High resolution MS (P-ESI HRMS)
were obtained on Bruker Apex IV FTMS spectrometer. HPLC analyses were
performed on a Varian Prostar 210 ligiud chromatograph. All organic solvents were
dried using standard, published methods and were distilled before use. All other
chemicals were used as received from Aldrich or Acros without further purification.
The catalysts were prepared according to the published method.' 2-Methylquinoxaline
la was purchased from Aldrich and used without further purification. 2- and
2,3-substituted quinoxalines were synthesized according to published literature

method.
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2. Optimization of conditions for asymmetric hydrogenation

Table S1: Asymmetric hydrogenation of la: screening of the catalysts”

R1
\|/

|
H,, catalyst
@E j\ oo @E j\ NSO X/RIU\N’SOZRZ
CH,Cl, HzN . HoN
”’Ph 2 y
| Ph :

(RR)-7,8,11~15 (5.9)-9, 10
X = OTf (a); BF4 (b); PFg (c); SbFg (d); BArF (e)
(RR)-T: nb—arene = p-cymene; R? = 4-CH;C¢H,4
(R,R)-8: °-arene = p-cymene; R* = CH;
(S,5)-9: R* = 4-CF;C¢H,
(S.5)-10: R? = 4-CH;CH,
(R,R)-11:n%-arene = p-cymene; R* = 2,4,6-("Pr);CeH,
(R,R)-12: n°-arene = p-cymene; R” = CF;
(R,R)-13: °-arene = p-cymene; R* = 4-CF3CgH,
(R,R)-14: n°-arene = 1,2,3,4,5,6-(CHs)s-benzene; R* = 4-CH;C¢H,
(R,R)-15: n°-arene = 1,2,3,4,5,6-(CHs)s-benzene; R* = CH,

Entry Catalyst R’ Anion ([X]) Conv. (%)” Ee (%) ¢
1 (R,R)-Ta 4-CH,CgH, [OT] >99 75 (R)
2 (R,R)-8a CH, [OTH] >99 69 (R)
3 (S.5)-10a 4-CH;CsH, [OT] 47 56 (S)
4 (RR)»-1la  2,4,6-("Pr);CeHs [OT{] 25 32.(S)
5 (R,R)-14a 4-CH;CeH, [OTT 47 58 (R)
6 (R,R)-Te 4-CH;CeHy [BATE] >99 97 (R)
7 (R,R)-8e CH; [BArF] >99 98 (R)
8 (5.5)-9e 4-CFCeH, [BAIF] >99 95(5)
9 (R,R)-8b CH, [BF.] >99 87 (R)
10 (R,R)-8¢ CH, [PFe] >99 90 (R)
1 (R,R)-8d CH, [SbFe]" >99 91 (R)

“ Reaction conditions: 1a (0.2 mmol) in dichloromethane (2 mL), catalyst (1.0 mol %), H, (50 atm),
stirred at 40 °C for 20 h. * The conversions were determined by 'H NMR spectroscopy of the crude
reaction mixture. © The enantiomeric excesses were determined by chiral HPLC with a chiral OD-H
column. ¢ The absolute configurations of the products were assigned by comparison of the optical

rotations with those in the published literature.*
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Table S2: Asymmetric hydrogenation of 3a: screening of the catalysts and

H; (atm); Temp.

Entry Catalyst solvent €C) Conv. (%)b Ee (%) d
1 (R,R)-8a (OTY) DCE 50;40 >99 67 (R)
2 (R,R)-8e (BATrF) DCE 50;40 >99 84 (R)
3 (R,R)-7e (BArF) DCE 50 ;40 >99 78 (R)
4 (S,5)-9e (BArF) DCE 50; 40 >99 91 (S)
5 (R,R)-12e (BATF) DCE 50 ;40 >99 88 (R)
6 (R,R)-13e (BArF) DCE 50; 40 >99 87 (R)
7 (R,R)-15e (BATrF) DCE 50 ; 40 >99 60 (R)
8 (S,5)-9e (BArF) DCM 50; 40 >99 82 (S)
9 (S,5)-9e (BATrF) toluene 50; 40 >99 93 (S)
10 (S,5)-9e (BArF) DCE 10 ;40 >99 88 (S)
11 (S,5)-9e (BArF) DCE 80 ;40 >99 92 (S)
12 (S,5)-9e (BArF) DCE 50;20 >99 92 (S)
13 (S,5)-9e (BATrF) DCE 50; 60 >99 89 (S)
14 (S,5)-9¢ (BArF) DCE 80; 20 >99 94 (S)
15 (S,5)-9e (BATrF) toluene 80;20 >99 94 (S)

“ Reaction conditions: 3a (0.2 mmol) in solvent (1 mL), catalyst (1.0 mol %), stirred for 16 h. ® The

conversions were determined by 'H NMR spectroscopy of the crude reaction mixture.

¢ The

enantiomeric excesses were determined by chiral HPLC with a chiral OD-H column. “ The absolute

configurations of the products were assigned by comparison of the optical rotations with those in the

published literature.’
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Table S3: Asymmetric hydrogenation of 5a: screening of the catalysts and

reaction conditions”

H
@NI H,, catalyst ©:Nj(
—_—
N/ solvent N7
H
5a 6a
H; (atm); Conv. Dr. Ee

Ent Catalyst (Anion solvent
Y yst (Anion) v Temp. °C)  (%)°  (rans: cisf’ (%)

1 (R,R)-8a (OTY) DCE 50 ; 40 >99 16 : 84 98
2 (R,R)-8b (BE) DCE 50 ; 40 >99 22:78 97
3 (R,R)-8¢ (PFy) DCE 50 ; 40 >99 42 - 58 99
4 (R,R)-8d (SbFy) DCE 50 ; 40 >99 51:49 99
5 (R,R)-8e (BATF) DCE 50 ; 40 >99 72:28 99
6  (5.5)-7e (BAIF) DCE 50 ; 40 >99 70 : 30 99
7 (S.5)-9e (BAF) DCE 50 ; 40 >99 76 : 24 99
8  (RR)-12e (BAfF)  DCE 50 ; 40 >99 77 : 23 99
9  (RR)»13¢ (BAfF)  DCE 50 ; 40 >99 68 : 32 99
10 (R,R)-15¢ (BAfF)  DCE 50 ; 40 53 59 : 41 99
11 (RR)»8e(BArF)  DCM 50 ; 40 90° 71:29 99
12 (R,R)-8e (BArF) toluene 50 ; 40 80° 80: 20 99
13 (R,R)-8e (BArF) toluene 10 ; 40 53¢ 80 : 20 99
14 (R,R)-8e (BArF) toluene 80 ; 40 85¢ 79:21 99
15 (R,R)-8e (BATrF) toluene 50 ;20 69° 80 : 20 99
16 (R,R)-8¢ (BArF) toluene 50 ; 60 84 79:21 99

“ Reaction conditions: 5a (0.2 mmol) in solvent (1 mL), catalyst (1.0 mol %), stirred for 9 h. ® The
conversions were determined by "H NMR spectroscopy of the crude reaction mixture. < The trans:cis
ratio were determined by '"H NMR spectroscopy and HPLC. ! The enantiomeric excesses were

determined by chiral HPLC with a chiral OD-H column. ¢ The reaction time was 2 h.
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3. General procedure for the synthesis of substrates
R3 N = R3 N
t@[ j\ + R'MgBr s(acack > j@[ \:I\
R3 N/ Cl THF, NMP R3 N/ R1

2-Alkyl-substituted quinoxalines: 2-Alkyl-substituted quinoxalines 1b~1h and

1j~11 were prepared by the iron-catalyzed Kumada reaction with
2-chloroquinoxalines according to the methods previously reported in the literature.
Under N, atmosphere, 2-chloroquinoxaline (1.15 g, 6.99 mmol) and iron(Il)
acetylacetonate (125 mg, 0.35 mmol) were dissolved in 50 mL dry THF and 4 mL
N-methyl-2-pyrrolidone was added. A Grignard solution (8.39 mmol) was added
dropwise at room temperature over 10 min. After stirred for 20 min, the reaction
mixture was diluted with ether (50 mL) and quenched with 1M aqueous HCI solution
(15 mL). The ether layer was separated, washed with water and brine, dried over
Na,SO4, and the solvent was removed under vacuum. Further purification was
performed by a silica gel column eluted with petroleum ether/ethyl acetate (10/1, V/V)

to give the pure product.

—

N 2-ethylquinoxaline (1b): (known compound, see: Jones, Z.;
©: N

N Groneberg, R.; Drew, M.; Eary, C. T. U.S. Patent 20050282812, 2005).
Orange liquid; 75% yield,; 'H NMR (300 MHz, CDCls): o (ppm) 8.72 (s, 1H),
8.05-7.99 (m, 2H), 7.72-7.62 (m, 2H), 3.05-2.97 (q, J = 7.6 Hz, 2H), 1.42-1.37 (t, J =
7.7 Hz, 3H) ppm; C NMR (75 MHz, CDCls): & (ppm) 158.5, 145.6, 142.2, 141.3,

129.9, 129.2, 128.9, 128.9, 29.7, 13.4.
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Ng 2-propylquinoxaline (1c): (known compound, see: Murata, S.;
©:N/j\/\

liquid; 70% yield; "H NMR (300 MHz, CDCls): & (ppm) 8.71 (s, 1H), 8.06-8.00 (m,

Sugimoto, T.; Matsuura, S. Heterocycles 1987, 26, 763). Orange

2H), 7.73-7.63 (m, 2H), 2.99-2.94 (t, J = 7.7 Hz, 2H), 1.92-1.80 (m, 2H), 1.04-0.99 (t,
J = 7.4 Hz, 3H); °C NMR (75 MHz, CDCls): & (ppm) 157.0, 145.5, 141.9, 140.9,

129.4, 128.9, 128.6, 128.4, 38.0, 22.4, 13.6.
@N\ 2-butylquinoxaline (1d): (known compound, see: Fontana, F.;
N/j\/\/

2525). Orange liquid; 85% yield; 'H NMR (300 MHz, CDCl;): & (ppm) 8.68 (s, 1H),

Minisci, F.; Barbosa, N. M. C.; Vismara, E. Tetrahedron 1990, 46,

8.03-7.97 (m, 2H), 7.69-7.59 (m, 2H), 2.98-2.93 (t, J = 7.8 Hz, 2H), 1.83-1.72 (m,
2H), 1.46-1.34 (m, 2H), 0.94-0.89 (t, J = 7.4 Hz, 3H); °C NMR (75 MHz, CDCL;): &

(ppm) 157.7, 145.9, 142.2, 141.2, 129.9, 129.2, 128.9, 128.9, 36.3, 31.6, 22.6, 13.9.

2-isobutylquinoxaline (1e): (known compound, see: Fontana, F.;

CLAL

2525). Orange liquid; 73% yield; "H NMR (300 MHz, CDCl;): & (ppm) 8.68 (s, 1H),

Minisci, F.; Barbosa, N. M. C.; Vismara, E. Tetrahedron 1990, 46,

8.06-8.00 (m, 2H), 7.73-7.63 (m, 2H), 2.87-2.84 (d, J = 7.2 Hz, 2H), 2.29-2.15 (m,

1H), 0.98-0.96 (d, J = 6.6 Hz, 6H); °C NMR (75 MHz, CDCls): & (ppm) 157.0, 146.3,

142.4,141.3,129.9, 129.3, 129.0, 129.0, 45.5, 29.4, 22.6.
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©:N\ 2-(tert-butyl)quinoxaline (1f): (known compound, see: Fontana, F.;
NJ\K Minisci, F.; Barbosa, N. M. C. and Vismara, E. Tetrahedron 1990, 46,
2525). Orange liquid; 83% yield; 'H NMR (300 MHz, CDCls): & (ppm) 8.98 (s, 1H),
8.07-8.03 (m, 2H), 7.74-7.64 (m, 2H), 1.50 (s, 9H); *C NMR (75 MHz, CDCls): &

(ppm) 163.8, 143.5, 141.7, 140.9, 129.7, 129.4, 129.0, 129.0, 37.3, 29.9.

2-hexylquinoxaline (1g): (known compound, see: Tan, J.;

Cl

J. Tetrahedron 2011, 67, 6206). Yellow liquid; 79% yield; '"H NMR (300 MHz,

Tang, W.; Sun, Y.; Jiang, Z.; Chen, F.; Xu, L.; Fan, Q.; Xiao,

CDCls): & (ppm) 8.73 (s, 1H), 8.07-8.01 (m, 2H), 7.75-7.65 (m, 2H), 3.02-2.97 (d, J =
7.8 Hz, 2H), 1.88-1.78 (m, 2H), 1.44-1.30 (m, 6H), 0.89-0.85 (t, J = 7.1 Hz, 3H); “*C
NMR (75 MHz, CDCls): & (ppm) 157.8, 146.0, 142.4, 141.3, 130.0, 129.3, 129.0,
129.0,36.7, 31.7, 29.6, 29.2, 22.7, 14.2.

AN

: N 2-cyclohexylquinoxaline (1h): (known compound, see: Dong, Z.;

—

NJ\O G. C.; Wunderlich, S. H.; Unsinn, A.; Li, J.; Knoche, P. Chem.-Eur.

J. 2009, 15, 457). Brown solid; m.p. 44-46 °C; 60% yield; 'H NMR (300 MHz,
CDCl3): 6 (ppm) 8.76 (s, 1H), 8.07-8.02 (m, 2H), 7.74-7.65 (m, 2H), 2.99-2.91 (m,
1H), 2.06-2.01 (m, 2H), 1.95-1.89 (m, 2H), 1.82-1.68 (m, 3H), 1.50-1.32 (m, 3H); "*C
NMR (75 MHz, CDCls): & (ppm) 161.2, 145.1, 142.3, 141.6, 129.9, 129.24, 129.15,

128.9,45.2,32.4, 26.5, 26.0.
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N 2,6,7-trimethylquinoxaline (1i): (known compound, see: Landquist, J.
Jos

N K.; Stacey, G. J. J. Chem. Soc. 1953, 2822. Compound 1li was
prepared according to the method previously reported in the literature®). White solid;
m.p. 112-114 °C; 90% yield; 'H NMR (300 MHz, CDCls): & (ppm) 8.63 (s, 1H),

7.80-7.75 (d, 2H), 2.73 (s, 3H), 2.48 (s, 6H); °C NMR (75 MHz, CDCls): & (ppm)

152.8, 145.1, 141.1, 140.5, 140.0, 139.3, 128.3, 127.9, 22.5, 20.4, 20.3.

;@EN\ 2-ethyl-6,7-dimethylquinoxaline (1j): (known compound, sce:
A

N Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.; Fan, B.; Zhou, Z.; Lam,
K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135). White solid; m.p.
115-116 °C; 82% yield,; 'H NMR (300 MHz, CDCl3): & (ppm) 8.60 (s, 1H), 7.74-7.72
(d, 2H), 3.00-2.92 (q, J = 7.6 Hz, 2H), 2.41 (s, 6H), 1.40-1.35 (t, J= 7.7 Hz, 3H); °C

NMR (75 MHz, CDCl3): 8 (ppm) 157.5, 144.6, 141.1, 140.3, 140.2, 139.2, 128.3,

128.0, 29.6, 20.3, 20.2, 13.5.

;@[Nj\/\ 6,7-dimethyl-2-propylquinoxaline (1k): Orange liquid; 83%
N yield; 'H NMR (300 MHz, CDCL): & (ppm) 8.63 (s, 1H),

7.80-7.79 (m, 2H), 2.98-2.93 (t, J = 7.7 Hz, 2H), 2.48 (s, 6H), 1.93-1.81 (m, 2H),
1.05-1.01 (t, J = 7.4 Hz, 3H); “C NMR (75 MHz, CDCls): & (ppm) 156.3, 144.8,
141.1, 140.1, 139.1, 128.1, 127.9, 38.3, 22.8, 20.2, 20.1, 13.8. HRMS-ESI exact mass

calcd. for C;3H 7N, ([M+H]") requires m/z 201.13862, found m/z 201.13811.
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j@N 2-butyl-6,7-dimethylquinoxaline (1I): (known compound, see:

Cartigny, D.; Nagano, T.; Ayad, T.; Genet, J.-P.; Ohshima, T.;
Mashima, K.; Ratovelomanana-Vidal, V. Adv. Synth. Catal. 2010, 352, 1886). Orange
liquid; 70% yield; 'H NMR (300 MHz, CDCl5): & (ppm) 8.53 (s, 1H), 7.67 (s, 2H),
2.90-2.85 (m, 2H), 2.35 (s, 6H), 1.77-1.68 (m, 2H), 1.39-1.33 (m, 2H), 0.91-0.85 (m,
3H); C NMR (75 MHz, CDCl3): & (ppm) 156.5, 144.8, 141.1, 140.1, 139.0, 128.2,

127.9, 36.1, 31.6, 22.5, 20.2, 20.1, 13.8.

