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1. Screening of catalysts and optimization of reaction conditions

Table 1. Screening of Catalysts and optimization of reaction conditions!®

AP

496

COX.,
4b,G =
4c, G =
o OH 4d, G = 9-Phenanthrenyl
CO 4e, G = 9-Anthracenyl
4f, G = 2,4,6-(1-P)sCeH,

4-CICeH,4
2-naphthyl
1-naphthyl

SiPhy

@ﬁ iz

10 mol% 4-5

solvent T°C

OH Ph o

o

HN

3aa

entry Cat. solvent T(CC) 1la2a additives yield (%)™ er

1 da CHCI3 (1mL) 50 4:1 - 26 51:49
2 4b CHCI3 (1mL) 50 4:1 - 18 63:37
3 4c CHCI3 (1mL) 50 4:1 - 26 65:35
4 4d CHCI3 (1mL) 50 4:1 - 11 69:31
5 4e CHCl5 (1mL) 50 4:1 - 24 78:22
6 4f CHCI3 (1mL) 50 4:1 - 14 90:10
7 4q CHCI; (1mL) 50 4:1 - 19 70:30
8 5 CHCI3 (1mL) 50 4:1 46 53:47
9 4f toluene (1mL) 50 4:1 - trace -

10 4f EtOAc (1mL) 50 4:1 - 87 93:7
11 4f CHsCN (1mL) 50 4:1 - 99 90:10
12 4f 1,4-dioxane (1mL) 50 4:1 - trace -

13 4f acetone (1mL) 50 4:1 - 40 93:7
14 4f i-butyl acetate (1mL) 50 4:1 - 63 93:7
15 4f  n-propyl acetate (1mL) 50 4:1 - 75 91:9
16 4f  ethyl propionate (1mL) 50 4:1 - 75 91:9
17 4f s-butyl acetate (1mL) 50 4:1 - 80 937
18 4f i-butyl acetate (1mL) 50 4:1 - 80 95:5
19 4f i-butyl acetate (1mL) 50 4:1 3A trace -

20 4Af i-butyl acetate (1mL) 50 4:1 4 A trace -

21 4f i-butyl acetate (1mL) 50 4:1 5A 46 90:10
22 4f i-butyl acetate (1mL) 50 4:1  NaSO4 76 91:9
23 4f i-butyl acetate (1mL) 50 4:1 MgSO4 64 91:9
24 4f i-butyl acetate (1mL) 50 2:1 - 36 95:5
25 4f i-butyl acetate (1mL) 50 1:1 - trace -

26 4f i-butyl acetate (1mL) r.t. 4:1 - trace -

27 4f i-butyl acetate (1mL) 80 4:1 - 76 90:10
28 4f  i-butyl acetate (0.5mL) 50 4:1 - 96 90:10
29 4f i-butyl acetate (2mL) 50 4:1 - 36 90:10
30 4f i-butyl acetate (4mL) 50 4:1 - trace -

[a] Unless otherwise indicated, the reaction was carried out at the 0.1 mmol scale and catalyzed by 10 mol% 4-5 in

a solvent for 12 h. [b] Isolated yield. [c] The er value was determined by HPLC.
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2. NMR spectra of all products 3

3aa
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3. HPLC spectra of all products 3

3aa
Racemic:
Chromatogram
140 I 2J2015040901-AD10% #1 [manipulated] ZJJ2015040901-AD10% UV_VIS_1 WVL:254 nm
120—_ OHy ph O
k)
i Lo
100 HM
2 8o
E j
5]
g 11-17.640 222800
= 604 A | |
I / N
8 i \. i
=T | | A !
40 / / \
4 ] I|
] II| III|
20 / i
] / /
] /I'l - / —
0 - = —_—
-10- T T T T T T T T T T 71 T T T T L T T L T a
100 12.0 14.0 16.0 18.0 200 220 24.0 26.0 28.0 296
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 17.640 116.794 61.511 49.65 50.86 n.a.
2 22.620 118.437 59.433 5035 49.14 n.a.
Total: 235231 120.944 100.00 100.00
Enantioselective:
Chromatogram [
500~ 7] XMM2015061402-AD10% #1 [manipulated] KMM2015061402-AD10% UV_WIS_1 WVL:254 nmi
500 OHy py O
4 -
Lo
400 HH
5
‘é J
‘o 300
e ] |2 - 23.907
2 Ie
3 [\
£ 200 [\
] |II \\\.
1004 /
4 II
| 1-19.023
o] e L/ — -
H—_— — .
14.0 16.0 18.0 20.0 220 240 26.0 28.0 30.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min mAU % % n.a.
1 19.023 20.690 20.089 5.27 711 n.a.
2 23.907 371.989 262.539 94.73 92.89 n.a.
Total: 392.679 282.628 100.00 100.00
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3ba

Racemic:
|Chromatogram |
200- 3xMM2015062303-hD15% #1 XMM2015062303-AD15% UW_WIS_1WVL:254 nm
mAU
175 OH 0
H%.. Ph
1504
0
1254
2
4 100+ i1-8730
:
2 75] 12 - 12,037
<
50
25
L
04 ! T min
_10 - r T T T T T T T T T 1
7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 18.0 17.0
Time [min]
Integration Results
No.  |Peak Mame Retenfion Time Area Height Relative Area Relative Height Amount
min mALU*min mAU % il n.a.
1 9.730 56.041 94.174 49.74 55.65 n.a.
2 12.037 56.631 75.369 50.26 44 .45 n.a.
Total: 112.672 169.543 100.00 100.00
Enantioselective:
|Chromatogram
2000- !KMMEU‘ISU?U:!O?-#D!S% #1 [manipulated] XMMZ0150070202-AD15% UV_VIS_1 WVL:254 nm
1750 OHH ph O
1500 O
__ 12504
2
g 10004 12- 11.800
§ 750 -
500 -
250
11-9.583
04 . 1 T
_100 - r T T T T T T T 1
50 5.0 8.0 10.0 12.0 14.0 16.0 18.0 19.0
Time [min]
Mﬁmﬁnn Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL* min mAL % % n.a.
1 9.583 48.578 B2.TTT 6524 8.05 n.a.
2 11.800 730.416 8945.033 93.76 81.85 n.a.
Total: T76.994 1027.810 100.00 100.00
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Racemic:
|Chromatogram |
50.0- 3 XMM2015062305-1C10% &1 XMM2015062305-1C10% UV_VIS_1 WWVL:254 nm
OHH ph O
“,
40,04
%30.0- HN
E i1-74.210
[
£ 200+ 2-B1.370
]
E
10.04
0.0+ : i —T
507, : . . : y . . ; : .
65.0 675 70.0 725 75.0 77.5 80.0 82.5 85.0 87.5 B899
Time [min]
Integration Results
No. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % i n.a.
1 74.210 50.554 22.373 50.26 52.90 n.a.
2 81.370 50.032 19.922 49.74 47.10 n.a.
Total: 100.586 42.204 100.00 100.00

