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General Methods. All commercially available reagents were used without
further purification. Toluene was distilled from sodium-benzophenone.
Dichloromethane was distilled from CaH,. N,N-Dimethylformamide was dried over
4 A molecular sieves (activated at 180 °C in vacuo over 8 h in vacuum). Column
chromatography was performed on silica gel (200-300 mesh). 'H NMR spectra were
recorded on a 400 MHz NMR spectrometer and °C NMR spectra were recorded on a
100 MHz NMR spectrometer. IR spectra were recorded on a FT-IR spectrometer.
Melting points were uncorrected. 0-HOPhCH,NH, was prepared from
2-methoxybenzylamine through demethylation using BBrg,1 and hydroquinine was
prepared according to the reported procedure.’

(1) A. J. Hallett, G. J. Kwant and J. G. Vries, Chem.-Eur. J., 2009, 15, 2111.
(2) C. Palacio and S. J. Connon, Org. Lett., 2011, 13, 1298.

Preparation of Catalyst C4

OMe
N 1) NaH/DMF, 40 °C

NBr

2) NaH/EtSH/DMF
110°C

= "OH

Hydroquinine

To a solution of hydroquinine (2.0 g, 6.1 mmol) in DMF (20 mL) was added
NaH (70% suspension in mineral oil) (0.627 g, 18.3 mmol). After the reaction
mixture was stirred at rt for 1 h, 1-bromopentane (1.84 g, 12.2 mmol) was added in
one portion. Upon stirring at 40 °C overnight, the reaction mixture was quenched
with H,O (20 mL), extracted with EtOAc (40 mL x 3), washed with brine (20 mL x 3),
dried over MgSQ,, filtered, and concentrated to give a yellow oil, which was used
directly for the next step.

To a suspension of NaH (70% suspension in mineral oil) (2.1 g, 61.3 mmol)
(washed with n-hexane, dried in vacuo) in DMF (20 mL) was added EtSH (7.58 g,

122.0 mmol) dropwise at 0 °C under Ny over 10 min.  After the reaction mixture was
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stirred at rt for 20 min, a solution of the crude product from the previous step in DMF
(10 mL) was added in one portion. Upon stirring at 110 °C overnight, the reaction
mixture was cooled to rt, acidified with concentrated HCI, washed with n-hexane (40
mL x 3), brought to pH = 10 with NH4OH, extracted with EtOAc (60 mL x 3),
washed with H,O and brine, dried over MgSQOy, filtered, concentrated, and purified by
flash column chromatography (silica gel, packed with EtOAc containing 1% Et;N)
(eluent: EtOAc/MeOH = 40/1 to 10/1) to give compound C4 as a yellow solid (1.26
g, 54% overall). mp. 82-85°C; [a]*b = -66.8 (¢ 0.99, CHCl3); IR (film) 3072,
1618, 1464, 1241, 1118 cm™; '"H NMR (400 MHz, CDCls) & 11.38 (br s, 1H), 8.67
(d, J=4.4 Hz, 1H), 8.23 (s, 1H), 7.99 (d, J = 9.2 Hz, 1H), 7.38 (d, J/ = 4.4 Hz, 1H),
7.30 (dd, J = 9.2, 1.6 Hz, 1H), 5.34 (s, 1H), 3.71-3.56 (m, 1H), 3.30-3.16 (m, 3H),
3.05-2.80 (m, 2H), 2.42-2.26 (m, 1H), 2.12-1.98 (m, 1H), 1.98-1.86 (m, 1H),
1.86-1.78 (m, 1H), 1.66-1.48 (m, 4H), 1.45-1.22 (m, 5H), 1.22-1.08 (m, 2H), 0.88 (t, J
=7.2 Hz, 3H), 0.75 (t, J = 7.6 Hz, 3H); '°C NMR (100 MHz, CDCl;) & 157.7, 146.4,
144.0, 143.5, 131.4, 128.0, 123.6, 117.8, 106.1, 78.7, 69.4, 59.3, 58.0, 43.5, 37.0, 29.8,
28.5,27.5,27.3,254,22.5,19.7, 14.1, 11.9; HRMS Calcd for Cy4H35N,0, (M+H):
383.2693; Found: 383.2686.

