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Table S1. Time Dependence of Ee Value of (aR)-(+)-3b at Various Temperatures

E Q\N/\/\Ph

A @\N/\/\Ph

Me PPh, Me PPh,
Dodecane
(aR)-(+)-3b (aS)-(-)-3b
Time (sec) Ee (%)” Ee (%)“ Ee (%)“ Ee (%)“
at 30 °C at 40 °C at 50 °C at 60 °C
0 96.4 96.4 95.6 97.2
1800 94.7 93.7 84.2 65.6
3600 94 .4 90.7 73.1 48.5
7200 92.7 84.7 55.9 28.0
14400 90.0 75.2 38.6 7.8
28800 84.5 56.9 14.5 -
86400 67.5 18.0 - -
¢ Ee was determined by chiral HPLC analysis.
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Figure S1. Data for the Racemization and

Arrhenius Plot of (aR)-(+)-3b
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Table S2. Time Dependence of Ee Value of (aR)-(—)-3¢ at Various Temperatures

;\LN/\/\Ph A

Dodecane
(aR)-(-)-3c (aS)-(+)-3c
Time (sec) Ee (%)” Ee (%)“ Ee (%)“ Ee (%)“
at 30 °C at 40 °C at 50 °C at 60 °C
0 91.9 91.9 923 92.1
1800 90.6 85.5 72.6 45.6
3600 89.1 78.8 57.0 23.9
7200 86.2 67.5 35.8 7.0
14400 81.2 49.5 13.4 -
28800 71.2 26.2 2.4 -
86400 42.5 - - -

¢ Ee was determined by chiral HPLC analysis.

In (ee) vs. Time
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Figure S2. Data for the Racemization and Arrhenius Plot of (aR)-(—)-3¢




Table S3. Time Dependence of Ee Value of (—)-3d at Various Temperatures

EQ\N/\/\Ph

EQ\N/\/\Ph

A
iy PPh, ipr PPh,
Dodecane
(-)-3d (+)-3d
Time (sec) Ee (%)” Ee (%)“ Ee (%)“ Ee (%)“
at 40 °C at 50 °C at 60 °C at 70 °C
0 99.6 98.8 98.7 98.7
1800 - 96.8 92.6 77.3
3600 - 94.7 85.9 59.3
7200 - 90.9 75.1 37.0
14400 94.2 83.7 58.5 12.7
28800 91.0 71.5 33.6 2.1
86400 75.9 - - -
¢ Ee was determined by chiral HPLC analysis.
In (ee) vs. Time :
In (ee) n(o) Arrhenius Plot
y =-3.1734x10°6 x + 4.5994 0.0028 0.003 0.0032 0.0034
4.5 = -8 T T 1
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Figure S3. Data for the Racemization and Arrhenius Plot of (-)-3d
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'H, 3C and *'P NMR of 5

NH

P(O)Ph,

MeO

< YKYOUSEIBNMRYOBMINO201
216831I¥1YPDATAYIY1]
05/ Jan/2017

20165156

COMNT
OBNUC i
EXNOD 7630
300. 23 Milz
o 0.0 Kiz
8 10004, 57 1z
s 16381
© 3612.717 Ilz
[ 8
45351 s
1.0's
9.0 us
E OFF
| 2 5 MM BBO BB-1IF-D Z-GRD
“ 254/01
r SPECT
| PULSPRG 2630
[ CRDPROG
= | CTENP 26.85 °C
= SLWT DLy
. ‘ EXREF 0.0 ppm
< | BF 0.25 il
| KINDOW Exponential
‘ , RGAIN 228
il N Operator.
8 B |
o (=3
| o o3 |
|
[/
sl
=3 i
2|
< I
I I~ /
( i
I
| o~
35 2 o
an -
| S S-8 < J‘
| e il
| T f Mo
L | i
J In [ ’ ‘
J [ |
{ |
J 1
i | J }, rJ | I ]
| [N / J /
i _Jl Jj
il | I
WML A T
I - e o o . I S .
" 10 9 8 7 5 3 2 1 -1
3/ppm ('H)
QI-RBEFT=2838888883838r BN 838 DFILE_C:¥KYOUSEIBNMR¥OSMINOZOL
SRS BSITSIRCIIIBBIANINER S5 SIS 6Y21683CY IYPDATAY 1Y11
LEBSBITIREGININBAIBLE8EE R S TI 51
OO = — 08 COLG LD M M M (O LS LS N I O o o o< COMNT e i
EHIIBTTSSLIIKREEE=2RRLRR 83 8 &]
VRN ) S \ | \ OBNUC e
\f \’ N o \/ N EXNOD ZGPG30
75. 49 Milz
0.0 kil
10003, 06 1lz
32768
18115.94 iz
1024
18088 s
2.0s
0.0 us
TRNUC orF
PROBUD 5 MM BBO BB-11-D Z-GRD
78281/01
INSTRUM SPEC
PULSPRG 26PG30
GRDPROG
CTEWP 26.85 °C
T DCLs
EF 77.0 ppm
BF 0.25 1z
WINDOW Exponential
RGAIN 2299
Operator
" . o
; : ; . . | ] |
220 200 180 160 140 120 100 80 60 40 20
3/ppm (1°C)

S5



36. 2403

Ll i d

0
8/ppm (3'P)

DFILE  C:¥KYOUSEIBNMRYOGMINOZ20L
TY22667PY1YPDATAY1¥11

DATIM  13/Apr/2018 15:27:41

COMNT

OBNUC

.54 Milz
. 0 kilz
5.0 11z

64 112
ACQTH
D
PW1

IRNUC
PROBIID

INSTRUM
PULSPRG
GRDPROG
CTEMP
SLVNT
EXREF

m

BE 0.25 iz
WINDOW Exponential
RGAIN 13004

Opcrator

S6



'H, 3C and *'P NMR of 6

MeO
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'H, 3C and *'P NMR of 2
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'H, 3C and *'P NMR of 7a

MeO
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'H, 3C and *'P NMR of 7b
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'H, 3C and *'P NMR of 7¢
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'H, 3C and *'P NMR of 7d
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'H, 3C and *'P NMR of 8a

MeO
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DFILE

C:¥KYOUSEI6NMRYO6MINO20
16¥21161HY1¥PDATA¥1Y¥1T

DATIM  16/Jul/2016 13:35:29
COMNT

OBNUC H
EXMOD 2630
OBFRQ 300. 23 MH
2
OBSET 0.0 kHz
OBFIN 10004. 57 Hz
POINT 16384
FREQU 3612.717 H
z
SCANS 8
ACQTM 4.5351
PD 10s
PW1 9.0 ps
IRNUC OFF
PROBHD 5 MM BBO BB-I1H-D Z-GR

D 78284/01

SPECT
2630
20.01 °C
CDeLs
0.0 ppn
BF 0.25 Hz
WINDOW Exponential
RGAIN i81
Operator. _

DFILE  C:¥KYOUSEIGNMRY¥O6MINO2
16¥21161CY¥1¥PDATA¥1¥11

DATTM  16/Jul/2016 14:42:29
COMNT
03NUC 9
EXMOD Z6PG30
OBFRQ 75.49 MH
.0 kHz
10003. 06 Hz
32768
18115.94 Hz
024
1. 8088
2.0 s
0.0 ps
OFF
5 1) BBO BB-1H-D Z-GR
D 78284/01
SPECT
ZGPG30
20.01 °C
CDCLy
77.0 ppn
0.25 iz

Exponential
2048

Operator
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DFILE  C:YKYOUSEIGNMRY¥O6MINO20

15¥20458P¥2YPDATAY Y1 L
DATIM  02/0ct/2015 18:03:17
COMNT

OBNLC 3P
) ZGPG30
121,54 M
0.0 kHz
10005. 0 Nz
32768
38535. 64 Hz
SCANS 8
ACQTM 0. 8503
PD 8.0 s
P¥1 0.0 us
IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01
INSTRUM SPECT
PULSPRG ZGPG30
GRDPROG
CTEMP 26.85 °C
SLVNT CDCLs
EXREF 168.537 p
pn
hig 0.25 Hz
WINDOW Exponential
RGAIN 13004

Operator.



