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1. NMR spectra of products 3 and 5-6

'H NMR (400 MHz, CDCl5) of compound 3aa
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3¢ NMR (100 MHz, CDCl3) of compound 3aa
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'H NMR (400 MHz, CDCl5) of compound 3ba
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3¢ NMR (100 MHz, CDCls) of compound 3ba
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'H NMR (400 MHz, CDCls) of compound 3ca

987z
%0e7
0zET
267
68€7]
6367
27T
€17
oLT
057
50,74
1847,
’
989°c
s0.€
986,
IR
05LY
0LLY

602G
GET'S
szs
wmmm;
a51'9
8550
tm,m;/
me?,
1269
§86°9L
S00°27,
€12
512
FVAVE

Lig—

moN.m
mmm.mW
1§29

#mm.m%

6019
6219
FEL '8
Zéshe
5519
cLle
LLVe
8619’

126'9~
12697

§G86'9—
S00°L—

A A
181
LAV

CN

|

7660
—=tol

I

_J

50

5.5

1 (ppm)

6.0

7.00 6.90
1 (ppm)

7.10

7.20

=

FvO'L

Feo'L

~00'L
sH0'E
=10k

660
ﬂpo._.

1.0 05 0.0

15

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

3¢ NMR (100 MHz, CDCl3) of compound 3ca
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'H NMR (400 MHz, CDCl5) of compound 3da
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3¢ NMR (100 MHz, CDCls) of compound 3da
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'H NMR (400 MHz, CDCls) of compound 3ea
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3C NMR (100 MHz, CDCl3) of compound 3ea
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'H NMR (400 MHz, CDCls) of compound 3fa
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F NMR (376 MHz, CDCl3) of compound 3fa
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'H NMR (400 MHz, CDCl5) of compound 3ga
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'H NMR (400 MHz, CDCl5) of compound 3ha
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'H NMR (400 MHz, CDCl5) of compound 3ia
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'H NMR (400 MHz, CDCl5) of compound 3ja
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'H NMR (400 MHz, CDCl5) of compound 3ka
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'H NMR (400 MHz, CDCl5) of compound 3la
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'H NMR (400 MHz, CDCl5) of compound 3ma
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'H NMR (400 MHz, CDCl5) of compound 3na
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3¢ NMR (100 MHz, CDCls) of compound 3na
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F NMR (376 MHz, CDCl3) of compound 3na
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'H NMR (400 MHz, CDCl5) of compound 30a

08421
66+Z1
PISZ]
61571
£e5Z]
£55Z1
€867

2092,
1197
7297+
9892/

9597’

£09°€,

mmm.}
Zroe—
L06°E~
1z6'e]
syeg!

JATAS
NwN.mW
th.mk\_.
o753,
Le0'9
hno.mw
5509
€209/

0L1L

ALl
YO¥ L
sy’
5862
15627
Zreg~
8878

AsrAe]
Nww.mW
162G
o.vm.m\

[ARER
1€0°9
hmo.m#
G509~
€109
owo.mL_,
6609
9L L~
YO¥ L~
A A

GE6 A~
16647

cre8—
a8r'8—

CN

~ CzT

Foo

M

— hot
M To.r

|

54 52

56
1 (ppm)

6.0 58

74 72 6.2

76

78
1 (ppm)

84 82 80

8.6

L

E rioze

= 100’}

- F00°L
= =00}

== *o00')

. ;ﬂ:o;
gy

10 05 00

15

50 45 40 35 30 25 20
1 (ppm)

55

95 90 85 80 75 70 65

10.0

3¢ NMR (100 MHz, CDClIs) of compound 3o0a

980’ le—

cel'se—
cl8'8c—

¥60'CS—

CN

MeQOC

851" _‘_l_L_
PabeLly

mE.NF;
Z/GGLI

mmm.t%
cz0ZZl

002221

oveezLf
el
gz
¥3GIE L~
0BEBEL

S68'291—

80 70 60 50 40 30 20 10

90
S18

170 160 150 140 130 120 110 100
1 (ppm)

180



'H NMR (400 MHz, CDCl5) of compound 3ga
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'H NMR (400 MHz, CDCls) of compound 3ab
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'H NMR (400 MHz, CDCls) of compound 3bb

vl
A4 Wa
09111
1EC 11
6¥C’L
992 Ly
€L
14514
€5y
€55°C1
15C°Eq
69C°¢
882t
019°¢y
829'¢1
196'Ey
9L6'C1
G86'E
#66'E

moo.?lﬁ

LLOY
9G¥
SoLt
£8LP
oz
8Lz
ZTy
670G
£50°G]
950G
LL0'S
6.0
8/0°G
z80°g]
¥1LG]
LLLG]
1Z1's
0819’
GE0'Z
Z502
G504
z.0'2]
G0
Z604]
60721
6014
622 L]
2862
955/
9062