X. Xiao, Y. Xie, C. Su, M. Liu and Y. Shi, J. Am. Chem. Soc., 2011, 133, 12914.

Representative procedure for transamination of ketones (Table 2, entry 1).

To a Schlenk tube was added ketone 14a (0.120 g, 1.00 mmol), 0o-HOPhCH,NH,
(0.185 g, 1.50 mmol), catalyst C4 (0.077 g, 0.20 mmol), and toluene (5 mL). After
stirring at 110 °C for 72 h, the reaction mixture was concentrated and subjected to
flash column chromatography (silica gel, eluent: PE/EtOAc = 30/1) to remove
0-HOPhCH,NH,, catalyst, and other byproducts. The resulting aldimine along with
small amounts of ketone 14a was dissolved in THF (1 mL) and 1IN HCI (4 mL).
Upon stirring at 20 °C for 24 h, the reaction mixture was washed with n-hexane (15

mL x 3), brought to pH > 7 with solid K,COs, extracted with CH,Cl, (30 mL x 3),
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dried over MgSOQy, filtered, and concentrated to give amine 15a as a yellow oil (0.080

g, 66%).

Preparation of N-benzoyl derivative of amine for the determination of the
enantiomeric excess.

To a solution of amine 15a (0.012 g, 0.10 mmol) in CH,Cl, (1 mL) were added
Et;N (0.018 g, 0.18 mmol) and PhCOCI (0.018 g, 0.15 mmol). Upon stirring at rt
for 30 min, the reaction mixture was purified by flash column chromatography (silica
gel, eluent: PE/EtOAc = 8/1) to give N-benzoyl amine 16a as a white solid (0.019 g,
82%). The sample was subjected to chiral HPLC (Chiralpak AD-H column) to

determine the enantiomeric excess.

Table 2, entry 1

NH,

©/'\ 15a

Yellow oil; [0]*’p = -26.5 (¢ 0.33, CHCLs) (80% ee); IR (film) 3442, 1629, 1453
cm™; 'H NMR (400 MHz, CDCls) & 7.36-7.28 (m, 4H), 7.26-7.19 (m, 1H), 4.10 (q,
J = 6.8 Hz, 1H), 1.47 (br s, 2H), 1.38 (d, J = 6.8 Hz, 3H); '°C NMR (100 MHz,
CDCl5) 6 148.0, 128.6, 126.9, 125.8, 51.5, 25.9.

(1) Y. Chu, Z. Shan, D. Liu and N. Sun, J. Org. Chem., 2006, 71, 3998.
(2) D. Guijarro, O. Pablo and M. Yus, J. Org. Chem., 2010, 75, 5265.

Table 2, entry 2

NH,

: F 15b

Light yellow oil; [0]*’p = -23.1 (¢ 1.08, CHCls) (84% ee); IR (film) 3360, 1584,
1489 cm™; 'H NMR (400 MHz, CDCls) & 7.43-7.38 (m, 1H), 7.23-7.16 (m, 1H),
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7.15-7.08 (m, 1H), 7.04-6.97 (m, 1H), 4.38 (q, J = 6.4 Hz, 1H), 1.59 (br s, 2H), 1.42
(d, J = 6.4 Hz, 3H); "C NMR (100 MHz, CDCl;) § 161.8, 159.3, 134.7, 134.5,
128.3, 128.2, 126.89, 126.85, 124.40, 124.37, 115.7, 115.5, 45.59, 45.56, 24.2;
HRMS Calcd for CgHjjFN (M+H): 140.0870; Found: 140.0868.

