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1. General information

All reagents were obtained from Adamas, Aladin, TCI, or Acros etc. without further
purification unless otherwise noted. High resolution mass spectra were measured on commercial
instruments. NMR spectra were recorded on commercial instruments and operating at 500 MHz
for 'H NMR and 125 MHz for '3C NMR. Chemical shifts were reported in ppm from
tetramethylsilane with the solvent resonance as the internal standard (CDCls, 8 = 7.26) in 'H NMR
spectra and Chemical shifts were reported in ppm from the tetramethylsilane with the solvent
resonance as internal standard (CDCls, 8 = 77.0) in 3C NMR spectra. Spectra are reported as
follows: chemical shift (6 ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constants (Hz), integration, and assignment. The enantiomeric excess (ee) was
determined by HPLC analysis. Analytical HPLC was performed on a Shimadzu liquid
chromatography (LC-16), using a chiral DAICEL CHIRALCEL OD-H or CHIRALPAK AS-H or
CHIRALPAK AD-H column at 210 nm. Optical rotations were measured on a commercial

polarimeter and are reported as follows: [a]p! (¢ = g/100 mL, solvent).

2. The preparation and characterization of the ligands

Ligands L1-L4 were prepared according to the literature. !

'HNMR (500MHz, CDCLy): § 8.02-7.96 (m, 3H), 7.53 (d, J =
8.2 Hz, 4H), 7.25-7.17 (m, 4H), 7.16-7.10 (m, 16H), 7.00 (d,
J=17.2 Hz, 4H), 5.83 (s, 2H), 4.71 (d, J = 5.4 Hz, 2H), 4.26

=2 (d,J = 5.4 Hz, 2H), 2.39 (s, 6H).
( 2Ph
PR Py Ph
'H NMR (500 MHz, CDCl5) 8 7.99-7.98 (m, 2H), 7.65-7.63
(m, 3H), 7.52-7.49 (m, 2H), 7.35 (t, J = 7.9 Hz, 4H), 7.18-
292 700 (m, 16H), 6.98-6.97 (m, 4H), 5.88 (s, 2H), 4.71 (d, J =
N
Phi Q--\Ph 5.8 Hz, 2H), 4.26 (d, J = 5.8 Hz, 2H). 3C NMR (125 MHz,
NH
o  CDCLy) 5 158.14, 139.51, 139.01, 138.22, 138.08, 12899,
L2

128.62, 128.37, 127.85, 127.61, 127.10, 126.79, 123.99,
78.30, 71.64, 69.49. HRMS (ESI): m/z calcd for C47H4N5sNaO4S, [M + Na]*: 826.24922, found

[1] A. Gonzalez-de-Castro, C. M. Robertson, J. Xiao, J. Am. Chem. Soc., 2014, 136, 8350-8360.
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826.24686.

O,N NO, 'H NMR (500 MHz, CDCl;)  8.02-7.94 (m, 7H), 7.50 (d, J
— 8.2 Hz, 4H), 7.20-7.11 (m, 20H), 5.75 (s, 2H), 4.96 (s,

2H), 4.45 (s, 2H). 13C NMR (125 MHz, CDCLy) & 156.32,

028 | o SO2  156.07, 149.97, 143.28, 13937, 139.25, 138.34, 128.84,

1, N

N .
Ph—</ N r - Ph  128.53, 128.33, 128.16, 125.83, 79.32, 70.67, 68.97. HRMS
NH HN
(ESI): m/z calcd for C47H39N7NaOgS, [M + Na]™: 916.21937,

PR L3 Ph
found 916.21896.
'H NMR (500 MHz, CDCl;)  8.01-7.99 (m, 2H), 7.61 (d, J
= 8.5 Hz, 4H), 7.37 (d, J = 8.6 Hz, 4H), 7.18-7.13 (m, 7H),
7.10-7.06 (m, 10H), 6.96-6.94 (m, 4H), 5.93 (s, 2H), 4.67 (d,
0.8 | A $0, J=6.1Hz, 2H), 4.25 (d, J = 6.0 Hz, 2H), 1.34 (s, 18H).
Ph—<\l/ N ™
\—NH HN
P L4 Ph 3. General procedures for the preparation of the
catalyst

Method A (in situ): The mixture of Ni(OAc),4H,0 (0.02 mmol) and ligand (0.02 mmol) was
stirred in a certain solvent (0.5 mL) at 35 °C for 1 h.