Enantioselective:

|Chromatogram |
1000~ '3!MM20150?0203-IC1 0% #1 [manipulated] XKMM20150070203-1C10% UV_VIS_1 WVL:254 nm
mAL
875 OH o
H«»,_, Ph
7504
0]
_. 625
2
‘s 5004 |1-89.237
!
£ 3754
=
250
1254
12 - 79.007
L
01 T min
-50- ; : : ; ; ]
60.0 65.0 70.0 75.0 80.0 85.0 20.0
Time [min]
Integration Results
Mo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALU % % n.a.
1 69.237 1475.008 485.669 92.37 92.43 n.a.
2 79.007 121.774 39.777 7.63 7.57 n.a.
Total: 1596.782 525.445 100.00 100.00
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3da

Racemic:
|Chromatogram
50.0- XMM2015062307-0J15%-- #1 [manipulated] XMM2015062307-0J15%-- UV_VIS_1 WVL:254 nm
OH
40.0 ] H? Ph O
%
| 0
5 30.0
T HN
E F
EEO.D- 11- 30,180
<
10.04
12 - 49.573
1 ]
J } |
20, : : . . ]
20.0 30.0 40.0 50.0 60.0 700 730
Time [min]
Integration Results
Ma. Peak Name Retention Time Area Height Relative Area Relative Haight Amount
min mAU*min mALl % i1 n.a.
1 30.180 69.341 18.003 50.23 70.90 n.a.
2 49.573 68.700 7.389 49.77 29.10 n.a.
Total: 138.041 25.302 100.00 100.00
Enantioselective:
|Chromatogram |
110.0- 3 KMM2015070204-0J15% #1 [manipulated) KMM2015070204-0J15% UW_VIS_1WVL:254 nm
100.0
OH
87.5 Hﬁ Ph O
]
75.0 H 0
=1
Z 6259 HN
"
(5]
_E 50.0 2 - 44.293 F
2
oL 3?5 4
25,0
1251 |1 - 27 567
0.0+ - :
5.0 . ; . ; : ; .
15.0 20.0 30.0 40,0 50.0 60.0 700 80.0
Time [min]
Integration Results
MNo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % i] n.a.
1 27 567 44.071 5.360 8.05 14.86 n.a.
2 44,293 448.433 47.909 91.05 85.14 n.a.
Total: 492.504 56.269 100.00 100.00
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3ea

Racemic:
|Chromatogram ]
40.0- EKMM2015062309-0J15% #1 [manipulated] XMM2015062308-0J15% UV_VIS_1 WVL:254 nm
35.04
OHH ph O
30.04
0
_.25.0
2
8200 Cl
:
§ 15.04 \1-26.470
10.04
12 - 38.330
5.0
0.04—1
2.0-; . . : ; ; . ; .
21.0 250 300 35.0 40.0 45.0 50.0 55.0 58.0
Time [min]
Integration Results
Mo. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % ] n.a.
1 26.470 52.680 13.708 48.53 65.04 n.a.
2 38.330 55.875 7.368 5147 34.96 n.a.
Total: 108.556 21.076 100.00 100.00
Enantioselective:
|Chromatogram
160+ 3KMM20150?0205-0J15% #1 [manipulated)] KMM2015070205-0J15% UV _WIS_1 WWL:254 nm
1404
OHH ph O
120
0
100
H
‘s 80
E 2 - 36 887 cl
= 60
<
40
20 i1- 26163
0 T
10, ; . . : . i
10.0 20.0 30.0 40.0 50.0 60.0 65.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 26.163 80417 14.479 9.85 16.92 n.a.
2 36.867 552.704 71.077 90.15 83.08 n.a.
Total: 613.121 85.555 100.00 100.00
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3fa

Racemic:
|Chromatogram |
14.0- 31MM2015062311-0J15%-- #1 [manipulated] XMM2015062311-0J15%-- LV_VIS_1 WWL:254 nm
12,0 OHYy pp ©
10.0 8]
% 8.0
m Br
£ 1 - 28.200
g 6.0
8
i
4.0+
|2 42 477
2.0
0.0 )
T
1.0 ; ; ; ; . . . ; . ]
15.0 200 250 30.0 35.0 400 45.0 50.0 55.0 50.0 65.0
Time [min]
Integration Results
Mo. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % Y n.a.
1 28.200 28.710 B.671 5017 58.81 n.a.
2 42,477 29.512 3.024 49.83 31.19 n.a.
Total: 59.222 9.695 100.00 100.00
Enantioselective:
|Chromatogram
50.0+ 5KMM20150?0205-0J15% #1 [manipulated] XMM2015070206-0J15% UV_VIS_1 WVL:254 nm
12 - 40,367
OHH Pph O
“,
40.04
—30.0
;:
"
£
£ 2004
K]
oL
10.0 - 27620
0.0 L T
_50 - r T T T T T T T 1
18.0 30.0 40.0 50.0 60.0 70.0 820
Time [min]
Integration Results
No. |Peak Mame Retention Time Araa Height Relative Area Relative Height Amount
min mAU*min mAL % i n.a.
1 27.620 36.362 B.516 737 15.29 n.a.
2 40.367 456.790 47.185 92.63 84.71 n.a.
Total: 493.152 55.700 100.00 100.00
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3ga

Racemic:
Chromatogram |
200 7] M-4-QMe-il1 it {£-AS30% #1 [manipulated] M-4-0Me-iIT IE 4-AS30% UV_WIS_1 WVL:254 nm
175
] OH Ph o
3 |
150 e HM
= 125+
= i
E_ 4
8 100
[ = 4
8 ]
2 ]
2 757
50
] 11 - 15.843
251 fa
1 IR |2-44760
-5 i — L - — |
T T T T T T T T T T 1
10 20.0 30.0 40.0 50.0 60.0 65.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Y % n.a.
1 15.843 56.006 29.887 49.03 71.69 n.a.
2 44.760 58.202 11.802 50.97 28.31 n.a.
Total: 114.228 41.689 100.00 100.00
Enantioselective:
A
EDD:
1]’5E OH Ph 0O
] |
150: hde 01 HM
125]
100
1 |2 - 45753
75] FA
1 [\
50 { \
j / \
i I.' i
25] ."l \,
] |1 -18.500 r \
09l _ B — - 1 / e
_QD:I —r r r 1 T Tt 1 T 1 T T T T |7 T T Lo — L — T T T T L — 1
10.0 15.0 200 25.0 30.0 350 400 45.0 50.0 55.0 60.0
BaogR
i g R £ F e (1] B e FAR T AR R g
min mAU*min mAU % % n.a.
1 16.500 28936 15.198 562 14.21 n.a.
2 45753 486.293 91.784 94.38 85.79 n.a.
JoEiIH 515.229 106.982 100.00 100.00