—

T

e

—m

[ASIVRSR]
950G
LL0'G
G606
8.0'G/
280°¢]
FLL'G
LIS
1S

8E1°9
¥51'9
€919
0819
619
9029
[A4A N

EIAVIA]
26024
GG0'L
SL0°L;
c60°L
¥60°L
mmm...(ﬁ

18G4~
955"

906°L—

—— le0¢

——

=10l
l@ Lol
-—— ¥880

I

u’l

Tuo._l

S, S

50

54

1 (ppm)

62

71

7.4

1 (ppm)

77

8.0

=00'¢
L0

=10¢
=00¢

=€0'¢

00’}

7101
110
u#mm.o

20l
Ho0't

25 20 15 10 035 00

30

3.5

95 90 85 80 75 7F0 65 60 55 50
1 (ppm)

10.0

3C NMR (100 MHz, CDClI3) of compound 3bb

LB0Thr
866°€L;
voL vl

legge—
86FBE—

¢190s—

€ce’le
Nﬁ_.?_.mwv

BEFOLL~,
760 LLL
grEpLLY
LyLBLLT
72611

WB0ZL
sze szl
eeglel’
l65°sEl

izeorl”

mom,mw_.v.
lel'69l

20 10

30

170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

180

S21



'H NMR (400 MHz, CDCl5) of compound 3eb
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'H NMR (400 MHz, CDCl5) of compound 3i
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'H NMR (400 MHz, CDCls) of compound 3jb
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'H NMR (400 MHz, CDCls) of compound 3Ib
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'H NMR (400 MHz, CDCls) of compound 3mb
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'H NMR (400 MHz, CDCls) of compound 3gb
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'H NMR (400 MHz, CD;0D) of compound 5
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'H NMR (400 MHz, CDCls) of compound 6
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2. HPLC spectra of product 3 and 5-6

3aa Racemic

Chromatogram
3,000 -
4| mAL
2,500
1 H
e
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2'000j W MO
M
] H
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j1-7.110
]
] ||
1,000 4 |
1 | 12-10.130
|
| I
] | II |
500 | | | ||
1 |
[ |
[ [
o] N W : AN
b min
_200_||||||||||||||||||||||||||||||||||||| — T T T
0.00 1.256 250 3.75 5.00 625 7.50 8.75 10.00 1125 1200
Integration Results
No. (Peak Name Retention Time Area Height Relative Area Relative Height [ Amount
min mAU*min mAU % % n.a.
1 7110 194.042 1230.089 49.77 59.20 n.a.
2 10.130 195.832 847.590 50.23 40.80 n.a.
Total: 389.874 2077.679 100.00 100.00
Enantioselective
[Chromatogram
2,000 -
] mAU
1,750
1,500 ]
1,250
1,000
] |1 - 8847
7504 I‘
4 ||
500 ||
] |
250 | f
] |
] || I' 2.650
4 |2-8.
— J:_\r' — | - — |
n: — I min
_1DO_| L B B e e e T I e e e e e e e e L E e e e e s e L — T T T
0.00 1.256 2.50 3.75 5.00 6.25 750 8.75 10.00 1126 1200
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU i % n.a.
1 6.847 119.940 779.734 95.49 96.67 n.a.
2 9.650 5.662 26.884 451 e n.a.
Total: 125.602 806.618 100.00 100.00
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3ba Racemic

Chromatogram
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oo 25 "so 75 100 125 150 475 | 200 225 250
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 10.167 22759 92 575 50.48 57.65 n.a.
2 12.697 22.330 68.007 4952 42.35 n.a.
Total: 45.089 160.582 100.00 100.00
Enantioselective
[Chromatogram
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1400
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1000
=2 4
< ]
E J
8 8004
5 ]
E | |1-9.767
2 GDD—_ I||I
] [
400 1
] | |
] [
200 n
] (.
] . 2-12.183
— L .
_50_|"'|"|"'|"|"'|"|"|' T T 1
0.0 20 40 6.0 80 10.0 120 140 16.0 18.0 200
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 9767 228240 623740 94 84 95.06 n.a.
2 12.163 12.429 32.420 5.16 4.94 n.a.
Total: 240.669 656.160 100.00 100.00
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3ca Racemic