17/Feb/2015 17:58:33

DFILE C:¥KYOUSEI6NMR¥OSMINO20
14¥20030H¥ L¥PDATA¥1¥11

DATIM
COMNT

Sa\ppRiaar===tiy

3 ON O ON N e v e e e g i o o

T

P(O)Ph,
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I e 1 1 1 o o o 1 o o P P £ 1 48 45 48 68 <8 45 B S <8 o5

e\ 2

'H, 3C and *'P NMR of 8b
Me

wd

4.5351
0.0 kHz
10003. 06 Hz

32768
1.8088

0.0 kHz
10004, 57 Hz

16384
75.49 MH

26.85 °C
26.85 °C

NS
=

il

2630
300.23 MH
3612.717 H
8
256
150
Z6PG30
18115.94 Hz
512
SPECT
ZGPG30
2048

Exponential
5 MM BBO BB-1H-D Z-GR
Exponential

04/Mar/2015 16:38:33
D 78284/01

14¥20059C¥1¥PDATA¥1¥11

z

SCANS
ACQTM
Operator.
DFILE C:¥KYOUSEIGNMR¥O6MINO20
DATIM
COMNT
OBNUC
EXMOD
OBFRQ

z
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTH

s
PD
PWL
IRNUC
PROBHD
Operator.
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DFILE C:¥KYOUSEI6NMR¥OEMINO20

14¥19885P¥1¥PDATAY1¥11
DATIM  10/Dec/2014 21:30:35
COMNT

OBNUC ap

EXHOD ZGPG30

OBFRQ 121. 54 MH
z

OBSET 0.0 kiiz

OBFIN 10005. 0 Hz

POINT 32768

FREQU 38535. 64 Hz

SCANS 8

ACQTH 0.8503
s

PD 8.0s

PWL 0.0 s

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTEMP 26.85 °C

SLVNT CDCLs

EXREF 158.537 p

R

BF 0.25 Hz

WINDOW Exponential

RGAIN 11585

Operator.




'H, 3C and *'P NMR of 8¢

N AN Ph
P(O)Ph,

DFILE ¢ S [6\MRYOGHINOZO
5¥20284H¥ ¥PDATAY Y11
DATIM 19/ Jun/2015 18:10:51
COMNT
OBNUC I
EXHOD 2630
OBFRQ 300, 23 M4
P
OBSET 0.
OBFIN 10004. 5
POINT 84
FREQU 2.7
2
SCANS 8
ACATH 45351
s
- PD 10 s
= Pl 9.0 ps
= TRUC OFF
= PROBID 5 MM B3O BB-1H-D Z-GR
~ D 78284/01
i INSTRUM SPRCT
| PULSPRG 1630
GROPROG
CTEMP 26.85 °C
/ IL.\% ) T CHCLs
S 0.0 pon
< 0.25 Fe
© Exponential
[ 228
|
| | Operator N
/ ! w
! g
Gl - “ 3
o S 5 =
s |l 5 < / -
S S ° s / 5
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J | I =
=4 <
=3 | £ 4
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8/ppm (H)
SRERIB ] %SS%?%SE% DFILE  C¥KYOUSETENYRYOSMINOZO
LENSSR = 24BBRETH2 16Y21347CY1YPDATAY¥1]
N N REEEmTIoON DATIM  22/Sep/2016 18:40:48
P e ~ P P o
pfettetot = E559Ns8RR o
T g ) .
2o omNIIC ¢
///rrr/ T EXMOD 76630
OBFRQ 75.49 M
z
0BSET
OBFIN
POINT
FREQL
SC.

5 OFF
PROBHD 5 MM BBO BB-1H-D Z-Gl
D 78284/01

STRUM SPECT
PULSPRG 26PG30
GRDPROG

ol 19.01 °C

NT CDCLy

77.0 ppn
BF 0.25 Hz
WINDOW Exponential
RGAIN 813

Operator,
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DFILE C:¥KYOUSEIGNMR¥OBMINOZO
15Y20266P¥3YPDATA¥1¥1]
DATIM  12/Jun/2015 20:32:19

32.3190

COMNT

ORNUC 3P

EXMOD ZGPG30

OBFRQ 121. 54 MH
z

OBSET 0.0 kHz

OBFIN 10005. 0 Hz

POLNT 32768

FREQU 38535. 64 Hz

SCANS

ACOTM 0.8503
s

D 8.0s

P¥L 0.0 s

TRNUC OFF

PRORHD 5 MM BBO BR-18-D 7 GR
D 78284/01

INSTRUM SPECT

PULSPRG 7GPG30

GRDPROG

CTEMP 26,85 °C

SLVNT CDCL

EXREF 158.537 p
pm

BE 0.25 Hz

WINDOW Exponential

RGALN 1096

Operator.__
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'H, 3C and *'P NMR of 8d

N AN Ph
Pr P(O)Ph,
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DFILE C:¥KYOUSEIGNMR¥OGMINO20

16¥214901¥2¥PDATAY1¥1 T
DATIM  27/0ct/2016 19:13:28
COMNT

OBNUC H
EXMOD 2630
OBFRQ 300. 23 M
2
OBSET 0.0 kHz
OBFIN 10004. 57 Hz
POINT 16384
FREQU 3612.717 H
2
SCANS
T 4.5351
s
D 10 s

P 9.0 us

TRNUC OFF

PROBHD 5 MM BBO BB-LH-D Z-GR
1 78284/01

INSTRUM SPECT

PLLSPRG 2630

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLs

FXRER 0.0 ppm

BF 0.25 He

WINDOW Exponential

RGAIN 362

Operator_

DFILE _C:¥USERSYKYOUSEI6-WIN¥D
ESKTOPYEBISWAY¥21516-24D, 1§
OPRO, CINNAMYL, OXIDEY21516¢
¥2¥PDATAYI¥11

DATIM ~ 09/Nov/2016 09:44:00
COMNT

OBNUC iC

EXMOD ZGPG30

OBFRQ 75.49 My
2

OBSET 0.0 kHz

OBFIN 10003. 06 Hz

POINT 32768

FREQU 18115.94 1

SCANS 9539

ACQTM 1.8088
s

PD 2.0s

PW1L 0.0 ps

IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-Gk
D 78284/01

SPECT
ZGPG30

26.85 °C

Exponential
2580

Operator_ - -
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-150

DFILE C:¥KYOUSETBNMRYOGMINO20
16°

DATIM
COMNT

OBNUC
EXMOD
OBFRQ

z
OBSET
OBFIN
POINT

D 78284/01

INSTRUM
PULSPRG
GRDPROG
CTEMP

WINDOW
RGATN

Operator _

21490P¥2YPDATA¥1¥ L1

27/0ct/2016 19:16:15

aip
7GPG30
121.

0.
10005
32768

38535,

8
0.

8.