S41



3ha

Racemic:
B
10001 XMM20161030-KM10% #4 XMM2016103009-KM10% UV_VIS_1 WVL:254 nm
8?5—: OH Fh 0
] !
750 F HHt
625
-
1-14773
é 5004 I.
e | '.I 12 - 16.607
i ] [ A
o ] . [
5 375] \ f
2 4 I| \ f |I
4 | || || I|
2504 [ [
] | | |
] || I|I | 'ul
125 |'I | / |
] | \ | \
] / \ /
] _ SN |
_1DD_|||||| T T T T T T T T T T T T T T T T T T T T T T T T T T
10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.75 20.00 2125 2200
B [&] [min]
bt
5 (R i e (] T W FH A HE T AR TR T
min mAU*min mAL % % n.a.
1 14.773 252725 516.788 50.04 5325 n.a.
2 16.607 252274 453743 49.96 4675 n.a.
B 504.999 970.531 100.00 100.00
Enantioselective:
a0
350—_ OH Ph
] |
300 v "
250
5]
ER
E ]
5 200]
5
Q 4
A 150 |1-14.760
2 Y]
] '\I
100]
50 \
] \ P
1 / _12-16.680
D: R __I._/ \\.,_ " — i _
-204
1100 1250 1375 15.00 16.25 1750 1875 20100 2102
B (1] [min]
Bass
P8 | £ R £ i B+ [A] B T [ 71 FART M FE AT e B
min mAU*min mAU % % n.a.
1 14.760 78543 144161 8956 9234 n.a.
2 16,690 9.159 11.962 10.44 7.66 n.a.
BA: 87.702 156.124 100.00 100.00
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3ia

Racemic:
800- 3 XMM20161030-KM10% #3 XMM2016103007-KM10% UV_VIS_1WWVL:254 nm
?DD: OH Fh 0
] |
600 ] B HA
500 ]
400
300]
] - 17.077
1 ' |2 -19.030
200 [\ A
] | |II | “'.
II I A
4 I| .' "l
100 / | \
| AN
U: 1 / _+,/ ___| p—
_m:|| e T e E o B [ S PN i B mar B e oy s Ry Eo — T T T T T T T T T T T T T
12.00 13.75 15.00 16.25 17.50 18.75 20.00 2125 2250 2400
BasR
e R i BT ] B WER A AHR R FRE
min mAU*min mAU % % n.a.
1 17.077 151.799 262 884 50.03 53.00 n.a.
2 19.030 151.647 2331271 4997 47.00 n.a.
Enantioselective:
1,500
4| mAU
1,400
j OH Fh 0
1,200 '
4 Br HN
1,000
=) ]
£ 800
-
5 G004 |1-168.757
g 4
= 4 \
4 IlI A
400 / \.,.
] \
| /
200 / \
] / _12-18793
1 / // H“\_
o - —
R min
_1DD_| T T T T T T T T T T T T T T T T T T T T T T T 1
14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 2200
B ] [min]
BasR
FFig (WeE £ S 1] EETH W R BT R A R B
min mAU*min mALU %o % n.a.
1 16.757 410.072 573305 8353 84 42 na
2 18.793 80.868 105.805 16.47 15.58 n.a.
HA: 490.940 679.111 100.00 100.00
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3ja

Racemic:
[EFA
1200
1125]
1DDD—: OH FPh [n]
1 e
] |
8?5-: HN
750
6257
500
375
250
] 11-11.047
™ J_|2— 12.810
1254 [ /Ny
{ \ fo
[\ PN
- N/
-20- — T T T T T T 1 T T T T T L L B B e e e B B LA E B B S B B e B T
7.0 8.0 a.0 100 11.0 12.0 12.0 14.0 15.0 16.0 17.0
BasaR
e |iEf i BT 5 6] T # W FE R AR AHAS RS ey
min mAU*min mAL % % na.
1 11.047 62.859 184.756 49.82 53.82 n.a.
2 12.810 63.320 158.546 50.18 46.18 n.a.
a7 126.179 343.302 100.00 100.00
Enantioselective:
300
25,@__ OH Fh @0
i teD E
|
] HH
200
.
=T
£ ]
& 150
-
8
= J
100
504 |1 -10.880
] 12-12.640
1 ey
1 | P — . - ~—
51 I ! E—
10.00 1050 11.00 1150 12100 1250 13.00 1350 14.00
B [ [min]
Hasa
P | i BT 6] T L= 41 FART MR 3 T R
min mAU*min mAL % % n.a.
1 10.890 14 477 42151 62.74 B66.51 n.a.
2 12.640 8.597 21.224 37.26 33.49 n.a.
B 23.074 63.375 100.00 100.00
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3ka

Racemic:
|Chromatogram |
120+ ﬂ XMM2015070705-0J15% #1 [manipulated] XMM2015070705-0J15% UW_VIS_1 WVL:254 nm
F
1004
B0
=)
T 60
3
E 1-28327
40
2
<
12 -43.023
204
0-
1 T
18.0 20.0 25.0 300 35.0 40.0 45.0 50.0 55.0 60.0 65.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAal % % n.a.
1 28.327 290.532 57.238 50.97 61.98 n.a.
2 43.023 279.525 35.110 49.03 38.02 n.a.
Total: 570.057 92.348 100.00 100.00
Enantioselective:
|Chromatogram |
300 - EXMMEMSU?D?US-OHS% #1 [manipulated] EMM2015070706-0J15% UV VIS 1 WWYL:254 nm
F
250 -
200+
H
‘w150
o
c
E 12-38.720
£ 100]
50_
i1 -25.937
0+ T
_20 - r T T T T T T T 1
10.0 20.0 30.0 40.0 50.0 50.0 700 80.0 B84.9
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min maU % i n.a.
1 25.937 118.653 18.191 967 13.68 n.a.
2 38.720 1107.9383 114.826 90.33 85.32 n.a.
Total: 1226.646 133.017 100.00 100.00
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3la

Racemic:
|Chromatogram |
200 EKMMEMSU?UTU?-OME% #1 [manipulated] XMM2015070707-0J15% UV_VIS_1 WWVL:254 nm
Cl
175+
1504
1254
2
% 100
c
E 75 \1- 26.503
ES
504
12 - 42.603
254
04 } T
_10 - r T T T T T T T T T 1
20.0 25.0 300 35.0 40,0 45.0 50.0 55.0 680.0 65.0 70.0
Time [min]
mmiun Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mALU % % n.a.
1 26.503 241.781 73.946 50.83 69.83 n.a.
2 42.603 233.899 31.951 4917 30.17 n.a.
Total: 475.680 105.897 100.00 100.00