L. M. Klingensmith, K. A. Nadeau and G. A. Moniz, Tetrahedron Lett., 2007, 48,
4589.

Table 2, entry 3

NH,

: Br 15

Yellow oil; [a]”’ = -21.1 (¢ 1.19, CHCL3) (71% ee); IR (film) 3441, 1631, 1468

C

em”; 'H NMR (400 MHz, CDCLy) & 7.54-7.47 (m, 2H), 7.35-7.27 (m, 1H),
7.12-7.04 (m, 1H), 4.49 (q, J = 6.4 Hz, 1H), 1.76 (br s, 2H), 1.38 (d, J = 6.8 Hz, 3H);
3C NMR (100 MHz, CDCls) & 146.3, 133.1, 128.4, 128.0, 126.7, 123.3, 50.2, 23.9;
HRMS Caled for CsHyBrN (M+H):  200.0069; Found: 200.0069.

L. M. Klingensmith, K. A. Nadeau and G. A. Moniz, Tetrahedron Lett., 2007, 48,
4589.

Table 2, entry 4

NH,

Q/k

Br 15d

Yellow oil; [0]*’p = -19.7 (c 0.95, CHCL3) (78% ee); IR (film) 3374, 1594, 1567,
1474 em™; 'H NMR (400 MHz, CDCls) § 7.50 (s, 1H), 7.35 (d, J = 7.6 Hz, 1H),
7.26 (d, J = 8.0 Hz, 1H), 7.21-7.14 (m, 1H), 4.12-4.03 (m, 1H), 1.66 (br s, 2H), 1.36
(d, J = 6.0 Hz, 3H); "“C NMR (100 MHz, CDCl;) § 150.2, 130.2, 130.0, 129.1,
124.6, 122.7, 51.1, 25.8; HRMS Calcd for CgH;BrN (M+H): 200.0069; Found:
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200.0065.

Table 2, entry 5
NH

15e
Yellow oil; [a]zOD =-29.2 (¢ 1.15, CHCI;) (82% ee); IR (film) 3441, 1608, 1450

cm’; 'H NMR (400 MHz, CDCly) & 7.26-7.17 (m, 1H), 7.17-7.09 (m, 2H),
7.07-7.01 (m, 1H), 4.06 (q, J = 6.8 Hz, 1H), 2.34 (s, 3H), 1.75 (br s, 2H), 1.37 (d, J =
6.4 Hz, 3H); "“C NMR (100 MHz, CDCl3) & 147.8, 138.2, 128.5, 127.7, 126.6,
122.9, 51.4,25.7,21.6; HRMS Calcd for CoH;3NNa (M+Na): 158.0940; Found:
158.0937.

M. Pallavicini, E. Valoti, L. Villa and O. Piccolo, Tetrahedron: Asymmetry, 2001, 12,
1071.

Table 2, entry 6

NH,

o|/©/k 15f

Yellow oil; [0]*p = -26.2 (¢ 0.99, CHCL3) (79% ee); IR (film) 3361, 1592, 1492
em”; 'H NMR (400 MHz, CDCls) & 7.30-7.26 (m, 4H), 4.10 (q, J = 6.4 Hz, 1H),
1.88 (br s, 2H), 1.36 (d, J = 6.8 Hz, 3H); '*C NMR (100 MHz, CDCl5) & 146.0,
132.6, 128.8, 127.4, 50.9, 25.7; HRMS Caled for CsH;,CIN (M+H): 156.0575;
Found: 156.0571.

D. Guijarro, O. Pablo and M. Yus, J. Org. Chem., 2010, 75, 5265.

Table 2, entry 7
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Yellow oil; [0]*’p = -36.3 (¢ 1.02, CHCIs) (83% ee); IR (film) 3286, 1514, 1455
em’; 'H NMR (400 MHz, CDCl;) & 7.27-7.20 (m, 2H), 7.17-7.11 (m, 2H),
4.13-4.03 (m, 1H), 2.33 (s, 3H), 1.78 (br s, 2H), 1.37 (d, J = 6.4 Hz, 3H); "°C NMR
(100 MHz, CDCl3) & 145.0, 136.5, 129.3, 125.8, 51.2, 25.8, 21.2; HRMS Calcd for
CoH35NNa (M+Na): 158.0940; Found: 158.0936.