|Chrama1qgram
1,100
1| mAL
1,000
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7504 Moo = CN
6251 My WC
] N
] H
500:
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3?5:
] \2- 11.087
2504 |
] ‘ I
125] M |||
] [
UE - __._H_-h\ |.| |\I II| | - o i
0o 50 IR 15.0 " 200 " 250 " 300
Integration Results
No. (Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a.
1 7410 65.873 407 456 49.90 60.30 na.
2 11.087 66.133 268.293 50.10 39.70 na.
Total: 132.006 675.750 100.00 100.00
Enantioselective
[Chromatogram
7,000
4| mAaU
6,000
] Mep =
5,000 M
] ~y NC
4,000 M
1 H
3,000 |1-7.337
] |
] |
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1,000 | |
] I
0] . |-'| \ L 2 -Ic.?n
1 min
-500 , , - 7 T I —
0.0 20 40 6.0 8.0 10.0 120 14.0 146
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.337 460.399 2822218 96.05 97.34 n.a.
2 10.773 18.952 77.269 3.95 2.66 n.a.
Total: 479.351 2899.487 100.00 100.00

S32




3da Racemic

[Chromatogram
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- 100 150 200 280 300 s
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 16.780 62.419 117.062 49.87 51.82 n.a.
2 19.107 62.752 108.839 50.13 48.18 n.a.
Total: 125171 225.901 100.00 100.00
Enantioselective
Chromatogram
300 -
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250
200]
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| f
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0.0 50 10.0 15.0 200 250 30.0 350 400
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 17713 45274 107 692 90.26 90.67 na.
2 20.207 4.885 11.077 9.74 9.33 n.a.
Total: 50.159 118.769 100.00 100.00
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3ea Racemic

[Chromatogram
5,000
|| mAU
4,000
i H
-
7 M
j el
3,000 Ny, WG
1 [N
] H 11-8773
| |']|
2,000 | e
_ i
) | | I| |
|
| [ [
1,000 |1 [
] |
| || [
1 [
i L
WA
o4 — | i A I — SR
1 min
_EDO_I 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 ™
0.00 1.25 250 375 5.00 625 7.50 a.75 10.00 11.25 11.85
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 B.773 546.774 2456.630 49.49 54.81 n.a.
2 7.390 557.944 2025.181 50.51 45.19 n.a.
Total: 1104.718 4481.811 100.00 100.00
Enantioselective
[Chromatogram
3,000
4| mAaU
2500 ]
: WMeld . N
2,000 £
i Ny NC
1 M
- H
1,500
1 |1 -6.602
1,000 - |III|
] |
] I
500 [
4 | I
1 |
] || | j2-7203
04 - - . -
- min
_2DO_||||||||||...||||||||||||||||||||||||||||||||
0.00 1.25 2.50 3.75 500 6.25 7.50 8.75 10.00 11.25 1200
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.603 182.940 1129520 90.71 91.23 n.a.
2 7223 18.730 108.606 9.29 8.7 n.a.
Total: 201.670 1238.126 100.00 100.00
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3fa Racemic

[Chromatogram
2000
1750
1500 H
- -
] CM
1250 F
'z_“.;' -~ Ny NC
E M
w 1000 H
g ]
a ] |1- 18377
2 750 A
< i | |I 12-20.380
i | M
500—_ | II | |II
] ‘ II| ! I'
250 Vol
i | | | ||I
4 | I.I ]
o oA R Y \_PA__'_
_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 T T T T
0.0 50 100 15.0 200 250 300
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAL % % n.a.
1 18.377 436.185 774610 49.83 55.29 n.a.
2 20.390 439.151 626.273 50.17 44.71 n.a.
Total: 875.336 1400.883 100.00 100.00
Enantioselective
Chromatogram
700
600
500
2 400+
-
8 ]
E 200 i1-18.857
E 1 II|
2 J
< ] | |
200 | |
1 [
b |
B |
100} A
J [ |2-21.050
! |\ ."""\
0 — J——— L \ ‘\
-5D_I T T T T T T T T T T T T
00 50 100 150 200 250 300
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mALU*min mAU % % n.a.
1 18.857 147.609 300480 84.90 85.56 n.a.
2 21.050 26.253 50.713 15.10 14.44 n.a.
Total: 173.862 351.193 100.00 100.00
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3ga Racemic

Chromatogram

500

mAL

™
o
[=]

™
=1
[=1

[
m
[=]

300

250

200

150

=
=1
[=1

5]
=

0] i LN —

Br

12-17.417

)"- 15.5|$c
fi

CHM

201

0o 100

280

Integration Results

No. |Peak Name Retention Time

min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1 15.550
2 17.417

B88.495
89.276

150.489
171.765

49.78
50.22

46.70
53.30

n.a.
n.a.

Total:

1770771

322.275

100.00

100.00

Enantioselective

|Chre

togram

700 4

]| mAU

EDDE
500{
400{
300{
200{
100{

04— N

-5

min

0.0 50

200

" 250

T

Integration Results

No. |Peak Name Retention Time

min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1 15.667
2 17.870

28.045
156.036

42.900
209.679

15.24
8476

16.98
83.02

n.a.
n.a.

