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'H NMR [400 MHz/CDCIs/TMS]: 1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (29g)
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13C NMR [100 MHz/CDCls]: 1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (29g)

Cbz . @ )
H PPh; BF,4

29

135.2
135.1
— 134.2
™ 134.1
__~130.4
T™N-130.3

r—— 135.9
;_.<

__~1284
1279
™~-127.8

g

=

136 134 132 130 128
ppm
Mmoo~
RRR
N
I
- B
mn S
o 22 i o< sa = Y
relv] \/ | 23 o0 m — -
= M \/ v \l/
Y | L]
l | l |
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 I T T
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

ppm

S3



3P NMR [162 MHz/CDCl3]: 1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (29)
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HRMS: 1-(N-Benzyloxycarbonylamino)butyltriphenylphosphonium tetrafluoroborate (29g)
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Tolerance = 10.0 PPM / DBE: min = -20.0, max = 100.0 M
Element prediction: Off
Number of isotope peaks used for i-FIT = 2 £
Monoisotopic Mass, Even Electron lons
52 formula(e) evaluated with 1 results within limits (up to 5 closest results for each mass)
Elements Used: -~
Mass [Ra [ cale.Mass | mDa [ PPM [ DBE | Formula [i-rm [i-FTNorm [Fitconf% | ¢ [ H [N o[ P ]
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'H NMR [400 MHz/CDCI3/TMS]: 1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h)
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13C NMR [100 MHZz/CDCls]: 1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h)
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3P NMR [162 MHz/CDCls3]: 1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h)
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HRMS: 1-(N-Benzyloxycarbonylamino)pentyltriphenylphosphonium tetrafluoroborate (2h)

Tolerance = 10.0 PPM / DBE: min =-20.0, max = 100.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

56 formula(e) evaluated with 1 results within limits (up to 5 closest results for each mass)
Elements Used:

m

Mass [Ra [ calc.Mass [ mDa [ PPM | DBE [ Formula [i-rm [i-FTNorm [Fitconf%e | ¢ [ H [N o[ P ]
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'H NMR [400 MHz/CDCIs/TMS]: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphosphonium tetrafluoroborate (2i)
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13C NMR [100 MHz/CDCls]: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphosphonium tetrafloroborate (2i)
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3P NMR [162 MHz/CDCl3]: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphsphonium tetrafloroborate (2i)
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HRMS: 1-(N-Benzyloxycarbonylamino)cyclohexylmethyltriphenylphsphonium tetrafloroborate (2i)
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'H NMR [400 MHz/CDCI3/TMS]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)ethyllcarbamate (3a)
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13C NMR [100 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)ethyl]carbamate (3a)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)ethyllcarbamate (3a)
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'H NMR [400 MHz/CDCI3/TMS]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]lcarbamate (3b)
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13C NMR [100 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-phenylethyllcarbamate (3b)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3b)
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'H NMR [400 MHz/CDCI3/TMS]: (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]lcarbamate (3c)
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13C NMR [100 MHZz/CDCl3]: (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]lcarbamate (3c)
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3P NMR [162 MHz/CDCl3]: (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-phenylethyl]carbamate (3c)

32.1

Ph

(@]

Boc . /[“/ M

N b OMe
H

|
OMe

3c

140

130

120

110

100

90

S22



'H NMR [400 MHz/CDCI3/TMS]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3d)
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13C NMR [100 MHz/CDCls] (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]jcarbamate (3d)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3d)
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'H NMR [400 MHz/CDCI3/TMS]: (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3e)
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13C NMR [100 MHz/CDCl3]: (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3e)
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3P NMR [162 MHz/CDCl3]: (R)-tert-Butyl N-[1-(dimethoxyphosphoryl)-2-methylpropyl]carbamate (3e)
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'H NMR [400 MHz/CDCIs/TMS]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-3-methylbutyllcarbamate (3f)
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13C NMR [100 MHZz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-3-methylbutyllcarbamate (3f)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)-3-methylbutyl]carbamate (3f)
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'H NMR [400 MHz/CDCIs/TMS]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]carbamate (39)
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13C NMR [100 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]carbamate (39)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyllcarbamate (3g)
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HRMS: (R)-Benzyl N-[1-(dimethoxyphosphoryl)butyl]lcarbamate (3g)

Tolerance = 10.0 PPM / DBE: min =-20.0, max = 100.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

56 formula(e) evaluated with 1 results within limits (up to 5 closest results for each mass)

Elements Used:

>

m

S35

Mass [Ra [ calc.Mass [ mDa [ PPM [ DBE [ Formula [i-rm [i-FITNorm [Fitconf% | ¢ [ H [N[o[na[ P ]
3381135 10000 3381133 02 06 45 Ci4 H2 N 05 Na P 3119 n/a n/a 1 2 1 5 1 1
AWA-185 208 (0.472)
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9.73e+005
fost 338.1135
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OMe
% 3g
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'H NMR [400 MHz/CDCIs/TMS]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)pentyl]carbamate (3h)
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13C NMR [100 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)pentyl]carbamate (3h)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[1-(dimethoxyphosphoryl)pentyl]lcarbamate (3h)
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'H NMR [400 MHz/CDCIs/TMS]: (R)-Benzyl N-[cyclohexyl(dimethoxyphosphoryl)methyllcarbamate (3i)
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13C NMR [100 MHz/CDCl3]: (R)-Benzyl N-[cyclohexyl(dimethoxyphosphoryl)methyllcarbamate (3i)
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3P NMR [162 MHz/CDCl3]:

(R)-Benzyl N-[cyclohexyl(dimethoxyphosphoryl)methyl]carbamate (3i)
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'H NMR [400 MHz/CDCI3/TMS]: (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyllcarbamate (3j)
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13C NMR [100 MHz/CDCl3]: (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyllcarbamate (3j)
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3P NMR [162 MHz/CDCl3]: (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3))
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HRMS: (R)-Benzyl N-[2-(tert-butoxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3j)

Tolerance = 10.0 PPM / DBE: min = -20.0, max = 100.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

57 formula(e) evaluated with 1 results within limits (up to 5 closest results for each mass)

Elements Used:
Mass I RA I Calc. Mass ‘ mbDa | PPM ‘ DBE I Formula I i-FIT I i-FIT Norm | Fit Conf % | C l H | N | o I Na | P ]
3821398 100.00 3821395 03 08 45 (16 H26 N 06 Na P 5088 n/a n/a 16 260 18 1A

AWA-88 61(0.153) Cm (61:72)
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388.9054
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260.1068274.1434  305.0992 389.9985 842294 550.7135 .
1021344 150.0947 22300825 Y | f LAk 4612761 (i 638.2397 6602205  719.3008 [ _755.2981 8512739 891.1740.907.1468 ___ 990.4164 _1041.0551 1147.2688 11632281
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'H NMR [400 MHz/CDCIs/TMS]: (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyllcarbamate (3k)
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13C NMR [100 MHz/CDCl3]: (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyllcarbamate (3k)
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3P NMR [162 MHz/CDCl3]: (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyl]carbamate (3k)
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HRMS: (R)-tert-Butyl N-[2-(benzyloxy)-1-(dimethoxyphosphoryl)ethyl]lcarbamate (3k).

Tolerance = 10.0 PPM / DBE: min =-20.0, max = 100.0

Element prediction: Off

Number of isotope peaks used for i-FIT = 2

Monoisotopic Mass, Even Electron lons

57 formula(e) evaluated with 1 results within limits (up to 5 closest results for each mass)

Elements Used:

m

Mass [Ra [ calc.Mass [ mDa [ PPM [ DBE [ Formula [i-Fr [ i-FITNorm [FitConf% [ ¢ [ H [ N[ o [Na[ P |
382139 10000 3821395  -05 13 45  Clb H26 N 06 Na P 343 nis na % 2% 1 6 1 1
AWA-192 322 (0.709) Cm (319:230)
1: TOF S ES+
6.11e+006
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3040945
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HPLC conditions:

Column: Chiralpak AD-H
Eluent: 10% i-PrOH/hexane
Flow: 0.75mL/min
Detection: UV, 210 nm

Signal Retention time % Area
1 18.0 49.6
2 21.8 50.4
f O
|| Cbz\NJ\I':l',,OMe
[ Ho ome
| rac 3a

Time (min)
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HPLC conditions:
Column: Chiralpak AD-H
Eluent: 10% i-PrOH/hexane
Flow: 0.75mL/min
Detection: UV, 210 nm

HPLC results for the catalyst 4

Signal Retention time % Area
1 17.0 91.9
2 20.8 8.1
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HPLC conditions:

Signal Retention time % Area
Column: Chiralpak 1A 1 16.3 493
Eluent: 10% i-PrOH/hexane 2 19.0 50.7
Flow: 0.75mL/min
Detection: UV, 210 nm
E DAD-210 nm
—— APH-MK-3-2
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HPLC results for the catalyst 5
HPLC conditions: Signal Retention time % Area
Column: Chiralpak 1A 1 15.5 91.3
Eluent: 10% i-PrOH/hexane 2 18.8 8.7
Flow: 0.75mL/min
Detection: UV, 210 nm
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HPLC conditions:
Column: Chiralpak AD-H
Eluent: 15% i-PrOH/hexane
Flow: 0.8mL/min