D. R. J. Hose, M. F. Mahon, K. C. Molloy, T. Raynham and M. Wills, J. Chem. Soc.,
Perkin Trans. 1, 1996, 691.

Table 2, entry 8

NH,

'7BU/E>/k 15h

Yellow oil; [0]*’p = -23.2 (¢ 1.12, CHCls) (78% ee); IR (film) 3290, 1512, 1456
cm”; 'H NMR (400 MHz, CDCl3)  7.24 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz,
2H), 4.07 (q, J = 6.4 Hz, 1H), 2.59 (t, J = 7.6 Hz, 2H), 1.72 (br s, 2H), 1.64-1.53 (m,
2H), 1.41-1.29 (m, 5H), 0.92 (t, J = 7.6 Hz, 3H); *C NMR (100 MHz, CDCl3) &
145.1, 141.6, 128.6, 125.7, 51.2, 35.4, 33.8, 25.7, 22.5, 14.1; HRMS Calcd for
Cio2HpoN (M+H):  178.1590; Found: 178.1590.

Table 2, entry 9
NH»

15i
Yellow oil; [0]*p = -20.0 (¢ 1.28, CHCL) (76% ee); IR (film) 3291, 1509, 1461

cm; 'HNMR (400 MHz, CDCls) § 7.37-7.33 (m, 2H), 7.29-7.23 (m, 2H), 4.08 (q,
J = 6.4 Hz, 1H), 1.73 (br s, 2H), 1.38 (d, J = 6.4 Hz, 3H), 1.31 (s, 9H); "C NMR
(100 MHz, CDCl3) & 149.8, 144.9, 125.50, 125.49, 51.1, 34.6, 31.5, 25.7; HRMS
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Calcd for Cj;HyoN (M+H):  178.1590; Found: 178.1586.

Table 2, entry 10

NH,

o

F 15j
Yellow oil; [0]*p = -25.5 (¢ 1.17, CHCL) (85% ee); IR (film) 3291, 1580, 1505
em”; 'H NMR (400 MHz, CDCls) § 7.15-7.08 (m, 1H), 7.04-6.97 (m, 2H), 4.08 (q,
J=6.4Hz, 1H), 2.24 (d, J = 1.2 Hz, 3H), 1.83 (br s, 2H), 1.36 (d, J = 6.8 Hz, 3H);
3C NMR (100 MHz, CDCly) & 162.8, 160.4, 147.9, 131.6, 131.5, 123.3, 123.1,
121.20, 121.17, 112.5, 112.3, 50.9, 25.8, 14.39, 14.35; HRMS Calcd for CoH;3FN
(M+H): 154.1027; Found: 154.1023.

Table 2, entry 11
NH,

15k
Yellow oil; [0]*’ = -27.0 (c 1.21, CHCL5) (83% ee); IR (film) 3291, 1504, 1451

cm™; 'H NMR (400 MHz, CDCl3) & 7.15-7.04 (m, 3H), 4.12-4.00 (m, 1H), 2.27 (s,
3H), 2.25 (s, 3H), 1.67 (br s, 2H), 1.38 (d, J = 6.0 Hz, 3H); *C NMR (100 MHz,
CDCly) & 145.4, 136.8, 135.2, 129.9, 127.2, 123.2, 51.2, 25.8, 20.0, 19.5; HRMS
Calcd for CjoHsNNa (M+Na): 172.1097; Found: 172.1093.