Total:

184.081

252.579

100.00

100.00
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3ha Racemic

[Chromatogram
2700
]| mAU
2,500
j -
2,000j CN
Ny NG
1,500 1 H
1,000 -
1 11-5.853 8317
I'I 1
I |||
500 [ ||
] i ||
J
| |
i — —ueS .
_100 _I T T T T T T 1
0.0 20 4.0 6.0 3.0 10.0 12.0 13.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.653 136.305 857.157 49.52 50.60 n.a.
2 6.317 138.952 836.987 50.48 49.40 n.a.
Total: 275.258 1694.143 100.00 100.00
Enantioselective
[Chromatogram
9,000 -
4| mAU
8,000
7,000 ]
6,000
5,000: |1-5.807
1 |
] |
4,000 ] ‘|
3,000 ] |
2,000 ‘ |
] |
1,000 - | |
] (| J‘_/.\2 68407
4 ) N\
04 —_— N — —_—
1 ! \I min
-EDO-IIIIII T_T L —r1 T T T T _T T T_T T_T L — —T_ T T 1
0.00 1.25 250 ais 5.00 6.25 7.50 8.75 10.00 11.25 12.00
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5.807 677.527 4891934 90.14 93.06 n.a.
2 6.497 74.071 364.548 9.86 6.94 n.a.
Total: 751.598 5256.482 100.00 100.00
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3ia Racemic

[Chromatogram
2,000
7| mAU
1,750
] H
4 -
1,500 N
] Ny NC
1,250 - N
] Mel
] H
1,000
750
i |‘|1 8117
7 !
500 I 12-0.013
1 I i
1 [ il
250 ] I \ I
] | I', ||
] [ [
] o P o J N\ L . _ _—
o3 min
-100| - - , ———————— —
0.0 20 4.0 6.0 8.0 10.0 120 126
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAL*min mAU % % n.a.
1 B117 126.333 560.257 49.80 57.16 na.
2 9.913 127.361 419.899 50.20 42.84 na.
Total: 253.694 980.156 100.00 100.00
Enantioselective
[Chromatogram
5,000
1| mAuU
4,000
3,000 4
|1-7.770
1 f
2,000 |||
1 |
[
_ I
1,000 ||
1 |
|
i | \2-0.700
o — _ (- '\-__l - -
] min
-500- 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
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7770 574521 2329749 92.86 93.45 na.
2 9.790 44152 163.290 7.14 6.55 na.
Total: 618.673 2493.039 100.00 100.00
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3ja Racemic

[Chromatogram
900
800
700 H
j .
] CM
600
] Ny NC
=2
é 5004 o]l H
8 ] |1-17.770
5 400 \
: |
A ] | 12 - 20,087
< 3004 ‘ | i
| I
i | \
200 ‘ | ‘ \
4 | II
| |
] l \
100 R |
] [ B
o] — e — ____L\_ru_'____ i
_50_- 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
00 50 100 150 200 250 300
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 17.770 207.429 419.077 49.92 56.94 n.a.
2 20.087 208.125 316.937 50.08 43.06 n.a.
Total: 415.553 736.014 100.00 100.00
Enantioselective
[Chromatogram
260
2004
2 150
E
3 4
£ J
2 100
< J
1 |1-18.170
] I
50| I
J [
|
4 | II
1 (! 2-20.800
| Y | O A N S I — _;'I L_'_ : | S
-1D_I T T T T T T T T T T
00 50 100 150 200 250 300
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height |  Amount
min mAU*min mAU % % n.a.
1 18.170 32.699 74718 89.94 90.34 n.a.
2 20.690 3.659 7.989 10.06 9.66 n.a.
Total: 36.358 82.708 100.00 100.00
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3ka Racemic

|Chromatogram

5004
400+
H
—
CM
5 300 "y NC
£ N
9 Br H
[+]
&
£
2 2004
L0
=
(1-18.873
] 12-21.613
100
-20 T T T T T T T T 1
0.0 50 10.0 15.0 20.0 250 30.0 331
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 18.873 111.148 138.809 49,95 53.99 n.a.
2 21.613 111.378 118.314 50.05 46.01 n.a.
Total: 222.526 257.123 100.00 100.00
Enantioselective
[Chromatogram
700
800
500—-
2400
T 4004
5 i
E 300
2 j
<
200—- |1-18.057
J | \
| i
] (
100 .
i |
I|I \ |2-22.137
/ N .
-20- _ _ ; _ T
80 "100 120 140 "160 "1d0 200 20 240 258
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 19.057 100.247 201.168 89.96 89.81 n.a.
2 2137 11.193 22837 10.04 10.19 n.a.
Total: 111.440 224.005 100.00 100.00
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3la Racemic