Method B (pre-prepared): The mixture of the L1 (0.4 mmol) and Ni(OAc), 4H,0 (0.4 mmol) was
stirred in methanol (20 mL) at 80 °C for 4 h. After cooling down to room temperature, the
precipitate was collected by filtration. Then, the solid was washed with MeOH and dried under

reduced pressure to afford the Ni-L1 complex as a green solid, 0.36g, 83% yield.

4. ESI-HRMS analysis of Ni-L1 complex and the proposed structure of the

complex

In the ESI-HRMS chart of Ni-L1 complex (Figure S1), the peak corresponding to Ni/L1 was
detected. The peak of m/z = 948.23941 was assigned to [L1 + Ni(OAc), -HOAc + H]" (Calcd.
For Cs5 HggNsNiOgS,: 948.23940). On the basis of the related structure of Fe-PyBisulidine
complex (J. Am. Chem. Soc., 2014, 136, 8350-8360) and the geometry of L1 optimized using
Chem3D at MM2 level (Figure S2), we speculated that the ligand could coordinate to the Ni via
pyridine nitrogen and secondary amine nitrogens. According to the ESI-HRMS analysis of the

complex and the balance of total charge, one proton should removed (Figure S3).
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Acquisition Parameter

Polarity Positive n/a nia No. of Laser Shots 200
n/a n/a No. of Cell Fills 1 Laser Power 20.0Ip
Broadband Low Mass 1560.5 m/z n/a n/a n/a n/a
Broadband High Mass 3000.0 m/z n/a n/a n/a n/a
Acquisition Mode Single MS n/a n/a
Pulse Program basic n/a n/a Calibration Date Mon Jul 25 11:54:52 2016
Source Accumulation 0.010 sec n/a nia Data Acquisition Size 1048576
lon Accumulation Time  0.020 sec n/a n/a Apodization Sine-Bell Multiplication
Flight Time to Acg. Cell  0.002 sec
Intens. +MS
x109]
15
1 948.23941
1.0
051
1 128557534 178054251
0.0 . ; ey . . i . .
500 1000 1500 2000 2500 miz
Meas. m/z # Formula Score m/z er Mean mSig rdb e N-R
[ppm] err ma Conf ule
[ppm]
948.23941 1 C51H48N5NiOBS2 100.00 948.23940 -0.01 0.38 94.2 30.5 even ok

Figure S1. The ESI-HRMS chart of Ni-L1

Figure S2. The geometry of L1 optimized using Chen3D (8.0) at MM2 level

Ph p (2 WPh o Ph—& ( Ph

N\ /NH

PR PR

OAc
Calcd. For Cs;HygNsNiOgS, [M + H]*: 948.23940, Found: 948.23941

Figure S3. The proposed structure of Ni-L1 complex
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5. The effects of the catalyst loading and the concentration of benzaldehyde.

Table S1 The effects of the catalyst loading and the concentration of aldehyde. ¢

CHO ® Ni-L1 x mol% 4
©/ * n-R-oph gf (OPh)2
OPh CH,CI,, 0 °C o)

1a 2a

Entry Time (h) The loading of Ni- The concentration of Yield ee (%)
L1 (mol %) benzaldehyde (M) (o)

1° 17 10 0.1 44 93
2¢ 15 10 0.2 90 93
34 15 10 0.4 98 93
44 17 5 0.4 74 93
5¢ 15 2 1 2 5
6 15 1 2 5 5
78 39 5 0.5 24 85