@[NL 2-styrylquinoxaline (1m): (known compound, see: Jones, Z.;
N =
Ph Groneberg, R.; Drew, M.; Eary, C. T. U.S. Patent 20050282812,

2005. Compound 1m was prepared according to the methods previously reported in
the literature4). White solid; 70% yield; m.p. 113-1115 °C; 'H NMR (300 MHz,
CDCl): 6 (ppm) 9.04 (s, 1H), 8.09-8.06 (d, J = 8.7 Hz, 2H), 7.90-7.85 (d, J = 16.2 Hz,
1H), 7.79-7.65 (m, 4H), 7.45-7.36 (m, 4H); *C NMR (75 MHz, CDCl;): & (ppm)
150.6, 144.4, 142.4, 141.6, 136.5, 136.0, 130.3, 129.3, 129.2, 129.1, 128.9, 127.5,

125.3.

2-Aryl-substituted quinoxalines: 2-Aryl-substituted quinoxalines 3a~3g were

prepared according to the methods previously reported in the literature.’

@[N 2-phenylquinoxaline (3a): (known compound, see: Grovenstein, E.

Nj\@ J.; Postman, W.; Taylor, J. W. J. Org. Chem. 1960, 25, 68). Yellow
solid; m.p. 78-79 °C; 70% yield; 'H NMR (300 MHz, CDCls): & (ppm) 9.33 (s, 1H),
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8.22-8.11 (m, 4H), 7.81-7.71 (m, 2H), 7.60-7.52 (m, 3H); *C NMR (75 MHz, CDCls):

d (ppm) 152.0, 143.5, 142.5, 141.7, 136.9, 130.4, 130.3, 129.8, 129.7, 129.3, 127.7.

@[N\ 2-(4-fluorophenyl)quinoxaline (3b): (known compound, see:
N/]\Q\F Cho, C. S.; Oh, S. G. J. Mol. Catal. A Chem. 2007, 276, 205).
Yellow solid; m.p. 120-122 °C; 75% yield; '"H NMR (300 MHz, CDCl5): & (ppm) 9.28
(s, 1H), 8.21-8.09 (m, 4H), 7.80-7.71 (m, 2H), 7.27-7.21 (m, 2H); *C NMR (75 MHz,
CDCl3): & (ppm) 166.0, 162.7, 150.8, 143.0, 142.3, 141.6, 133.1, 133.0, 130.5, 129.7,

129.7,129.6, 129.3, 116.5, 116.2.

@N\ 2-(4-chlorophenyl)quinoxaline (3c): (known compound, see:
NJ\Q\CI Martin, L. J.; Marzinzik, A. L.; Ley, S. V.; Baxendale, 1. R. Org.
Lett. 2011, 13, 320). Yellow solid; m.p. 132-134 °C; 68% yield; 'H NMR (300 MHz,
CDCl3): 6 (ppm) 9.29 (s, 1H), 8.17-8.10 (m, 4H), 7.81-7.73 (m, 2H), 7.55-7.52 (m,
2H); *C NMR (75 MHz, CDCls): & (ppm) 150.7, 143.0, 142.4, 141.8, 136.7, 135.3,

130.6, 129.9, 129.7, 129.5, 129.3, 128.9.

Madhav, B.; Murthy, S. N.; Reddy, V. P.; Rao, K. R., Nageswar,

©:N\ 2-(4-bromophenyl)quinoxaline (3d): (known compound, see:
Br

Y. V. D. Tetrahedron Lett. 2009, 50, 6025). Yellow solid; m.p. 136-138 °C; 72%
yield; 'H NMR (300 MHz, CDCl): & (ppm) 9.29 (s, 1H), 8.15-8.07 (m, 4H),

7.81-7.67 (m, 4H); °C NMR (75 MHz, CDCls): & (ppm) 150.8, 142.9, 142.4, 141.9,
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135.8, 132.5, 130.6, 129.9, 129.8, 129.3, 129.1, 125.1.

@N\ 2-(4-methoxyphenyl)quinoxaline (3e): (known compound,
OMe

see: Madhav, B.; Murthy, S. N.; Reddy, V. P.; Rao, K. R,,
Nageswar, Y. V. D. Tetrahedron Lett. 2009, 50, 6025). Yellow solid; 70% yield; m.p.
99-100 °C; "H NMR (300 MHz, CDCls): & (ppm) 9.27 (s, 1H), 8.18-8.15 (d, J = 8.7
Hz, 2H), 8.12-8.06 (m, 2H), 7.76-7.66 (m, 2H), 7.08-7.05 (d, J = 8.7 Hz, 2H), 3.88 (s,
3H); C NMR (75 MHz, CDCl3): & (ppm) 161.6, 151.5, 143.2, 142.4, 141.3, 130.2,

1295, 129.4,129.2, 129.1, 129.1, 114.7, 55.5.

©i"‘\ 2-(3-methoxyphenyl)quinoxaline (3f): (known compound,
= OMe
N: \[j/

see: Cho, C.S.; Oh, S.G. J. Mol. Catal. A Chem. 2007, 276,
205). Yellow solid; m.p. 87-88 °C; 75% yield; 'H NMR (300 MHz, CDCls): & (ppm)
9.31 (s, 1H), 8.18-8.10 (m, 2H), 7.80-7.71 (m, 4H), 7.50-7.44 (t, J = 8.0 Hz, 1H),
7.08-7.05 (m, 1H), 3.94 (s, 3H); *C NMR (75 MHz, CDCl): & (ppm) 160.5, 151.8,
143.6, 142.4, 141.8, 138.3, 130.4, 130.3, 129.8, 129.7, 129.3, 120.1, 116.4, 112.9,

55.6.

©:N\: ome 2-(2-methoxyphenyl)quinoxaline (3g): (known compound, see:
N/

Cho, C. S.; Oh, S. G. Tetrahedron Lett. 2006, 47, 5633.). Yellow
solid; 71% yield; m.p. 109-110 °C; 'H NMR (300 MHz, CDCl5): & (ppm) 9.34 (s, 1H),
8.17-8.10 (m, 2H), 7.92-7.89 (m, 1H), 7.77-7.70 (m, 2H), 7.50-7.44 (m, 1H),

7.18-7.13 (t, J = 7.5 Hz, 1H), 7.07-7.04 (d, J = 8.4 Hz, 1H), 3.89 (s, 3H); °C NMR

S12



(75 MHz, CDCls): 6 (ppm) 157.5, 152.3, 147.4, 142.8, 141.2, 131.7, 131.5, 129.8,

129.6, 129.4,129.2, 126.7, 121.6, 111.5, 55.7.

2,3-Dialkyl quinoxalines: 2,3-Dialkyl quinoxalines 5a-5h were prepared
according to the method previously reported in the literature:’ To a stirred solution of
2,3-dione (13 mmol) in 50 mL of methanol was added benzene-1,2-diamine (10 mmol)
and ammonium chloride (50 mol%). The mixture was stirred at room tempreture for 1
h. The reaction mixture was washed with water (200 mL) and extracted by CH,Cl,.
The organic phase was evaporated under reduced pressure and the pure product was

obtained without any further purification.

N 2,3-dimethylquinoxaline (5a): (known compound, see: Darabi, H. R.;
XX

Soc., 2008, 19, 1646). White solid; m.p. 105-106 °C; 92% yield; "H NMR (300 MHz,

Tahoori, F.; Aghapoor, K.; Taala F.; Mohsenzadeh, F. J. Braz. Chem.

CDCl): & (ppm) 7.92-7.86 (m, 2H), 7.59-7.54 (m, 2H), 2.62 (s, 6H); °C NMR (75

MHz, CDCls): 6 (ppm) 153.4, 141.1, 128.8, 128.3, 23.2.

N 2-ethyl-3-methylquinoxaline (5b): (known compound, see: Kaiser, E.
e

N M. Petty, J. D. J. Organomet. Chem. 1976, 108, 139). White solid;
m.p. 53-54 °C; 94% yield; 'H NMR (300 MHz, CDCLs): & (ppm) 8.01-7.94 (m, 2H),
7.65-7.62 (m, 2H), 3.05-2.97 (q, J = 7.4 Hz, 2H), 2.74 (s, 3H), 1.42-1.37 (t, J=7.5 Hz,

3H); C NMR (75 MHz, CDCl3): & (ppm) 157.7, 153.2, 141.3, 141.0, 128.9, 128.8,
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128.7,128.4,29.1,22.8, 12.1.

N 2,3,6,7-tetramethylquinoxaline  (5¢): (known compound, see:

White solid; m.p. 211-212 °C; 94% yield; 'TH NMR (300 MHz, CDCls): & (ppm) 7.69

Raghuveerachary, P.; Devanna, N. Asian J. Chem. 2011, 23, 1628).

(s, 2H), 2.67 (s, 6H), 2.43 (s, 6H); *C NMR (75 MHz, CDCl5): & (ppm) 152.4, 140.1,

139.1, 127.6, 23.2, 20.3.

N ji/ 2-ethyl-3,6,7-trimethylquinoxaline (5d): White solid; m.p. 139-140

7.69 (s, 1H), 3.01-2.93 (q, J = 7.5 Hz, 2H), 2.70 (s, 3H), 2.43 (s, 6H), 1.40-1.35 (t, J =

°C; 91% yield; '"H NMR (300 MHz, CDCls): & (ppm) 7.74 (s, 1H),

7.5 Hz, 3H); *C NMR (75 MHz, CDCls): & (ppm) 156.6, 152.0, 140.2, 139.9, 139.0,
139.0, 127.9, 127.6, 29.0, 22.7, 20.3, 20.3, 12.2. HRMS-ESI exact mass calcd. for

Ci3H7N," ([M+H]") requires m/z 201.13862, found m/z 201.13825.

2-butyl-3,6,7-trimethylquinoxaline (5e): White solid; m.p.
88-89 °C; 93% yield; 'H NMR (300 MHz, CDCls): & (ppm)
7.73 (s, 1H), 7.69 (s, 1H), 2.96-2.91 (t, J = 8.0 Hz, 2H), 2.70 (s, 3H), 2.43 (s, 6H),
1.82-1.72 (m, 2H), 1.54-1.41 (m, 2H), 1.00-0.95 (t, J = 7.2 Hz, 3H); >C NMR (75
MHz, CDCls): 8 (ppm) 155.9, 152.1, 140.2, 139.9, 139.0, 139.0, 127.8, 127.6, 35.7,
30.5, 23.0, 22.8, 20.3, 20.3, 14.1. HRMS-ESI exact mass calcd. for C;sHyN,"

([M+H]") requires m/z 229.16993, found m/z 229.16966.
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2,3,6-trimethylquinoxaline (5f): (known compound, see: Darabi, H.
R.; Tahoori, F.; Aghapoor, K.; Taala F.; Mohsenzadeh, F. J. Braz.
Chem. Soc., 2008, 19, 1646). White solid; m.p. 104-106 °C; 95% yield; "H NMR (300
MHz, CDCls): & (ppm) 7.86-7.83 (d, J= 8.7 Hz, 1H), 7.73 (s, 1H), 7.49-7.46 (m, 1H),
2.70 (s, 6H), 2.54 (s, 3H); *C NMR (75 MHz, CDCls): & (ppm) 153.4, 152.6, 141.3,

139.6, 139.2, 131.1, 128.0, 127.5, 23.3, 23.2, 21.9.

F\©:N\ 6-fluoro-2,3-dimethylquinoxaline (5g): (known compound, see:

N Zhang, L.; Qiu, B.; Li, Xin.; Wang, Xin.; L1, J.; Zhang, Y.; Liu, J.; Li,
J.; Shen, J. Molecules 2006, 11, 988). White solid; 90% yield; m.p. 108-110 °C; 'H
NMR (300 MHz, CDCls): 6 (ppm) 7.89-7.84 (m, 1H), 7.53-7.49 (m, 1H), 7.38-7.31

(m, 1H), 2.63 (s, 6H); °C NMR (75 MHz, CDCL): & (ppm) 163.8, 160.5, 154.4,

152.8,152.7, 141.8, 141.7, 138.2, 130.4, 130.2, 119.0, 118.7, 112.2, 111.9, 23.2, 23.0.

CI\@[NI 6-chloro-2,3-dimethylquinoxaline (5h): (known compound, see:

" Darabi, H. R.; Tahoori, F.; Aghapoor, K.; Taala F.; Mohsenzadeh, F. J.
Braz. Chem. Soc., 2008, 19, 1646). White solid; m.p. 89-91 °C; 90% yield; 'H NMR
(300 MHz, CDCls): 8 (ppm) 7.91 (s, 1H), 7.86-7.83 (d, J = 8.7 Hz 1H), 7.56-7.53 (d, J
= 8.7 Hz, 1H), 2.67 (s, 6H); >*C NMR (75 MHz, CDCls): & (ppm) 154.6, 153.8, 141.5,

139.6, 134.4,129.8, 129.7, 127.5, 23.3, 23.2.
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4. General procedure for the asymmetric hydrogenation of
quinoxalines

(1) Typical procedure for the asymmetric hydrogenation of 2-alkyl substituted
quinoxalines:

>_//

H 5
3 3 :
R N Ha, (R,R)-8e R N ; iy
Z T CicHCH,Cl ]< L BAFT S N-Ms
R? N~ Dakyl ~ CICHCH,C R3 N alkyl 5 HZN\)”
' “Ph

Ph
(R,R)-8e

A 50 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar
was charged with Ru-catalyst (R,R)-8¢ (0.002 mmol) and the corresponding
quinoxaline (0.2 mmol) in DCE (1 mL) under nitrogen atmosphere in a glove box.
The autoclave was closed, and the final pressure of the hydrogen gas was adjusted to
50 atm after purging the autoclave with hydrogen gas several times. The reaction
mixture was stirred at 40 °C for 8 h. Then the hydrogen gas was carefully released and
the conversion was determined by 'H NMR spectroscopy after the solvent was
evaporated under reduced pressure. The reaction mixture was filtered through a short
pad of silica eluted with DCM to give the pure products. The enantiomeric excess of

the product was determined by HPLC with a chiral OD-H column.

H (R)-2-methyl-1,2,3,4-tetrahydroquinoxaline (2a): (known compound,
C[ j\ see: George, H. F.; Harry, P. S. J. Org. Chem. 1974, 39, 635). White
solid; m.p. 71-72 °C; isolated yield 95%, 98% ee, [a]p™ = +3.7 (¢ 0.5, CH,Cl,), [Lit.*

[a]p® = -34.4 (c 0.065, CH,CLy), 93% ee, (S)]; '"H NMR (300 MHz, CDCls): & (ppm)
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6.59-6.49 (m, 4H), 3.55 (b, 2H), 3.34-3.31 (m, 1H), 3.05 (b, 1H), 1.20-1.18 (d, J =
6.30 Hz, 3H); °C NMR (75 MHz, CDCl3): & (ppm) 133.6, 133.3, 118.7, 114.52,
114.47, 48.3, 45.8, 19.9. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector:

254 nm, flow rate: 1 mL / min), (R) t; = 9.9 min (major), (S) t, =11.8 min (minor).

s (R)-2-ethyl-1,2,3,4-tetrahydroquinoxaline (2b): (known compound,
E:[va see: Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.; Fan, B.; Zhou, Z.; Lam,
K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135). White solid; m.p. 67-69
°C; isolated yield 90%, 99% ee, [a]p™’ = +36.0 (¢ 1.0, CH,Cly), [Lit.* [o]p° = -30.1 (¢
0.105, CH,Cl,), 89% ee, (S)]; '"H NMR (300 MHz, CDCls): & (ppm) 6.60-6.49 (m,
4H), 3.61 (bs, 2H), 3.40-3.36 (m, 1H), 3.33-3.26 (m, 1H), 3.10-3.04 (m, 1H),
1.58-1.48 (m, J = 7.3 Hz, 2H), 1.04-0.99 (t, J = 7.5 Hz, 3H); °C NMR (75 MHz,
CDCl): 6 (ppm) 133.6, 133.5, 118.8, 118.7, 114.5, 114.5, 51.8, 46.4, 27.2, 10.1.
HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL /

min ), (R) t; = 9.9 min (major), (S) t; =12.5 min (minor).

Hj\/\ (R)-2-propyl-1,2,3,4-tetrahydroquinoxaline (2¢): (known
H compound, see: Murata, S.; Sugimoto, T.; Matsuura, S.

Heterocycles 1987, 26, 763). White solid; m.p. 87-88 °C; isolated yield 98%, 98% ee,
[a]p®® = +43.5 (¢ 1.0, CH,CL), [Lit.* [a]p™ = -30.1 (¢ 0.105, CH.CL) (S)]; 'H NMR
(300 MHz, CDCl3): & (ppm) 6.61-6.49 (m, 4H), 3.62 (b, 2H), 3.38-3.34 (m, 2H),

3.10-3.04 (m, 1H), 1.51-1.41 (m, 4H), 1.01-0.97 (m, 3H); *C NMR (75 MHz, CDCl;):
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o (ppm) 133.6, 133.5, 118.6, 118.5, 114.5, 114.4, 50.0, 46.7, 36.5, 18.9, 14.2. HPLC
(OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ),

(R) t; = 9.0 min (major), (S) t, =11.7 min (minor).