5 MM BRO BB

Exponential
13004

54 MH

0 kliz
0 Hz

64 Hz
8503

0
0 ps
7-GR

5.85 °C
. 537 p

.25 Hz



'H, °C and 3'P NMR, and chiral phase HPLC chart of (+)-3a

MeO PPh,

NRARLREZRER=IZIIII2 OFTLE C:¥KVOUSETGNMRYO6MING20
KEITSESBICEBIHIER 16¥21 162HY 1 ¥PDATAX 1 21T
N g LEmeeaan DATIM Tul/2016 10:13:16
’T/'\/" RSy i i i COMNT
\p w,_'ssg;’ .
i OBNUC E
2 EXMOD 2630
% OBFRQ 300. 23 MH
: P
< OBSET 0.0 itz
; OBFIN 10002, 57 Hz
{ 20INT 16384
| REQU 3612, 717 H
I o 2
| =Y SCANS 8
| = ACQTH 45351
< s
1.0 s
' [ 9.0 s
| c OFF
| 5 WM BBO B3-1H-D Z-GR
L 28284/01
SPECT
h 2630
I © 21,01 °C
= CDCLy
| g 0.0
] - 0
/ Exponertial
181
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DFILE C:¥KYOUSELGNMR¥OGMINO20
16¥21162C¥ [¥PDATAY¥1¥1T
DATIM  18/Jul/2016 11:20:13

COMNT
OBNUC e
LXMOD 7GPG30
OBFRQ 75.49 MH
OBSET 0.0 kHz
OBFIN 10003. 06 Hz
POTNT 32768
FREQU 18115.94 Hz
SCANS 1024
ACQTM 1. 8088
s
P 2.0 s
PWL 0.0 ps
IRNUC OFF
PROBHD & BBO BB-1H-D 7-GR
D 78284/01

INSTRUM SPECT
PULSPRG ZGPG30
GRDPROG

CTEMP

SLYNT

EXREF

BF

WINDOW Exponential
RGAIN 2048

Operater__

N \
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3/ppm (13C)
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-17. 5504
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DFILE  C:¥KYOUSEIGNMR¥O6MiNO20
15¥20484P¥3¥PDATAY1Y]

DATIM  14/0ct/2015 08:57:45
COMNT
ORNUC sip
EXHOD 26PG30
0BFRQ 121,54 M4
0.0 KHe
10005.0 1tz
32768
38535, 64 Hz
0.8503
8.0 s
0.0 s
OFF
5 M BBO BB-1H-D Z-GR
284/01
SPECT
26630
CIEMP 26.85 °C
s €L
158.537 p
BF 0.25 iz
WINDOW Exponential
RGAIN 5161
Operator



'H, *C and 3'P NMR, and chiral phase HPLC chart of (+)-3b

Me PPh,
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DFILE  C:¥KYOUSET6NMRYOGMINO201
AY199201Y IYPDATAY1Y]]

DATIM 5/Jan/2015 14:09:13
COMNT
OBNUC '
EXMOD 2630
OBFRQ 300. 23 Mtz
1
10001 57 liz.

361 ’ L T1T Hz

TRNLC
PROBID 5 A8 BBO BB 10 D 7-GRD
78281/01

GROPROG

CTEMP 26. 85 °C
T

11,0049 p

BE 0.25 tiz

WINDOW Exponent ial

RGAIN 362

Operator.

DFILE C:¥Users¥kyousei6-win¥D
e;ktop¥20150226 ebi exp62_
Carbon-1-1. jdf

DATIM 26/pr/2015 04:50:37

single pulse decoupled gat
ed NOE

OBNUC 3¢

EXMOD carbon. jxp

OBFRQ 125.77 M
2

OBSET -5.0 kHz

OBFIN 301. 0403

POINT 131072 (ZeroF

i11:x4)

H{EQU 39308, 18 Hz

SCANS 256

ACQTM 0. 8336
s

PD 2.0s

PW1 3.5333
s

IRNUC H

PROBHD

INSTRUM JNM-ECA500

PULSPRG

GRDPROG

CTEMP

SLVNT CHLOROFORM-D

EXREF 77.0 ppm

BF 0.25 Hz

WINDOW Exponential

RGAIN 50

Operator. o
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DFILE C:¥KYOUSEI6NMR¥O6MINO20
14¥19920P¥ | ¥PDATA¥1¥11

DATIM
COMNT

OBNUC
EXMOD
OBFRQ

z
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM

s

PD
PW1
TRNUC
PROBHD

D 78!

INSTRUM
PULSPRG
GRDPROG
CTEMP
SLVNT
EXREF
pm

BF
WINDOW
RGAIN

Operator.

05/Jan/2015 14:14:32

E
26PG30
121.54 WH

0.0 kHz
10005. 0 Hz
32768

38535. 64 Hz

8
0. 8503

SPECT
ZGPG30

26.85 °C
CDCLy
158,537 p

0.25 He
Exponential
13004



'H, *C and 3'P NMR, and chiral phase HPLC chart of (+)-3¢
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SPECT
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DFILE C
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COMNT
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0BSET
OBFTN
POINT
FREQU
SCANS
ACQTM
PD B
PWL
1RNUC
PROBAD

EMP
Opera

80

88S6

:
IJ

9€96 orj

J

100

5
8/ppm('H)
&/ppm (13C)

120

£920°C

29106 ——

PR —

—~
—

2L60°¢
T 12001
-

hwmm.orj

200

" 220

S31



-15. 5305

150 100 50 0 -50 71‘00 ~150
3/ppm (3'P)
200000
g |
z -
3 100000 -
]
kS
0 N
10.0 20,0 30.0
8000 - —— exp97 - CH1|
5000 |
S
3
F 0 -
2 :, \ f
£ /
-5000°
10.0 20.0 30.0 400 48.0

S32

DFIL
15

DAT!
COMNT

OBNUC
EXMOD
ORFRQ

z
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTH
s
PD
PW1
IRNUC
PROBHD

ap
ZGPG30
121. 54 M

0.0 kHz
10005. 0 Hz

32768
38535. 64 Hz
0. 8503

8.0 s
0.0 us

OFF
5 MM BBO BB-1H-D Z-GR

D 78284/01

INSTRUM
PULSPRG
GRDPROG
CTEMP
SLYNT
EXREF
pm

BF
WINDOW
RGAIN

Operator.

SPECT

158.537 p

0.25 Hz
Exponent ial
13004



'H, *C and 3'P NMR, and chiral phase HPLC chart of (+)-3d
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DFILE  C:¥KYOUSEIENMR¥O6MINO20O
16¥2] 500HY2¥PDATA¥1¥11
DATIM 1/0ct/2016 18:59:40
COMNT

OBNUC H

EXHOD 7630

OBFRQ 300.23 Ml
7

03SET 0.0 kHz

O3FIN 10004. 57 Hz

POINT 16381

FREQU 3612717 H
2

SCANS i6

ACQTM 4.5351

PD 10s

P¥1 9.0 ks

IRNUC OFF

PROBHD 5 KM BBO BB-1H-D Z-GR
D 78281/01

INSTRUM SPECT

1P 2630

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLs

EXREF 0.0 ppo

5 0.25 Hz.

WINDOW Exponent ial

RGATN 362

Operator

DFILE C:¥Users¥kyouseib-win¥D

csktep¥20161111_ebisawa el

68_Carbon-1-1. jdf
DATIM ~ 11/Nov/2016 08:
COMNT

single pulse decoupled gat

59

od NOE
OBNUC B¢
EXHOD carbon. jxp
OBFRQ 125,77 MH
2
OBSET 5.0 kHz
OBFIN 301. 0403
131072 (ZeroF
1:x4)
39308. 18 Hz
1024
0.8336
2.0s
3.7833
1RNLC H
PROBHD
INSTRLY TNH-ECAS00
PULSPRG
GRDPROG
CTEMP 20.6 °C
SLWNT OROFORM-1)
EXREF 0
RP . 25
WINDOK Sxponential
RGAIN
Operator. -
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DFILE C:¥KYOUSELGNMRY¥O6MINO20
16 3