@ The catalyst was prepared in sifu. ® The reaction was carried out: aldehyde (0.1 mmol),
diphenylphosphite (0.1 mmol), 1.0 mL CH,Cl,. ¢ The reaction was carried out: aldehyde (0.2
mmol), diphenylphosphite (0.2 mmol), 1.0 mL CH,Cl,. ¢ The reaction was carried out: aldehyde
(0.2 mmol), diphenylphosphite (0.2 mmol), 0.5 mL CH,Cl,. ¢ The reaction was carried out:
aldehyde (1.0 mmol), diphenylphosphite (1.0 mmol), 1.0 mL CH,Cl,./ The reaction was carried
out: aldehyde (2.0 mmol), diphenylphosphite (2.0 mmol), 1.0 mL CH,Cl,. € The reaction was
carried out: aldehyde (0.5 mmol), diphenylphosphite (0.5 mmol), 1.0 mL CH,Cl. ” Isolated yield.
i Enantiomeric excesses were determined by HPLC analysis.

6. General Procedure for Catalytic Asymmetric Reaction

The mixture of diphenylphosphite (0.2 mmol) and the chiral complex (0.02 mmol, 10 mol%)
was stirred in CH,Cl, (0.5 mL) at -10 °C for 30 min followed by the addition of the aldehyde (0.2
mmol). The stirring was continued for the time indicated in Table 3 at -10 °C. The residue was
purified by silica gel flash column chromatography (petroleum ether / AcOEt, 2:1) to afford the

products.
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7. Characterization of products

OH White solid, 62.6 mg, 92% yield, 95% ee, '"H NMR (500 MHz, CDCls) &

g P(OPh),  7.57-7.59 (m, 2H), 7.39-7.23 (m, 8H), 7.16-7.13 (m, 2H), 7.06-7.0 (m, 4H),
5.34 (d, J= 8.5 Hz, 1H), 3.54 (brs, 1H). [a]p?® = +38.9 (¢ 0.80, CHCl5) [lit.2

2a [a]p** = -36.5 (¢ 1.0, CHCI3) for S enantiomer in 91% ee]. HPLC
(CHIRALCEL OD-H column, hexane / 2-propanol = 90 / 10, flow 0.7 mL/min, detection at 210

nm) t, (major) = 11.7 min and t, (minor) = 13.0 min.

m\ Max Intensity : 157,314
ws_uw Tie 0350 en. 707 .
= L %‘
y y | Y 0 &0 70 30 90 10.0 1’1F.0 120 ; 130 " min 2
v Max Intensity - 775,483
oo EREEAZIOD Time G647 e 7 .
w * & %‘
! ¥ i { 50 60 70 80 90 10.0 110 120 130 min =
Peak# Retention Time Area Area%
1 11.728 17050904 97.334
2 13.022 467056 2.666
Total 17517960 100.000
OH White solid, 65.8 mg, 93% yield, 96% ee, 'H NMR (500 MHz, CDCl;) §

P(OPh), 7.78 (brs, 1H), 7.29-7.22 (m, 8H), 7.18-7.13 (m, 2H), 7.09-7.07 (m, 2H),
7.00-6.99 (m, 2H), 5.63 (d, J = 9.4 Hz, 1H), 3.77 (brs, 1H), 2.45(s, 3H). 13C

2b NMR (125 MHz, CDCly) § 150.3 (d, J = 10.1 Hz), 136.2 (d, J = 8.0 Hz),

133.9, 130.5, 129.7 (d, J = 5.9 Hz), 128.6 (d, J = 2.1 Hz), 127.6 (d, J = 4.2 Hz), 126.4 (d, J = 1.8
Hz), 125.2 (d, J = 9.3 Hz), 120.6 (d, J = 3.7 Hz), 120.5 (d, /= 3.6 Hz), 67.2 (d, J = 161.8 Hz),
19.6. HRMS (ESI): m/z calcd for C,oHoNaO4P [M + Na]*: 377.09132, found 377.09042. [a]p?® =

[2] S. Hirashima, R. Arai, K. Nakashima, N. Kawai, J. Kondo, Y. Koseki, T. Miura, Adv. Synth. Catal., 2015, 357,
3863-3867.
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+63.3 (c 0.41, CHCI;). HPLC (CHIRALPAK AD-H column, hexane / 2-propanol = 80/20, flow

ImL/min, detection at 210 nm) t, (major) = 11.7 min and t, (minor) =14.7 min.