Detection: UV, 210 nm

Signal Retention time % Area
1 19.7 49.2
2 27.8 50.8
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HPLC conditions:

Column: Chiralpak AD-H
Eluent: 15% i-PrOH/hexane
Flow: 0.8mL/min

Detection: UV, 210 nm

HPLC results for the catalyst 4

Signal Retention time % Area

1 20.6 86.3

2 28.7 13.7
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HPLC conditions:

. Signal Retention time % Area
Column: Chlr.alpak AD-H 1 195 51.0
Eluent; 15% |-P-rOH/hexane 2 26.9 49.0
Flow: 0.5 mL/min
Detection: UV, 210 nm
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- HPLC results for the catalyst 4
HPLC conditions: Signal | Retention time % Area
Column: Chlr.alpak AD-H 1 191 14.0
Eluent: 15% i-PrOH/hexane 2 26.4 86.0
Flow: 0.5 mL/min
Detection: UV, 210 nm
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HPLC results for the catalyst 5
HPLC conditions: Signal Retention time % Area
Column: Chiralpak AD-H 1 19.6 195
Eluent: 15% i-PrOH/hexane 2 27.0 80.5
Flow: 0.5 mL/min
Detection: UV, 210 nm
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; Signal Retention time % Area
HPLC conditions: 1 14.1 50.5
Column: Chiralpak AD-H 2 229 495
Eluent: 10% i-PrOH/hexane
Flow: 0.75 mL/min
Detection: UV, 210 nm
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HPLC conditions:

HPLC results for the catalyst 4

Column: Chiralpak AD-H Signal Retention time % Area
Eluent: 10% i-PrOH/hexane 1 14.5 77.9
Flow: 0.75 mL/min 2 23.0 22.1
Detection: UV, 210 nm
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HPLC conditions:

Signal Retention time % Area
Column: Chir.alpak IA 1 135 48.9
Eluent: 10% i-PrOH/hexane 2 19.4 51.1
Flow: 0.75 mL/min
Detection: UV, 210 nm
4 DAD-210 nm
—— APH-MK-13+ac3
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HPLC conditions: HPLC results for the catalyst 4
Column: Chiralpak 1A Signal | Retention time % Area
Eluent: 10% i-PrOH/hexane 1 13.3 61.7
Flow: 0.75 mL/min 2 19.8 38.3
Detection: UV, 210 nm
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HPLC conditions:

Column: Chiralpak IA Signal Retention time % Area
Eluent: 15% i-PrOH/hexane 1 10.3 48.4
Flow: 0.75mL/min 2 13.6 51.2
Detection: UV, 254 nm
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HPLC conditions:
Column: Chiralpak 1A

Eluent: 15% i-PrOH/hexane
Flow: 0.75mL/min
Detection: UV, 254 nm

DAD-234 nm

HPLC results for the catalyst 4

Signal Retention time

% Area
1 10.1 90.1
2 13.4 9.9

—— APH-MK-18pow
APH-MK-18pow. dat

2] foonTine L2
200 | 200
g
175 E 175
||r‘l‘.
I
150 |I || 150
|
.
I
1254 | || 125
| |
[
100+ | || 100
Chz. i_OMe| |
N f |
™ H  OMe || || )\ [
¥ I| \ Cbz : 9 OMe
50 | S~ N L5
0 | '| ” Fl) 50
|
| I| OMe
254 | \ F25
|| '.1 ent-3f
| b
[l | | bt Fo
| | A
||I] Ill‘ .
VAN
I |
| 50
8 7 8 0 10 12 i 14 15
Minutes

S64

mAU



mal)

24

2

23]

-ap

.a2d

2

334

44

FLa

HPLC conditions:
Column: Chiralpak 1A
Eluent: 15% i-PrOH/hexane
Flow: 0.75mL/min
Detection: UV, 254 nm

DAD-254 nm
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HPLC results for the catalyst 5
Signal Retention time % Area
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2 13.6 10.6
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HPLC conditions: Signal Retention time % Area
Column: Chiralpak AD-H 1 17.3 49.6
Eluent: 10% i-PrOH/hexane 2 23.8 50.4
Flow: 0.75mL/min
Detection: UV, 210 nm
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HPLC conditions:
Column: Chiralpak AD-H
Eluent: 10% i-PrOH/hexane
Flow: 0.75mL/min
Detection: UV, 210 nm
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HPLC results for the catalyst 4
Signal Retention time % Area
1 89.8
2 10.2