0OP¥2¥PDATAY1¥11

DATIN  31/0ct/2016 19:01:45

COMNT

OBNUC Sip

EXMOD 76PG30

OBFRQ 12154 MH
z

OBSET 0.0 kHz

OBFIN 10005. 0 1z

POINT 32768

FREQU 38535, 64 liz

SCANS 8

ACQTM 0.8503
s

PD 8.0 s

i1 0.0 s

TRNUC F

PROBHD 5 My BBO BB-1H-D Z-GR
D 78284/01

LNSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCL

EXREF 158.537 p
i

BF 0.25 Hz

WINDOW

RGAIN

Operator,



'H, *C and 3'P NMR, and chiral phase HPLC chart of (5)-(-)-3b

Me PPh,

T S N RO T OO TN OO T COD P — NP~ —OOT =~ OTON—ANNODOOND . C16N
OO~ OO~ O~ OO N O T O — TR~ OONOOTHNOC~ DO ONTNRONDS DFILE C:¥KYOUSEI6NMRY¥O6MINO20
DN~ RCTN AN~ O INORCON—OROTNDP A NO OO -~ ITIDONDD DD 16¥21718HY3¥PDATAY1¥1]
ANNNNN— OO OO IO NNNNNN—OH DB~~~ COFFONOSO~BBDIFOBNDS DATIH 17/ Jan/2017 92:58:07
e 3 45 €5 45 45 45 45 4B (D (B B BB L3 3 B I 3 T B T cF N AN N QN N = v e e e el an :

N'%%ﬂw /WJ i CouT
OBNUC H

EXMOD 2630
OBFRQ 300. 23 MH
2
o 0BSET 0.0 kilz
= OBFIN 10004. 57 Hz
= POINT 16384
< FREQU 3612.717 H
— z
SCANS 16
ACQTH 4.5351
s
PD 1.0s
© P 9.0 ps
& TRNUC OFF
8‘ PROBHD 5 MM BBO BB-1H-D Z-GR
< D Z8
INSTRUY PECT
PULSPRG 30
GROPROG
ENP 26.85 °C
SLVNT CDCLy
© EXREF 0.0 ppn
3ed BF 0.25 Hz
< WINDOW Exponential
; - RGAIN 256
o
Operator,
3
=
3 2
o
< o~ © /
= R
s e s
-
3 -
-
S 2 8 @ <
o B s @ ;
: S
;s = 5
7 s
: ' | . : . ; . . | . T .
11 10 9 7 5 3 2 1 0 -1
8/ppm (H)
5835383"383Bﬂ;%fSB‘&G%8858888?%3838;5?5%?@:%33382558’5 DFILE _C:¥KYOUSEIGNMRYOGMINO20
PO MO O NONRO DTN ONPNINDNNNO DG — D < SO O — — 00 N 0 F 0 <O D 3 1 F F M~ I~ DATIH . 18/ Jang3017 01:11:40
L L e R I B B d h bl T T T R I B A e o R I e et T T=T= TN =T an o
BIR@OHOMM MMM MM MMM M N NN NN N O N O O QM 1 0 (5 L5 15 643,63 0 03 60 09 69 63 09 €N e & & COMNT
=S e oBNuC o
B ————— EXNOD 26P630
0BFRQ 75,49 MH
z
OBSET 0.0 kHz
OBFIN 10003, 06 Hz
POINT 32768
FREQU 18115.94 Hz
SCANS 2048
ACQTH 1.8088
s
PD 205
WL 0.0 ps
TRNUC o
PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01
INSTRUM SPECT
PULSPRG 2GPG30
GRUPROG
CTEWP 26.85 °C
SLVNT cocLs
EXREF 77.0 ppn
BF 0.25 Hz
WINDOW Exponential
RGAIN 4598
Operator.
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15. 6926

Intensity [pV]
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DFILE C:¥KYOUSEI6NMR¥OGMINO20
16¥21718P¥1¥PDATA¥1¥11

DATIM  16/Jan/2017 22:13:36

COMNT

OBNUC np

EXHOD 26PG30

OBFRQ 121. 54 MH
2

OBSET 0.0 kiiz

OBFIN 10005. 0 Hz

POINT 32768

REQU 38535. 64 Hz

SCANS

CaTH 0.8503
s

D 8.0s

PWI 0.0 ps

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG ZGPG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLy

EXREF 158.537 p
bn

BF 0.25 Hz

WINDOW Exponential

RGAIN 9195

Operator. R,




'H, *C and 3'P NMR, and chiral phase HPLC chart of (R)-(+)-3b
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DFILE  C:YKYOUSET6NMRYO6MINO201

6Y21718HYAYPDATAY1Y11
DATIM  18/Jan/2017 01:25:43
COMNT

OBNUC N
EXMOD

30

300. 23 Milz
0.0 kHz

10004. 57 He

163841
3612.717 Hz
16

C OFF
PROBHD 5 MM BBO BB 1 D Z GRD
78284/0)

INSTRUM SPECT
PULSPRG 7630
GRDPROG

CTEMP 26.85 °C
SLVNT CDCLa

EXREF 0.0 ppm
BF 0.25 Hz
WINDOW Exponential

RGAIN 256
Operator

DFILE _C:¥KYOUSEIGNMR¥OGMINO20
16¥21718C¥4¥PDATAY1¥11

DATIM  18/Jan/2017 03:38:44
COMNT
0BNUC 1C
EXHOD 26PG30
OBFRQ 75. 49" MH
2
OBSET 0.0 kiiz
OBFIN 10003. 06 Hz
POINT 32768
FREQU 18115.94 Hz
SCANS 2048
ACQTM 1.8088
s
) 205
PWL 0.0 us
IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01
INSTRUM SPECT
PULSPRG 2GPG30
GRDPROG
26.85 °C
SLYNT Ly
EXREF 7.0 ppn
0.25 Hz
WINDOW Exponential
RGAIN 4598
Operator.



15. 6998

Y
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DFILE _C:¥KYOUSET6NMR¥O6MINO20
16¥21718P¥2¥PDATAY1¥11

DATIM  16/Jan/2017 22:21:17

COMNT

OBNUC 3p

EXHOD 26PG30

OBFRQ 121,54 M

OBSET 0.0 kilz

OBFIN 10005. 0 Hz

POINT 32768

FREQU 38535. 64 Hz.

SCANS

ACQTY 0.8503
s

PD 8.0s

PWL 0.0 us

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 28284/01

INSTRUM SPECT

PULSPRG ZGPG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLy

EXREF 158.537 p
pm

BF 0.25 He

WINDOW Exponential

RGAIN 9195

Operator.



'H, *C and 3'P NMR, and chiral phase HPLC chart of (5)-(+)-3¢
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DFILE C:¥KYOUSEI6NMRY¥O6MINO20

16¥21640HY1YPDATA¥1¥11
DATIM  11/Dec/2016 21:32:38
COMNT

OBNUC H
EXMOD 2630
OBFRQ 300. 23 MH
oBsET 0.0 khz
OBFIN 10004. 57 Hz
POINT 16384
FREQU 3612.717 H
z
SCANS 16
ACQTH 4.5351
s
PD 1.0s
PH1 9.0 ks
TRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01
INSTRUM SPECT
PULSPRG 7630
GRDPROG
CTEMP 26.85 °C
SLYNT CDCLs
EXREF 0.0 ppn
BF 0.25 Hz
WINDOW Exponential
RGAIN 456
Operator,

DFILE  C:¥KYOUSET6NMR¥OGMINO20

16¥21640C¥1YPDATA¥1¥1]
DATIM  11/Dec/2016 22:39:38
COMNT

OBNUC g

EXMOD ZGPG30

OBFRQ 75.49 MH
z

OBSET 0.0 kilz

OBFIN 10003. 06 Hz

POINT 32768

FREQU 18115.94 Hz

SCANS 1024

ACQTY 1. 8088
s

PD 2.0s

PHL 0.0 ps

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG ZGPG30

GRDPROG

CTEMP 26.85 °C

SLVNT CDCLs

EXREF 77.0 ppm

BF 0.25 Hz

WINDOW Exponential

RGAIN 2299

Operator.