Enantioselective:

|Chromatogram
300- ZKMM20150?0T08-0J15% #1 [manipulated] XKMM2015070708-0J15% UV_VIS_1 WWVL:254 nm
Cl
250
200
d
‘w150
o
c
E 12 - 40.747
£ 100]
50_
i1 - 28.47T7
0 ' i '
_20 - r T T T T T T 1
15.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Time [min]
ll'lﬂl’&t‘lﬂl\ Results
No.  |Peak Mame Retention Time Area Height Relative Area Relative Height Armount
min mAU*min mAl % i1 n.a.
1 26477 102.572 26414 10.33 18.42 n.a.
2 40.747 890.789 116.988 89.67 81.58 n.a.
Total: 993.361 143.402 100.00 100.00
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3ma

Racemic:
|Chromatogram |
200 3)(MM20150?0?09-&530% #1 [manipulated] XMM2015070708-A530% UV_VIS_1 WVL:254 nm
1754
150
1254
2
‘& 100
E 11-18.750
2 75]
<
50
12 - 41,
25
0 1 [
-10 - r T T T T T T T T T 1
12.0 15.0 200 25.0 30.0 35.0 40.0 45.0 50.0 550 57.2
Time [min]
mminn Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL %o % n.a.
1 16.750 133.545 B9.680 50.02 T2.69 n.a.
2 41.367 133.453 33.693 49.98 27.31 n.a.
Total: 266.998 123.373 100.00 100.00
Enantioselective:
|Chromatogram |
250- ZXMmzoﬁu?ono-ﬁsa‘m #1 [manipulated] XMM2015070710-A530% UV_VIS_1 WVL:254 nm
2254
2004
1754
. 1504
2
= 125] 12 - 41.420
e
£ 100
8
4
75
501 i1- 16.840
254
04 | L
lnﬁxatinn Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl Yo Yo n.a.
1 16.840 £63.120 41.851 10.49 24.82 n.a.
2 41.420 538.634 126.736 89.51 75.18 n.a.
Total: 601.754 168.587 100.00 100.00
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3na

Racemic:

|Chromatogram
200 - '3)(MM20150?0?1 1-A330% #1 [manipulated)] XMM2015070711-A330% UV_WIS_1 WWVL:254 nm
B00
500 -

2 400

E

@

13

£ 3004

3 1 - 10.817

-1

<
200
100 4 12 - 24,850

0+ : :
_50 r T T T T T T T T 1
8.0 100 12.5 150 175 200 22.5 25.0 27.5 29.0
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mALU*min mALU % ) n.a.

1 10.917 267.363 254.427 50.20 70.75 n.8.

2 24 630 265.197 105.165 49.80 29.25 n.a.

Total: 532.560 359.592 100.00 100.00

Enantioselective:

Chrom ram [
900- 7] XMM2015070712-AS30% #1 [manipulated] XMM2015070712-A530% UV_VIS_1 WVL:254 nm
800
700
600

§ ]

5500_

8

§ 4001

2 224453

< 300 S

.'fl
2004 /
/
100] 1 - 10.983 /
I
o — : / —= T
_50_ T T T T T T
8.0 10.0 15.0 200 25.0 30.0 350 o
Time [min]
Integration Results
No.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAl % %o n.a.

1 10.983 95.274 97.322 10.38 23.93 n.a.

2 24453 822736 309.381 8962 76.07 n.a.

Total: 918.010 406.703 100.00 100.00
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30a

Racemic:
|Chromatogram
300 - aXMM20150?1205 AS30% #1 KMM2015071205 AS30% UV_WIS_1 WWVL:254 nm
250
200
=)
4
E
o 150
o
5 11 -18.987
H 2 -24.370
Z 100
w_
8]} - i T
-20- - ; ; ; . - ; .
14,0 16.0 18.0 20.0 22.0 240 26.0 280 300 314
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALU % i) n.a.
1 18.087 234.382 127.095 49.90 54.86 n.a.
2 24 270 235.356 104 566 50.10 45.14 n.a.
Total: 469.738 231.660 100.00 100.00
Enantioselective:
Chrom ram
2000- 7] XMM2015071208-A530% #1 [manipulated] XKMM2015071206-A530% UV_VIS_1 WVL:254 nm
1750
1500
1250
5 4
= ]
E ]
@ 1000 4
g ]
8 ]
2 750] 12 - 24.190
<
500
250 /
] 11-18.997
] / T )
O L B — |
100 N , , - — : : —
15.0 160 18.0 20.0 220 24.0 26.0 280 30.0 320 331
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.997 188.216 114.836 10.37 13.69 n.a.
2 24.190 1627.233 724291 89.63 86.31 n.a.
Total: 1815.448 839.127 100.00 100.00

S49




3pa

Racemic:
Chromatogram
70.0 7] XMM2015071401-AS30% #1 XMM2015071401-AS30% UYV_VIS_1 WVL:254 nm
80.0-] Y
1 HH
50.0
S 400]
E ]
Lol
2 1 11-7.867
8 30.0 ey 12 -9.787
g {N .
£ ] ,-"I \ fA
20.0 / \ \
1 |I \u / ‘u
|I I'. .'I l‘.
] / \ { \
10.0 / \
j / '\\ | \\
Q.Q_- — 1 / —— / — |
6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 7.867 16.677 30.853 49.12 51.82 n.a.
2 9.787 17.277 28.685 50.88 45.18 n.a.
Total: 33.954 59.538 100.00 100.00
Enantioselective:
|Chromatogram
700 7] XMM2015071402-A530% #1 [manipulated] XAMM2015071402-A530% UV_VIS_1WVL:254 nm
SCICI—_ OHH o
; 7
5004 HH
3 4004
£ j
g ]
=
% 300_— |2-9.887
b4 E /
< A
200+ / \
4 ! 1Y
J / \
/ \
4 ! k)
100 / \
1 _11-8.033 / \
. I ./ _ |
7.00 8.00 2.00 10.00 11.00 12.00 1300 1351
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Y % n.a.
1 8.033 18.503 40.326 10.40 13.07 n.a.
2 9.887 159.358 268.292 89.60 86.93 n.a.
Total: 177.861 308.618 100.00 100.00
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3ga

Racemic:
200 '3 XMM20161030-KM10% #2 XMM2016103003-KM10% UV_VIS_ 1 WWVL254 nm
175
] OH ul
150 I
] HH
1257
3 7
E
& 100
8 ]
8 1 11-16.437
= 4 i
@ 75] I| |I L2 -18.843
< ] [ A
] [ A
4 | |I I| \
m__ |I I| |I II
] | | I| \
25] [ [
] | \ { \
] ¥ |
] | I". | \
0] - L/ AN - AN :
-1D_| T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
100 120 140 16.0 180 20.0 220 240 260 270
B 5] [min]
BagR
e |isf £ B B (] T W FH RS TR AEHA R R
min mAU*min mAl Ya % n.a.
1 16.437 44 266 83.811 50.09 53.88 n.a.
2 18.943 44 105 71736 4991 46.12 n.a
& 88.371 155.547 100.00 100.00
Enantioselective:
400
3m{ oH o
] i
300 HH
- 250
5 j
=y 4
E 4
8 200
= i
] ]
2 ]
2 150
100
] |2-17.887
504 Y
1 S
-1D_| T T T T T T T T T .I T T T T T T T T T T T
110 120 140 16.0 180 200 220 240 250
B [a] [min]
BagR
5 (Heak £ S 1] T W RS AR AR B
min mAU*min mAU % % na.
1 15.720 5155 9.072 950 10.98 na
2 17.887 49.084 73.556 90.50 89.02 n.a.
HH: 54.239 82.627 100.00 100.00
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3ra
Racemic:

