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Figure S1. '"H-NMR Spectrum of 1a in CDCl, at 400 MHz.
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Figure S2. "C-NMR Spectrum of 1a in CDCI; at 101 MHz.

-S3-



abundance

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.1

SRR DUV S S SR S NSNS S SN S AN AN S S S ST N S S S ST ST S0 S T MO O 0 0 S S A S S S SR B

1a CHO

JEOL

fons for fnno:

Soiut

on

03.309

X : parts per Million : Phospho?us31

Filename
Author
Experiment
Sample_Id
Solvent
Creation_Time
Revision Time
Current Time

Comment
Data_Format
Dim Size
Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field Strength
X _Acq_Duration
X Domain

X Freq

X Offset

X _Points

X _Prescans

X Resolution
X Sweep

X _Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans

Total_ Scans

Relaxation Delay
Recvr_Gain

Temp Get

X _90_Width

X _Acq_Time

X Angle

X Atn

X Pulse

Irr_Atn Dec
Irr_Noise
Irr_Pwidth
Decoupling
Initial Wait
Noe

Repetition Time

LU A I [ }

[ I I I B

{1 T I}

T T T O

enomoto-0802-90-major_si
delta
single_pulse dec.jxp
enomoto-0802~90-major
CHLOROFORM-D
2-AUG-2018 21:04:56
3-0CT-2018 14:04:32
3-0CT-2018 14:04:54

single pulse decoupled g
1D COMPLEX

52429

Phosphorus31

[ppm]

X
JNM-ECS400
DELTA2_NMR

9.389766[T] (400 [MHz])
0.80740352[s]
31p
161.83469309 [MHz]
0 [ppm]

65536

4

1.23853807[Hz]
81.16883117[kHz]
64.93506494 [kHz]
Proton
399.78219838 [MHz]
5[ppm]

FALSE

64

64

3(s]

58

25.5[dC]
14.25[us]
0.80740352([s]
30[deg]

7[dB]

4.75[us]
21.5[dB]

WALTZ

0.115[ms]

TRUE

1[s]

FALSE
3.80740352[s]

Figure S3.'P-NMR Spectrum of 1a in CDCl, at 162 MHz.
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Figure S7. 'H-NMR Spectrum of 3a in CDCl, at 400 MHz.
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Figure S8. "C-NMR Spectrum of 3a in CDCI; at 101 MHz.
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Figure S16. "C-NMR Spectrum of 2a in CDCl; at 101 MHz.
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abundance

0.02 - 003 004 0.05 006 007 0.08 0.09 01 011 0.12 0.13 0.14

0.01

v b e b b e b s b b b b b v b b

(E/2)-2b

=~_\Fe
e
r

i L .

JEOUL

Solutions for Innovation

LIS T L S L
T I T T

180.0 170.0 160.0 150.0 140.0 130.0

AN

o0
wv
<

=
O
o
v
oo
oo

X : parts per Million : Carbon13

1

o
S

0

>

119.047
118.928

L L L e B B e

10.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 O
A AMiAs. | | /N ]
5 22 HEERERER T § SESE &
= o 22 58 8RKRRSE 2 8 g dgs  °

Filename
Author
Experiment
Sample_ Id
Solvent
Creation_Time
Revision_Time
Current_Time

Comment
Data_Format
Dim_Size

Dim Title
Dim Units
Dimensions
Site
Spectrometer

Field_Strength
X_Acq_Duration
X Domain

X Freq

X Offset

X Points
X_Prescans
X_Resolution
X_Sweep
X_Sweep_Clipped
Irr_Domain
Irr_Freq
Irr_Offset
Clipped

Scans
Total_Scans

Relaxation Delay
Recvr_Gain
Temp_Get

X _90_Width

X Acq_Time

X Angle

X Atn

X Pulse

Irr_Atn Dec
Irr_Atn Noe
Irr_Noise
Irr_Pwidth
Decoupling
Initial Wait
Noe

Noe_Time
Repetition Time

W

L T T 1 1 O Y

L I T 1 T T T )

kataoka 18-0206-2_Carbon
delta
carbon. jxp
kataoka 18-0206-2
CHLOROFORM-D
7-FEB-2018 03:11:10
3-0CT-2018 21:51:00
3-0CT-2018 21:51:20

single pulse decoupled g|
1D COMPLEX

209715

Carbonl3

[ppm]

X

JNM-ECS400
DELTA2_NMR

9.389766[T] (400[MH=z])
8.01112064([s]

13c

100.52530333[MHz]

120 [ppm]

262144

4

0.12482648[Hz]
32.72251309 [kHz]
26.17801047 [kHz]
Proton
399.78219838 [MHz]
5[ppm]

FALSE

1000

1000

2[s]

50

20.6{dcC]
9.6[us]
8.01112064[s]
30[deg]

7[dB]

3.2[us]
21.5[dB]
21.5[dB]
WALTZ
0.115[ms]
TRUE

1[s]

TRUE

2[s]
10.01112064[s]