DFILE C:¥KYOUSEI6NMR¥OGMINO20
16¥21640P¥1¥PDATA¥1¥1]
DATIM  11/Dec/2016 22:46:47

15. 5740

COMNT

OBNUC ap

EXMOD ZGPG30

OBFRQ 121. 54 MH
z

OBSET 0.0 kHz

OBFIN 10005.0 Hz

POINT 32768

FREQU 38535. 64 He

SCANS 16

ACQTH 0. 8503
s

PD 8.0 s

P¥L 0.0 us

TRNUC OFF

PROBHD 5 ¥M BBO BB-1H-D Z-GR
D 28284/01

INSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLy

EXREF 158.537 p
pm

BF 0.25 Hz

WINDOW Exponential

RGAIN 9195

Operator.
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Retention Time [min]
peak name area height area%
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nown 6 | 44.267 485470 6014 3641
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (R)-(-)-3¢

B T P O PN O+ O N~ OB NRODNIDENDOORNNAT D = U I QOB — NI NN D~ DN D DD - ’
By S R R B T O P O PN ORI B O I B P D BNDD BRI B AN OB eoNTRS DFILE C:¥KYOUSEIGNR¥OBMINOZO
o b i g I e b e e Ry ettt et vk ot et =it 1645 16A0MVI¥PDATAR 1V 1T
SRR R BT ERRLAN T e EEEEITAREINEIRNC2RIRE S xSNEIRIRRLIRB8EE OISR
BB R R R R R R N N R R N R N S S G S S S S EF ¥ Fyaiqqiga S S S e o e

e et T T T I 3 T AN ) ="
0BNUC o
EXHOD 630
= 0BFRQ 30023 MH
2 P
'1 OBSET 0.0 kHz
o OBFIN 10004. 57 liz
POINT 16384
FREQU 3612. 717 H
SCANS 16
ACQTH 4, 5351
s
PD 1.0s
o PHL 9.0 ps
g g TRNUC OFF
k= PROBHD 5 MM BBO BB-1H-D Z-GR
k= < D 78284/01
L INSTRUM SPECT
~ PULSPRG ZG30
5 GRDPROG
B CTEWP 26.85 °C
SLYNT cocls
i Ll EXREF 0.0 ppn
BF 0.25 H
WINDOW Exponential
RGAIN 575
-
E 2 Operator.
- 3
3| g 2 2 S
S =1 3 =3 o~
o = — =
! I g
2
N § - / ~ ~
S = =
- Of < °
f = — —
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1" 10 9 1 5 2 1 -1
8/ppm ('H)
R R an e R R e e e 3 S R gy R e e R e R R RS ISIRNIIIIZIRS DFILE  C:¥KYOUSEL6NMR¥OGMINOZ0
B R NS BN S B PR RN at IS et 16921 640CHIPDATAYIYIT
! S S 3 /Dec/2016 00:59:31
GBI 3 e e o A O 0300 S 9 9 06 B BN~ (S O B BB G F BB G S S DAL 12/Dec
B OB ENOHNOIENNENOINNNNNNNNNN NN G NN NN D DO 03030 & &3 o 5 B N COMNT
B e e o o
EXNOD 26P630
OBFRQ 75.49 MH
3
OBSET 0.0 kiz
OBFIN 10003. 06 Hz
POINT 32768
FREQU 18115. 94 s
SCANS 1024
ACaTH 1. 8088
s
) 20
P¥1 0.0 us
IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GR
D 75284/01
INSTRUM SPECT
PULSPRG 267630
GRUPROG
CTEWP
SLYNT
EXREF
BF
WINDOW
RGAIN
Operator.
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15.5813
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DFILE C:¥KYQUSEI6NMR¥O6MINO20

16¥21640P¥2¥PDATA¥1¥1T
DATIM  11/Dec/2016 23:50:50
COMNT

OBNLC sip

EXMOD 26PG30

OBFRQ 121,54 MH

OBSET 0.0 kiiz

OBFIN 10005. 0 Hz

POINT 32768

FREQU 38535.64 Hz

SCANS 16

ACQTH 0.8503
s

PD 8.0

P 0.0 ps

IRNUC OFF

PROBHD 5 MM BBO BB-IH-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTENP 26.85 °C

SLYNT CDCLs

EXREF 158.537 p
pm

BF 0.25 Hz

WINDOW Exponential

RGAIN 11585

Operator.



'H, *C and 3'P NMR, and chiral phase HPLC chart of (+)-3d
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DFILE C:¥KYOUSEI6NMR¥O6MINO20
16¥21636H¥1YPDATA¥1¥11

DATIM  10/Dec/2016 03:03:41

COMNT

OBNUC H

EXMOD 2630

OBFRQ 300.23 MH
z

OBSET 0.0 kHz

OBFIN 10004. 57 Hz

POINT 16384

FREQU 3612.717 H
z

SCANS 16

ACQTH 4.5351
s

PD 1.0s

PW1 9.0 us

IRNUC OFF

PROBED 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 7630

GRDPROG :

TEMP 26.85 °C
SLYNT CDCLs
EXREF 0.0 ppm
F 0.25 e

WINDOW Exponential

RGAIN 256

Operator.

DFILE C:¥KYOUSE6NMR¥OGMINO20
16¥21636CY 1YPDATAY1¥1]

DATIM  10/Dec/2016 04:10:42

COMNT

OBNUC 13C

EXNOD 26PG30

OBFRQ 75.49 MH
z

OBSET 0.0 kilz

OBFIN 10003. 06 Hz

POINT 32768

FREQU 18115.94 Ha

SCANS 1024

ACQTH 1.8088
s

PD 2.0s

PW1 0.0 ps

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLs

EXREF 77.0 ppm

BF 0.25 Hz

WINDOW Exponential

RGAIN 2299

Operator.



DFILE _C:¥KYOUSEIGNMR¥O6MINO20
16¥21636P¥1¥PDATA¥1¥11

14.5411

ATIM  10/Dec/2016 04:50:27

COMNT

OBNUC ap

EXHOD ZGPG30

OBFRQ 121.54 MH
z

OBSET 0.0 kHz

OBFIN 10005. 0 Hz

POINT 32768

FREQU 38535.64 Hz

SCANS

ACQTH 0.8503
s

PD 8.0 s

PHL 0.0 ps

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTEMP 26.85 °C

SLVNT 5

EXREF 158.537 p
pm

BF 0.25 Hz

WINDOW Exponential

RGAIN 2896

Operator.

150 100 50 0 -50 -100 150
8/ppm (3'P)
] F2-ad.cinna.isopro less - CH3|
600000
] "
3 400000 -
z ,
|72}
g ]
S |
200000
0 v \JZ‘
T T T T T " T 4.4 T T T i T T T —
0.0 20.0 40.0 60.0 80.0
peak name area height area%

1883

0.525
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (-)-3d
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N T A FeThEr) nel ‘U‘\l]d}lm\w il b | T Jild bbbt d g [t it (i

DFILE C:¥KYOUSEI6NMR¥06MINO20

16¥21636H¥2¥YPDATA¥1Y11
DATIM  10/Dec/2016 04:58:07
COMNT

OBNUC H

EXMOD 2G30

OBFRQ 300.23 MH
2

OBSET 0.0 kHz

OBFIN 10004. 57 Hz

POINT 163

FREQU 3612.717 H
z

SCANS 16

ACQTH 4.5351
s

PD 1.0s

P¥1 9.0 us

IRNUC OFF

PROBHD 5 MM BBO BB-1-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 2630

GRDPROG

EMP 26.85 °C

SLVNT CDCLs

EXREF 0.0 ppn

BF 0.25 Hz

WINDOW Exponential

RGAIN 456

Operator.

DFILE C:¥KYOUSEIG6NMRY¥O6MINO20
16¥21636C¥2¥PDATA¥1¥11
DATIM  10/Dec/2016 06:10:34

OBNUC 1C

EXMOD ZGPG30

OBFRQ 75.49 M

OBSET 5 [z

OBFIN 10003.06 Hz

POINT 32768

FREQU 18115.94 H

SCANS 1024

ACQTH 1.8088
s

PD 2.0s

PH1 0.0 ps

1RNUC

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG ZGPG30

GRDPROG

CTEMP 26.85 °C

SLVNT CDCLs

EXREF 77.0 pom

BF 0.25 Hz

WINDOW Exponential

RGAIN 5161

Operator.