Table 2, entry 12

NH,

Light red oil; [a]*’p =-21.0 (¢ 0.98, CHCLs) (81% ee); IR (film) 3364, 3287, 1601,
1507, 1451 cm™; 'H NMR (400 MHz, CDCls) & 7.86-7.76 (m, 4H), 7.52-7.41 (m,
3H), 429 (q, J = 6.4 Hz, 1H), 1.74 (br s, 2H), 1.48 (d, J = 6.4 Hz, 3H); °C NMR
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(100 MHz, CDCls) 6 145.2, 133.7, 132.8, 128.4, 127.9, 127.8, 126.2, 125.7, 124.7,
123.9, 51.6, 25.7, HRMS Caled for C;H;3NNa (M+Na): 194.0940; Found:
194.0938.

D. Guijarro, O. Pablo and M. Yus, J. Org. Chem., 2010, 75, 5265.

Table 2, entry 13

S NHp
M 15m
Yellow oil; [a]*’p = -8.6 (¢ 0.79, CHCl;) (70% ee); IR (film) 3441, 1630, 1450,
1372, 1309 cm™; 'H NMR (400 MHz, CDCl;) & 7.18-7.14 (m, 1H), 6.95-6.88 (m,
2H), 4.36 (q, J = 6.8 Hz, 1H), 1.73 (br s, 2H), 1.48 (d, J = 6.4 Hz, 3H); "°C NMR
(100 MHz, CDCl3) & 153.0, 126.7, 123.5, 122.2, 47.5, 26.5.

D. Guijarro, O. Pablo and M. Yus, J. Org. Chem., 2010, 75, 5265.

Table 2, entry 14

NH,

©/b 15n

Yellow oil; [0]*’p = -14.5 (¢ 0.60, CHCLs) (77% ee); IR (film) 3418, 1628, 1454
cm™; 'HNMR (400 MHz, CDCls) § 7.36-7.28 (m, 4H), 7.26-7.20 (m, 1H), 3.80 (t, J
= 6.4 Hz, 1H), 1.80-1.60 (m, 4H), 0.87 (t, J = 7.2 Hz, 3H); "*C NMR (100 MHz,
CDCls) & 146.6, 128.6, 127.1, 126.6, 58.0, 32.6, 11.1; HRMS Calcd for CoH;35NNa
(M+Na): 158.0940; Found: 158.0937.

(1) Y. Chu, Z. Shan, D. Liu and N. Sun, J. Org. Chem., 2006, 71, 3998.
(2) D. Guijarro, O. Pablo and M. Yus, J. Org. Chem., 2010, 75, 5265.
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The chromatograms for determination of enantioselectivity

Table 2, entry 1

- B?

16a

HPLC Condition:

Eluent:
nm.

Column:
Hexanes/IPA (85/15);

Racemic standard

260
240
220
200
180
16

5 140

T 120]
100:

80
60
40
20
[ S—

—
i

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
Flow rate:

| “
% )L

0123456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25
Min

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
Flow rate:

Eg T.I “?ﬁ?‘%ﬂ i m4ﬁ
1 14.12 | 49875(13.62|15.43
2 20.32| 50.125)19.69|21.39
Total 100.000
Table 2, entry 2
Hn-BZ
F 16b
HPLC Condition: Column:
Eluent: Hexanes/IPA (85/15);
nm.
Racemic standard

0t 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

in

mAU
LA AN AOONROSZR®
202888833 888
z
-
C

1_[14.43] 49.961
2 [17.85] 50.039[17.23]18.72
Total 100,000

mAU

0.5 mL/min; Detection:

Enantio-enriched product

. -

- L_Jﬂp' N
. — |

23456769101 |2131’41516i7’181920212223241{5
Min

gl'ﬁ;'ex _ T ") A f

1_114.16] 10.049
2_12035] 89951

01

Sta

Min|
13.65
19.74

M
15.02
21.47

Total

100.000

0.5 mL/min; Detection:

Enantio-enriched product

26 ey
24
22

20 '
5y U

0 127374 576 7 8 9 101112 13 14 15 16 17 18 19 20
Min

92.073

100.000

S-10
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Table 2, entry 3

B
HN- =2

Br 16c¢

HPLC Condition: Column:
Eluent: Hexanes/IPA (85/15);
nm.