H (R)-2-butyl-1,2,3,4-tetrahydroquinoxaline ~ (2d):  (known

@ENJ\/\/
ﬂ compound, see: Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.; Fan, B.;

Zhou, Z.; Lam, K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135). White
solid; 58-59 m.p. °C; isolated yield 92%, 99% ee, [a]p™ = +32.0 (¢ 0.5, CH,CL),
[Lit.* [a]p®® = -30.4 (c 0.150, CH,Cl,), 93% ee, (S)]; 'H NMR (300 MHz, CDCls): &
(ppm) 6.61-6.49 (m, 4H), 3.64 (b, 2H), 3.38-3.35 (m, 2H), 3.10-3.04 (m, 1H),
1.50-1.37 (m, 6H), 0.97-0.92 (m, 3H); >C NMR (75 MHz, CDCls): & (ppm) 133.6,
133.5, 118.8, 118.7, 114.6, 114.5, 50.4, 46.8, 34.1, 27.9, 22.9, 14.1. HPLC (OD-H,
elute: Hexane / i-PrOH = 60 / 40, detector: 254 nm, flow rate: 1 mL / min ), (R) t; =

6.1 min (major), (S) t; =7.7 min (minor).

§ (R)-2-isobutyl-1,2,3,4-tetrahydroquinoxaline  (2e):  (known
ﬁ]\)\ compound, see: Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.; Fan, B.;

Zhou, Z.; Lam, K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135). White
solid; m.p. 69-70 °C; isolated yield 97%, 98% ee, [a]p™ = +47.5 (¢ 1.0, CH.CL),
[Lit.* [a]p™® = -43.5 (¢ 0.135, CH,CL,), 94% ee, (S)]; 'H NMR (300 MHz, CDCls): &
(ppm) 6.65-6.52 (m, 4H), 3.65 (b, 2H), 3.48-3.45 (m, 1H), 3.38-3.34 (m, 1H),

3.10-3.03 (m, 1H), 1.83-1.74 (m, 1H), 1.43-1.35 (m, 2H), 1.03-0.99 (m, 6H); °C
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NMR (75 MHz, CDCls): & (ppm) 133.5, 118.7, 118.7, 114.6, 114.5, 48.2, 47.1, 43.4,
24.5, 23.2, 22.6. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm,

flow rate: 1 mL / min ), (R) t; = 8.4 min (major), (S) t; =12.1 min (minor).

N (R)-2-(tert-butyl)-1,2,3,4-tetrahydroquinoxaline ~ (2f):  (known
H]\’< compound, see: Sakata, T.; Tanaka, D.; Takahashi, M.; Sakaguchi, T.

Oka, R.; Nishiyama, T. Tech. Rep. Kan. Univ. 2005, 47, 39.). White solid; m.p. 95-96
°C; isolated yield 96%, 95% ee, [a]p™ = +26.9 (¢ 1.0, CH,Cl,), [Lit.* [o]p™° =-18.9 (¢
0.090, CH,Cl,), 85% ee, (S)]; '"H NMR (300 MHz, CDCls): & (ppm) 6.67-6.51 (m,
4H), 3.64 (b, 2H), 3.41-3.33 (m, 1H), 3.20-3.13 (m, 2H), 1.03 (s, 9H); °C NMR (75
MHz, CDCls): & (ppm) 134.6, 133.5, 118.9, 118.3, 114.4, 114.3, 59.1, 42.6, 32.8, 26.1.
HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL /

min ), (R) t; = 6.8 min (major), (S) t; =10.0 min (minor).

“]\/W (R)-2-hexyl-1,2,3,4-tetrahydroquinoxaline  (2g): (known
: H compound, see: Tan, J.; Tang, W.; Sun, Y.; Jiang, Z.; Chen, F.;

Xu, L.; Fan, Q.; Xiao, J. Tetrahedron 2011, 67, 6206). White solid; m.p. 74-76 °C;
isolated yield 95%, 99% ee, [a]p>" = +37.5 (¢ 1.0, CH,Cl,); '"H NMR (300 MHz,
CDClL): & (ppm) 6.62-6.50 (m, 4H), 3.64 (b, 2H), 3.39-3.35 (m, 2H), 3.10-3.04 (m,
1H), 1.49-1.34 (m, 10H), 0.95-0.91 (m, 3H); *C NMR (75 MHz, CDCls): & (ppm)
133.6, 133.5, 118.8, 118.6, 114.5, 114.5, 50.4, 46.8, 34.4,31.9, 29.5, 25.7, 22.7, 14.2.

HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL /
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min ), (R) t; = 7.3 min (major), (S) t; =10.2 min (minor).

H (R)-2-cyclohexyl-1,2,3,4-tetrahydroquinoxaline ~ (2h):  (known
C[Hjb compound, see: Tan, J.; Tang, W.; Sun, Y.; Jiang, Z.; Chen, F.; Xu,

L.; Fan, Q.; Xiao, J. Tetrahedron 2011, 67, 6206). White solid; m.p.
105-106 °C; isolated yield 95%, 97% ee, [a]p™’ = +43.7 (¢ 1.0, CH,CL,); '"H NMR
(300 MHz, CDCls): 6 (ppm) 6.61-6.49 (m, 4H), 3.67 (b, 2H), 3.39-3.36 (m, 1H),
3.22-3.13 (m, 2H), 1.92-1.71 (m, 5H), 1.47-1.04 (m, 6H); *C NMR (75 MHz, CDCl;):
d (ppm) 133.9, 133.6, 118.8, 118.4, 114.4, 55.3, 44.1, 40.8, 29.3, 29.0, 26.6, 26.3,
26.2. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1

mL / min ), (R) t; = 8.5 min (major), (S) t; =10.7 min (minor).

H (R)-2,6,7-trimethyl-1,2,3,4-tetrahydroquinoxaline  (2i): (known
j@ j\ compound, see: Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.; Fan, B
Zhou, Z.; Lam, K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135). White
solid; m.p. 118-119 °C; isolated yield 94%, 99% ee, [a]p™ = +6.2 (¢ 0.5, CH.CL),
[Lit.* [a]p™® = -26.5 (¢ 0.150, CH,CL,), 87% ee, (S)]; 'H NMR (300 MHz, CDCls): &
(ppm) 6.36-6.35 (m, 2H), 3.45 (b, 3H), 3.32-3.28 (m, 1H), 3.04-2.98 (m, 1H), 2.13 (s,
6H), 1.21-1.18 (d, J = 6.3 Hz, 3H); °C NMR (75 MHz, CDCls): 6 (ppm) 131.5, 131.1,
126.5, 126.5, 116.4, 48.7, 46.1, 20.0, 18.9. HPLC (OD-H, elute: Hexane / i-PrOH =
80 / 20, detector: 254 nm, flow rate: 1 mL / min ), (R) t; = 7.7 min (major), (S) t

=10.4 min (minor).
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H (R)-2-ethyl-6,7-dimethyl-1,2,3,4-tetrahydroquinoxaline (2)):
D[ﬂ]{/ (known compound, see: Tang, W.; Xu, L.; Fan, Q. H.; Wang, J;
Fan, B.; Zhou, Z.; Lam, K. H.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135).
White solid; m.p. 122-123 °C; isolated yield 93%, 99% ee, [o]p”" = +22.8 (¢ 0.5,
CH,Cly), [Lit.* [a]p®® = -35.5 (¢ 0.150, CH,Cl,), 91% ee, (S)]; '"H NMR (300 MHz,
CDCl;, D,O was added): o (ppm) 6.34 (s, 2H), 3.35-3.31 (m, 1H), 3.22 (b, 1H),
3.04-3.01 (m, 1H), 2.09 (s, 6H), 1.55-1.46 (m, 2H), 1.01-0.97 (t, J = 7.4 Hz, 3H); °C
NMR (75 MHz, CDCl;): & (ppm) 131.4, 131.3, 126.6, 126.3, 116.4, 52.1 46.7, 27.1,

18.9, 10.1. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow

rate: 1 mL / min ), (R) t; = 7.5 min, (S) t, =10.6 min.

Hj\/\ (R)-6,7-dimethyl-2-propyl-1,2,3,4-tetrahydroquinoxaline (2k):
N White solid; m.p. 115-116 °C; isolated yield 95%, 99% ee, [a]p>"

=+26.9 (¢ 0.5, CH,Cl); "H NMR (300 MHz, CDCl;, D,O was added): & (ppm) 6.33
(s, 2H), 3.30 (b, 2H), 3.01-2.96 (m, 1H), 2.09 (s, 6H), 1.46-1.38 (m, 4H), 0.98-0.94
(m, 3H); >C NMR (75 MHz, CDCls): & (ppm) 131.5, 131.3, 126.6, 126.4, 116.5, 50.4,
47.1, 36.5, 19.0, 14.2. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254
nm, flow rate: 1 mL / min), (R) t; = 7.3 min (major), (S) t, =10.3 min (minor).
HRMS-ESI exact mass calcd. for C13Hy N, ([M+H]+) requires m/z 205.16993, found

m/z 205.16930.
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H (R)-2-butyl-6,7-dimethyl-1,2,3,4-tetrahydroquinoxaline (2l):
(known compound, see: Cartigny, D.; Nagano, T.; Ayad, T.;
Genét, J.-P.; Ohshima, T.; Mashima, K.; Ratovelomanana-Vidal, V. Adv. Synth. Catal.
2010, 352, 1886). White solid; m.p. 102-103 °C; isolated yield 92%, 98% ee, [a]D2° =
+32.8 (¢ 0.5, CH,Cly), [Lit.° [a]p™ = -38.4 (c 1.0, CH,CL,), (S).]; '"H NMR (300 MHz,
CDCls): & (ppm) 6.33 (s, 2H), 3.30 (b, 2H), 3.01 (b, 1H), 2.09 (s, 6H), 1.46-1.36 (m,
6H), 0.95-0.90 (m, 3H); *C NMR (75 MHz, CDCls): & (ppm) 131.5, 131.3, 126.6,
126.3, 116.4, 50.7, 47.1, 34.0, 28.0, 22.9, 18.9, 14.1. HPLC (OD-H, elute: Hexane /
i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ), (R) t; = 7.0 min (major),

(S) t, =10.5 min (minor).

H (R)-2-phenethyl-1,2,3,4-tetrahydroquinoxaline (2m): (known
Q:HJL@ compound, see: Cartigny, D.; Nagano, T.; Ayad, T.; Genét, J.-P.;
Ohshima, T.; Mashima, K.; Ratovelomanana-Vidal, V. Adv.

Synth. Catal. 2010, 352, 1886). White solid; m.p. 68-69 °C; isolated yield 90%, 98%
ee, [o]p™" = +49.8 (¢ 1.0, CH,Cly), [Lit.° [a]p®® = -46.3 (¢ 1.0, CH,CL,), 91% ee, (S).];
'H NMR (300 MHz, CDCls): & (ppm) 7.32-7.20 (m, 5H), 6.60-6.45 (m, 4H), 3.62 (b,
2H), 3.44-3.36 (m, 2H), 3.15-3.08 (m, 1H), 2.80-2.72 (m, 2H), 1.87-1.80 (m, 2H); *C
NMR (75 MHz, CDCl;): & (ppm) 141.6, 133.4, 133.4, 128.6, 128.4, 126.1, 118.8,
118.7, 114.6, 114.5, 49.9, 46.5, 35.9, 32.2. HPLC (OD-H, elute: Hexane / i-PrOH =
80 / 20, detector: 254 nm, flow rate: 1 mL / min ), (R) t; = 15.4 min (major), (S) t

=20.7 min (minor).
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(2) Typical procedure for asymmetric hydrogenation of 2-aryl substituted
quinoxalines:

H

N E E CF3
H2 (S,S)-9e H ,R|u
. ' BArF | ~N-S03
CICHZCHZCI N aryl | HZN\i)
H |

(S,5)-9¢

A 50 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar
was charged with Ru-catalyst (S,5)-9e (0.002 mmol) and the corresponding
quinoxaline (0.2 mmol) in DCE (1 mL) under nitrogen atmosphere in a glove box.
The autoclave was closed, and the final pressure of the hydrogen gas was adjusted to
80 atm after purging the autoclave with hydrogen gas several times. The reaction
mixture was stirred at room temperature for 16 h. Then the hydrogen gas was
carefully released and the conversion was determined by 'H NMR spectroscopy after
the solvent was evaporated under reduced pressure. The reaction mixture was filtered
through a short pad of silica gel eluted with DCM to give the pure products. The
enantiomeric excess of the product was determined by HPLC with a chiral OD-H

column.

H (S)-2-phenyl-1,2,3,4-tetrahydroquinoxaline (4a): (known
C[Hj@ compound, see: Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.; Fan, B.;
Zhou, Z.; Lam, K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009,

48, 9135). Yellow solid; m.p. 121-123 °C; isolated yield 90%, 94% ee, [a]p™ = +96.3
(¢ 1.0, CHCls), [Lit.” [a]p™® = -98.6 (c 1.0, CHCls), 90% ee, (R).]; '"H NMR (300 MHz,

CDCly): & (ppm) 7.42-7.33 (m, 5H), 6.70-6.59 (m, 4H), 4.51-4.48 (dd, J = 3.1, 8.1
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Hz, 1H), 3.74 (b, 2H), 3.50-3.45 (m, 1H), 3.38-3.31 (m, 1H); *C NMR (75 MHz,
CDCl): 6 (ppm) 142.0, 134.2, 132.9, 128.7, 128.0, 127.1, 119.0, 118.9, 114.8, 114.6,
54.8, 49.2. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow

rate: 1 mL / min ), (R) t; = 14.3 min (minor), (S) t; = 18.6 min (major).

\ (S)-2-(4-fluorophenyl)-1,2,3,4-tetrahydroquinoxaline (4b):
C[Hjﬁ (known compound, see: Chen, Q.-A.; Wang, D.-S.; Zhou, Y.-G.;
F

Duan, Y.; Fan, H.-J.; Yang, Y.; Zhang, Z. J. Am. Chem. Soc. 2011,
133, 6126). Yellow solid; m.p. 103-104 °C; isolated yield 92%, 94% ece, [a]p™ =
+92.5 (¢ 1.0, CHCls), [Lit.” [a]p*® = -91.3 (¢ 0.9, CHCl3), 89% ee, (R)]; 'H NMR (300
MHz, CDCl): 6 (ppm) 7.39-7.34 (m, 2H), 7.09-7.03 (m, 2H), 6.72-6.58 (m, 4H),
4.52-4.48 (dd, J = 2.4, 8.1 Hz, 1H), 4.06 (b, 2H), 3.48-3.43 (m, 1H), 3.32-3.26 (m,
1H); *C NMR (75 MHz, CDCLs): & (ppm) 137.4, 137.4, 134.3, 131.7, 128.8, 128.7,
119.9, 119.1, 115.8, 115.5, 114.8, 54.0, 49.1. HPLC (OD-H, elute: Hexane / i-PrOH =
80 / 20, detector: 254 nm, flow rate: 1 mL / min ), (R) t; = 17.4 min (minor), (S) t, =

16.7 min (major).

§ (S)-2-(4-chlorophenyl)-1,2,3,4-tetrahydroquinoxaline (4c):
Q:N]{@ (known compound, see: Chen, Q.-A.; Wang, D.-S.; Zhou, Y.-G,;

° Duan, Y.; Fan, H.-J.; Yang, Y.; Zhang, Z. J. Am. Chem. Soc.
2011, 133, 6126). Yellow solid; m.p. 104-105 °C; isolated yield 94%, 96% ce, [a]p>"

=+93.8 (¢ 1.0, CHCI3), [Lit.” [o]p™ = -92.7 (¢ 0.96, CHCl:), 87% ee, (R)]; 'H NMR
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(300 MHz, CDCl3): & (ppm) 7.37-7.31 (m, 4H), 6.68-6.57 (m, 4H), 4.48-4.45 (dd, J =
3.0, 8.0 Hz, 1H), 3.58 (b, 2H), 3.46-3.41 (m, 1H), 3.31-3.25 (m, 1H); °C NMR (75
MHz, CDCl3): & (ppm) 140.6, 133.9, 133.7, 132.8, 128.9, 128.4, 119.1, 119.1, 114.9,
114.6, 54.2, 49.1. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm,

flow rate: 1 mL / min ), (R) t; = 19.6 min (minor), (S) t; = 32.0 min (major).

\ (S)-2-(4-bromophenyl)-1,2,3,4-tetrahydroquinoxaline  (4d):
Q:Hj{@ (known compound, see: Chen, Q.-A.; Wang, D.-S.; Zhou, Y.-G.;

> Duan, Y.; Fan, H.-J.; Yang, Y.; Zhang, Z. J. Am. Chem. Soc.
2011, 133, 6126). Yellow solid; m.p. 144-146 °C; isolated yield 95%, 95% ee, [a]p>"
= +85.6 (¢ 1.0, CHCIy), [Lit.” [o]p™ = -76.1 (c 1.12, CHCL), 87% ee, (R)]; 'H NMR
(300 MHz, CDCls): o (ppm) 7.42-7.37 (m, 2H), 7.19-7.14 (m, 2H), 6.59-6.47 (m, 4H),
4.35-4.31 (dd, J = 3.0, 7.8 Hz, 1H), 3.57 (b, 2H), 3.35-3.29 (m, 1H), 3.21-3.12 (m,
1H); *C NMR (75 MHz, CDCls): & (ppm) 141.1, 133.8, 132.8, 131.8, 128.8, 121.7,
119.1, 119.1, 114.9, 114.6, 54.2, 49.0. HPLC (OD-H, elute: Hexane / i-PrOH = 80 /
20, detector: 254 nm, flow rate: 1 mL / min ), (R) t; = 21.0 min (minor), (S) t; = 34.3

min (major).