my Max Intensity : 1,202 741
1250 A 31 00m] Time  £.108 Inten. 29787 .
o 2k %
j i i ; ‘ ‘ i j j i A i i ‘ ‘ 1 4
mv Max Intensity : 529,755
JETEE A Z 0nm] Time D058 Tien Py
= Y - v %‘
; ! X ¥ 50 60 70 50 90 10.0 110 12.0 13.0 140 15.0 16.0 min 2
Peak# Retention Time Area Area%
1 11.673 9810696 98.024
2 14.681 197744 1.976
Total 10008440 100.000
OH White solid, 71mg, 99% yield, 95% ee, 'H NMR (500 MHz, CDCl;) &

P(OPh);  7.30-7.24 (m, 2H), 7.20-7.11 (m, 5H), 7.08-7.00 (m, 3H), 7.00-6.95 (m,

o)
2H), 6.94-6.89 (m, 2H), 5.14 (d, J= 9.2 Hz, 1H), 4.64 (brs, 1H), 2.24 (s,

2c 3H). 3C NMR (125 MHz, CDCl3) 8 149.3 (d, /= 5.6 Hz), 149.2 (d, J =
6.2 Hz), 137.0 (d, J= 1.7 Hz), 134.4, 128.6 (d, J = 10.0 Hz), 128.2 (d, /= 2.8 Hz), 127.3 (d, J =
0.9 Hz), 127.1 (d, J=6.2 Hz), 124.1 (d, /= 11.3 Hz), 123.6 (d, /= 6.2 Hz), 119.6 (d, J = 4.0 Hz),
119.5 (d, J=4.0 Hz), 69.6 (d, /= 160.2 Hz), 20.4. HRMS (ESI): m/z calcd for C,yH9NaO4P [M +
Na]*: 377.09132, found 377.09030. [a]p> = +26.5 (¢ 0.32, CHCl;). HPLC (CHIRALCEL OD-H

column, hexane / 2-propanol = 90/10, flow 0.8 mL/min, detection at 210 nm) t, (major) = 10.0 min

and t; (minor) =11.2 min.
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my Max Intensity : 1,621,042
JETIEEA 2100m) Time 0.015 Inten. 0.345|
1500+

-

1250+

1000+

750

500+

250+

>
e
b
10] IR

00 10 20 30 40 50 60 70 50 90 10.0 110 120 13.0 14.0min
m Max Intensity : 1,426,567
FETEEA 2100m Time 3.564 Inten, 0.744] .

1250

1000+

750+

T i = %

Peak# Retention Time Area Area%
1 10.044 32196171 97.464
2 11.280 837720 2.536
Total 33033891 100.000
OH White solid, 71 mg, 99% yield, 95% ee, IH NMR (500 MHz, CDCl;) &

/@ﬁ(OPh)z 7.55-7.45 (m, 2H), 7.35-7.24 (m, 4H), 7.24-7.13 (m, 4H), 7.12-7.09 (m,
o)

2H), 7.07-7.01 (m, 2H), 5.28 (d, J= 8.0 Hz, 1H), 4.16 (brs, 1H), 2.39 (s,
2d 3H). [0]p2 = +40.9 (¢ 0.57, CHCly) [lit.2 [0]p2 = -38.0 (¢ 1.0, CHCly)
for S enantiomer in 91% ee]. HPLC (CHIRALCEL OD-H column, hexane / 2-propanol = 90/10,

flow 1 mL/min, detection at 210nm) t, (major) =8.4 min and t, (minor) =10.2 min.

my Max Intensity : 245,173

250 A 210nm)| Time - - 5,436 Inten 2823 .
200+
1504
1004
50+

o b

i T -

&

50} H é
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mv Max Intensity : 593,455

o JETIEEAZ100m] e 7.950__ften ExiT PR

500+

400

300+

200

100+

00 10 7o 30 40 50 €0 70 - 80 90 Ihwdu 1:0 12': 12.0 14.0 min %
Peak# Retention Time Area Area%
1 8.355 11355306 97.590
2 10.218 280468 2410
Total 11635774 100.000
OH White solid, 77.5 mg, 95% yield, 95% ee, 'H NMR (500 MHz,
II?(OPh)z CDCl;) 67.69-7.55 (m, 4H), 7.32-7.22 (m, 4H), 7.20-7.12 (m, 2H),
FiC © 7.10-7.05 (m, 2H), 7.03-6.95 (m, 2H), 5.27 (d, J=10.4 Hz, 1H), 5.21
2e (brs, 1H). 3C NMR (125 MHz, CDCl;) & 150.2 (d, J = 6.2 Hz),