Time (min)
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HPLC conditions:

Signal Retention time % Area
Column: Chiralpak AD-H 1 153 47 7
Eluent: 10% i-PrOH/hexane 2 227 523
Flow: 0.75mL/min

Detection: UV, 210 nm
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HPLC conditions:
Column: Chiralpak AD-H
Eluent: 10% i-PrOH/hexane
Flow: 0.75mL/min
Detection: UV, 210 nm
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HPLC conditions:

- Signal Retention time % Area
Column: Chiralpak 1A 1 15.7 49.9
Eluent: 15% i-PrOH/hexane 2 21.0 501
Flow: 0.75 mL/min
Detection: UV, 205 nm
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HPLC conditions: HPLC results for the catalyst 4
Column: Chiralpak 1A Signal Retention time % Area
Eluent: 15% i-PrOH/hexane 1 15.6 82.5
Flow: 0.75 mL/min 2 20.9 17.5
Detection: UV, 205 nm
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HPLC conditions:

Column: Chiralpak 1A
Eluent: 15% i-PrOH/hexane
Flow: 0.75 mL/min
Detection: UV, 205 nm

HPLC results for the catalyst 5

Signal Retention time % Area
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HPLC conditions: Signal Retention time % Area
Column: Chiralpak AD-H 1 18.8 49.7
Eluent: 10% i-PrOH/hexane 2 22.4 50.3
Flow: 0.75 mL/min
Detection: UV, 210 nm
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HPLC conditions:

HPLC results for the catalyst 4
Column: Chiralpak AD-H Signal | Retention time % Area
Eluent: 10% i-PrOH/hexane 1 18.8 76.3
Flow: 0.75 mL/min 2 223 23.7
Detection: UV, 210 nm
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HPLC conditions:

. Signal Retention time % Area
Column: Coh|r.alpak 1A 1 21.9 49.8
Eluent: 10% i-PrOH/hexane > 25 5 502
Flow: 0.75 mL/min
Detection: UV, 210 nm
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HPLC conditions:

Column: Chiralpak 1A
Eluent: 10% i-PrOH/hexane
Flow: 0.75 mL/min
Detection: UV, 210 nm
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HPLC results for the catalyst 5
Signal Retention time % Area
1 21.8 76.8
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HPLC conditions:

Column: Chiralpak OD-H

Eluent: 3% i-PrOH/hexane
Flow: 0.5 mL/min

Detection: UV, 212 nm
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HPLC conditions:
Column: Chiralpak OD-H
Eluent: 3% i-PrOH/hexane
Flow: 0.5 mL/min
Detection: UV, 212 nm

HPLC results for the catalyst 5
Signal Retention time % Area
1 54.1 76.7
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HPLC conditions:
Column: Chiralpak OD-H

Flow: 0.5 mL/min
Detection: UV, 212 nm

HPLC results for the catalyst 4

_ Signal Retention time % Area
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SDE test via flash chromatography

Table S1.

Cbz J\ Cbz. I Cbz\N j\
H

N P(OMe), N” “P(OMe),
o} o) o)
3a 3d 3i

Achiral flash chromatography on SiO2; Eluent: hexane/EtOAc/acetone (5:3:2)

Product Starting First fraction Middle fraction Last fraction
3a 83% ee 83% ee 83% ee 83% ee
3d 56% ee 56% ee 56% ee 56% ee
3i 65% ee 65% ee 65% ee 65% ee

We conducted an appropriate SDE test for products 3a, 3d and 3i via achiral flash
chromatography. In the column chromatography process, we selected different fractions
and measured the corresponding ee values. As shown in Table S1, the column
chromatography doesn’t change the ee value of the products. HPLC results have been
illustrated below.
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HPLC conditions for compound 3a:

Column: Chiralpak AD-H
Eluent: 10% i-PrOH/hexane

Flow: 0.75 mL/min

Detection: UV, 210 nm
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HPLC conditions for compound 3d:

Column: Chiralpak AD-H
Eluent: 10% i-PrOH/hexane
Flow: 0.75 mL/min
Detection: UV, 210 nm
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HPLC conditions for compound 3i:

Colu

mn: Chiralpak ADH

Eluent: 15% i-PrOH/hexane
Flow: 0.75 mL/min

Detection: UV, 205 nm
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