(known compound, see: Rueping, M.; Tato, F.; Schoepke, F. R.

H
@N (S)-2-(4-methoxyphenyl)-1,2,3,4-tetrahydroquinoxaline (4e):
Nj<©\
H
OMe

Chem. Eur. J. 2010, 16, 2688). Yellow solid; m.p. 63-65 °C; isolated yield 90%, 94%

ee, [a]p™ = +90.1 (¢ 1.0, CHCL), [Lit.* [a]p™ = -83.2 (¢ 1.0, CHCls), 94% ee, (R)];
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'H NMR (300 MHz, CDCl): & (ppm) 7.34-7.31 (m, 2H), 6.95-6.92 (m, 2H),
6.68-6.56 (m, 4H), 4.45-4.42 (dd, J = 2.7, 7.8 Hz, 1H), 3.84 (s, 3H), 3.68 (b, 2H),
3.45-3.40 (m, 1H), 3.34-3.28 (m, 1H); *C NMR (75 MHz, CDCl3): & (ppm) 159.4,
134.3, 134.0, 132.9, 128.2, 118.9, 118.8, 114.7, 114.5, 114.1, 55.4, 54.2, 49.3. HPLC
(OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ),

(R) t; = 17.5 min (minor), (S) t, = 23.7 min (major).

(S)-2-(3-methoxyphenyl)-1,2,3,4-tetrahydroquinoxaline (4f):
©: j\©/ Me (known compound, see: Cartigny, D.; Nagano, T.; Ayad, T.;

Genét, J.-P.; Ohshima, T.; Mashima, K.;
Ratovelomanana-Vidal, V. Adv. Synth. Catal. 2010, 352, 1886). Yellow solid; m.p.
89-90 °C; isolated yield 95%, 94% ee, [o]p”" = +81.8 (¢ 1.0, CHCls), [Lit.° [a]p™ =
-2.8 (c 1.22, CHCl3), 87% ee, (S)]; 'H NMR (300 MHz, CDCls): & (ppm) 7.33-7.28
(m, 1H), 7.01-6.98 (m, 2H), 6.90-6.86 (m, 1H), 6.68-6.58 (m, 4H), 4.48-4.44 (dd, J =
2.7, 8.1 Hz, 1H), 3.83 (s, 3H), 3.68 (b, 2H), 3.49-3.44 (m, 1H), 3.36-3.30 (m, 1H); °C
NMR (75 MHz, CDCl;): & (ppm) 160.0, 143.6, 134.2, 132.8, 129.7, 119.4, 119.1,
118.9, 114.9, 114.6, 113.4, 112.5, 55.3, 54.7, 49.2. HPLC (OD-H, elute: Hexane /
i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), (R) t; = 19.4 min (minor),

(S) t2 = 28.3 min (major).

(S)-2-(2-methoxyphenyl)-1,2,3,4-tetrahydroquinoxaline (49):

N

©: OMe ) ) ) .
N
Hj\(j (known compound, see: Tang, W.; Xu, L.; Fan, Q.-H.; Wang, J.;
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Fan, B.; Zhou, Z.; Lam, K.-h.; Chan, A. S. C. Angew. Chem. Int. Ed. 2009, 48, 9135).
Yellow solid; m.p. 89-90 °C; isolated yield 91%, 89% ee, [a]D20 = +82.5 (c 1.0,
CHCl), [Lit.* [a]p™ = -18.1 (¢ 0.1, CH,Cl,), 84% ee, (S)]; 'H NMR (300 MHz,
CDCl): & (ppm) 7.47-7.44 (m, 1H), 7.33-7.28 (m, 1H), 7.03-6.92 (m, 2H), 6.69-6.59
(m, 4H), 4.95-4.93 (m, 1H), 3.88 (s, 3H), 3.70 (b, 2H), 3.59-3.56 (m, 1H), 3.34-3.28
(m, 1H); >C NMR (75 MHz, CDCls): & (ppm) 156.6, 134.6, 133.0, 130.2, 128.5,
127.1, 120.9, 119.0, 118.6, 115.0, 114.6, 110.3, 55.4, 47.9, 46.8. HPLC (OD-H, elute:
Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ), (S) t; = 14.4

min (major), (R) t; =17.9 min (minor).

(3) Typical procedure for the asymmetric hydrogenation of 2,3-dialkyl
substituted quinoxalines:

H :
3 3 :
R N b R Ryge R N alkyl | R|u
_ _— I '+ BArF— | ~N-Ms
R4 N alkyl toluene 4 I

R N * alkyl | HaN N,
H : “Ph

Ph
(RR)-8e

A 50 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar
was charged with Ru-catalyst (R,R)-8e¢ (0.002 mmol) and the corresponding
quinoxaline (0.2 mmol) in toluene (1 mL) under nitrogen atmosphere in a glove box.
The autoclave was closed, and the final pressure of the hydrogen gas was adjusted to
50 atm after purging the autoclave with hydrogen gas several times. The reaction
mixture was stirred at 40 °C for 8 h. Then the hydrogen gas was carefully released and

the conversion was determined by 'H NMR spectroscopy after the solvent was
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evaporated under reduced pressure. The diastereomeric excess was determined by 'H
NMR spectroscopy and HPLC. The trans isomer and cis isomer were separated by a
silica gel column eluted with petroleum ether/ethyl acetate (10/1, V/V). The
enantiomeric excess of the product was determined by HPLC with a chiral OD-H,

AD-H or OB-H column.

H (+)-trans-2,3-dimethyl-1,2,3,4-tetrahydroquinoxaline (6a): (known

LK

N compound, see: Murata, S.; Sugimoto, T.; Matsuura, S. Heterocycles

1987, 26, 763). White solid; m.p. 105-106 °C; 99% ee, [o]p> = +65.1 (¢ 1.0, CH,Cl,);
'H NMR (300 MHz, CDCls): & (ppm) 6.63-6.49 (m, 4H), 3.48 (b, 2H), 3.08-2.99 (m,
2H), 1.19-1.17 (d, J= 5.7 Hz, 6H); >C NMR (75 MHz, CDCl5): & (ppm) 133.6, 118.6,
114.0, 52.1, 19.1. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm,
flow rate: 1 mL / min ), t; = 6.5 min (mojor), t; =8.6 min (minor).

Cis isomer: White solid; m.p. 112-113 °C; 'H NMR (300 MHz, CDCl3): & (ppm)
6.65-6.52 (m, 4H), 3.59 (s, 2H), 3.54-3.48 (m, 2H), 1.17-1.14 (d, J = 6.3 Hz, 6H); °C
NMR (75 MHz, CDCls): & (ppm) 132.8, 118.6, 114.5, 49.1, 17.3. HPLC (OD-H, elute:

Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min), t = 9.8 min.

H (+)-trans-2-ethyl-3-methyl-1,2,3,4-tetrahydroquinoxaline (6b):
: u * Yellow oil; 99% ee, [o]p”’ = +94.9 (¢ 1.0, CH,CL); '"H NMR (300
MHz, CDCls): & (ppm) 6.59-6.49 (m, 4H), 3.45 (b, 2H), 3.18 (b, 1H), 2.89 (b, 1H),

1.78-1.64 (m, 1H), 1.53-1.38 (m, 1H), 1.21-1.19 (d, J = 6.3 Hz, 3H), 1.06-1.01 (t, J =
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7.5 Hz, 3H); *C NMR (75 MHz, CDCls): & (ppm) 133.5, 133.2, 118.7, 118.5, 114.1,
57.3,49.8, 25.7, 19.5, 9.6. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector:
254 nm, flow rate: 1 mL / min), t; = 6.0 min (major), t, =7.6 min (minor). HRMS-ESI
exact mass caled. for C; H7N," ([M+H]+) requires m/z 177.13862, found m/z
177.13819.

Cis isomer: White solid; m.p. 79-80 °C; 'H NMR (300 MHz, CDCLs): & (ppm)
6.58-6.49 (m, 4H), 3.54-3.52 (m, 1H), 3.25 (s, 1H), 1.48-1.44 (m, 2H), 1.14-1.12 (d, J
= 6.6 Hz, 3H), 1.02-0.97 (t, J = 7.4 Hz, 3H); >C NMR (75 MHz, CDCl3): & (ppm)
132.9, 132.6, 118.8, 118.8, 114.8, 114.5, 55.2, 48.4, 24.1, 16.7, 10.5. HPLC (OD-H,
elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ), t; = 9.0

min, t, = 10.9 min.

H (+)-trans-2,3,6,7-tetramethyl-1,2,3,4-tetrahydroquinoxaline  (6¢):
D[H > White solid; m.p. 128-129 °C; 99% ee, [a]p™ = +71.5 (¢ 1.0, CH,Cl,);
'H NMR (300 MHz, CDCls): & (ppm) 6.33 (s, 2H), 2.97 (b, 2H), 2.79 (b, 2H), 2.10 (b,
6H), 1.16-1.14 (d, J = 6.0 Hz, 6H); °C NMR (75 MHz, CDCls): & (ppm) 131.5, 126.3,
116.0, 52.4, 19.0. HPLC (OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm,
flow rate: 1 mL / min), t; = 6.1 min (major), t, = 8.4 min (minor). HRMS-ESI exact
mass calcd. for C;pHioN, " ([M+H]+) requires m/z 191.15428, found m/z 191.15380.
Cis isomer: White solid; m.p. 135-136 °C; 'H NMR (300 MHz, CDCl3): & (ppm)

6.35 (s, 2H), 3.46-3.45 (m, 2H), 3.29 (b, 2H), 2.12 (s, 6H), 1.14-1.12 (d, J = 6.6 Hz,

6H); >*C NMR (75 MHz, CDCLs): & (ppm) 130.5, 126.4, 116.4, 49.4, 19.0, 17.2.
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N, (+)-trans-2-ethyl-3,6,7-trimethyl-1,2,3,4-tetrahydroquinoxaline
JONE
H

(300 MHz, CDCly): & (ppm) 6.40-6.37 (d, 2H), 3.39 (b, 2H), 3.19 (b, 1H), 2.89 (b,

(6d): Yellow oil; 99% ee, [o]p™” = +99.8 (¢ 1.0, CH,Cl,); '"H NMR

1H), 2.16 (s, 6H), 1.78-1.65 (m, 1H), 1.55-1.40 (m, 1H), 1.23-1.21 (d, J = 6.3 Hz, 3H),
1.08-1.03 (t, J = 7.5 Hz, 3H); C NMR (75 MHz, CDCls): & (ppm) 131.1, 130.9,
126.1, 115.9, 57.4, 49.9, 25.6, 19.5, 18.9, 9.6. HPLC (OD-H, elute: Hexane / i-PrOH
=80 / 20, detector: 254 nm, flow rate: 1 mL / min ), t; = 5.5 min (mojor), t; = 6.5 min
(minor). HRMS-ESI exact mass caled. for C;3HyN,™ ([M+H]") requires m/z
205.16993, found m/z 205.16940.

Cis isomer: yellow oil; 'H NMR (300 MHz, CDCl5): & (ppm) 6.34-6.33 (d, 2H),
3.48 (b, 3H), 3.20 (b, 1H), 2.11 (s, 6H), 1.50-1.40 (m, 2H), 1.13-1.11 (d, J = 6.6 Hz,
3H), 1.01-0.96 (t, J = 7.4 Hz, 3H); *C NMR (75 MHz, CDCls): & (ppm) 130.7, 126.4,
116.5, 116.3, 55.6, 48.6, 24.0, 19.0, 16.7, 10.5. HPLC (OD-H, elute: Hexane / i-PrOH

=80/ 20, detector: 254 nm, flow rate: 1 mL / min ), t; = 6.7 min, t, = 8.4 min.

H (+)-trans-2-butyl-3,6,7-trimethyl-1,2,3,4-tetrahydroquinoxaline
N (66): Yellow oil; 99% ee, [0]p? = +87.6 (¢ 1.0, CH,CL); 'H NMR

(300 MHz, CDCls): & (ppm) 6.39-6.37 (d, 2H), 3.41 (b, 2H), 3.16 (b, 1H), 2.93 (b,
1H), 2.16 (s, 6H), 1.67-1.64 (m, 1H), 1.60-1.33 (m, 5H), 1.22-1.20 (d, J = 6.0 Hz, 3H),
1.02-0.97 (t, J = 6.8 Hz, 3H); C NMR (75 MHz, CDCls): & (ppm) 130.9, 126.1,
116.0, 56.2, 50.3, 32.7, 27.6, 22.9, 19.5, 18.9, 14.1. HPLC (OD-H, elute: Hexane /

i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ), t; = 4.8 min (major), t, =
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5.7 min (minor). HRMS-ESI exact mass calcd. for C;sH,sN,"™ ([IM+H]") requires m/z
233.20123, found m/z 233.20075.

Cis isomer: yellow oil; 'H NMR (300 MHz, CDCls): & (ppm) 6.34-6.33 (d, 2H),
3.47-3.45 (m, 1H), 3.28 (b, 3H), 2.11 (s, 6H), 1.44-1.29 (m, 6H), 1.13-1.11 (d, J=6.3
Hz, 3H), 0.96-0.91 (t, J = 6.9 Hz, 3H); >*C NMR (75 MHz, CDCLs): & (ppm) 130.7,
130.6, 126.4, 126.4, 116.6, 116.3, 53.9, 48.9, 30.9, 28.4, 22.9, 19.0, 16.8, 14.2. HPLC
(OD-H, elute: Hexane / i-PrOH = 80 / 20, detector: 254 nm, flow rate: 1 mL / min ), t;

= 6.5 min, t, = 8.1 min.

H (+)-trans-2,3,6-trimethyl-1,2,3,4-tetrahydroquinoxaline (6f): White
C[H > solid; m.p. 72-73  °C; 99% ee, [o]p> = +75.1 (¢ 1.0, CH,CL); 'H
NMR (300 MHz, CDCls): 8 (ppm) 6.48-6.42 (m, 2H), 6.37, (s 1H), 3.41(b, 2H), 3.03
(b, 2H), 2.23 (s, 3H), 1.20-1.18 (d, J = 5.7 Hz, 6H); >*C NMR (75 MHz, CDCls): &
(ppm) 133.6, 131.0, 128.1, 118.9, 114.7, 114.2, 52.2, 52.1, 20.7, 19.1, 19.0. HPLC
(AD-H, elute: Hexane / i-PrOH = 95 / 5, detector: 254 nm, flow rate: 1 mL / min), t; =
10.7 min (major), t; =11.8 min (minor). HRMS-ESI exact mass calcd. for CiHi7N,"
([M+H]") requires m/z 177.13862, found m/z 177.13823.
Cis isomer: White solid; m.p. 125-126 °C; 'H NMR (300 MHz, CDCl3): & (ppm)
6.45-6.39 (m, 2H), 6.34, (s 1H), 3.52-3.43 (m, 4H), 2.20 (s, 3H), 1.14-1.12 (d, J=6.3
Hz, 6H); °C NMR (75 MHz, CDCl3): & (ppm) 132.8, 130.2, 128.2, 119.0, 115.2,

114.8, 49.3, 49.2, 20.8, 17.3. HPLC (AD-H, elute: Hexane / i-PrOH = 95 / 5, detector:

254 nm, flow rate: 1 mL / min), t; = 13.4 min, t, = 13.7 min.
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c N, (+)-trans-6-fluoro-2,3-dimethyl-1,2,3,4-tetrahydroquinoxaline (6g):

\QH *> White solid; m.p. 151-152 °C; 99% ee, [o]p”" = +90.3 (¢ 1.0, CH,Cl,);
'H NMR (300 MHz, CDCls): § (ppm) 6.42-6.38 (m, 1H), 6.29-6.20, (m, 2H), 3.44 (b,
2H), 3.06-2.91 (m, 2H), 1.17-1.14 (dd, J = 2.1 Hz, 6.0 Hz, 6H); *C NMR (75 MHz,
CDCl;): 6 (ppm) 158.5, 155.4, 134.8, 134.7, 129.3, 114.4, 114.3, 103.9, 103.6, 100.8,
100.4, 52.2, 51.9, 19.0, 18.9. HPLC (AD-H, elute: Hexane / i-PrOH = 95 / 5, detector:
254 nm, flow rate: 1 mL / min), t; = 13.2 min (major), t; =13.9 min (minor).
HRMS-ESI exact mass calcd. for CjoH4FN," ([M+H]+) requires m/z 181.11355,
found m/z 181.11323.