Chromatogram

300+ 7 M2016102007-KM10% #1 M2016102007-KM10% UV_WVIS_1'WVL:254 nm
250—_ OH ul
] |
2004 HH
= i
= i
é 4
@ 150+
8 4
™ 4
R 11-14.393
o g M\ 12 - 16.430
< 100 [ A
4 ' [
1 [ ("
4 ] | | \
! I | ,ll \
50 I.' ". | "-.
] [ | / I'\I
1 / "‘ .-'ll !
o I ./ | V4 \ :
8.0 10.0 12.0 14.0 16.00 18.0 20.0 220 228
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.393 70.804 117.055 50.05 52.61 n.a.
2 16.430 70.665 105.450 4995 47.39 n.a.
Total: 141.469 222.506 100.00 100.00
Enantioselective:
[Chromatogram |
1200+ 7 M2016102008-KM10% #1 [manipulated] M2016102008-KM10% UV_VIS_1 WVL:254 nm
] 12 - 16.057
4 \
1000 - [
1 I| \ oH o
[
1 ([ |
800 - [ HN
] | \
=) | \
£ 600 [
- | |
2 | \
3 II |
3 ) L
= | \
| \
j | |
200 1114343 f
4 |
_ AN
0 1 = - I ' - |
-200- - — T T — T T — T —T T — T — T T L — —1
10.00 11.25 12,50 13.75 15,00 16.25 17.500 18.75 20,04
Time [min]
Integration Results
MNo.  [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL Ya % n.a.
1 14.343 112.103 182.235 12.85 14.46 n.a.
2 16.057 760.008 1078.337 87.15 85.54 n.a.
Total: 872.111 1260.572 100.00 100.00
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3sa

Racemic:
Chremategram |
320 7] M2016102005-KM10% #1 M2016102005-KM10% UV_VIS_1 WVL:254 nm
300
250
] OH 0
200 |
HH
150 _ I - 13.257 |2 -15.393
] JE /N
j i | \
100+ [ \ / \
g | ',I II| b
] .'I 'l,I Iul '\\
50+ | y |
4 I|I I'-I -'I \'.
! \ / Y
0_- | / \ I A g \\ I
_20_- r~r ~r+r 1 7t r T T Tt T T T T T T T T T [ T T T ] T T T T T
9.0 10,0 11.0 12.0 13.0 14,0 15.0 16.0 17.0 18.0 19.3
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 13.257 118711 147.052 49.95 51.41 n.a.
2 15.393 118.969 138.963 50.05 48.59 n.a.
Total: 237.680 286.015 100.00 100.00
Enantioselective:
|Chmmmgram
5000 - M2016102006-KM10% #1 [manipulated] M2016102006-KM10% UV_VIS_1 WVL:264 nm
|| mau
4000+ oH o
E |
j HN
= 3000+
E j
3 ]
s |
2 2000
< ]
1000+
i _12-15.637
7 11-13.703 / \x )
| I —— 1 - —— min
100 >l —— — —— .
12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.703 52013 99.750 11.74 14.79 n.a.
2 15.637 390.998 574.615 88.26 85.21 n.a.
Total: 443.011 674.365 100.00 100.00
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3ab

Racemic:
|Chromatogram
500- 3KMM20150?28D1-)\53@% #1 [manipulated] XMMZ015072801-A530% UV_VIS_1 WVL:254 nm
mAU
OHH Ph ©
400 o
i, O
= 3004
% HN
o 1-19.280
£
£ 200
]
Ed
100+ 12 - 50.047 /0
0-| ' . : l
min
-50- ; : . : : . .
10.0 20.0 30.0 400 50.0 60.0 70.0 75.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Armount
min mAL*min mALl % % n.a.
1 19.280 376151 234.781 50.24 74.75 n.a.
2 50.047 372.499 79.288 49.76 25.25 n.g.
Total: T48.650 314.069 100.00 100.00
Enantioselective:
|Chromatogram
800 - 3KMM20150?2802-£53'D% #1 [manipulated] KMM2015072802-A530% UW_WIS_1WWVL:254 nm
OHH Ph ©
5004
| O
400+ HN
H
E 300 -
:
12 - 49083
£ 200 o
e
100+ 1= 19.220
0 1 T
-50-; : . - ; : . : ; . i
15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 50.0 65.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % i n.a.
1 19.220 124.679 79.313 10.44 26.73 n.a.
2 49.063 1070.022 217.385 89.56 73.27 n.a.
Total: 1194.701 296.698 100.00 100.00
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3ac

Racemic:
|Chromatogram
150 31MM20150?2803-!\53{?% #1 [manipulated] XMM2015072803-A530% UV_WIS_1 WWVL:254 nm
140
OHH Ph ©
120 K
i, O
1004
2%' HN
_— au_
@
:
& 604
<
\1- 12577
40
20+ 12-34.947
i 1 . I
-5 - r T T T T T T T T I 1
8.0 100 15.0 20.0 250 30.0 350 40.0 45.0 48.7
Time [min]
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALU % i n.a.
1 12,577 45.553 46421 50.85 76.18 n.a.
2 34.847 44 393 14.514 49.35 23.82 n.a.
Total: 89.946 60.935 100.00 100.00
Enantioselective:
|Chromatogram |
200 - 3 XMMZ015072804-A530% #1 [manipulaied] KMM2015072804-A530% UWV_VIS_1 WVL:254 nm
250 -
OHH Ph ©
200 - \\ 0
150 HN
12 - 34.340
100 <
50+
i1-12.827
04 : T I T
80 100 15.0 20.0 25.0 30.0 35.0 40.0 45.0 500 520
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAL % o n.a.
1 12.627 33.647 35.580 7.74 2214 n.a.
2 34.340 401.283 125.083 92.26 77.88 n.a.
Total: 434.931 160.670 100.00 100.00
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3ad

Racemic:
|Chromatogram |
800 - 3 KMMZ201507 2805-A530% #1 [manipulaied) XMM2015072805-A530% UV_WIS_1 WVL:254 nm
700 -
OH
500 Hﬁ Ph O
500 \‘ O
400 HN
11 14.047
300 -
200 -
Br

100 2 - 46.520

0 . ; ] :
= . : ; . -

8.0 100 20.0 30.0 40.0 50.0 680.0 67.3
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Haight Amount
min mAL*min mAaU % % n.a.