Flow rate:

Racemic standard

100

100
50
A

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Min

17 18 19 2

50271

2 |17.57

Total 100.000

Table 2, entry 4

Hn-B?

Br 16d

HPLC Condition: Column:
Eluent: Hexanes/IPA (85/15);
nm.

Flow rate:

Racemic standard

| I W |

071 2 3A567891011121314151617131920

450|
400
350,
300
o 250!
200,
150

100,

012 3 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20

alS)
49.950
50.050

Al
1 12.45
2 |17.25

100.000

a0 | 1 I
20 | ‘ { \| 50
0 — AL I‘ L! { .} o—

01 2 3 456 7 8 910
Mi

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
0.5 mL/min;

Detection: UV230

Enantio-enriched product
|

100.000

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
0.5 mL/min;

Detection: UV230

Enantio-enriched product

e

1112 13 14 15 16 17 18 19 20

‘Igé,' Tiﬁe’ Area %" Start [FEnd
(e (| %] | IMin] | [Min]!
1 12.45| 10.760]12.05|13.15
2 17.24| 89.240[16.68 [ 18.41
Total 100.000
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Table 2, entry 5
Bz
HN
16e
HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
Eluent: Hexanes/IPA (90/10); Flow rate: 0.5 mL/min; Detection: UV230
nm.
Racemic standard Enantio-enriched product
- |_V7 ] W o
s ( | o ’ |
2 50 | | > 100
E . I
30 | by ‘
: | R o
o SR A_.._J Ljﬁﬁ' it ﬂ‘ nij _— fl‘l' { IL _
L S S 2 S —
012345678 91011121314";&15'715|92021222324ﬁ52}232930 0123456768¢89 1011121314’3‘;16171819202122132425262f2m0
oy e T e
| X R 1 | 8.949 | 15.39 [ 16.84
2 12361] 50132|22,79(24.77 2 12360 91.051[22.91[2508
Total 100.000 Total 100.000
Table 2, entry 6
HN- B2
Cl 16f
HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;

Eluent: Hexanes/IPA (85/15); Flow rate: 0.5 mL/min; Detection: UV230
nm.
Racemic standard Enantio-enriched product
’ 350" S | 450 )
. | s ﬂ
250] | ‘\ | 100 “
S 200 o 250 ‘
£ \ |‘ 200 ‘ \ !
- | I T
— \_r_ AN o - S Sl

012 3 456 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25
Min

01234 56 7 8 9101112131415 16 17 18 1920 21 2223 24 25
Min

S-12

Index| TimelfArea 9| Starty+ End Index [§Timej| Area % [ Start| End
& x| TIMin] [ (%] [e[Min] |s[Min]| & & 5 FMin) [%] | [Min] | .[Min].
1 1421 49.607]13.42[15.48 1_]14.24] 10.646]13.83]14.89
2 |22.03] 50.393]21.2123.30 2 |2204] 8935421292314
Total 100.000 | Total 100,000
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Table 2, entry 7

B
HN -2

16g

HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
Eluent: Hexanes/IPA (85/15); Flow rate: 0.5 mL/min; Detection: UV230

nm.
. . .
Racemic standard Enantio-enriched product
YU T S SII e vy NSNS £ CLUDUNIUOS
250 | 160 | ‘
w00 \l ‘ 140
| ‘ 120 “
0 ﬂ ‘ 100 |
200
% | | | % 80
150 ‘ \| | soi ‘
|
ol | | o |
50 | ‘ \ | 2 ) I
o_ ’\__LJ IL! | \ i A ‘Ib . J
P T g M e e R
0123456782810 1*15‘}* 596 17 18 16 20 21 2 23 24 25 G123 458678 81011 15‘13 141516 17 18 19 20 2122 23 24 25
in in
Indext| Time [*Area % [¥Start| End lindex | Time | Area% [¥Start [" End
& # | vin .3,403 ;!\%iﬁ 4[| i [Min m [Min] | [Min].
1 1467 | 49.738[1396 (1579 1 14.71 8490 | 14.06 | 15.48
2 121.51] 50.262 (20822260 2 21.55] 91.510|20.69 | 22.76
Total 100.000 Total 100.000