Cis isomer: White solid; m.p. 172-173 °C; 'H NMR (300 MHz, CDCl3): & (ppm)
6.42-6.37 (m, 1H), 6.29-6.19 (m, 2H), 3.51-3.39 (m, 4H), 1.12-1.10 (d, J = 6.3 Hz,
6H); °C NMR (75 MHz, CDCl3): & (ppm) 158.6, 155.5, 134.0, 133.9, 128.4, 115.0,
114.8, 104.0, 103.7, 101.2, 100.9, 49.2, 49.0, 17.2, 17.2. HPLC (AD-H, elute: Hexane

/ i-PrOH = 95 / 5, detector: 254 nm, flow rate: 1 mL / min), t; = 15.9 min, t, = 18.4

min.

ol A (+)-trans-6-chloro-2,3-dimethyl-1,2,3,4-tetrahydroquinoxaline

i NI (6h): White solid; m.p. 113-114 °C; 99% ee, [a]p™’ = +84.6 (¢ 1.0,
CH,Cl,); '"H NMR (300 MHz, CDCl5): & (ppm) 6.53-6.50 (m, 1H), 6.45-6.44, (m, 1H),
6.39-6.37, (m, 1H), 3.49 (b, 2H), 3.01-2.95 (m, 2H), 1.16-1.14 (d, J = 4.5 Hz, 6H);

3C NMR (75 MHz, CDCls): & (ppm) 134.6, 132.0, 122.9, 117.7, 114.5, 113.2, 51.9,
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51.8, 19.0, 19.0. HPLC (OB-H, elute: Hexane / i-PrOH = 90 / 10, detector: 254 nm,
flow rate: 1 mL / min), t; = 19.8 min (major), t; =24.8 min (minor). HRMS-ESI exact
mass calcd. for C;oH4CIN," ([M+H]+) requires m/z 197.08400, found m/z 197.08343.

Cis isomer: White solid; m.p. 172-173 °C; 'H NMR (300 MHz, CDCl3): & (ppm)
6.53-6.49 (m, 1H), 6.45-6.44 (m, 1H), 6.39-6.36 (m, 1H), 3.47-3.45 (m, 4H),
1.12-1.10 (d, J = 6.3 Hz, 6H); °C NMR (75 MHz, CDCls): & (ppm) 133.9, 131.2,

123.1,117.9, 115.0, 113.8, 49.0,49.0, 17.3, 17.2.

5. Determination of the trans/cis ratio of dialkyl-substituted products

According to the published method,” the trans/cis ratio of dialkyl-substituted
product was determined by '"H NMR of the crude reaction mixture. For example,
after hydrogenation of 5a, the solvent was evaporated under reduced pressure, and the
metal catalyst was removed by a short silica gel column eluted with DCM. Then, the
diastereomeric excess (frans/cis ratio) was determined by '"H NMR spectroscopy
according to the corresponding signals from the C-2 and C-3 protons (cis, 3.49 ppm,
and frans, 3.02 ppm).”® The frans (racemic) and cis (meso) configurations were

further confirmed by HPLC with a chiral OD-H column.
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6. Asymmetric hydrogenation of 2-methylquinoxaline on gram scale

A 50 mL glass-lined stainless-steel reactor equipped with a magnetic stirrer bar

was charged with 0.1 mol % Ru-catalyst (R,R)-8e (20 mg, 0.014 mmol) and

2-methylquinoxaline 1a (2.0 g, 14 mmol) in DCE (14 mL) under nitrogen atmosphere

in a glove box. The autoclave was closed, and the final pressure of the hydrogen gas

was adjusted to 50 atm after purging the autoclave with hydrogen gas several times.

The reaction mixture was stirred at 40 °C for 24 h. Then the hydrogen gas was

carefully released and the conversion was determined by '"H NMR spectroscopy after

the solvent was evaporated under reduced pressure. The crude pruduct was purified

by a silica gel column eluted with DCM to give 1.9 g pure product in 95% yield with

0
98% ee.
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3.00 dB
300.1324010 MHz

F2 - Processing parameters
S1 8

SF
wDw
SSB
LB
GB
PC

300.1300060 MHz
EM

0
0.30 Hz
0

1.00



QJ-HH-121-1.DATA - Prostar 325 Absorbance Channel 1 LCO805MO057

750,
700}
65
60
55 H [
0 CrL |
45 N [
40 H |1
2 35 |
T 30 ||
25 .
20 i
15 ;
10 f
50 | :
R _..i,-' ~ Y - _
-5
6 7 8 9 10 11 12 13 14
Min
Index | ZCfE4 | 10 Tenk | AEE Area | Area %
[Min] | (% 1111 { {mAU] { [mAU.Min] [%]
2 A 10.44 99.12 | 623.3 175.5] 99.125
1 Az ) 12.39 0.88 5.0 15 0.875
| Total 100,001 6283 177.01 100,000
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8. Copy of NMR and HRMS spectra for new substrates and

products
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20

ppm

Current Data Parameters
NAME qj-jh106
EXPNO 40
PROCNO 1
F2 - Acquisition Parameters
Date_ 1012
Time 16.34
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 11
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG -
DW 55.600 usec
DE 8.00 usec
TE 300.2 K
D1 1.00000000 sec
TDO
== CHANNEL f1 =
1H
10.80 usec

3.00 dB
300.1324010 MHz

F2 - Processing parameters
S1 2768

SF
WDW
SSB
LB
GB
PC

300.1300062 MHz
EM

0
0.30 Hz
0

1.00

Current Data Parameters
NAME j

EXPNO
PROCNO

F2 - Acqu
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT
NS

CPDPRG2
NUC2
PCPD2
PL2
PL12

PL13
SF02

ai-jh106
20
1

isition Parameters
2011060:
19.57
spect

P
5 mm DUL 13C-1

zgpg30
65536
CcDCI3
66

4
17985.611
0.274439
1.8219508
812.7
27.800
6.50

300.1
2.00000000
0.03000000
1

CHANNEL !

12.50
2.00
75.4752953

CHANNEL f2
waltz16
1H

Hz
Hz
sec

usec
usec

sec
sec

usec
d

dB
dB
MHz

F2 - Processing parameters

S1

32768



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594_20110929_000004.d Acquisition Date 9/29/2011 1:41:00 PM
Sample QJ-1 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intens. 11090594_20110928_000004.d: +MS)|
xngﬁ
20113811
N
AN
1.54 —
N
1k
1.04
0.54
0.0 T T v T T T T T
175 180 185 180 195 200 205 210 215 220 miz
Meas. m/z # Formula Score miz_err [mua] errugpm] mSigma rdb e~ Conf N-Rule
20113811 1 C13HITNZ 10000 201.13862 05 6.0 65 even
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__—7.735
TT—7.694

—7.260

3.007
2.982
2.957
2.932
2.697

e
<
~
T~—2.434

- -1.39%8
—~ 11373
T 1.348

N
~
~
N
5d
| L
L qmm b
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N N o
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O NANNOLWN
OO NOOOWLW! 0O —HO<T O O
o ] 0~ oN~NMAN N
ON O WNIN~ R oo
99 38999y NI QAR Y
N
~
j@ I\
N
5d
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters
NAME j

qj-jh124
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 2011080

Time 10.44
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2930

T 65536
SOLVENT cDCI3

NS 6

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 128

DW 55.600 usec
DE 8.00 usec
TE 300.0 K

D1 sec

1.00000000
1

3.00
300.1324010

F2 - Processing parameters
Sl1 32768

SF
wDw
SSB
LB
GB
PC

300.1300061
EM

0
0.30
0
1.00

Current Data Parameters
NAME ]

MHz

Hz

qj-jh124
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110802
Time 10.49
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 57
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG -
DW 27.800 usec
DE 6.50 usec
TE 300.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ===
NUC1 13C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ===
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
S1 32768



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Namea 11090594 _20110929_000003.d Acquisition Date 9/29/2011 1:39:28 PM
Sample QJ-2 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Imennss. 11080584_20110929_D00003.d: +MS|
x1
g 201.13825
N
N
—
a
N
5d
2
21
1
0 Ll
175 180 185 190 195 200 205 210 215 220 miz
Meas. miz # Formula Score miz_err [mDa] err [ppm] mSigma rdb e Conf N-Rule
20113825 1 C13H17N2 10000 201.13862 04 13 87 &5 aven ok
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ppm

Current Data Parameters
NAME j

qj-jh125
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110802
Time 10.53
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2930
T 65536
SOLVENT cDCI3
NS 6
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz

3.6438515

3.00
300.1324010

300.1300061
EM

0

0.30

0

1.00

Current Data Parameters
NAME ]

F2 - Processing parameters
32768

MHz

Hz

Hz
Hz
sec

usec
usec

=

sec
sec

qj-jh125
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110802
Time 10.56
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 31
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG -
DW 27.800
DE 6.50
TE 300.4
D1 2.00000000
D11 0.03000000
TDO 1

EEDPRGZ

2.00
75.4752953

CHANNEL f2 ==
waltz16

23.0
300.1312005

usec
dB
dB
0 dB

MHz

F2 - Processing parameters
S1 32768



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name

Sample
Comme

QJ-12
nt

11100119_20111020_000001.d

Acquisition Date

Instrument
Operator

10/20/2011 8:24:35 AM
Bruker Apex IV FTMS
Peking University

Intens
x107

2.5

2.0

0.5

0.0

214.45984
Lt T e o

229 16966

I

11100119_20111020_000001.d: +MS|

/

\

5e

239.55686 242.20190

210

Meas. miz_# Formula

215 220

Score miz__err [mDa]

225

22916966 1 C15H21N

2 10000 22918993 03

230

235

err[ppm] mSigma rdb e~ Conf N-Rule
1.1 ok

S43

64 65 even

240 245 miz
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dd0©O © N L 3 |
MONN o ~~© on  © <
A N~~~ n < (2] —
H
N
N
H
2k
ok
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S44

Current Data Parameters

Hz
Hz
sec

usec
usec

sec

NAME qj-hh100-2-D20
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110905
Time 15.16
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS 13
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 512
DW 55.600
DE 8.00
TE 300.9
D1 1.00000000
TDO 1

3.00
300.1324010

F2 - Processing parameters
S1 32768

SF
WDW
SSB
LB
GB
PC

300.1300060
EM

0
0.30
0
1.00

Current Data Parameters

MHz

Hz

Hz
Hz
sec

usec
usec

sec
sec

NAME qj-hh100-2
EXPNO 50
PROCNO 1
F2 - Acquisition Parameters
Date_ 110903
Time 10.02
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 207
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 1290.2
DW 27.800
DE 6.50
TE 301.2
D1 2.00000000
D11 0.03000000
TDO 1

12.50
2.00
75.4752953

CHANNEL f2 ==
waltz16
1H

23.00
300.1312005

F2 - Processing parameters
S1 32768



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594_20110929_000006.d Acquisition Date 9/29/2011 1:43:24 PM
Sample QJ-4 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intens. 11080584_20110929_000006.d: +MS|
x108
H 205.16930
&
N
6 H
20416155
2k
4
1537
2 20215379
20617279
201.1ISB12
192.5 185.0 1975 200.0 2025 2050 2075 2100 2125 miz
Meas.m/lz # Formula  Score _miz_err[mDa] err [ppm] mSigma rdb e~ Conf N-Rule
20315378 1 C13H19NZ 10000 20315428 05 24 856 55 even ok
20416155 1 C13H20N2 10000 20416210 0.5 27 856 5.0 odd ok
20516930 1 C13H21N2 100,00 20516993 06 30 01 45 even ok
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—7.260
6.590
6.548
6.534
6.524
6.519
6.509
6.494

Y
S

N
H

trans-6b

Current Data Parameters
NAME j

Hz
Hz
sec

usec
usec

sec

qj-hh115-1
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110913
Time 19.55
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 6
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 128
DW 55.600
DE 8.00
TE 298.9
D1 1.00000000
TDO 1

3.00
300.1324010

F2 - Processing parameters
S1 32768

SF
WDW
SSB

300.1300063
EM

0
0.30
0
1.00

MHz

Hz

o|l® o O] |l© S| IO lolo
illi SIS il Il o len
T T T T T
7 6 5 4 3 1
va 584 0© < ~ o v Current Data Parameters
S < 0 N © © o o NAME qj-hh115-1
K68 2383 ~I~© ~ o w o 9 EXPNO 30
F2 - Acquisition Parameters
Date_ 110913
Time 19.23
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gig30
TD 32768
H SOLVENT S E]
N NS 115
DS 0
SWH 18832.393 Hz
FIDRES 0.574719 Hz
AQ 0.8700404 sec
N RG 9195.2
H DW 26.550 usec
DE 8.00 usec
TE 299.0 K
trans-6b D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
3C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
=== CHANNEL 2 ==
waltz16
1H
100.00 usec
3.00 dB
22.33 dB
300.1312005 MHz
F2 - Processing parameters
S1 32768
SF 75.4677409 MHz
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11080584_20110929_000007 .d Acquisition Date 9/29/2011 1:45:11 PM
Sample QJ-5 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intens. 11080584_20110929_000007.d: +MS]
x108
177.13819
1.504
H
N
125
N
1.00 H
trans-6b
0.754
0.504
0.25
189.13815
0.00 + T r—r v 1 - B —r .
160 185 170 175 180 185 190 185 miz
Meas.miz # Formula Score miz_err[mDa] err[ppm] mSigma rdb e Conf N-Rule
17713819 1 C11HITNZ 10000 177.13862 0.4 25 1.0 45 even ok
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Current Data
NAME

Parameters

qj-hh115-1
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110913
Time 19.40
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS 9
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 362
DW 55.600 usec
DE 8.00 usec
TE 298.9
D1 1.00000000 sec
TDO 1

3.00
300.1324010

F2 - Processing parameters
S1 32768

SF 300.1300063 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh115-1
EXPNO 40
PROCNO 1

F2 - Acquisition Parameters
Date_ 110914
Time 11.18
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 586

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG

DW 27.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

12.50
2.00
75.4752953

CHANNEL f2 ==
waltz16
1H

23.00
300.1312005

O NNO - Mmoo TOWOoO W W <
© ONNO O MmN VOMNTHAAD O o
N LWL nunwN TEITTAHO OO o
N 6oCoo PR ddddddes o
+1
N
N
H
cis-6b
o0 || oo
il Al oles
10 9 8 7 6 5 4 3 2 ‘ 0 ppm
- © TSN~
owm M 00 DO < N M 0 = ©
o B -~ N < o ~ <
NN < < E . 3 g . g
mm A ~N~ O n o < © O
— A N~~~ n < N - -
fi
N
N
+1
cis-6b
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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F2 - Processing parameters
S1 32768



o N ) © 0o
& & R 3 a3
~ © IS o i
H
N
N
F{
trans-6¢
(s} S| l© o (s}
N NN o
10 ° 8 7 6 5 a 3 2 1 0 ppm
~NY  ©
O O 0O < <
. . © AN < o
o4 © o L .
BER R NN B 2
H
N
N
H
trans-6¢
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters
NAME j

qj-hh115-3
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110913
Time 22.04
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 16
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 256
DW 55.600 usec
DE 8.00 usec
TE 298.8 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =:
1H
10.80 usec
3.00 dB

300.1324010 MHz

F2 - Processing parameters
S1 32768

SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh115-3
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110913
Time 19.50
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gig30
TD 32768
SOLVENT CDCI3
NS 62
DS 0
SWH 18832.393 Hz
FIDRES 0.574719 Hz
0.8700404 sec

RG 11585.2
DW 26.550 usec
DE 8.00 usec
TE 299.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ===
NUC1 13C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ===
CPDPRG2 waltz16

C2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
S1 32768

SF 75.4677425 MHz



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594_20110929_000008.d Acquisition Date 9/29/2011 1:46:17 PM
Sample QJ-6 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intens. 11090594_20110929_DO000B.d; +MS|
x109
H 191.15380
2.04 N
N
1.54 H
trans-6¢
1.0
0.54
3 | | 201.13812 205.16243
a0 175 180 185 180 195 200 205 miz
Meas. miz # Formula Score miz err [mDa] err [ppm] ig rdb e Conf N-Rule
19115380 1 C12H19N2 10000 191.15428 0.5 25 91 45 even ok
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Q © e N Q9 Current Data Parameters
& > 83 3 a3 NAME qj-hh115-3
~ © mnn N i EXPNO 40
PROCNO 1
‘ ‘ \// ‘ \/ F2 - Acquisition Parameters
Date_ 20110913
Time 22.12
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
H SOLVENT CcDCI3
NS 16
N DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
N RG 128
DW 55.600 usec
H DE 8.00 usec
TE 298.8 K
. D1 1.00000000 sec
cis-6¢ 00 1
PL1 3.00 dB
SFO1 300.1324010 MHz
F2 - Processing parameters
S1 32768
SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
M pC 1.00
N <L < <
o NN © ©
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
83 2 0w © od Current Data Parameters
oo © o «@ oA NAME qj-hh115-3
o o ~N~© =) o~ EXPNO 50
F2 - Acquisition Parameters
Date_ 20110913
Time 22.16
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
H TD 65536
SOLVENT CDCI3
N NS 75
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
N AQ 1.8219508 sec
RG 512
H DW 27.800 usec
DE 6.50 usec
. TE 299.1 K
cis-6¢ D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
3C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
=== CHANNEL 2 ==
waltz16
1H
100.00 usec
3.00 dB
22.33 dB
23.00 dB
300.1312005 MHz
Wm F2 - Processing parameters
S1 32768
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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3 exr Br80x 3 8IS RBNET RS LRRNSRERER Current Data Parameters
N <™ MADANNNNNNNOQOOOOMULYIIIITINNOOO NAME qj-hh115-4
~ ©co© NI R R R B R R e e R R R R e EXPNO 10
PROCNO 1
‘ \/ \\\Nﬂ/ﬂ%ﬁ/@// F2 - Acquisition Parameters
Date_ 20110915
Time 13.10
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
H NS 10
DS 0
N SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 35.
N DW 55.600 usec
DE 8.00 usec
H TE 299.3 K
D1 1.00000000 sec
TDO 1
trans-6d
PL1 3.00 dB
SFO1 300.1324010 MHz