|Chromatogram
2 500
1| mAu
2,250
] H
2,000 =
j CN
1,750 W NG
] N
1‘500-: H
1,250
1,000
11-5630 5 gar
750
500
250
04 — 1 TN
'100_\\\|||||||\\|||| — T T T T T T T T T 7T —T T T T T 71T T T T T T T T T
0.00 1.25 2.50 375 5.00 6.25 7.50 875 10.00 11.25 12.26
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 5630 133.180 832878 50.00 51.61 na.
p 6.887 133.199 780.891 50.00 48.39 n.a.
Total: 266.379 1613.769 100.00 100.00
Enantioselective
[Chromatogram
700
600
500.]
2 400+
E J
8 ]
E 3004
] 1 |1-5817
= ] |
. |
200 ||
100 |
] /|
4 | |
| I \2- 6787
04 B S A __ . o
-5D_I T T T T T T
0.0 20 40 6.0 80 100 120 135
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 5617 32.564 252 650 9294 93.75 n.a.
2 6.787 2472 16.849 7.06 6.25 n.a.
Total: 35.036 269.500 100.00 100.00
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3ma Racemic

Chromatogram
7004
4| mAau
600 H
4 _—
1 CHN
500 Ny NC
400+ OMe
300: | 1-25.787
| I\ 12-20.713
] | | f
i
200 ' [
J [ [
] | {
] | | | |
1DD: | II | I'|
] IR
j R
04— — o~ L/ L{—-.J.,-' . —_ S —_
1 min
-50-""|""| —T T T T T T T —T T —T T —F Tt T 1T
0.0 5.0 10.0 15.0 200 250 30.0 35.0 40.0 450 50.0 52.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 25.787 276.972 290.693 49.92 54.40 na.
2 29.713 277.891 243682 50.08 45.60 n.a.
Total: 554.863 534.376 100.00 100.00
Enantioselective
[Chromatogram
900
1| mAU
800 ]
700
600
500
] OMe
4004
] 11-25.803
300] A
j (1
] [
200 [
] |
] (-
1004 | \
1 | \
] | ! )
0] _ L \\ | 'L'-"?E'|13 .
] min
-50- 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 15.0 200 250 30.0 350 38.0
Integration Results
No. (Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU Y% % n.a.
1 25.803 300.639 339574 94.90 95.55 na.
2 30.113 16.144 15.806 5.10 445 n.a.
Total: 316.783 355.380 100.00 100.00
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3na Racemic

[Chromatogram
1,900 5
1,800]| "
1,600
] H
] =
1,400 M
] Ny M
1,200 4
] &l
] H
1,000 4 F
ao0] [n - 6.530
600 ‘|
4003 ‘ 2-12770
j i
1 | | || |I
2004 |
1 | I
] I I
o [T L
1 T T min
_1DO_I T T T T T T T T T T T T T 1
0.0 20 4.0 6.0 a.0 10.0 12.0 14.0 16.0 18.0 200
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.530 118.290 791.798 49.60 66.88 n.a.
2 12.770 119.262 392.187 50.20 33.12 n.a.
Total: 237.552 1183.986 100.00 100.00
Enantioselective
[Chromatogram
3,000 -
1| mAU
2,500
2,000 ] CN
1,500
] ﬁ1 -8.707
1,000 ‘|
500 ‘l
] |
[
l \ |2 - 13417
04 S B '\.I e T
1 min
-20014 — . : , : — — — =
0.0 2.0 4.0 6.0 8.0 10.0 120 14.0 16.2
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.707 204.520 1287.230 90.76 94.62 n.a.
2 13.417 20.825 73.139 9.24 5.38 n.a.
Total: 225.345 1360.369 100.00 100.00
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30a Racemic

[Chromatogram

2504

2254

200+

175

150 4

125

100

754

50+

254

-104

“Ae()zc:

ol N

IZ/

CN

11-10.627

12-16.893

T

00 25

5.0

150

175 200

225

Integration Results

MNo. |Peak Mame

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
Yo

Amount
n.a.

1
2

10627
16.893

70.438

72883

83.053
82.377

4915
50.85

50.20
49.80

na.
na.

Total:

143.320

165.430

100.00

100.00

Enantioselective

[chromatogram

500 4

450 4

400

350 4

300

250 4

200 4

150

100

50 4

203

ol M

12 - 16.947

0.0 25

5.0

15.0

Integration Results

No. |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
2

11.010
16.947

18.065
118.644

21.095
132.039

13.21
86.79

13.78
86.22

na.
n.a.