1 14.047 417.179 334.849 50.27 80.73 n.a.
2 46.520 412.620 79.941 49.73 19.27 n.a.
Total: 829.799 414,789 100.00 100.00

Enantioselective:

|Chromatogram
300 !xMM20150?2806-ﬂ53{‘.\% #1 [manipulated] XMM2015072806-A530% UV_VIS_1 WWL:254 nm
OHH Ph ©
250 ;
| o
200
HN
H
‘s 1504
o
:
2 -46.273
£ 100]
Br
50+ |1+ 14.263
0 T L T
-20-, : ; . . —
11.0 20.0 30.0 40.0 50.0 60.0 52.0
Time [min]
Mﬂn’aﬁun Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mAU % % n.a.

1 14 263 50.797 41.746 845 28.42 n.a.
2 46.273 550.142 105.118 91.55 71.58 n.a.
Total: 600.939 146.866 100.00 100.00




3ae

Racemic:

[Chromatogram |
800 P XMM2015072807-A530% #1 [manipulated] XMMZ2015072807-A530% UV_VIS_1 WWVL:254 nm
700] OHH Ph O
600 \ (o]

5004
% HN
‘E 4004
é 1-13.237
2 3004
Ed
200 cl
100 (243813
0 T T
8.0 10.0 20.0 30.0 40,0 S50.0 61.1
Time [min]
Integration Results
Ma. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min maU k) % na
1 13.237 395.196 342.838 50.06 80.55 n.a.
2 43.813 394.180 82777 49.94 19.45 n.a.
Total: 789,376 425.615 100.00 100.00

Enantioselective:

|Chromatogram |
350 - '!J{MM20150?2808-.R53{)% #1 [manipulated) XMM2015072808-A530% UW_WIS_1 WVL:254 nm

OHH Ph O
300 i
| 0]
250+
HN

% 200
8
(=

g 150 12 - 43477

8

<
100 Cl

i1-13.387
50
o041 - 1
-20-; . : . : . - . . ; ]
11.0 15.0 20.0 25.0 30.0 350 40.0 45.0 50.0 55.0 58.8
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mal % i n.a.

1 13.387 71.733 61.619 9.04 29.56 n.a.

2 43.177 721.810 146.870 90.96 70.44 n.a.

Total: 793.542 20B.489 100.00 100.00
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3af

Racemic:
|Chromatogram
500 3)(MM20150?2809-J&53G% #1 [manipulated] XMM2015072809-A530% UW_WIS_1 WVL:254 nm
. OHH Ph ©
400+ \‘ o]
2
& 3004 HN
E 11-10.440
£ 200
F
100+ 2-27.217
0_ L T . T
-50 - r T T T T T T 1
80 10.0 15.0 20.0 25.0 30.0 350 380
Time [min]
Integration Results
MNo.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAL*min mALl % i n.a.
1 10.440 211.241 256,255 50.32 76.90 n.a.
2 27.217 20B.575 T6.976 49.68 23.10 n.a.
Total: 419.816 333.230 100.00 100.00
Enantioselective:
|Chromatogram
350 3)(MM20150?2810-&531}% #1 [manipulated] XMMZ2015072810-A530% UW_VIS_1 WVL:254 nm
300-] OH H Ph O
250 \ 0
% 200 HN
§ 150 12 - 26,850
E: F
100
50
11 - 10.557
04 T : T
20— : : : : ; —
2.0 15.0 20.0 25.0 30.0 350 408
Time [min]
ll'l_t&patiﬂn Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min miALU*min maU % ] n.a.
1 10.557 27.892 33.604 6.18 18.23 n.a.
2 26.850 423.233 151.132 93.82 81.77 n.a.
Total: 451.125 184.826 100.00 100.00
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3ag

Racemic:

[Chromatogram |
2000- 17 XMM2015073001-AS30% #1 XMM2015073001-A530% UV_VIS_1WVL:254 nm
1750

i OHY ph O
1500 M
] HN
_ 12507 @L
5 j
2 ]
E ]
§ 1000 i
3 7501 (110437
=< Al
] [
] [
5001 [
i | A
] | ". 12 - 25.480
250 | I".
] |III II'\ /
o | N I J_._/ B— "
-100 d T T T T T T T T T T T T T T T T T T T T T T T T T T
7.5 10.0 15.0 200 250 30.0 350 364
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10,437 792.125 751905 50.31 71.57 n.a.
2 25.480 782419 296.749 49.69 28.43 n.a.
Total: 1574.545 1050.654 100.00 100.00
Enantioselective:
Chromatogram
1000 7] XMM2015073002-A530% #1 [manipulated] KMMZ015073002-A330% UV_VIS_1WVL:254 nm
5?5': OHH Ph O
?50—_ HN
625 ©\
500__ 12 - 25.530
] [\
375+ / \
1 / \
4 ]
4 |I
2501 | \
] | \
] / Y
125] 11-10653 .'I \
% VAN . — .
-50_ r T T T T T T T T T T T T T T T 1
80 100 150 200 250 300 350 400 420
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.653 102.725 110.857 749 19.27 n.a.
2 25530 1268.791 464.362 9251 80.73 n.a.
Total: 1371.516 575.219 100.00 100.00
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3ah

Racemic:
Chromatogram
200- 7] XMM2015073005-A530% #1 [manipulaled] XMM2015073005-A330% UV_VIS_1 WVL.254 nm
175
] OH
: Kl
150 W0
] HH
1257
? ]
E 4001 Ill1-14.683
8 ] I
= ] I
a ] [ |
5 754 |
@ 1 |
< ] | |I
50 II ||
] [ 12 - 40477
b i
7 |I \ / \
] | \ /
04| LS \ — L —_ |
_20_|""|' T —T T T T T T T T T —T —T1 1
10.0 15.0 20.0 250 30,0 35.0 40.0 45.0 50.0 521
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 14.883 117.451 101.407 50.10 75.23 n.a.
2 40477 117.001 33.393 49.90 24.77 n.a.
Total: 234.452 134.800 100.00 100.00
Enantioselective:
Chromatogram [
500- 7] XMM2015073008-A530% #1 [manipulated] XKMM2015073006-A530% UV_VIS_1 WVL:254 nm
4 OHy php O
400 “
o
HN
i F
5 300+
=
E
@
e
g j
S 2004
Ed
12-40.217
] /
{
1004 / X
] \
.'I h
.."' \
1 _|1;1|5.050 i — |
_20_""|"-| —T — T T — T T L B LI —T LI
10.0 15.0 200 250 30.0 350 40.0 45.0 50.0 541
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 15.050 13.405 11.862 2.30 7.09 n.a.
2 40.217 568.596 155370 97.70 92.91 n.a.
Total: 582.001 167.232 100.00 100.00
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3ai

Racemic:
Chromatogram [
1000~ T XMM2015073009-AS30% #1 [manipulated] XMM2015073009-AS530% UV_VIS_1 WVL:254 nm

875
] OH Fh 2
] “

?50j y O
] HH

. 625]

5 j

< 1 cl

E ] cl

@ 5004

S ]

g 11+ 10743

2 375] i

< 1

] |
250 ||
1 1
1 |
125] [
q |
] __eewzm
L N L S |
-50 - r T T T T T T T
8.0 10.0 200 30,0 40.0 50.0 60.0 628
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 10.743 403.607 404.681 50.69 90.18 n.a.