F2 - Processing parameters
S1 32768

SF 300.1300057 MHz
WDW EM
SSB 0
LB 0.30 Hz

GB 0
j PC 1.00

g FEEE
N <l PR ° SN
o o ol I [Te) =] MM
T T T T T T T T 1
7 6 5 4 3 2 1 Y] ppm
59 I 0w ~ o tom Current Data Parameters
P n-n ™ o owne 3 NAME qj-hh115-4
mON o ~N~© ~oo Lo EXPNO 20
F2 - Acquisition Parameters
Date_ 20110915
Time 13.14
INSTRUM spect
PROBHD 5 mm DUL 13C-1
H PULPROG 2gpg30
TD 65536
N SOLVENT coCI3
NS 215
DS 4
SWH 17985.611 Hz
pd FIDRES 0.274439 Hz
AQ 1.8219508 sec
H RG 45
DW 27.800 usec
DE .
trans-6d TE 2058 1°°
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
3C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
=== CHANNEL 2 ==
waltz16
1H
100.00 usec
3.00 dB
22.33 dB
23.00 dB
300.1312005 MHz
M J“ ﬁ J F2 - Processing parameters
o S1 32768
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594 _20110929_000009.d Acquisition Date 9/29/2011 1:47:35 PM
Sample QJ-7 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
|ﬂbﬁfﬁé 11090584_20110928_000009.d: +MS|
x10
H 205.16940
254 N
2.0 N
H
gl trans-6d
1.04
0.54
0.0 l ‘
185 190 195 200 205 210 215 20 miz
Meas.miz # Formula  Score  miz_err[mDa] err[ppm] mSigma rdb e~ Conf N-Rule
20516940 1 C13H21N2 10000 20516993 05 26 100 45 even ok
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—7.260

S

__6.344

~TT——6.328
——3.475

——3.196

ZT

.04

-

2.00

=

3.03 —

6.00
2

10 9 8

o
N
-

130.66
126.44
- 116.53
~——116.28
55.55
48.62
23.97
_19.02
—16.72
10.52

ZT

T T T
200 180 160

Current Daga Parameters

NAME qj -hh-MeMeMeEt-Q-NaBH4
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110810
Time 11.21
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

D 65536
SOLVENT cDCI3

NS 6

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 181

bW 55.600 usec
DE 8.00 usec
TE 300.1 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ===

NUC1 1H

P1 10.80 usec
PL1 3.00 dB
SFO1 300.1324010 MHz

F2 - Processing parameters
Sl1

SF 300.1300060 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh-MeMeMeEt-Q-Na
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110810

Time 11.25
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 107

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512

DW 27.800 usec
DE 6.50 usec
TE 300.3 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

PL1 2.00 dB
SFO1 75.4752953 MHz
== === CHANNEL 2 ==
CPDPRG2 waltz16

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
S1 32768



2 88 RIS REEEREEREES SRR Current Data Paraneters
N ™M < HAOHOOOOUMIIITIIITNMMANNOD D NAME qj-hh115-5
~ ©© m oaNNdddddddddddddddddoo EXPNO 10
PROCNO 1
‘ \/ ‘ \ \‘\‘\V\V///,// F2 - Acquisition Parameters
Date_ 20110915
Time 13.30
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 9
H DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 35.
N DW 55.600 usec
DE 8.00 usec
H TE 299.4 K
D1 1.00000000 sec
TDO 1
trans-6e
SFO1 300. 1324010 MHz
F2 - Processing parameters
S1 32768
SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
5 NN
N R °’. I
o o il ] [Te] ol ™l im
T T T T T T T T
7 6 5 4 2 1 0 ppm
Sy B oo o o comme Current Data Parameters
v . 0o~ - ® NWoOWo - NAME qj-hh115-5
o© N v P
® — ~N~© © Q ANNOD O EXPNO 20
F2 - Acquisition Parameters
Date_ 20110915
Time 13.34
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
H SOLVENT CDCI3
NS 417
N DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
N RG
DW 27.800 usec
H DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
trans-6e D11 0.03000000 sec
TDO 1
3C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
=== CHANNEL 2 ==
waltz16
1H
100.00 usec
3.00 dB
22.33 dB
23.00 dB
300.1312005 MHz
A k,-,ﬂ J_WA F2 - Processing parameters
S1 32768
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S55



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594_20110929_000010.d Acquisition Date 9/29/2011 1:48:57 PM
Sample QJ-8 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intens. 11090584_20110929_000010.0: +M3)
x10
233.20075
&1 H
N
N
H
4
trans-6e
24
ol ms e s : :
200 210 220 230 240 250 mwz
Meas. miz_# Formula _Score miz_err [mDa] err [ppm] mSigma rdb e Conf N-Rule
23320075 1 C15H25N2 10000 23320123 0.5 21 11.0 45 even ok
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N
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JE|
o ol 1o o oo
o il los ol lollsks
10 9 8 7 6 5 4 3 2 1 0 ppm
AMNMNO -
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R -~ [oN¢5) OMOON~N
OO0 WOV C v IR
NOMONN -~ ~IN~ O ™M OVNO O
A A N~~~ n < MANNA—AA
H
N
N
H
cis-6e
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

S57

Current Data Parameters
NAME j

qj-hh115-5

EXPNO 40

PROCNO 1

F2 - Acquisition Parameters

Date_ 20110929

Time 20.05

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

™D 65536

SOLVENT cDCI3

NS 16

DS 0

SWH 8992.806 Hz

FIDRES 0.137219 Hz

AQ 3.6438515 sec

RG 128

DwW 55.600 usec

DE 8.00 usec

TE 299.4 K

D1 1.00000000 sec
1

3.00
SFO1 300.1324010 MHz

F2 - Processing parameters
Sl1 32768

SF 300.1300060 MHz
wDw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh115-5
EXPNO 41
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110929
Time 20.08
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 86

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG

DW 27.800 usec
DE 6.50 usec
TE 299.6 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

3C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
== === CHANNEL 2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
S1 32768



—7.260
6.477
6.451
6.417
6.366

——3.405

—3.027

—2.231

=
-

__1.196
—1.177

H
N
N
H
trans-6f
| j\_/\;;Ju
(= e (=) (=} o
N NN o <
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 ppm
oONWO KNNO
©OoOO o 0 ©O© M N © <t~O
o o -~ N ~NOO
M0 o< C I o
98Y 2493 NN PR 233
}*
N
N
P{
trans-6f
H\ .
T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters
NAME j

qj-hh115-6
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110915
Time 20.20
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 65536
SOLVENT cDCI3

NS 10

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 40.

DW 55.600 usec
DE 8.00 usec
TE 299.4 K
D1 1.00000000 sec
TDO 1

CHANNEL f1 =

1H
10.80 usec
3.00 dB
300.1324010 MHz

F2 - Processing parameters
S1 32768

SF
WDW
SSB
LB
GB
PC

300.1300060 MHz
EM

0
0.30 Hz
0

1.00

Current Data Parameters

NAME qj-hh115-6
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 110915

Time 20.24
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 47

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG

DW 27.800 usec
DE 6.50 usec
TE 299.8 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ===

NUCL 13C

P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ===
CPDPRG2 waltz16

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

F2 - Processing parameters
S1 32768



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594_20110928_000011.d Acquisition Date 9/29/2011 1:49:53 PM
Sample QJ-9 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Imensg. T10805084_20110020_D00011.d; +MS|
%10
180] H 177.13823
N
1.254
N
1.004 H
trans-6f
0.754
0.50
0.254
20113811
0.00 : . . . :
150 180 170 180 180 200 miz
Meas.miz # Formula __ Score __ miz_err[mDa] err[ppm] mSigma rdb e Conf N-Rule
17713822 1 C1THITN2 100.00 177.13862 04 22 10 45 even ok
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Current Data Parameters
NAME j

qj-hh115-6
EXPNO 20
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110915
Time 20.30
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 65536
SOLVENT CcDCI3

NS 7

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 128

DW 55.600 usec
DE 8.00 usec
TE 299.4 K
D1 1.00000000 sec
TDO 1

PL1 3.00 dB
SFO1 300.1324010 MHz

F2 - Processing parameters
S1 32768

SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh115-6
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110915
Time 20.32
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 76

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG

DW 27.800 usec
DE 6.50 usec
TE 299.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

3C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
=== CHANNEL 2 ==
waltz16

23.00
300.1312005 MHz

F2 - Processing parameters
S1 32768



N
H

trans-6g

X jmr X r(\‘j
(=] (=} (=] (=}
e NS o
10 9 8 7 6 5 4 é 2 i 6 ppm
ool o wnr~ OO0
< ™ oOoAN MAN©LN 0 ©O© M oN ~
v KR N 0=~ -t oo
0w < O TITOMOO e L ]
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Current Data Parameters
NAME j

qj-hh115-7
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110922
Time 19.57
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS 8
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 71.
DW 55.600
DE 8.00
TE 299.4
D1 1.00000000
TDO 1

3.00
300.1324010

F2 - Processing parameters
S1 32768

SF
WDW
SSB
LB
GB
PC

300.1300060
EM

0
0.30
0
1.00

Current Data Parameters

MHz

Hz

Hz
Hz
sec

usec
usec

sec
sec

NAME qj-hh115-7
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 110922
Time 20.00
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 52
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 1625.5
DW 27.800
DE 6.50
TE 299.5
D1 2.00000000
D11 0.03000000
TDO 1

12.50
2.00
75.4752953

CHANNEL f2 ==
waltz16
1H

23.00
300.1312005

F2 - Processing parameters
S1 32768



Analysis Info
Analysis Name

Peking University Mass Spectrometry Sample Analysis Report

11090594_20110929_000012.d Acquisition Date

9/29/2011 1:51:01 PM

Sample QJ-10 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intens, 11020584_20110929_000012.4: +MS
®1
1.2 181.11323
H
F N
10
N
0.8
H
08 trans-69
0.4
o4 20113839
177.13832
| 189.13828 185.64241
0.0 Ay T T T by y .
150 160 170 180 190 200 miz
Meas. miz # Formula Score miz_err [mDa] err [ppm] i rdb e Conf N-Rule
18111323 1 C10H14FN2Z 10000 181.11355 0.3 18 135 45 even ok
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Current Data Parameters
NAME j

qj-hh115-7
EXPNO 30
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110925
Time -
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 6
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 128
DW 55.600 usec
DE 8.00 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1

3.00 dB
300.1324010 MHz

F2 - Processing parameters
S1 32768

SF
WDW
SSB
LB
GB
PC

300.1300060 MHz
EM

0
0.30 Hz
0

1.00

Current Data Parameters

NAME qj-hh115-7
EXPNO 31
PROCNO 1

F2 - Acquisition Parameters
Date_ 110925
Time .43
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 78

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512

DW 27.800 usec
DE 6.50 usec
TE 298.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1

12.50 usec
2.00 dB
75.4752953 MHz

CHANNEL f2 ==
waltz16

23.00
300.1312005 MHz

F2 - Processing parameters
S1 32768
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Current Data Parameters
NAME j

qj-hh115-8
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110922
Time 20.10
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 6
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 64
DW 55.600 usec
DE 8.00 usec
TE 299.2 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =:
1H
10.80 usec
3.00 dB

300.1324010 MHz

F2 - Processing parameters
S1 32768

SF 300.1300060 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

Current Data Parameters

NAME qj-hh115-8
EXPNO 12
PROCNO 1

F2 - Acquisition Parameters
Date_ 20110922

Time 20.12
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30

TD 65536
SOLVENT CDCI3

NS 25

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 1625.5

DW 27.800 usec
DE 6.50 usec
TE 299.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ===

NUC1 13C

P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ===
CPDPRG2 waltz16

NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.33 dB
PL13 23.00 dB
SFO2 300.1312005 MHz

WWWWW F2 - Processing parameters
S1 32768



Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name 11090594_20110929_000013.d Acquisition Date 9/29/2011 1:52:21 PM
Sample QJ-11 Instrument Bruker Apex IV FTMS
Comment Operator Peking University
Intensg. 11090584_20110929_000013.0: +M3)
g 197.08343
H
15
Cl N
N
H
1.0
trans-6h
0.5
0.0 - - il -
170 180 190 200 210 miz
Meas.m/z_# Formula Score miz err [mDa] err [ppm] i rdb e Conf N-Rule
197.08343 1 CI10H14CINZ 100.00 197.08400 0.6 29 185 4.5 even ok
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Current Data Parameters
NAME j

Hz
Hz
sec

usec
usec

K
sec

qj-hh115-8

EXPNO 60
PROCNO 1
F2 - Acquisition Parameters
Date_ 20111009
Time -
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
D 65536
SOLVENT cDCI3
NS 13
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 128
DW 55.600
DE 8.00
TE 299.0
D1 1.00000000
TDO 1

CHANNEL f1
10.80

3.00
300.1324010

usec
dB
MHz

F2 - Processing parameters
S1 8

SF
wDw
SSB
LB
GB
PC

300.1300060
EM

0

0.30

0

1.00

Current Data Parameters
NAME

MHz

Hz

qj-hh115-8
EXPNO 61
PROCNO 1
F2 - Acquisition Parameters
Date_ 20111009
Time R
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 157
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG -
DW 27.800 usec
DE 6.50 usec
TE 299.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ===
NUCL 13C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz

CHANNEL f2 ==
walt.

23.0
300.1312005

usec
dB
dB
0 dB

MHz

F2 - Processing parameters
S1 32768



7. Copy of HPLC spectra of the racemic and chiral products

450 QJ-HH-2-Me-tetrohydroQ.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
400
N
= L
I
N |
300 N |
250 rac-2a A A
[
Z 200 | | B
|
150 R a
[ [
100 I P
50 o I
| \ | \
o - i JooNn X .—:V} X
6 7 8 9 10 11 12 13 14 15
Min
Index | W44 | ] HE| "E Area | Area %
[Min] | [% (£ | [mAU] | [mAU.Min] [%]
1 |5 | 967] B022[ 3485 B45] 50223
2 |k [11.59] 49.78[ 2866 837 49777
Total 100.00] 635.1 168.2[ 100.000
700 QJ-HH80-3.DATA - Prostar 325 Absorbance Channel 1 LCO805M057
650
600 H
N
s CLL |
* I
500 N I‘ \I
450 H [
400 2a | ‘|‘
2 350 |
E 300 B
250 |
200 |
150 |
100 Fo
50 [
O ‘.T._/" \—’_4 |.L_7—7_L7 S -
6 7 8 9 - 10 11 12 13 14 15
Min
Index | L fF4 | B Mo | MR Area| Area %
[Min] | [% (£ | [mAU] | [mAU.Min] [%]
2 | w | 989] 9926] 5506 1443 99.259
1 |dm [1180] o74| 36 11| 0741
Total 100.00] 5542 145.4] 100.000

S67



QJ-HHB82-2-(Et)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

240
220 H
200 N
OO
160 N
140 rac-2b I
120 [\
Z 100 [
= Fo
80 [ \
60 ."‘ "‘.‘ ‘a,\l
40 [\
20 ,’; \ , \
0 —— ~ = AN
-20 : )
-40
9 10 11 12 13 14
Min
Index | CfF44 | [E Bom | W Area| Area %
[Min] | [% (8] | [mAU] | [mAU.Min] [%]
2 |da | 298| 4994 150.2 39.1] 49.936
1 |%an [1249] s0.08] 1167 39.2| 50.054
Total 100.00 | 286.9 78.2100.000
55 QJ-HH82-2-(Et).DATA - Prostar 325 Absorbance Channel 1 LC0805M057
500 H
N
A
*
400) N .
H M\
350 2b I
300) [
< 250 [
-
200 Fo
150 [
100 [
50 ‘-"‘I‘ \'\
iy N 1 o X
9 10 11 12 13 14
Min
Index | CfF4 | 1 s | s Area | Area %
[Min] | [% £ | [mAU] | [mAU.Min] %]
1 |4 | 93] 99.29] 3907 102.7 | 99.220
2 | dh |12.84 071] 22 07| o710
Total 100.00 | 392.9 103.5 | 100.000
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QJ-HHB82-3-(n-Pr)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