Total:

136.709

153.134

100.00

100.00
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3ga Racemic

|Chromatogram

4000
3500
3000
H
] _—
2500 e
%g ] W, MC
'3 2000 N\
[
8 1 \1-7.347
o 4
2 1500 4
<
1 1210170
10004
500
0 A | |
-200- 5 — T a— — T T T T T T 1
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0
Time [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7.347 317.907 1657.181 49.85 58.24 na.
2 10.170 319.867 1188.413 50.15 41.76 n.a.
Total: 637.774 2845.594 100.00 100.00
Enantioselective
[Chromatogram
2,000+
7| mAU
1,750
1,500
1,250
1,000
] |1-7.837
] i
7504
] I
] 1
500 ||
] ||
201 Iﬂ
] I 12- 10.877
1 . _ BT SN o .
0 . — min
-100- T T T T T T T T T T T T T T T T T T T T T T T
0.0 20 40 6.0 8.0 10.0 120 14.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAU % % n.a.
1 7637 177.631 838.364 89.90 90.86 n.a.
2 10.877 19.953 84.332 10.10 9.14 n.a.
Total: 197.583 922.696 100.00 100.00
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3ab Racemic

[Chromatogram
1,400 -
4| mAU
1.2[10:
] H
4 —_
1,000 COCEt
] Y
800 H <:>
6004 |1- 8807
1 i
i || |2-10.413
j | A
400+ | | |
- |
1 ‘ |I | 'II
200 | | | |
4 | | |I
: | I'. [
\ ] .
204 — — —_— L LN min
oo 1o 20 30 40 50 6D 70 a0 @0 100 1o 130 130 143
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAL % % n.a.
1 8.607 116.785 571.033 50.08 55.89 n.a.
2 10.413 116.431 450712 49.92 44.11 n.a.
Total: 233.216 1021.745 100.00 100.00
Enantioselective
[Chromatogram
5004
1| mAL
450—:
400—:
] H
3503 =N
COCEt
300
b N OOO
2503 N &
200_: |I\|: -10.573
3 [l
150 /|
] |
100 | ||
] | |
50 N
: [
] |1-8.750 [
0] — — —~ L i
-2D_ 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
00 1.0 20 3.0 40 5.0 6.0 7.0 8.0 9.0 10.0 11.0 120 13.0 143
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height |  Amount
min mAU*min mAU % % n.a.
1 8.750 1.996 11.153 4.00 533 n.a.
2! 10.573 47.959 198.292 96.00 94 .67 n.a.
Total: 49.956 209.445 100.00 100.00
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3bb Racemic

|Chromatogram

3,000 4
mAU
2,500 4
2,000 \ H COOEt
COOEt
R
J M
1,500 i
1,000 4 |1-4.263
12-5.780
500 4
min
=204 — : — ; = — —T— 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.3
Integration Results
No. [Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU Yo % n.a.
1 4.263 129.320 903.444 51.13 58.89 n.a.
2 5.780 123.601 630.732 48.87 41.11 n.a.
Total: 252.921 1534.175 100.00 100.00
Enantioselective
[Chromatogram
1,700 4
mAU
1,600 4
1,400 4
1,200 4
1,000 4
800 4
11-4.263
600+
400 4
200+
|2-5753
04 o -
min
-1 00 - r T T T T T T T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 4.263 88.977 662.225 9529 95.93 n.a.
2 5.753 4.401 28.111 471 4.07 n.a.
Total: 93.378 690.336 100.00 100.00
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3eb Racemic

|Chromatogram

1500 4
1400 4
1200—-
1000 4 \ H COOEt
? Mel COOEL
E 800 kY
N
g H
E 600
2 1-13.037
= ) |2 - 14.483
4004
2004
0 | T
'100"‘ —T T —T T —T T —T T T T T —
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 220
B[] [min]
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 13.037 268.877 511.025 49.92 53.12 n.a.
2 14.483 269.765 451.067 50.08 46.88 n.a.
Total: 538.642 962.092 100.00 100.00
Enantioselective
|Chromatogram
800
mAU
700
600 ‘\ H COOEt
COOEt
500 MeO
)
N
4004
H
12-15.247
3004
2004
100|
11-13.750
i : L min
_20_\ 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 T T : T T T T T T T 1
00 1.0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 17.0 180 190 200 213
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU"min mALU % %o na
1 13.750 16.060 33792 843 9.49 na
2 15.247 174.489 322 449 91.57 90.51 n.a
Total: 190.549 356.240 100.00 100.00
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3ib Racemic