14. 5556
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DFILE C:¥KYOUSEI6NMR¥OGMINO20

16¥21636P¥2¥PDATAY1Y11
DATIM  10/Dec/2016 05:01:26
COMNT

OBNUC 3p

EXMOD ZGPG30

OBFRQ 121.54 MH
z

OBSET 0.0 kHz

OBFIN 10005. 0 Hz

POINT 32768

FREQU 38535. 64 Hz

SCANS

ACQTH 0. 8503
s

PD 8.0 s

PW1 0.0 ps

IRNUC OFF

PROBED 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM PECT

PULSPRG 2GPG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCL3

EXREF 158.537 p
P

BF 0.25 Hz

WINDOW Exponential

RGAIN 2896

Operator.



'H and *C NMR, and chiral phase HPLC chart of (R)-9a (Table 3, entry 1)
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DFILE C:¥KYOUSEIGNMR¥O6MINO20
16¥21493H¥2¥PDATA¥1¥11
DATIM  28/0ct/2016 10:59:13

COMNT

OBNUC H

EXMOD 2630

OBFRQ 300.23 MH
z

OBSET 0.0 kHz

OBFIN 10004. 57 Hz

POINT 1

FREQU 3612.717 H
z

SCANS 16

ACQTHM 4.5351
s

PD 10 s

P¥L 9.0 ps

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG

RDPR

TEMP 26.85 °C

SLYNT 3

EXREF 0.0 ppm

BF 0.25 Hz

WINDOW Exponential

RGAIN 575

Operator.

DFILE _C:¥KYOUSEI6NMR¥OGMINO20

16¥21493CY¥2¥PDATAY1¥11
DATIM  28/0ct/2016 18:43:37
COMNT

OBNUC 13C

EXMOD ZGPG30

OBFRQ 75.49

OBSET . 2.

OBFIN 10003. 06 liz

POINT 32768

FREQU 18115.94 Hz

SCANS 512

ACQTH 1.8088
s

PD 2.0 s

PW1 0.0 ps

ic OFF
PROBHD 5 MM BBO BB-1H-D Z-GR
28284/01

INSTRUM SPECT

PULSPRG 26PG30

GRDPROG

CTEMP 26.85 °C

SLVNT CDCLs

EXREF 71.0 ppn
0.25 Hz

WINDOW Exponential

RGAIN 2580

Operator.
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'H and *C NMR, and chiral phase HPLC chart of (S)-9a (Table 2, entry 11)
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DFILE  C:YKYOUSEI6NMRYO6MINO201

8¥4-00315HY I¥YPDATAY1Y1]
DATIM  19/Dec/2018 16:21:15
COMNT

OBNUC m
EXMOD 2G30
0BFRQ 400. 18 MHz
OBSET 0.0 kliz
OBFIN 10003. 83 1z
POINT 65536

14.0 ps

OFF
2108618_0111 (PA BBO 4
BBF-11-D~05 7 PLUS)

S|

INSTRUM
PULSPRG
GRDPROG
CTEMP 24.21 °C
L. C]

VNT g
EXREF 10. 989 pp
m
BF 0.25 Hiz
WINDOW Exponential
RGAIN 203

Operator

DFILE  C:YKYOUSEI6NMRYOBMINO201

8Y4-00315C¥ IYPDATAY1V11
DATIM  19/Dcc/2018 16:37:53
COMNT

OBNUC e
EXMOD 26PG30
OBFRQ 100. 63 Milz

68
24038. 46 Hz
273

31 s
2.0 5
10.0 ps
IRNUC OFF
PROBHD  Z108618_0111 (PA BRO 4
0051 BBF-H-D05 7 PLUS)
INSTRUM
PULSPRG
GRDPROG
CTEMP 25,01 °C
CDCLs
XRE) 77.0 ppm
BF 0.25 1z
WINDOW Exponential
RGAIN 203
Operator.
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'H and 3C NMR, and chiral phase HPLC chart of (R)-9b (Table 3, entry 2)

Ph

N\_Ph

Me N

N
=3
F
o
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DFILE C:¥KYOUSET6NMR¥OSMINO2C1
9108

T¥2
DATIM
COMNT

OBNUC
EXMOD

PROBHD
7828

INSTRUM
PULSPRG
GRDPROG
CTEMP

S|

T

B

WINDOW
GAIN

Operator.

DFILE

DATIM
COMNT

OBNUC
EXMOD
OBFRQ

B
WINDOW
RGAIN

Operator__

27/Apr/2017 16:2

OFF
5 MM BBO BB-1H-D
78284/01

HY1¥PDATA¥1¥1

n
7630
300. 23 MHz
0.0 kiz
10004. 57 Hz
16384
3612.717 Hz

8
1.6351 s
1.0 s
9.0 ps

OFF
5 MM BBO BB-1H-D Z-GRD
4/01

SPECT
2630

26.85 °C

CDCLs
0.0 ppm
0.25 Hz
Exponentia
7

1
575

KYOUSET6NMR¥OGMINO201
011C¥1¥PDATA¥1¥
10/May/2017 19:33:11

L
205
0.

SPECT

ZGPG30
26.85 °C
CDCLa
7

.0 ppn
0.25 Hz
Exponential
2299
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'H and *C NMR, and chiral phase HPLC chart of (R)-9¢ (Table 3, entry 3)

Ph

N
MeO H

DFTLE  C:¥KYOUSETGNMR¥O6MINO20T
T¥22191H¥ 1¥PDATA¥1¥11

DATIM  28/Jun/2017 17:46:06

COMNT

H

2G30
300. 23 MHz

8 0.0 kilz
= 10004. 57 Hz
: 16384
= 3612.717 Hz
r SCANS. 8
[ ACQIM 1.5351 s
! PD 1.0s
F1 9.0 us
- IRNUC OFF
= PROBHD 5 MM BBO BB-1H-D Z-GRD
2 78284/01
| = INSTRUM SPECT
= PULSPRG 2630
| B GRUPROG
CTEWP 26.85 °C
| SLYNT CDCLy
EXREF 0.0 ppn
| BF 0.25 Hz
WINDOW Exponential
} RGAIN 575
l Operator
|
‘ =
S
%2
NS
[ o
(=
[ &
1 N
| 3
|
© / s <
N I 2
= / [
|
e J
{
J
’1 |
‘ W, J L NN B
1 10 9 8 1 5 3 1 0 -1
8/ppm ('H)
D 8BBL S DFILE C:¥KYOUSETGNMRY0SMINO201
LESLRL s 2 T¥22226C¥ 1 ¥PDATA¥I¥1 |
R . DATIM ~ 06/Jul/2017 14:42:11
BI5588 i COMNT
TN N
\ \\ OBNUC ¢
EXMOD 76PG30
OBFRQ 75. 49 Miiz
OBSET
OBFIN
POINT
FREQU
SCANS
ACQTM
PD
Pl
IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GRD
8284/01
INSTRUM PECT
PULSPRG 76PG30
GRDPROG
CTEWP 26.85 °C
SLYNT ChCLy
EXREF 77.0 ppm
BF 0.25 iz
WINDOW Exponential
RGAIN 1626
Operator
250 200 50 0

3/ppm (13C)
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'H and 3C NMR, and chiral phase HPLC chart of (R)-9d (Table 3, entry 4)