600
550
H
500 N
N
400 H ‘.""‘I
350 rac-2c [
|
S 300 A A
< [ M
£ 250 [ [
[ [
200 | I
I | |
150 ‘J ". [
100 I [ |
| \ ‘.‘ \ z
50 J.‘ f g
o — I»j ‘\,., ! = \ '
6 7 8 9 10 11 12 13 14 15
Min
Index | CfF4 | BE | Area | Area %
[Min] | [% (0B | [mAU] | [mAU Min] %)
2 |4 | 900] 49.99] 4098 99.0] 49.994
1 | [11.54] 50.01] 302.3 99.1| 50.006
Total 100.00 | 712.1 198.1100.000
80 QJ-HH82-3-(n-Pr).DATA - Prostar 325 Absorbance Channel 1 LC0805M057
750
700 H
650 N
2O
550 N "“u‘
500 2“ I
450 ¢ (|
=2 400 [
< \
E 350 | |
300 [
250 N
200 o
150) [
100 [\
50 -
/ A | U, |
6 7 8 9 10 11 12 13 14 15
Min
Index | L4 | A K| Area | Area %
[Min] | [% (B | [mAU] | [mAU Min] %]
2 |&a | 903] 9920] 5807 141.1] 99.200
1| dkE [11.70 0.80] 37 11] 0800
Total 100.00[ 584.4 142.2 [ 100.000
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QJ-RAC-n-Bu.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

600
550 H
N
= O
450 N
400 § |
rac-2d ("
350 [
5 300 [
< I [\
E 250 N A
200 L [
| ]
150 |‘| ‘. .
[
100 [ [
Fo f |
50 [ [\
0 o - / N - / SN 7!
4 5 6 7 8 10
Min
Index | {44 | B W | mr Area | Area %
[Min] | [% ] | [mAU] | [mAU.Min] [%]
2 [ 44 [613] 50.06] 4343 72.9| 50.060
1 4% | 774 49.94] 31286 72.8| 49.940
Total 100.00] 747.0 145.7 | 100.000
1000 QJ-HH72-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
900
H
800 @[N
700 j{N
N 4
600 2d ‘I‘I‘I‘
5 500 H
=z I
€ 400 |
\
300 [
|
200 .
.
100 [\
0 ) Ny o8
4 5 6 7 8 10
Min
Index | “C{F4 | A B = Area | Area %
[Min] | [% 7] | [mAU] | [mAU Min] [%]
2 |44 [618] 9933] 6378 106.3| 99.329
1 [dm [7.81 067] 33 07| 0.671
Total 100.00 | 641.1 107.0 ] 100.000
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QJ-HH82-4-(i-Bu)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

600,
550 H
Cro L
450 H
400 i rac-2e
350 I\
|
> 300 A
< (1
E 250 B A
200 [ [
100 Jl \ [\
50 | [\
A ) N :
6 7 8 9 10 1 12 13 14
Min
Index | ST | B R mE Area | Area %
[Min] | [% (7] | [mAU] | [mAU.Min] [2]
[ E3T 837] 4900[ 3833 800| 40087
2 |&a [1205] s001] 2467 80.1] 50.013
Total 10000 6299 178.11 100,000
900 QJ-HH82-4-(i-Bu).DATA - Prostar 325 Absorbance Channel 1 LC0805M057
800 H
N
L
I N
600 ‘ H
i 2
500 R
2 B
£ 400 [ |
[
300 |
[
200 [
[
| \
100 .
00— —'#‘I* Ii“; — —J\
6 7 8 9 10 11 ‘ 12 13 14
Min
Index | ofF4 | Wl W | mFE Area | Area %
[Min] | [% B | [mAU] | [mAU.Min] [%]
2 |l 335| 9926 734.6 171.2| 99259
1| Adn [1215 074] 37 1.3] 0741
Total 100.00 | 738.4 172.5 | 100.000
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QJ-HH82-5-(t-Bu)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

500
450
400

X
N

300 1 H
|

- 250 l“l rac-2f
< \
E 200 [ .

150 | I

ZT

100 a |
|

50 [ [\
] \ / \ \! ‘ L

Index | SCF45 | Bl g | e Area| Area %
[Min] | [% [E#] | [mAU] | [mAU.Min] [%]
2 A0 6.83 50.06| 301.1 52.5| 50.062
1 A %0 9.92 49.94 ] 190.9 524 | 49.938

Total 100.00| 492.0 104.8 | 100.000

QJ-HH82-5-(1-Bu).DATA - Prostar 325 Absorbance Channel 1 LC0805M0Q57

-~
(9]
o

ZT

2f

Index | “C{F4 | A How| mE Area | Area %
[Min] | [% [HF4] | [mAU] | [mAU.Min] [%]
2 A4 6.83 97.65] 663.0 116.3] 97.653
1 A 9.97 2.35 10.4 2.8 2.347

Total 100.00| 673.4 119.11100.000
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QJ-HH82-6-(n-Hex)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

600,
H
550 N
L
450 N
400 ‘|‘ "‘ rac-2g
350 (
I
3 300 | ‘| A
E 250 R [
200 | | A
i
150 B [
I ( "‘.
100 .‘l "I ‘; \
50 b Y
o——— 7| l\“tL o |‘:‘J‘ N J
4 5 6 7 8 9 10 11 12 13
Min
Index | 344 | B[] How | WRE Area | Area %
[Min] | [% (i ] | [mAU] | [mAU.Min] [%]
2 |k | 734] 500644938 90.8| 50.061
1 |de [1007] 49.94] 2871 90.6| 49.939
Total 100.00 | 736.9 181.5 | 100.000
1100 QJ-HH82-6-(n-Hex).DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,000 H
Cllon
*
800 | N
700 i
i 29
600 i
2 i
c 500 ||‘
400 |‘ I‘
300 l‘ ﬂ
|
200 I‘ ‘.‘
100 -
0 - M m—é -
4 5 6 7 8 9 10 11 12 13
Min
Index | SC{F44 | BT e AT Area| Area %
[Min] | (% %) | [mAU] | [mAU.Min] 1%]
2 [ fa | 734| 9930] 8355 169.6| 99.296
1 | dm [1019]  o70| 40 12| 0704
Total 100.00 839.5 170.8| 100.000
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QJ-HH82-7-(c-Hex)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

35
300 H
N
N fl
H ‘I I‘
200
rac-2h ‘| I\I N
I [
< 150 [ [
N a
| | [
100 [ o
| |
50 I I
o : A~ \) AN W - .
5 7 8 9 10 1" 12 13 14
Min
Index | SCfF45 | ] o | mE Area| Area %
[Min] | [% ] | [mAU] | [mAU.Min] [%]
2 |7 | 857 50.00] 250.8 60.4| 49.997
1 |4 [10.63] s0.00] 188.9 60.4 | 50.003
Total 100.00 | 439.6 120.9 [ 100.000
850 QJ-HH82-7-(c-Hex).DATA - Prostar 325 Absorbance Channel 1 LC0805M057
800
750
700
650
600 § i
550 I
500 * [
450 N B
=] H I
400 [
350 2h B
300 | ﬂ
250 [
200 [
150 [
100 [
50 | \
0 g R ——
5 7 8 9 10 11 12 13 14
Min
Index | SCfF44 | Bl B | WRE Area | Area %
[Min] | [% [i] | [mAU] | [mAU Min] [%]
2 |4l | 853| 98.51] 6229 152.1| 98.514
1 | [10.70 149 7.7 23] 1.486
Total 100.00 | 630.6 154.4 | 100.000
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QJ-HH91-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805MQ057

400
350 ¥
300 D:N]\
H
250 rac-2i f\
I
[
> 200 [
[ A\
€ 150 [ M\
[ [
100 Lo [\
| \ | \
[ f
50 \I‘ ‘I"‘ \" ""\
/ \ \
A I S ) N
6 7 8 9 10 11 12
Min
Index | F4 | Bl W | mnE Area| Area %
[Min] | [% 1 45] | [mAU] | [mAU.Min] [%]
[ EST 777] 4997 2556 55.0| 49.965
2 [ [1037] s0.03] 170.3 55.1| 50.035
Total 100.00 ] 425.9 110.1] 100.000
QJ-HH91.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,000
900 H
N
800 D: ]\ i
* ‘I"
N |
700 N A
600 2i R
| |
2 500 ]
|
€ 400 o
[
300 I‘ |
200 [
I
100 Y
‘I -
0 [ I 74|:/ \\ — l S — S — L_f— —ﬁ¥_
6 7 8 9 10 11 12
Min
Index | L{F4 | B B | wfs Area| Area %
[Min] | [% i 4] | [mAU] | [mAU.Min] [%]
2 |kl 768 9935] 821.4 182.6 | 99.351
1 |4 |1042 065 42 1.2] 0649
Total 100.00] 8257 183.8 [ 100.000
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QJ-HH100-1-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

500,
450 H
NI OBy
350 N
H ;‘.‘
300 rac-2j I‘I '\I
— 250 l‘ ‘|
< [
E 200 | I\‘ I‘/\.\
‘ ‘l‘ \I‘
150 | ﬂ [
| | 4
100 || I
| \ | 4
50 ,I I"‘,‘ ‘.‘" \
0 o - JJI ‘.\—__L S o _(1_/ "‘I‘ \-——,_.£ I S
5 6 7 8 9 10 " 12 13
Min
Index | SCff4 | B | HE Area| Area %
Min] | [% (B | [mAU] | [mAU.Min] [%]
2 |l 747] 5011 328.1 64.0] 50.107
1 | dm [1041] 49.89] 1999 63.7| 49.893
Total 100.00 | 527.9 127.8 | 100.000
200 QJ-HH100-1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
750
700 H i
650 N I
S |
550 N \
500 H |
2j [
450 B
2 400 ||
< |
£ 350 B
300 [
250 ‘|
200 .
150 Lo
100 [
50 [
0 S S N S v
5 6 7 8 9 10 1
Min
Index | {F4 | HfE Bom | W Area | Area %
Min] | [% [ #] | [mAU] | [mAU.Min] [%]
I ES 747 9941 6916 1354 99.409
2 [#m [1055 059 238 05| 0591
Total 100.00 | 694.4 136.2 | 100.000
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QJ-HH100-2-RAC.DATA -

650 Prostar 325 Absorbance Channel 1 LC0805M057
600 H
550 N
2
N !
450 H I
400 rac-2k " \
|
350 |
Z 300 |
£ [
250 | ‘l N
200 R A
150 L [
100 | [
b [\
50 | \ / \
0 B ) N ) o/ N X
5 6 7 8 9 10 (| 12 13
Min
Index | L1144 | WSH] o | mE Area| Area %
[Min] | [% i £ | [mAU] | [mAU.Min] [%]
[ E=T 733| 50.05] 4765 93.1] 50.054
2 [ [1004] 4995] 2654 929] 49.946
Total 100.00| 742.0 185.9 [ 100.000
QJ-HH100-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,000
H
* fl
800 N |
H
700 2 |
\
600 [
Z 500 y
£ | ‘I
400 ‘| \I
300 | |
|
200 |
100 [
) A =&
5 6 7 8 ) 10 11 12 13
Min
Index | SC1F4 | 1] Bt | A Area | Area %
[Min] | [% i £] | [mAU] | [mAU.Min] [%]
1| 732 9940 8237 161.9| 99.402
2 [&w 1027 060 30 1.0] 0598
Total 100.00 | 826.7 162.9[100.000
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QJ-HH100-3-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

650
600 H
550 N
450 ) N
400 [l rac-2l
350 '
o) | ‘l
<é 300 ‘
250 [
200 ‘l ﬂ ,‘
I /
150 | /
| i
100 | |
50 "I ‘I" f‘l \
o AN, . - / S ) |
5 6 7 8 9 10 1 12 13
Min
Index | 3Cff42 [ 4] Bt | M Area| Area %
[Min] | [% ifif] | [mAU] | [mAU.Min] [%]
2 |4 | 7.03] 5007] 452.5 87.2| 50.069
1| [1029] 49.93] 2148 86.9| 49.931
Total 100.00 | 867.3 1741 100.000
1100 QJ-HH100-3.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
H
1,000 N
| N
800 | N
700 I 2|
I
600 n
\
T 500 ‘||‘
400 |
|
300 |‘ ‘|
|
200 [
[
100 I
A Y A W '
5 6 7 8 9 10 11 12 13
Min
Index | {f# | Hi e A Area | Area %
[Min] | [% [E] | [mAU] | [mAU Min] [%]
2 [ 4a | 7.03] 99.16] 893.8 173.1] 99.159
1 | % [1045 084] 33 15| 0.841
Total 100.00 | 897.1 174.6| 100.000
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QJ-HH92-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

500
450 H
N
X
N N
350 A N
300 ‘I‘ ".‘ rac-2m
5 250 m A
< | | "‘I “"‘
& 200 | [
[ |
150 | |
\ \ |
100 [ |
| \ | \
‘ I‘ﬂ \" ""\
50 ‘.‘" '\ ;"‘I \
o— —+/ \-,_’+ I _}/’ —— !-‘ ——— I
12 13 14 15 16 17 18 19 20 21 22 23 24 25
Min
Index | SCfF4 | A B | EE Area | Area %
Min] | [% [ E] | [mAU] | [mAU.Min] [%]
1| kAl [1565] 50.04] 3514 178.6| 50.039
2 |4 |2082] 49.96] 253.8 178.3| 49.961
Total 100.00 | 605.2 356.9 [ 100.000
QJ-HH92-3.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
400
H
350 N
n *
300 M\ N
[ H
R
250 ‘I\ ‘.‘ om
|
[
2 \
= 200 |‘ .‘
£ [
150 I
P
100 b
| \
50 [
o— - = / _\7-7!7-/'_ — I e ;’ _
12 13 14 15 16 17 18 19 20 21 22 23 24
Min
Index | {44 | ] B | Area| Area %
[Min] | [% [ f] | [mAU] | [mAU.Min] [%]
1 | km [1539] 9896 3158 1549| 98958
2 | ke 2069 1.04] 29 16| 1.042
Total 100.00] 318.6 156.5 | 100.000
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30 QJ-HH84-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
280
260 H
240 N
220 N
180 \
160 rac-4a I
5 140 [
{ |
£ 120 “ “.
100 [
80 |
60 [
40 .
20
oF 77{ \_,!_ R = R
-20
-40)
10 11 12 13 14 15 16 17 18 24
Min
Index | CfF44 | Bn] oe| = Area | Area %
[Min] | [% [fi%!] | [mAU] | [mAU.Min] [%]
2 | kA 1451| 50.03| 1925 80.0] 50.034
(I ERE 19.49| 49.97] 139.8 79.9| 49.966
Total 100.00 ] 332.3 159.9 | 100.000
1100 QJ-HH108-1.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,000,
900 H f
800 @[ . ‘l‘ '\,
700 N | ".
600 4a -
2 500 |
£ |
400 |
300 l‘
200 |
100 |
o E-Ra.. =/
10 11 12 13 14 15 16 17 18 19 24
Min
Index | ScfF4a | I E] B | W Area| Area %
Min] | [% (8] | [mAU] | [mAU.Min] [%]
1 [ ks [1428 303] 432 164] 3028
2 |44 [1856] 96.97] 939.0 5236 96.972
Total 100.00 | 9822 540.0|100.000
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QJ-HH-4FPhQ-RAC.DATA - Prostar 325 Absorbance Channel 1 LCO805M057

240
220 “
Cx
160 | N
160 " ! H
' F
|
1:3 | rac-4b
2 100 ‘l \
E | ‘I
80 [
{ /
60 | ."
1 / \
40 I‘I I‘, I"‘I I"‘.‘.‘
20 o | \
o—— . /‘I \'\; " J ¥7 L
20 ‘
-40
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Min
Index | SC{F44 | WAl o | mE Area | Area %
Min] | [% i #] | [mAU] | [mAU.Min] [%]
1 4% [1646] 50.02] 1890 86.0| 50.020
2 | [27.01] 4998 111.0 85.9| 49.980
Total 100.00 | 300.1 171.9 [ 100.000
450 QJ-HH108-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
400 H
N
350 @ . ;’*‘-“I
N [
300 H |‘I \
F [
250 4b .
5 o
< 200
£ ‘\l
150 ‘I
|
100 | ‘
/ \
| \
50 | \
o— ‘_/_\\ Y = 7\‘,_ ¥ B
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Min
Index | CfF44 | I [a] Bom | mE Area | Area %
Min] | [% [ £ | [mAU] | [mAU.Min] [%]
1 [ ks [17.43 281] 187 88| 2807
2 |4 |2673] 97.19] 359.4 3045 97.193
Total 100.00| 378.1 313.3[100.000
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QJ-HH108-3-(4-Cl)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

90
H
800 A N
700 | @[
[ N
600 / H
| Cl
500 | ﬂ rac-4c
2 400 ‘ I‘I
E N
| I
300 | | |
| |
| \
[ | | \
100 - Lo
[ /
o I _H)‘ \Y o - -/ \k_J_, o
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Min
Index | Cff4 | WlTE] B A Area | Area %
Min] | [% [HE] | [mAU] | [mAU.Min] [%]
1|k [19.21 50.08 | 753.9 473.9| 50.078
2 | k%1 |3220] 49.92| 4194 4724 | 49.922
Total 100.00]1173.3 946.2 | 100.000
40 QJ-HH108-3-(4-CI).DATA - Prostar 325 Absorbance Channel 1 LC0805M057
H
350 N
300 @[ *
N N
H N\
250 cl [
4c | ﬂl
- 200 ‘I "‘.
3 |
150 I‘ ".‘
I
100 ‘I
|
50 | \
o0— _ = ™ I' . _7,,_,__::} \__} ]
13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Min
Index | 45 | 1] Howt | Az Area | Area %
[Min] | [% [ | [mAU] | [mAU.Min] [%]
2 &4 |19.59 2.19| 122 65| 2186
1 [ [3203] o97.81] 2798 291.9| 97.814
Total 100.00 | 292.1 298.4 | 100.000
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QJ-HH108-4-(4-Br)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