[chromatogram
1,500
]| mau
1,400
1,200 1 H
=
] COOQOEt
1,000 1 N Oo
J N (9]
1 MeO N &
800
EUUj 11-5.937
400 12-8.180
200
i | min
-20 _I T T T T T T T T T T T ‘l T T T T T T T T T T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 130 139
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL % % n.a.
1 5937 101.147 543.679 4929 58.17 n.a.
2 8.180 104.076 391.027 50.71 41.83 n.a.
Total: 205.223 934.707 100.00 100.00
Enantioselective
[Chromatogram
2,000
: mAL
1,800
] H
1,600 ] '::-"_\_:'
] COOEt
1,400
] Y G
] Q,
1,200 MelO H &
1,000 ]
] |2-8.267
800 i
] | |
600 ] | lI
] |
400 | I
1 |
] | |
200 \
] 11-6.083 I| |
] A | min
-20: T T T _T_ T T T _' T = T T : T T = II T T T T T T
0.0 1.0 2.0 30 40 5.0 6.0 7.0 80 9.0 10.0 11.0 120 13.0 140 15.0
Integration Results
No. |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.083 11.407 78.675 519 8.75 n.a.
2 8267 208.333 820824 94 81 91.25 n.a.
Total: 219.740 899.499 100.00 100.00
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3jb Racemic

|Ch romatogram
5004
mAU
450
400
H
350 s
] COQOEt
300 N @
(®)
Cl N &
250 H <
2004
150
\1-6423
1004 12-7.927
50
04 : T I min
_20_ T T T T T T T T T T T T T T T T T T T T T T T 1
0.0 1.0 20 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 6423 20.369 119.224 4972 5578 na
2 7.927 20.594 94.509 50.28 44.22 n.a.
Total: 40.963 213.734 100.00 100.00
Enantioselective
[Chromatogram
600+
1| mAL
500+
] ;?\H
4001 ' COCET
4 \ Cb
300 Cl M Oé}
| H
2004
T 12—?.??3
] f
100 | 1
]
| [
J I
| |
] |1-6.323 [
- I - _A_J_\_'__Tmn_
0.00 1.00 200 300 400 sDo | ebo 700 sbo | o900 o0
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area | Relative Height | Amount
min mAU*min mAU % % n.a.
1 6.323 2946 17.960 765 997 n.a.
2 7773 35.563 162.220 92.35 90.03 n.a.
Total: 38.509 180.179 100.00 100.00
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3lb Racemic

|Chromatogram
1,000
mAU
8754
750 H
—
COOEt
625
5 Ny Gy
z C
E N &
@ 500 H
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2 3754
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11-7.567
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1254
04 -
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-5O_I T T T T T T T 1
0.00 125 2.50 375 5.00 6.25 7.50 875 10.00 11.25
Time [min]
Integration Results
No Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAL %o % n.a.
1 7 567 48 022 286 505 40 65 54 61 na
2 8.953 48.706 238177 50.35 45.39 n.a.
Total: 96.728 524.682 100.00 100.00
Enantioselective
[Chromatogram
1,200
J| mAU
1,200
1,000 H
] ;:T—"\_:
COCEt
5 800+ R =N
E N R
2 1 H
& G004
£ ]
Q
F]
= ]
4004 12-8.803
] Iy
I
] [
200 [
1 | II|
|1-7.587 |I I'.
_ — — — |_A’;—_| — 1]
-SD—II LI T_T T_T T T_T T —r Tt r T T 1T T T T T
0.00 125 250 375 5.00 6.25 7.50 8.75 10.00 1125
Time [min]
Integration Results
No.  |Peak Name Retention Time Area Height Relative Area Relative Height | Amount
min mAU*min mAlU % % n.a.
1 T.RET 4284 27.340 AT 710 n.a.
2 8.893 78.505 357 598 94 83 92.90 n.a.
Total: 82.789 384937 100.00 100.00
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3mb Racemic

[chromatogram
2,000 -
1 mAU
1,800 4
1,600 ] H
j —
i COOEt
1,400 4
Y %
1,200 (@)
1,000 ] OMe
500 \1-15.060
j 12 - 17.450
600
400
200
1 1 | min
-20 - r 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 T T = T T T T T |‘ T T T T T T 1
00 10 20 30 40 50 60 70 80 90 100 11.0 120 13.0 140 150 160 17.0 180 19.0 200 21.0 225
Integration Results
No. Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a
1 15.060 342325 767431 49 .86 54.01 na
2 17 450 344 240 653.507 50.14 4599 n.a
Total: 686.565 1420.937 100.00 100.00
Enantioselective
[chromatogram
600
mAU
500
COOEt
400
Q
Q
%
H ’e
3004 OMe
12-17.180
200
100-|
11-14 %9?
7207I 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 'I T T T T T T I\ T T T T T II‘I‘II 1
00D 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 17.0 180 190 200 210 25
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a
1 14.897 5413 £.986 291 3.26 n.a.
2 17.180 180.685 206.996 97.09 96.74 n.a
Total: 186.098 213.982 100.00 100.00
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3gb Racemic