Ph

\_Ph

8 DFILE C:¥KYOUSEIBNMRYOSMINO201
S 7¥22112HY IYPDATAY1¥11
4 DATIM  09/Jun/2017 15:26:59
<@ COMNT
H
7630
300. 23 Wiz
0.0 khz
10004.57 Kz
2 3612.717 Hz
8
% 45331 s
~ 1.0's
1 9.0 us
/ OFF
| ™ BBO BB-1H-D Z-GRD
|
| SPECT
2630
‘1 26.85 °C
L
0.0 ppn
| <« B 0.25 Hz
= WINDOW Exponential
' El RGAIN 575
o
| r Operator
|
| J
|
| =
=3
' S
-
/ /
1 {
|
|
~
3
°
=2
=
S
/
J
\ LM
o S
1" 10 9 8 7 3 2 1 0 -1
8/ppm ('H)
BREINTR2SL8350853 ag {RBSBSD DFILE_C:¥KYOUSETGNMRYOGNINOZOT
LT EISERNIIS IS SO~ ISRSL T¥29135CY YPDATA¥1¥1 1
SHITALCTHIBIFCIIIIHIESS5ISHEI DATI 2 Ledrunro0Ly 16136+
BN S BB BN =~ JO SN O S S oouNt e
WOFOMMOOONNNNNNNNNNN— — D~~~
RSP R i ks S
=00 — OBNUC e
EXMOD 76P630
OBFRQ 75.49 Milz
OBSET 0.0 kiiz
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PVl
IRNUC
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] SPECT
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26.85 °C
CD
.0 ppm
B 0.25 Hz
WINDOW Exponential
RGAIN 4598
Operator
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8/ppm (1°C)
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'H and *C NMR, and chiral phase HPLC chart of (R)-9e (Table 3, entry 5)

Ph

N\

Ph
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DFILE JUSET6NMR¥OSMINO201

T¥2216TH¥2¥PDATA¥1¥11
DATIM
COMNT

23/Jun/2017 14:17:36

0

. 23 MHz
0 kHz
57 Hz

2.717 Hz

AT 45351 5
PD 10s
PW1 9.0 us

TRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GRD
78284/01

INSTRUM SPECT
PULSPRG 2630

BF
WINDOW Exponential
RGAIN 575

Operator

DFILE KYOUSET6NMR¥06MINO201
T¥22204C¥1¥PDATA¥1¥11
DATIM  30/Jun/2017 14:11:20
COMNT
OBNUC 5
EXMOD ZGPG30
OBFRQ 75.49 MHz
0.0 kHz
10003. 06 Hz
32768
18115. 94 Hz
1454
1.8088 s
2.0s
0.0 ps

OFF
5 WM BBO BB-1H-D Z-GRD
284/01

INSTRUM SPECT
PULSPRG 2GPG30
GROPROG
26.85 °C
CDCLy
77.0 ppm
BF .25 Hz
WINDOW Exponential
RGATN 2580

Operator.
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'H and *C NMR, and chiral phase HPLC chart of (R)-9f (Table 3, entry 6)

Ph
\_Ph

DN P MIO — O~ NN OWONNIDITN—DNODDNA NI —F D o VR
B B OB BN~ MIDN OO N OIOO NN DT D o D~ D 8 DFILE _C:¥KYOUSEIGNMRYOGMINO20
DOV N—DOLONMNON— OO NNDIR—OXOONTMN —RDLODNO (=3 16¥21756H¥2¥YPDATA¥1¥11
DO ANNNNNNNN—OOOODRXXVRVS SN~ OOTMOO o L o
NS < e 8 DATIM  25/Jan/2017 02:22:37
N N N N e N N i T S8 B S B S SSIS =

OBNUC H
EXMOD 2630
OBFRQ 300. 23 MH

z
OBSET 0.0 kHz
OBFIN 10004. 57 Hz

16384
FREQU 3612.717 H

%L’%‘W”%‘%/ e r’/ 4 COMNT
[
|
|

IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GR
D 78284/01

INSTRUM SPECT

PULSPRG 7630

GRDPROG

CTEMP 26.85 °C

SLVNT CDCL3

EXREF .0 ppi
0.25 Hz

WINDOW Exponential

RGAIN 512

Operator.
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—~ o r
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8/ppm (*H)
88 SBIVR3 Eﬁg“_’%fﬁg%f%gggzggﬁ s DFILE _ C:¥KYOUSEI6NMR¥OGMINO20
ST HODMILOW ONB~NTDOMODONNOND~ ~ 16¥21756CY2YPDATAY1¥11
23 STBILBIRIIIISINEIRIFPHERI8H & oTr AR L
—o GrCCNSYREN e NNSSEEER NS @ D 3
RSN s = |
0BNUC i
EXMOD 76PG30
OBFRQ 75. 4
%
0BSET 0.0 kiiz
OBFIN 10003. 06 Hz
POINT 32768
FREQU 18115.94 Hz
SCANS 3096
ACQTH 1.8088
s
PD 2.0s
PHL 0.0 ps
IRNUC OFF
PROBHD 5 ¥ BBO BB-1H-D Z-GR
| D 78284/01
INSTRUM SPECT
PULSPRG 76PG30
GRDPROG
CTEWP 26.85 °C
SLVNT CDCLs
EXREF 77.0 ppm
BF 0.25 Hz
WINDOW Exponential
RGAIN 3649
Operator.
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'H and *C NMR, and chiral phase HPLC chart of (R)-9g (Table 3, entry 7)

Cl
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DFILE  C:¥KYOUSEIGNMRYOEMINO201

8Y4-00121HY2YPDATAY1Y11
DATIM  18/Jul/2018 15:04:38
COMNT

OBNUC H

EXMOD 7630

OBFRQ 400. 18 MHz
OBSET 0.0 kHz
OBFIN 10003. 83 Hz
POINT 65536

FREQU

4826. 255 Hz
32

13.5791 s
1.0s
14.0 ps

OFF
PROBHD  Z108618_0111 (PA BBO 4
00S1 BBF-H-D-05 Z PLUS)

INSTRUM i
PULSPRG 72630

CTEMP 28.71 °C
DCLs

EXREF 10.9985 p

BF 0.25 Hz

WINDOW Exponential

RGAIN 203

Operator.

DFILE  C:YKYOUSEI6NMRYO6MINO201
8Y¥4-00144CY1¥fid

DATIM ~ 30/Jul/2018 11:01:28

COMNT

OBNUC i

EXMOD 7GPG30

OBFRQ 100. 63 MHz

OBSET 0.0 kHz

OBFIN 11066.5 Hz

POINT 131072 (ZeroFi
11:x4)

FREQU 24038. 46 liz

SCANS 382

ACQTM 1.3631 s

PD 2.0s

PW1 10.0 ps

TRNUC OFF
PROBHD ~ Z108618_0111 (PA BBO 4
00S1 BBF-H-D-05 Z PLUS)

INSTRUM
PULSPRG
GRDPROG
400.01 °C
CDCLs
77.0 ppm
BF 0.25 Hz
WINDOW Exponential
RGAIN 203
Operator.
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'H and *C NMR, and chiral phase HPLC chart of (R)-9h (Table 3, entry 8)

Br

Ph

DFTLE C:

DATIM
COMNT

-
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g
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|/
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| I
et
‘ -~ 3 <
e e -
3 [ - [
3 I / / B
Ny J
|
J
m\._,J L L " A,JL,,AxA—x
11 10 9 8 7 : 5 ‘ 3 1
8/ppm ('H)
O 05 o 1 Ly 00 D = €200 €3 2 €D 0 O N € .
CN— OO — VD ——LOMOM-ANOLONMNOL w
SILBRITBLIVELR25ISJIK8H 1=
QM= P~ N S 00 90 00 I~ €5 ¢S LS 013 &N v— 00 L 03 I~ I~ I~ O ©
TE oSO S NNNNNNNNNNS S~ <
[ ) J
SN
PRI L v‘ ’ H oy _JL" L — e
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8/ppm (1C)

¥KYOUSET6NMR¥O6MINO201
2197 IH¥1¥PDATA¥1¥11
24/Apr/2017 18:14:02

H
7630

300. 23 Wiz

IRNUC OFF
PROBHD 5 MM BBO BB-1H-D Z-GRD
8284/01 )