500
450
400
350
300
> 250

<<
E 200
150)
100
50

[

H
Cr
N
H

rac-4d Br

ANIE

13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

Min

Index | {45 | W/[H] Bom | mfE Area | Area %
[Min] | [% [ £ | [mAU] | [mAU.Min] [%]
1 |4 |2081] 49.97] 396.8 262.4| 49.971
2 [ Am |3527| 50.03] 2275 262.7| 50.029
Total 100.00 | 624.3 525.1 | 100.000
750 QJ-HH108-4-(4-Br).DATA - Prostar 325 Absorbance Channel 1 LCO805M057
700
650 H
Cx
*
550 N
500 H \
450 4d Br A
400 I‘
2 350
<
g 300 |
250 ‘
200 |
150 |
100 \
50 |
0 — ,:1/\ =’ o o ,_hl_j
-50 : -
1314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Min
Index | b4 | wE] g | &E Area | Area %
[Min] | [% [ £] | [mAU] | [mAU.Min] [%]
1 | [21.04 277] 335 205| 2768
2 | A |3427| 97.23] 5382 719.6| 97.232
Total 100.00] 571.8 740.1 100.000
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800

QJ-HH108-5-(4-MeO)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

750
700
650
600
550
500
450
400
350
300
250
200
150
100

mAU

-50

L,

H
N

H

rac-4e

OMe "

12

13

14

15

18

19

20

Index | SC4F44

fif [6]
[Min]

Hiw
[% (IR

[mAU]

Area
[MmAU.Min]

Area %
[%]

—

A 1

17.54

50.07

666.1

346.8

50.069

2 |4

24.23

49.93

467.6

345.8

49.931

Total

100.00

1133.7

692.6

100.000

1,500

QJ-HH108-5-(4-MeO).DATA - Prostar 325 Absorbance Channel 1 LC0805M057

21
Min

22

23

1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100,

mAU

CL

' -/_\ =

H
N

N
H
4e

OMe

12

13

14 15

16

17 18

19

20

Index | T4

e} [6)
[Min]

B
[% ]

[mAU]

Area
[mAU.Min]

Area %
[%]

2 A HI

17.47

2.81

51.9

26.4

2.805

1 LA

23.73

97.19

1183.3

913.9

97.195

Total

100.00

1235.2

940.2

100.000

21
Min

22

S84
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29
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QJ-HH108-6-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

300
280
260
H
240 N
220 .
200 I OMe
180 l"
160 | rac-4f
o 140 [ A\
% 120 |‘ I\ ‘. \
100 | [
80 Pl .‘
60 | "‘
40 ‘ \ [ z
20 |\ o\ =
0- - / A T N ~r
-20 i
-40
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Min
Index | CfF44 | B e | mE Area| Area %
Min] | [% i8] | [mAU] | [mAU.Min] [%]
1 |4s [1951] s002] 2187 1281 50016
2 | 4% |2875] 4098|1486 128.1| 49.984
Total 100.00] 367.3 256.2100.000
70 QJ-HH108-6.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
650
600 H
550
500) N OMe
450) H A
[
20 “ |
2 300 I‘ I\
|
[
€ 250 Fo
200 | ".‘
150) [
100 [
50
e I e S ¥ —
-50 B
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Min
Index | {44 | If[H] HiE | & Area| Area %
[Min] | [% ] | [mAU] | [mAU.Min] [%]
1 [ [19.41 3.01] 245 142] 3015
2 | A [2831] 96.99( 5216 456.8| 96.985
Total 100.00] 546.2 471.0]100.000
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QJ-HH108-7-(2MeQ)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

1,300
1,200 H
1,100 OMe
1,000
900 N i
|
800 rac-4g ‘l |
700 [
2 600 m
£ [
500 l‘ \ |
400 [ |
300 |‘| | [
200 [ Lo
100 Foo AN
o — A N S S S .
10 11 12 13 14 15 16 17 18 19 20 21 22
Min
Index | LfF44 | BfJA] o | R Area | Area %
[Min] | [% 8] | [mAU] | [mAU.Min] [%]
1 |4 [1425] 50.07][1002.8 4550 | 50.069
2 |4 |1735] 4993[ 7854 453.7 | 49.931
Total 100.00 [ 1788.2 908.7 | 100.000
80 QJ-HH108-7.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
750
700 H
650 @[ OMe i
600) J I
550 N a
500 |
450 49 [
o 400 o
< 350 | ‘5
€ 300 [
250 [
200 .
150 [
100) -
50 | \
o J/"' . ' = T~ ! R
_50 a a
10 11 12 13 14 15 16 17 18 19 20 21 22
Min
Index | {4 | Bl HoE | i Area | Area %
[Min] | [% (8] | [mAU] | [mAU.Min] [%]
2 |4 [1439] oda40] 6757 2986 94399
1[4 [17.89 560 312 17.7]  5.601
Total 100.00] 706.9 316.41100.000
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QJ-HHB83-RAC-2.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

900
800 N "
I
700 @E I I
N [
600 [
rac-6a [
- 500 cis [
< [
£ 400 \ |
trans || |
300 [
‘ II
200 / \ |
| \
100 o
N\ - / \
0— VAW VAN BV |
5 & 7 g 9 10
Min
Index | LR85 | wfE Mofe | e Area | Area %
[Min] | [% ifif] | [mAU] | [mAL.Min] [%]
I B 649 431] 613 97] 4311
[ EY 855 425] 436 96| 4252
3 [ 44 979 9144|7896 2066 91437
Tolal 100.00] 8945 226.0 | 100.000
750 QJ-HH85-3.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
700
650
600 H
550 I N
| X
450 [ H
400 [ |
| 6a
< 350 [
300 | l\ cis
250 | |
?gg ‘| ﬂ trans \
| |
100 | \ — A
50 [ / \
o— e - VAN N ——
5 6 7 8 9 10 11 12
Min
Index | Cif4 | A R mE Area | Area %
[Min] | [% i8] | [mAU] | [mAU.Min] [%]
1 [4& [649] 7262] 567.8 91.0] 72620
2 |4m [os7| 2738 1356 343 27380
Total 100.00] 7034 125.3 [ 100.000
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QJ-HH-(2,3-Me,Et)-Q-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

1,40
1,300 H
1,200 N
o
i .
1,000 N /\ cis
900 rac-6b |I | i
800 [ |
2 700 n |‘
£ 600 | |
trans [ |
500 ] |‘
400 || '.‘ |
300 o |
200 i N [ [\
100 I /A | [\
o— : z" \\-__‘!'._ — 7,?" !;_ ,_/' S _’. —ﬁ-} \ _'47
5 6 7 8 9 10 11 12
Min
Index | SCiF4# | WE Hm | A Area | Area %
Min] | [% i #] | [mAU] | [mAU Min] [%]
1 6.03 772] 3243 455 7725
4 7.57 7.79] 2239 459] 7.785
2 . 805| 423010771 2492 | 42209
3 |dm 1062 4219] 8790 2485 42191
Total 100.00] 2504 2 5309.0 | 100.000
1400 QJ-HH109-1.DATA - Prostar 325 Absorbance Channel 1 LC0805MQ57
1,300
1,200 ,
1,100 |
H
1,000 [ N
=
800 ‘ ‘ N
S 700 K H
4
£ 600 | | &b
500 ‘l
400 | |
300 I‘ ‘|
200 [
100 [ ,
o— / “\ -“ L) j/f \J = T~
5 6 7 8 9 10 11 12
Min
Index | SCfE4 | TE HE| mr Area | Area %
Min] | % @& | [mAU] | [mAU Min] [%]
3 | ks 601] B017[11722 1656 80174
S 7.94 0.16 12 03] 0.161
[EY: 004] 1324] 1245 273| 132937
2 |4 [1090 643] 493 133] 6429
Tolal 10000113472 2065 100.000

S88



QJ-HH-tetroMe-trans-rac.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

240 H
220 N
200 D[ I trans
N n
180 H N
160 rac-6¢c “' |
140 [
120 F
< 100 F
80 |‘I \I‘
40 [ \
/ ‘I‘\ /7 / \\
20 - » \ / /
— S AN \\_7 B o Ny
-20
-40
6 7 8 9
Min
Index | b4 | IR How | @l Area | Area %
[Min] | [% i8] | [mAU] | [mAU.Min] [%]
2 KA 6.15 50.01] 176.1 27.6] 50.006
1 D= 8.28 49.99] 115.2 27.5] 49.994
Total 100.00] 291.3 55.11100.000
1500 QJ-HH-tetroMe-trans.DATA - Prostar 325 Absorbance Channel 1 LC0805MQ57
1,400
1,300 H
1,200 N
1,100 f ;@[ ji
1,000 [ N
R
900 R 6c
5 800 ‘\ |
< 700 |
[
£ 600 l‘ |
500 ‘\ |
400 ‘I \
300 [
200 [
100 '
o=/ AN - L
6 7 8 9
Min
Index | A4 | ] o I Area| Area %
[Min] | [% if£] | [mAU] | [mAU.Min] [%]
1 A 6.08 99.87 [1128.2 187.2| 99.870
P ERE 8.35 0.13 0.8 02| 0130
Total 100.00 | 1129.1 187.4 | 100.000

S8&9



y 2(8 -HH-(2,3,6,7-Me,Et,Me,Me)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

1,100 H
1,000 N
900
N f\ .
800) H M cis
700 rac-6d I| I‘| / \
| M
o 600 I‘ ! ‘Iu' \
<C [ || |
£ 500 trans | o
400 [ |
300 [
200 A '~
100 ,"I J;.‘ i "‘-.\
— N\ T Ny ) N
5 6 7 8 9 10
Min
Index | SCiF4 | iE Hoh B Area| Area %
[Min] | [% ffif | [mAU] | [mAU_Min] [%]
4 |k | 531 917]| 2664 364] 9172
P ERE 5.49 741] 1939 204] 7405
3 | kaE 674] 4219] 8723 167.5] 42190
[ 838| 4123| 6639 1637 41233
Total 100.00 ] 1997.0 397.01100.000
140 QJ-HH109-4.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,300
1,200 ﬁl
| H
1,100 I N
- N D ¢ ¢
900 | " N
800) | | 6dH
o |
2 700 B
£ 600 |
500 || .
\ trans ClS
400 | |I
300 | |‘
200 [
100 I :
o —..~J - | = \ 1 .,\;.i—-"'/ﬂ""-—'- —
5 6 7 8 9 10
Min
Index | ZCfF4 | B H] ol | mE Area| Area %
[Min] | [% fiif] | [mAU] | [mAU Min] [%]
3 k& 52| 861312247 1625] 86135
1 |k 707 9.86] 1022 18.6] 9850
2 | km | 881 401] 314 76 4006
Total 100.00] 1358.3 188.6 | 100.000

590



1 é%ﬁ-HH-(2,3,6,7-Me,Bu,IVIe,Me)-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

900 H
W Xl
700 N f\ cis
H |
600 rac-6e |' ! /
[ N
2 500 || II ‘." \
£ 400 trans ‘I '. ‘.' II".
| | \
300 0 / \ |' [
A | [
200 I N | [
[ [ | | |
100 | I". ."II ‘.\L .'I I".. ,w'll
N . A N Y N S
5 6 7 8
Min
Index | LfFA4 | i E) ol | MR Area| Area %
[Min] | [% @8] | [mAU] | [mAU Min] [%]
1 [ A% [473] 1058] 3000 351] 10578
2 4w |572] 1038] 2272 344 10.379
3 |4 | 642] 3956] 7244 131.1] 39563
4 |4 |793] 394s8| 5403 130.8| 39480
Total 100.00 | 1792.0 331.41100.000
120 QJ-HH109-5.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
1,100
1,000
A H
900 |'| N
| L
700 || N
600 | .
=)
3 [ 6e
£ 500 | ||
400 || \l trans cis
300 ! II
200 [
100 [
0 SRR yd N |
5 6 7 8
Min
Index | LiF4 | W WE| s Area | Area %
[Min] | [% B | [mAU] | [mAU Min] [%]
3 [k 475] 8362 9200 108.7] 83618
[ ER 654 1012 726 13.2] 10.124
2 Txkw Ta12 626 332 81| 6258
Total 100.00] 1025.8 130.0 [ 100.000

S91




QJ-HH109-8-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057

35
cis
H
300 ¥ J&
T
H no N\
200 rac-6f f I"al ".‘
2 B
T 150 trans [
| ! |
100 .
Fo
| | \
50 [
A | !
_ SSRGS T VAN ! =/ N}
9 10 11 12 13 14 15 16
Min
Index | SCHE45 | wEE] | s Area| Area %
[Min] | [% i8] | [mAU] | [mAU.Min] [%]
2 44 1066 5581 361 74 5581
EE 11.81 586] 323 74| 5564
3 44 1338 A062] 2204 53901 40619
4 44 1365 48241 2370 640] 48236
Total 10000] 5348 132.61100.000
800 QJ-HH109-6.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
750
700
650 H
600 N
550 ("
500 " | N
450 [ H
- 400 | ‘I 6f
< 350 [
£ 30 L trans
250 [ cis
200 b
150 [ l \‘
100 [
50 / Y e
S I AN LT
-50 .
9 10 11 12 13 14 15 16
Min
Index | SCk4 | A M| s Area | Area %
[Min] | [% if#] | [mAU] | [mAU.Min] [%]
1 ) 10,63 8330 6104 126.6| 83303
2 ka [1333] 1670] 581 2541 16697
Total 100.00] 6686 152.01100.000

S92



QJ-HH109-7-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805MQ57

30
280
260 H
240 F N cis
220
200 N i / \
180 H [ n
160! rac-69 |‘ II ‘.' ||‘
5 140 A I
< 120 [ [
100 " ‘| \ Fo
80 rans I |‘ ‘I| \
o Y\ | |
40 [ [
20 i,’\\ / .-" ",ﬂ ;" \
VAN VANE SRR SN NG Y S S
20 ‘ i i
-40)
11 12 13 14 15 16 17 18 19 20 21
Min
Index | SCF4 | (A | mRE Area| Area %
[Min] | [% 4] [ [mAU] | [mAU.Min] [%]
1| £ 11319 526] 302 74] 5256
2 [km |1387 522 287 73| 5222
3 ks |1591] 4490] 2089 62.9| 44899
4 A% 18.36 4462 1797 625] 44623
Total 10000) 4475 140,11 100.000
QJ-HH109-7.DATA - Prostar 325 Absorbance Channel 1 LCQ805MQ57
450
400 - H
= | O
|
300 (| N
[ H
250 (1 6g
2 n
£ 200 [ | .
‘ I‘ cis
150 | trans /
[
100 . / \
| | ey
| | A
50 [ / [N
o— AN : S VAR
11 12 13 14 15 16 17 18 19 20 21
Min
Index | CfF45 | WA | mRE Area| Area %
[Min] | [% ifi§] | [mAU] | [mAU.Min] [%]
3 A 13.03 6931 3644 9111 69307
1 # 1577 927 407 12.2 9.265
2 ks |1822] 2143]| 818 282 21428
Total 100.00 [ 486.9 131.4 | 100.000

S93



20 QJ-HH109-8-trans-RAC.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
180 H
Cl N
160 \©: I trans
140 N I‘.‘"\\!. /\
H [
120 rac-6h I “'\.\ ‘.‘"\\
100 \ [\
=) | l‘\‘,‘ \I \\
< 80 | "\L | \
£ 60 | \‘\ ‘l \
| \ |
40 |‘ \ |
20 ! \ ,
0 = “7-;1,'7 - —_— L |
-20
-40
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Min
Index | cfF4 | 1] HE | mrE Area | Area %
Min] | [% [E] | [mAU] | [mAU.Min] [%]
1 |A4sn |1918] 5011 149.1 164.7 | 50.105
2 | s [2264] 49.89] 120.9 164.0 | 49.895
Total 100.00 270.0 328.8]100.000
QJ-HH109-8-trans.DATA - Prostar 325 Absorbance Channel 1 LC0805M057
140
H
2 O
100 N a
H [\
80 6h [\
| 4
- 60 | \.\
i ' \
40 | \
\\
20 ." o
o S - .\‘_/" B | g f_L___ o
-20
-40
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Min
Index | R4 | BfH] HoE | mEe Area | Area %
[Min] | [% ] [ [mAU] | [mAU.Min] [%]
1 [ &4 [1975] 9951] 994 107.0[ 99513
2 [dhm 2475 0.49 0.5 05| 0487
Total 100.00 | 100.0 107.5 | 100.000

594