|Chromatogram
1,500
4| mAU
1,400
1,200 1 H
| COOEt
1,000
1 A OCb
1 N
800 I Q‘
1 Me
600+
] 11-8353
4004
i 12-11.353
200
] ! !
-20 T T T T T T T T T T T T T T T I| T T T T T T T 1
0o 10 20 40 50 60 70 80 90 100 110 12.0 130 145
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 8.353 120,130 424 839 4992 58.72 na.
2 11.353 120.539 208.684 50.08 41.28 n.a.
Total: 240.669 723.523 100.00 100.00
Enantioselective
|Chromatogram
1,100
1| mAU
1,000 ]
875 H
] =N
] COOEt
7504
] W O%
6251 '}' &
1 Me
500 ]
a5 | 12-11.320
2504
125 1
] \1-8373 |
-20:|I|I\I|| ||||\||I|||\|\I||||\||||||\||||\|\
00 10 20 30 50 680 70 90 100 110 120 130 140 150 16.0 170 180 19.0 200 210
Integration Results
No. Peak Name Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a
1 8373 4.349 14.682 292 413 na
2 11.320 144.467 340914 97.08 95.87 n.a
Total: 148.816 355.596 100.00 100.00
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Compound 5:

Racemic

[Chromatogram

90.0 -
80.04
70.04
60.0 4
50.0 4
4004
MeQ
3004
20.04

10.0

0.04

Ir=

1-8.230

12 -10.387

|

504

350

" 500

10,00

1125

1250

1375

15.00

16.00

Integration Results

No. |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
%

Amount
n.a.

1
2

8.230
10.387

9.161
9.092

24846
19.993

50.19
49.81

55.41
44.59

n.a.

Nn.a.

Total:

18.253

44.838

100.00

100.00

Enantioselective

Chromatogram

300

2504

2004

150 4

100 4

504

\1-8.527

MeO

12-10.493

1

-104

T
6.00

875

—
10.00

1125

1250

13775

"15.00

Integration Results

Mo.  |Peak Name

Retention Time
min

Area
mAU*min

Height
mAU

Relative Area
%

Relative Height
C}Vﬂ

Amount
na

1
2

8.527
10.493

31.067
2141

70.521
3.808

93.55
6.45

94 .88
5.12

na.
n.a.

Total:

33.208

74.329

100.00

100.00
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Compound 6: Racemic

[Chromatogram
150 -
140 -
120 4 HO
OH
100 -
2 S
E 80
N
g H
=4
3
2 60
Eal
<
40 4
|1-12.763
20 12 -21.080
| 1
1 T
—5 - r T T T T T T T T T T T T T T T T T T T T T 1
50 60 7.0 80 90 100 11.0 120 13.0 140 150 160 17.0 18.0 19.0 200 210 220 230 240 250 260 270
I 1] [min]
Integration Results
MNo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % na
1 12.763 20417 30.946 50.53 61.36 n.a.
2 21.080 19.985 19.483 4947 38.64 n.a.
Total: 40.402 50.429 100.00 100.00
Enantioselective
|Chrcma'wgram
500 4
450 ]
400 4
3504
3004
250
200
150
100
12 -21.207
50
|1-12.970 |
_1 D : T T T T T T T T T : T T T T T T T 1
50 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 237
Integration Results
Mo. |Peak Mame Retention Time Area Height Relative Area Relative Height Amount
min mAU*min mAU % % n.a.
1 12.970 4739 5.864 585 175 n.a.
2 21.207 76.293 69.794 94.15 9225 n.a.
Total: 81.032 75.658 100.00 100.00
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3. X-ray single-crystal data of product 3aa

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

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

4

Density (calculated)
Absorption coefficient
F(000)

Crystal size

20181217sf_Om

C15 H13 N3

235.28

169.97 K

1.34139 A

Orthorhombic

P2.2,2,

a=5.6046(4) A a=90°
b = 8.4709(6) A B=90°
c=27.2897(18) A y=90%
1295.61(16) A3

4

1.206 Mg/m3

0.372 mm-!

496

0.12 x 0.1 x 0.01 mm3
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Theta range for data collection 4.7551t0 54.877<

Index ranges -6<=h<=5, -10<=k<=10, -32<=I<=33
Reflections collected 9001

Independent reflections 2303 [R(int) = 0.0218]
Completeness to theta = 53.594 < 96.7 %

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7508 and 0.5269

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 2303/0/171

Goodness-of-fit on F2 1.205

Final R indices [I1>2sigma(l)] R1 =0.0362, wR2 = 0.0858

R indices (all data) R1 =0.0382, wR2 = 0.0869
Absolute structure parameter 0.07(18)

Extinction coefficient n/a

Largest diff. peak and hole 0.147 and -0.158 e. A3
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