2 34.220 392.603 44.083 49.31 9.82 n.a.

Total: 796.211 448.765 100.00 100.00

Enantioselective:

Chromatogram |
400- 7] XMM2015073010-AS30% #1 [manipulated] XMM2015073010-AS30% UV_VIS_1 WWVL:254 nm
350—_ oH pH O

4 -
300 L °
] HN

__ 250

5 ] cl

{E ] Cl

@ 200+

8 ]

2 ]

§ 1501 . \2-31.083

= ] f
100

] |
] 11-10.907 |
] N |
504 II \ |
] } f S
1 | \ T
04 — = : —— = = T
20— — ———— —
8.010.0 20.0 30.0 40.0 50.0 G0.0 64.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.907 68.434 64.040 547 29.47 n.a.
2 31.083 1181.547 153.290 9453 70.53 n.a.
Total: 1249.981 217.330 100.00 100.00

S61



33aj

Racemic:
[Chromatogram |
1500- 7] XMM2015073011-AS30% #1 [manipulated] XAMM2015073011-AS30% UV_VIS_1 WVL:254 nm
A maL
1400
1200: OH , Fh o
i o
1000 4 HN
5 ]
£ 800] o Gl
- i
8 4
g -
2 8001 11-7.500
= 1 f\
400 : E
j [
i P
] |
200+ f \ 2 - 17.487
i | \ T
4 III A T —
o4 S T ' ————m —
1 min
A ——————————————
55 7.5 10.0 125 15.00 17.5 20.0 225 25.0 27.0
Time [min]
Integration Results
Mo, |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % Yo n.a.
1 7.500 384.300 525735 50.19 77.26 n.a.
2 17.487 381.448 154.736 49.81 274 n.a.
Total: 765.747 680.471 100.00 100.00
Enantioselective:
Chromatogram
2000+ 7] XMM2015073012-AS30% #1 [manipulated] XMM2015073012-A530% UV_VIS_1 WVL:254 nm
1750
] OHy ph O
4 k)
1500 P
HH
1250
=z ] ol el
E ]
@ 1000
= ]
8 ]
s ]
2 ?SOE 12 - 16.250
500
250 /
1 B / .
1 \1-7.587 / T
o] LT L/ —
-100-L= N T T T —T T T I —
5.5 75 10.0 125 15.0 17.5 20.0 22,5 250 26.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.587 47.218 60.766 2.59 8.15 n.a.
2 16.250 1775.436 685.121 9741 91.85 n.a.
Total: 1822.655 745.887 100.00 100.00
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3ak

Racemic:

Chromatogram
1400+ 7] XMM2015102011-AS30... #1 [manipulated] KMM2015102011-AS30... UV_VIS_1 WVL:254 nm
1200

J OH ]
1000 H, Fh
J o

§ g HN

£ 800 g

= J

£ ] O

8 J

5 600

F] J

Es J
400

200
] {-15.233
b {
J {0 12 - 40.493
i | . S ] T —
-20_""|"'|| —T T —T T —T T T T T 'II — T T 7
10,0 15.0 200 250 30,0 350 40.0 45.0 50.0 550 580
Time [min]
Integration Results
No.  |[Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 15.233 181.269 132.299 48.85 75.51 n.a.

2 40.493 189.794 42911 51.15 24.49 n.a.

Total: 371.062 175.210 100.00 100.00

Enantioselective:

[Chromatogram [
1120+ 7] XMM2015102012-AS30... #1 [manipulated) XMMZ015102012-A530... UV_VIS_1 WVL:254 nm
1000

OHy ph O
8754

] o

] HN
7501

s L

2 oos] L

@ ]

= ]

2 500

s j

8 ]

< ]

3754
250
125{ 12 - 40,487
] st
] 11-15210 T~
] e — | — —
-20:|""|"|'|' T T T 7 — T Tt T T T T 7 L — II|II
9.5 15.0 20.0 250 30.0 35.0 40.0 45.0 50.0 95.0 58.0
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.

1 15.210 36.636 26.685 7.32 20.71 n.a.

2 40.197 463.890 102.148 92.68 79.29 n.a.

Total: 500.526 128.833 100.00 100.00
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3al

Racemic:
Chromatogram
1000- 7] XMM2015102009-KM20% #1 [manipulated] XNMM2015102009-KM20% UV_VIS_1 WVL:254 nm
5?5% OH Fh [
] |
750 HN
=5 625:
= ]
E ]
8 500
s ]
g 1
2 9759
250 _
] 1-5.927 128627
125
1k _ ! e
| A— . -
4.50 5.00 5.50 5.00 6.50 7.00 7.50 8.00
Time [min]
Integration Results
No. [Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5927 71.767 177.218 46.30 47.91 n.a.
2 6.627 83.248 192.700 53.70 52.09 n.a.
Total: 155.016 369.918 100.00 100.00
Enantioselective:
1200
1000_’ OH PR g
1 I
| HN
8004
.
< i
. 600
8 ]
8 |1-6.627
= ™
@ 1 {0
£ 400 [\
4 I,'I I'|"
200 f
] f A\
] / \.\ _i2-7.307
01— — — —f— =
-100- T T T T T T T T T T T T T T T T T T T T T T T T T
5.00 550 6.00 6.50 7.00 7.50 8.00
B [ [min]
BaeR
P (W f F e 1] T B RS BETEAR HHR R B
min mAU*min mAU % % n.a.
1 6.627 109.036 500290 84.66 85.58 n.a.
2 7.307 19.756 84.329 15.34 14.42 n.a.
ok itk 128.792 584.619 100.00 100.00
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3am