Table 2, entry 8

B
HN -2

"Bu 16h

HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
Eluent: Hexanes/IPA (90/10); Flow rate: 0.5 mL/min; Detection: UV230

nm.
Racemic standard Enantio-enriched product
. —— i -~
161 p g ﬂ
14. | 240 | ‘
= | 2 |
o | L f
2 aD| ‘ T 140 ‘|
| i 120 |
60 ‘ | 100 |
| | - |
2 | | A : p ! ‘
eiMMJL__lJ e 23! ‘;‘\L j |
Y128 45676 0101112131415161716 192021222324 2536 37 263530 =

1 - S
012345678 91011121314151617181920212223242526272820303132
Mi

IAc \rea% |. Start | 'End’
P [EMin)et il MinJifis[Min)
1 16.99| 49676 16. 18.08 1 16.93 | 11.024 )| 16.38 | 17.67
2 |2471| 50.324|23.83|2567 2 |2459| 88.976)23.88|25.99
Total 100.000 | Total 100.000
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Table 2, entry 9

Bz
HN

16i

HPLC Condition: Column:
Eluent: Hexanes/IPA (90/10);

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;
Flow rate: 0.5 mL/min; Detection: UV230

nm.
Racemic standard Enantio-enriched product
320 . T ]

20 , = 3
220 260
200 ‘ 240 ‘W
180 F ggg |
:3 | 180 ‘

2120 | 21 \
100 | 120
80 “ b |
0 0
u ﬂ | | ‘ ? : I
| P ¥ 2 e
20 -20

SBR[ End
[Min] | [Min]

1 13.57 | 49689)12.99|14.49
2 11972 50.311]18.94|20.88
]

Total 100.000

Table 2, entry 10

- B?

F 16

0123456 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26
Min

12177
2 |19.69| 87.823|19.0020.90

Total 100.000

HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;

Eluent: Hexanes/IPA (85/15);

Flow rate: 0.5 mL/min; Detection: UV230

nm.
Racemic standard Enantio-enriched product
e |
mol 280
26
160 ﬁ l 24ﬂ_ I |
140 { . 220 |
120‘ i ‘ 3:“. ‘
Ch \ \ 2 :53 :~
E sc‘ \ ‘ i ‘ |
100
o l { 0 I
40 \ | a0 | |
ZD ‘ SR A C ] ;g iy Jl iu
o — % T
07234667388 107‘5‘“’7‘5 1617 18192021222324 26 012345676 9 1011121314151617 1819202122232425
in

ndex |alime | PArea el Start e End’
'I'a‘e’mimif_i %] [8[Min] [#{Min
1_|1257| 49.648[12.10|13.65
2 %mus 50‘352|’17'29 19.17

Total | 100.000 ]

Min

Iidex | Time | Area% | "Start|” End
*g Min] |.. %) | [Mir Min
1 12.57 7.565(12.0013.44

2 [18.05]| 92.435]17.03]|19.43

Total 100.000
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Table 2, entry 11

- B?