Figure S18. "C-NMR Spectrum of (Z)- and (E)-2b in CDCI, at 101 MHz.
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Figure S19. HPLC Traces for the Mixture of (R)-1a and (R)-1b (Figure 2).
CSP column: Chiralpak IA (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

furyu_180222_2001 - CH1|

=
=
>
&=
v
[
£

0.0 15.0
Retention Time [min]

# | peak name | CH | tR [min] | area [uVesec] | height [uV] | area % | height % | NTP |resolution | symmetry coefficient
1 (R)-1b 1 | 10.942 572997 39144 31.660] 47.757] 14254] 19.007 0.906
2 (R)-1a 1] 21.258 1236875 42821] 68.340] 52.243] 13876 N/A 0.906

CSP column: Chiralpak IB (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

furyu_180222_2003 - CH

Intensity [JV]

10.0 15.0
Retention Time [min]

# | peak name | CH | {R [min] | area [uV-sec]| height [uV] | area % | height % | NTP | resolution | symmetry coefficient
1 (R)-1b 1 9.908 173099 13663 40.458] 43.282] 15052 3.881 1.374
2 (R)-1a 1] 11.233 254746 17905] 59.542| 56.718] 15449 N/A 1.370

CSP column: Chiralpak IC (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

[Uryu_180222_1003 - CH

Intensity [pV]

0.0 15.0
Retention Time [min]

# | peak name | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP |resolution | symmetry coefficient
1 (R)-1b 1 8.258 845399 59985| 31.276] 32.642| 7266 1.069 N/A
2 (R)-1a 1 8.675 1857651 123783] 68.724] 67.358| 7757 N/A N/A

-$20-




Figure S20. HPLC Traces for the Mixture of (S5)-1a and (S)-1b (Figure 3).
CSP column: Chiralpak IA (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)
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1 (S)-1b 1 | 10.050 377482 27583 43.235] 45.041] 14069 2.366 0.908
2 (S)-1a 1] 10.883 495620 33657| 56.765] 54.959] 14035 N/A 0.910

CSP column: Chiralpak IB (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

furyu_180222_2004 - CH

Intensity [LV]

0.0 15.0
Retention Time [min]

# | peak name | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP |resolution | symmetry coefficient
1 (S)-1b 1 9.483 337403 27755] 43.600] 45.420] 14837 1.867 1.313
2 (S)-1a 1 | 10.083 436465 33352 56.400] 54.580| 14676 N/A 1.318

CSP column: Chiralpak IC (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

furyu_180222_1004 - CH

Intensity [LV]

10.0 15.0
Retention Time [min]

# | peak name | CH | {R [min] | area [uV-sec] | height [uV] | area % | height % | NTP |resolution | symmetry coefficient
1 (S)-1b 1 8.400 370758 23977| 41.212] 43.234] 6391 1.083 N/A
2 (S)-1a 1 8.858 528883 31481] 58.788] 56.766] 6854 N/A N/A
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Figure S21. HPLC Traces for the Mixture of rac-1a and rac-1b.

CSP column: Chiralpak IA (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

[Uryu 180216 1001 - CH1J

2
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|
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vJ \Xj ¥ 1 7y

# | peak name | CH | {R [min] | area [uVesec] | height [uV] | area % | height % | NTP |resolution | symmetry coefficient
1 (S)-1b 1 10.400 1798535 99183| 13.474] 18.026] 8994 2.099 N/A
2 |(S-1alR-1b] 1 11.367 6676683 329260] 50.020] 59.841] 8787 14.610 1.220
3 (R)-1a 1 | 21.850 4872773 121781] 36.506] 22.133] 8396 N/A 1.261

CSP column: Chiralpak IB (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

fenomoto_1116_003 - CH1J

w2l 4

(Ul I

I 1

I

Y | |\

LR AW
# | peak name | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP ] resolution | symmetry coefficient
1 (S)-1b 1 9.467 900980 79740] 22.533] 24.366] 15498 N/A N/A
2 (R)-1b 1 9.808 874040 79498] 21.859] 24.292 N/A N/A N/A
3 (S)-1a 1 10.042 1165921 89209] 29.159] 27.260 N/A N/A N/A
4 (R)-1a 1 11.008 1057509 78810] 26.448] 24.082] 16192 N/A 1.281

CSP column: Chiralpak IC (eluent: hexane/EtOAc = 2/1; flow rate: 0.5 mL/min)

[Uryu 180221 1003 - CH1J

# | peak name | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP ] resolution | symmetry coefficient
1 (R)-1b 1 8.983 1202429 122315] 17.025] 17.191 N/A N/A N/A
2 (S)-1b 1 9.167 988313 103970 13.993] 14.613 N/A N/A N/A
3 (R)-1a 1 9.758 2434074 243775] 34.463| 34.261| 21572 1.323 N/A
4 (S)-1a 1 | 10.108 2438068 241456] 34.519] 33.935] 23337 N/A N/A
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Figure S22. HPLC Trace for the Mixture of rac-2a and rac-2b (Figure 4).