Racemic:
(RIS
900 '3 AMM20161110-KM10% #2 KMM2016111005-KM10% UV_VIS_1 WWVL-254 nm
] 11-11.177
1 i
750 M OH Ph g
|| I| |2 - 12.850 I
625 I| lI f\ N
| | | I|
—_ I [ II |
2 5004 |
E [ |I I|
8 [ i
§ 375 | |I II ||
5 1 [ [
2 [ [
250 [ f i
- || || | II
| \ | |
125 | . | \
1 | | { I'.
0] - L/ | / \ |
-1 DO_- T T T T —T T —T T T T T T T T T T—T T T
700 750 8.75 10.00 11.25 12.50 13.75 15.00 16.00
B [l [min]
Bag R
S |iEEH £ B B (] EETH R FHRS TR HER R B
min mAU*min mAU % % n.a.
1 11177 290.218 T77.761 4982 53.86 n.a.
2 12.950 292 307 666217 50.18 46.14 na.
B 582.524 1443.978 100.00 100.00
Enantioselective:
2400 -
| OH Ph g
2000
1 I
HN
15004 |1 - 11.107 S
5 /M
= [
E [
3 II| II
< 1 f |
£ 10004 f \
(=] ] | i
3 | \
< II |
| \
| |
| |
B004 II |I
| 'I
|
| I'.I 12-12802
|II I".
D—- 1 /"I \\_ -
-200- T T T T T T T T T T T T T T T T T T T T T T T
8.00 9.00 10.00 11.00 1200 13.00 14.00 15.00 16.00
i [E] [min]
Bass
P (iR fi F e (] BT WERS R AR AR LR
min mAU*min mAU % % n.a.
1 11.107 834 885 1456 703 84 55 8592 na.
2 12.903 152,615 238.702 15.45 14.08 n.a.
A 987.500 1695.405 100.00 100.00
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3an

Racemic:
350 ':1]' KXMM20161110-KM10% #1 XMM2016111001-KM10% UV_VIS_1 WVL:254 nm
200 1-12417 OH PO
: |ﬂ| |
] '
250__ III' |II ,."!\2I - 16.857 H Nkm
| I| [ II|
] [ [
5 200 [ .
E | I| III II'
o | |
3 | | | |
8 150 f II I| |
] | \ | \
g II [} |' '|
< 100 f u'l \
b ) 1
] |II |II II'.
50 / "
4 I" I|| Il II\I
] .""l ‘\ ._l,:" \
o] A S L \_
1 1 —_—
_5[]_- T T T T T T T T T T T T T T T T T T T T T T T T
70 80 100 120 14.0 16.0 18.0 200 208
B[] [min]
BHagg
S |gEf £ B B (] B W fHRS R HHR RS PR
min mAU*min mAU % % n.a.
1 13.417 243.836 291.963 4982 53.62 na.
2 16.857 245,647 252.589 50.18 46.38 n.a.
B 489.483 544.552 100.00 100.00
Enantioselective:
=
2400
] OH Ph g
20004
J |
HN
1 \1-10.087 km
1500 JaRY
5 1 \
< / \
E | \
II II
£ 1000 / \
5 ] / .
II 1
III III
500 i \
{ \ 12-22.073
D _ Y N I ~ /
-200- T L — L — L — L — L — L — T
16.00 17.50 18.75 20.00 2125 2250 2375 2500
B (] [min]
bt
g (B £ B B ] BT i T A MR HHR RS B
min mAU*min mAU % % n.a.
1 19.087 1310.793 1600.560 81.03 8283 n.a.
2 22973 306.801 331693 18.97 17.17 n.a.
HA: 1617.594 1932.253 100.00 100.00
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4. X-ray single ¢

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

rystal data for compound 3ba

OHy, Ph O

The thermal ellipsoid was drawn at the 30% probability level.

C25H23 N O3
385.44

293(2) K

154178 A
Tetragonal

P41

a = 8.40910(10) A
b = 8.40910(10) A
c=29.3175(6) A

S67

o= 90°.
B=90°.
v =90°.



Volume

4

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I1>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

2073.13(7) A3

4

1.235 Mg/m3

0.646 mm'!

816

0.2 x0.15 x 0.05 mm3
5.260 to 69.576°.

-9<=h<=10, -9<=k<=10, -35<=I<=35

15374

3807 [R(int) = 0.0707]

99.9 %

Semi-empirical from equivalents
0.9643 and 0.8673

Full-matrix least-squares on F2
3807/1/265

1.047

R1=0.0574, wR2 = 0.1527
R1 =0.0591, wR2 = 0.1550
0.13(14)

n/a

0.201 and -0.268 e.A3
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5. Evaluation on the cytotoxicity of selected compounds 3

Table 1. Cytotoxicity to colorectal cancer line HT-29

Compound Survival rate on HT-29 (%) IC50 to
HT-29
0.01pg/mL 0.1pg/mL 1pg/mL 5ug/mL (Hg/mL)P
3aa 93.97+2.68  86.00+4.56  7570+6.01  11.29+10.61 1.773
3da 72.48+6.91 65.72+ 8.50 59.96+5.81  6.76+3.01 0.3991
3ea 89.00+ 8.20 82.55+ 9.09 51.74+5.21 1.25+0.76 0.7839
3ba 83.67+ 7.89 70.81+9.51 4.03+11.94 8.13+ 3.32 0.7259
3ah 82.80+ 7.58 72.19+9.13 60.93+ 9.53 49.11+ 12.53 4.787
3aj 76.11+ 6.38 64.19+ 5.89 64.60+ 6.48  0.69+ 0.07 0.4295

The viability rate was represented as mean+S.D.
"The ICs, value corresponded to the compound concentration causing 50% mortality in cancer
cells.

Table 2. Cytotoxicity to breast cancer cell line MCF-7

Compound Survival rate on MCF-7(%)* IC50 to
MCF-7
0.01pg/mL 0.1pg/mL 1ug/mL 5ug/mL (ug/mL)b
3aa 91.82+5.62 87.25+7.21 84.43+7.75  22.61+2.49 2.52
3da 91.43+5.97 88.19+ 4.53 81.21+550  26.75+ 3.37 2.564
3ea 89.98+ 3.22 84.04+ 3.24 71.04+4.41 9.72+5.78 1.591
3ba 89.57+8.17 80.05+ 8.38 69.31+8.03 20.97+ 4.52 1.535
3ah 90.05+8.24 84.19+ 5.53 78.53+4.79 49.90+ 16.97 7.439
3aj 87.17+ 9.58 84.82+7.87 73.30£10.77  14.82+7.86 1.788

*The viability rate was represented as mean+S.D.

®The ICs, value corresponded to the compound concentration causing 50% mortality in cancer

cells.
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Table 3. Cytotoxicity to human esophageal squamous cell line TE-13

Compound Survival rate on TE-13 (%) IC50 to
TE-13
0.01pg/mL 0.1pg/mL 1pg/mL 5pg/mL (ug/mL)°

3aa 98.89+ 0.33 03.15+3.97 86.44+4.08 63.03+3.00 11.29
3da 95.93+1.16 89.59+ 460 84.09+6.17 50.23+6.71 3.901
3ea 94.44+ 493 9344+ 535 83.40+9.30 1.78+1.28 1.59
3ba 98.41+ 0.93 92.34+3.09 80.05+3.63 4.45+201 1.655
3ah 99.13+0.19 96.60+2.11 84.39+4.15 67.36+£1.92 15.69

3aj 100.09+1.44 9149+ 139 85.32+273 40.54+6.61 3.739

*The viability rate was represented as mean+S.D.
®The ICs, value corresponded to the compound concentration causing 50% mortality in cancer
cells.
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