INSTRUM
PULSPRG
GRDPROG
CTEMP
SLVNT
EXREF

BF
WINDOW
RGAIN

Exponenti

Operator

DFILE  C:¥KYOUSET6NMRYOGMINO201
T¥22006C¥ I¥PDATA¥1¥1 1
131

DATIM  10/May/2017 10:
COMNT
15¢
7GPG30
75. 49 MHz
0.0 kHz
10003. 06 Hz
32768

OFF
5 MM BBO BB-1H-D Z-GRD
284/

STRU SPECT
PULSPRG 7GPG30
GRDPROG
CTEWP 26.85 °C
SLNT CDCL
EXREF 77.0 ppm
BF 0.25 Hz
WINDOW Exponentia
RGAIN 2580

Operator.
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'H and *C NMR, and chiral phase HPLC chart of (R)-9i (Table 3, entry 9)

Br

Ph

N\_Ph

.
5
IS
o
7

T 1.0028

346

L0
T 1.0096

—

"1

—0. 0000

77. 3405
77.3186
77.2124
77.2032
77.1684
77.0604
77.0000
76. 6430
76.51M1
76. 4874
45. 8468

DFILE YOUSETGNMRYOGMINO201
7¥20209HY 1 ¥PDATAY1¥11

DATIM ~ 03/Jul/2017 11:16:13

COMNT

O0BNUC H

EXMOD 7630

OBFRQ 300. 23 Milz

OBSET 0.0 kiz

OBFIN 10004. 57 Hz

POINT 16384

FREQU 3612. 717 Hz

SCANS 8

ACQTM 1.5351 s

D LO0s

PWL 9.0 s

IRNUC OFF

PROBHD 5 MM BBO BB-1ii-D ZGRD

284/01

INSTRUM SPECT

PULSPRG 7630

GRDPROG

CTEWP 26.85 °C

SLYNT CDCLy

EXREF 0.0 ppm

B 0.25 Hz

WINDOW Exponential

RGAIN 512

Operator.

DFILE C

YKYOUSETGNMRYO6MINO201
fid

TY22215CY1Y:
DATIM  04/Jul/2017 16:40:36

COMNT

OBNUC

EXMOD 2GPG30

OBFRQ 75. 49 MHz

OBSET 0.0 kHz

OBFIN 8301.699 Hz

POINT 131072 (ZeroFi
11:x:

FREQU 18115.94 Hz

SCANS 454

ACQTM 1.8088 s

PD 2.0 s

PW1 0.0 us

IRNUC OFF

PROBHD 5 MM BBO BB-1H-D Z-GRD
78284/01

INSTRUM SPECT

PULSPRG

GRDPROG

CTEMP 26.85 °C

SLVNT CDCLs

EXREF 77.0 ppm

BF 0.25 Hz

WINDOW Exponential

RGAIN 3649

Operator.
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'H and *C NMR, and chiral phase HPLC chart of (R)-9j (Table 3, entry 10)

Ph
Br
N\ Ph

Iz

8 DFILE C:¥KYOUSELGAMRYOGMINO201
S 7Y22310HY 1YPDATAYIY LT
g DATIM  02/Aug/2017 18:17:08
? COMNT
OBNUC R
EXNOD 7630
OBFRQ 300, 23 Mz
OBSET 0.0 Kz
OBFIN 10001, 57 Hz
POINT 16384
2 FREQU 3612. 717 Hz
2 32
o
(
| :
| INSTRUM SPECT
| PULSPRG 630
| GRDPROG
’ CTENP 26.85
SLYNT cneL
| EXREF 0.0 ppm
i BF 0.25 Ilz
WINDOW Exponential
RGAIN
Operator
|
| ™
I 2
{ o
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w oS g o
= S 5=
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— o
J H
| | ) L
1\ M ~ L,»\ J\ I
. : . . \ \ : ,
10 9 8 7 5 4 3 2 1 0 -1
&/pom ('H)
SR2ILRSRISRGRBIJFSI B8 23 DFILE C:¥KYOUSEI6NMRYOBMINO201
IRBRREIZSIRBITSITEIISH R T¥22310C¥1¥fid
== - (RRTONII I ; DATIM  02/Aug/2017 18:49:03
BN B OB CENCOY T INS IS =~ < COMNT
FEoOINNXILEIIINSZISRARR ps

75. 49 MHz
0.0 kHz
9531. 769 Hz
131072 (ZeroFi

V===

23809. 52 Hz
512

1.3763 5
2.0 s
P 0.0 ps
IRNU OFF
PROBHD 5 MM BBO BB-1H-D Z-GRD
84/01
INSTRUM SPECT
PULSPRG
GRDPROG
CTEMP 26.85 °C
SLVNT CDCLy
EXREF 125.8751 p
pm
BF 0.25 Hz
WINDOW Exponential
RGAIN 2048
Operator
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'H and 3C NMR, and chiral phase HPLC chart of (R)-9k (Table 3, entry 11)

Me

Ph

Iz

N\

Ph

KYOUSETENMRYO6MINO201

3 28 DFILE
= T¥22239H¥ 1 ¥PDATA¥ 1¥11
© o DATIM  11/Jul/2017 14:34:08
N “- “' COMNT
OBNUC i
EXNOD 7630
OBTRQ 300. 23 Milz
0.0 kHz
10004. 57 Hz
- 16384
2 3612.717 Hz
2 2 8
< - 1.5351 s
g p L0s
= { 9.0 us
’ NUC OFF
’ PROBHD 5 MM BBO BB-1H-D Z-GRD
78284/01
| INSTRUM SPECT
PULSPRG 7630
GRDPROG
| CTEWP
SLYNT Ly
XREF 0.0 ppn
B 0.25 Hz
WINDOW Exponential
RGAIN 362
Operator
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'H and 3C NMR, and chiral phase HPLC chart of (R)-91 (Table 3, entry 12)
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DATIM /Jul/2017 18:01:15

COMNT

OBNUC 'H

EXMOD

30

300. 23 MHz
0.0 kHz

10004. 57 Hz

3612.717 Hz
16

4. 538
1.0 s
9.0 us

Ol
PROBHD 5 MM BBO BB-1H-D Z-GRD
78281/01

28281/0

INSTRUM SPECT
PULSPRG 2630
GRDPROG
CTEMP 26.85 °C
S| CDCLs

0.0 ppm
BF 0.25 Hz
WINDOW Exponential
RGAIN 362

Operator

DFILE ~ C:YKYOUSELGNMRYOGMINOZO1

TY22293CY IYPDATAYIY1]
DATIM  28/Jul/2017 09:45:06
COMNT

OBNUC

EXMOD PG30

OBFRQ 75.49 MHz

OBSET .0 Kiz

OBFIN 10003, 06 Hz

POINT 32768

FREQU 18115.94 Hz

SCANS 535

ACQTH 1.8088 s

PD 2.0 s

Pl 0.0 us

TRNUC OFF

PROBHD 5 MM BBO BB-IH-D Z-GRD
28284/01

INSTRUM SPECT

PULSPRG ZGPG30

GRDPROG

CTEMP 26.85 °C

SLYNT CDCLs

EXREF 77.0 ppm

BF 0.25 Hz

WINDOK Exponential

RGAIN 3649

Operator



2
1500000 - p
|
. 1000000 13
>
=
g '
v
2
= \
E ) '
500000 3 \
o
I \
04— ¥,J//,/\x v L
0.0 10.0 0.0 30.0
Retention Time {min]
peak name

13035572]20.386

50907963] 79.614]
(£)-91
170000 - 1
| 2
150000 ) ! ll
.
b
| i!
S 100000 1 ’!
= N
Z | ‘
5 .
: |
50000 I
N t
1\ }
[
i
Ho
O r— Y ‘f/ ‘L‘,,,,,,/\ e
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]
peak name

S72

40.0 50.0

- ep2i-ci2

40.0 450 49.0



'H and 3C NMR, and chiral phase HPLC chart of (R)-9m (Table 2, entry 13)
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