CSP column: Chiralpak IB (eluent: hexane; flow rate: 0.5 mL/min)

=
=
>
=
7]
=
2
=

0.0 15.0
Retention Time [min]

[enomoto_1116_001 - CH

# | peak name | CH | R [min] | area [uV-sec] | height [uV] | area % | height % | NTP |resolution ] symmetry coefficient
1 rac-2b 1| 11.150 100312 3602] 13.617] 9.984] 2717 1.605 N/A
2 rac-2a 1| 12.225 636362 32475| 86.383] 90.016] 10066 N/A 0.939

CSP column: Chiralpak IB (eluent: hexane; flow rate: 0.5 mL/min)

Intensity [uV]

[enomoto_1116_001 - CH1]

10.0 15.0

Retention Time [min]
# | peak name | CH | tR [min] | area [uVesec] ] height [uV] | area % | height % | NTP |resolution | symmetry coefficient
1 rac-2b 1 | 12.983 85043 2762] 13.051] 11.041] 3040 1.449 1.135
2 rac-2a 1 | 14.158 566568 22251 86.949] 88.959| 6851 N/A 1.555

CSP column: Chiralpak IB (eluent: hexane; flow rate: 0.5 mL/min)

Intensity [uV]

0.0 15.0
Retention Time [min]

[enomoto_1116_001 - CH

# | peak name | CH | R [min] | area [uV-sec] | height [uV] | area % | height %] NTP |resolution | symmetry coefficient
1 |(RorS)-2b| 1 | 14.325 29886 1063] 5.656] 8.219] 6333 1.341 N/A
2 |(SorR)-2b| 1 | 15.392 32970 989] 6.239] 7.647| 4944 N/A N/A
3 |(RorS)-2a| 1 | 16.467 173220 5247] 32.780] 40.564 N/A N/A N/A
4 |(SorR)}-2a] 1 | 17.150 292351 5636] 55.325] 43.570 N/A N/A N/A
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Figure S23. HPLC Traces for the Mixture of 3a, (Z)-3b, and (£)-3b (Figure 5).
CSP column: Chiralpak IA (eluent: hexane; flow rate: 0.5 mL/min)
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6.0

8.0 !
Retention Time [min]

10.0

[enomoto_0703_001 - CH

# | peak name | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP | resolution | symmetry coefficient
1 (2)-3b 1 | 10.350 39868 2120 6.517) 7.273] 7910 N/A 0.767
2 (E)-3b 1| 11.217 27608 1188] 4.513] 4.077] NA N/A N/A
3 3a 1| 11.967 544273 25841 88.970] 88.650] 8048 N/A 0979

CSP column: Chiralpak IB (eluent: hexane; flow rate: 0.5 mL/min)

Intensity [uV]

[enomoto_0703_001 - CH1]

6.0 X0) 10.0
Retention Time [min]

# | peakname | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP | resolution | symmetry coefficient

1| (ZIE-3b | 1 | 11.608 357831 23652] 8.908] 15.785] N/A N/A N/A

2 3a 1 | 11.900 3658989 126187] 91.092] 84.215] 5283 N/A N/A

CSP column: Chiralpak IC (eluent: hexane; flow rate: 0.5 mL/min)

Intensity [uV]

6.0

8.0
Retention Time [min]

10.0

[enomoto_0703_001 - CH1]

# | peak name | CH | tR [min] | area [uVssec] | height [uV] | area % | height %] NTP |resolution | symmetry coefficient
1| (ZIE-3b | 1 | 12483 177748 8439] 11.852) 13404 7772 1.136 N/A
2 3a 1] 13.133 1322018 54523] 88.148] 86.596] 8168 N/A N/A
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Figure S24. HPLC Trace for the Mixture of (Z)-3b and (£)-3b (Figure 6).
CSP column: Chiralpak IA (eluent: hexane; flow rate: 0.5 mL/min)
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[enomoto_0720_001 - CH

6.0 8.0 0.0

Retention Time [min]
# | peak name | CH | tR [min] | area [uV-sec] | height [uV] | area % | height % | NTP [resolution | symmetry coefficient
1 (2)-3b 1] 10.233 2024334 112256] 72.415] 75.103] 8230 1.602 1.048
2 (E)-3b 1| 11.008 771138 37213 27.585] 24.897| 7206 N/A N/A

CSP column: Chiralpak IB (eluent: hexane; flow rate: 0.5 mL/min)

Intensity [LV]

[enomoto_0720_001 - CH

6.0

8.0
Retention Time [min]

10.0

peak name

CH

{R [min]

area [uVesec]

height [uV]

area %

height %

NTP

resolution

symmetry coefficient

(ZIE)}3b

10.817

4663763

225321

100.000

100.000

7257

N/A

2431

CSP column: Chiralpak IC (eluent: hexane; flow rate: 0.5 mL/min)

Intensity [JV]

:

[enomoto_0720_001 - CH

8.0 10.0
Retention Time [min]

peak name

CH

{R [min]

area [uVesec]

height [uV]

area %

height %

NTP

resolution

symmetry coefficient

(ZIE)-3b

12.825

1380399

68628

100.000

100.000

10715

N/A

1.551
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