16k

HPLC Condition: Column:
Eluent: Hexanes/IPA (85/15);
nm.
Racemic standard
1730‘ - ‘
160 |
140 ‘ ‘
120
) ﬂl
F ‘ .
60 | | |
“ ‘l \ i
0 | I !
0 I N I \Jm_rl RS ‘
ﬁ|23asers91011121314151617151W22

in

e ke o8t o v
1 12.05| 49.980|11.47|13.01
2 16.95| 50,020 |16.26 [ 18.10
[ Total 100.000
Table 2, entry 12
B2
g ‘ 161
HPLC Condition: Column:
Eluent: Hexanes/IPA (85/15);
nm.
Racemic standard
i “ “
, | |
S WU N |

12345678 9101112131415161718192021222324262627 282930
Min

Areai% | Start
if@ [Miri]
49.641]15.85
50.359 | 26.13

g;ndéx Tioe
{S[Min]
1 [18.71
2 [27.01

#End
[Min],
{17.55 |
28.30

Total 100.000

Flow rate:

Flow rate:

mAU

S-15

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;

0.5 mL/min; Detection: UV230

Enantio-enriched product

220, - |
zuo‘

180, W
180 ‘

140
120 i
100 i
ac‘ |
60/ |
40 | |
: o
0 e & \_!_‘_l, -
Wy s s 456 7 6810 # 12 13 14 15 16 17 18 19 20 21 22
in

Index/FTime | Atea % [¥Start | *End
g |, [Min]le [%]{ [Min]s): [Min]
1 12.08 8.323 11,42
2 |16.97 91677|16.21

Total 100.000

Chiralpak AD-H, Daicel Chemical Industries, Ltd.;

0.5 mL/min; Detection: UV230

Enantio-enriched product

fh
Fl

% | Start "‘En—l
) - L [Min]HE[Min
A . 16.0117.71
2 26.91] 90.334 12579 | 28.67
Total 100.000
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Table 2, entry 13

S. HN-Bz

HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;

Eluent: Hexanes/IPA (85/15); Flow rate: 0.5 mL/min;

Detection: UV230

nm.
Racemic standard Enantio-enriched product
20— —— — CoImmIo Tt ey el £ LLUVUZIVRS 2onl —_—— s mmg e ceovvusvuy
260 j
240‘ | 89
220 ‘ ‘EU‘ ‘
200 A 140 | ‘
180 ‘ “
150 i \ = ‘\ |
> 140 | | 2 10
2120 | ‘ . it
100 J ‘ EUI \ ‘
80 |
60 ‘ ‘ 40 ‘
40 ‘ \ 2 I '] |
20 l } \
i N | PR R —
i — \ [S—
200 o S— e — o
012345867 10 11?1314?1517?1920?2?147‘5 01234587 890N s 1415 1017181920 212223 24 25
in
[IndexfiTime [gArea i Start | BEnd) idex | Tide [PATealel” Sl 4End
& 20 1) [ 2o I |n1{"!!Miﬁi 2 il e i | g
1_[16.11] 40.662]15.53 | 17.60 1_1{16.00 15.186|15.40]16.9
2 |21.07] 50.33820.51 2224 2 121.07] 84.81412054]2203
‘ Total 100.000 otal 100,000

Table 2, entry 14

B
HN -2

16n

HPLC Condition: Column: Chiralpak AD-H, Daicel Chemical Industries, Ltd.;

Eluent: Hexanes/IPA (85/15); Flow rate: 0.5 mL/min;

o—

Detection: UV230

A f\._k,lj\d—___j Li

nm.
Racemic standard Enantio-enriched product
r — — — SIS Trmg i e evavaovuy 220 T o - T T e e
200 ] 2ﬂj ‘
- ﬂ oz |
140 I 140 ‘
120 | ” S 120/ ‘ ‘
s 100{ | || | = 100 |
80 ‘ ! H 80
b ) | |
4 | j\ |
u'_Ai._,y_,_ _‘l S 7_“

0123456786 01011121314151617 1819202122 932435362728 3630
in

—2‘ — S— S
0DL12345573~3101112

1314 1516 1718192021 222324 25 26 27 28 26 30

L | Il inji —_— et L
1 [14.47] 43.954]1372]1563 511 11.348 | 13.93]15.39
22,08 50.046]21.4623.34 2 122.09] 88.652/21.33 (2328
Total 100.000 | Total 100.000
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