150.1 (d, J= 6.6 Hz), 139.8, 129.8 (d, J = 10.1 Hz), 127.7 (d, J = 5.9 Hz), 125.6, 125.5, 125.3 (qui,
J=3.3Hz), 120.7 (d, /= 4.1 Hz), 120.5 (d, J=4.1 Hz), 70.1 (d, J = 159.6 Hz). HRMS (ESI): m/z
calcd for CyoH sF3NaO4P [M + Na]*: 431.06305, found 431.06167. [a]p> = +32.6 (¢ 0.41, CHCI;).
HPLC (CHIRALCEL OD-H column, hexane / 2-propanol = 90/10, flow 0.5 mL/min, detection at

210 nm) t, (minor) =13.7 min and t, (major) =14.5 min.

myv Max Intensity : 622,234
ﬁ ERAZ100m Time 7.067 Inten. 1.546] .
600
500
400
300]
200
100 =
L3 L3 [=]
00 0 20 30 40 50 60 70 80 90 10.0 110 120 130 140 150" min
mv Max Intensity : 659,254
FETERA Z100m) Time G741 Inten -0.079] .

600
5004
400
3004
2004

100 -

T T = : E%

0.0 10 20 30 40 ) &0 70 £0 9.0 100 110 120 130 1o 180 180 170 min

Peak# Retention Time Area Area%
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1 13.710 453161 2.601

2 14.547 16971678 97.399
Total 17424839 100.000
OH White solid, 66.6 mg, 93% yield, 90% ee, 'H NMR (500 MHz,
IFI’(OPh)g CDCl3) & 7.56-7.43 (m, 2H), 7.30-7.20 (m, 4H), 7.19-7.11 (m, 2H),
F © 7.11-7.05 (m, 2H), 7.05-6.96 (m, 4H), 5.19 (d, J = 9.0 Hz, 1H), 5.02
2f (brs, 1H). *C NMR (125 MHz, CDCl3) 6 161.5 (d, J = 3.5 Hz), 159.5

(d, J=3.7 Hz), 148.0 (d, J = 1.9 Hz), 147.9 (d, J = 2.3 Hz), 129.2 (m), 127.4, (d, J = 10.0 Hz),
127.1 (d, J= 6.4 Hz), 127.0 (d, J= 6.4 Hz), 123.1 (d, /= 12.8 Hz), 118.4 (d, /=4.0 Hz), 118.3 (d,
J=4.0Hz), 113.2 (d,J=2.4 Hz), 113.0 (d, J=2.4 Hz), 67.7 (d, J = 161.3 Hz). HRMS (ESI): m/z
caled for C1oH;sFNaO4P [M + Na]*: 381.06624, found 381.06607. [a]p* = +30.3 (c 0.35, CHCI;).
HPLC (CHIRALPAK AS-H column, hexane / 2-propanol = 80/20, flow 1 mL/min, detection at

210 nm) t, (major) =11.6 min and t, (minor) = 18.1 min.

mv Max Intensity : 236,034
EE%AZ‘\UHM Time 6258 Inten 8234 .
: ¥ = ; » + H %‘
my Max Intensity : 560,769
Ei!%,&zmnm Time 7.841 Inten. -0.072] .
A i ’ e |
0.0 25 50 75 10.0 125 150 ¢17'.5 200 min a
Peak# Retention Time Area Area%
1 11.613 14589556 95.025
2 18.118 763829 4975
Total 15353385 100.000
OH White solid, 78.6 mg, 94% yield, 95%ce, 'H NMR (500 MHz,

gﬁ(OPh)z CDCl3)8 7.50-7.43 (m, 2H), 7.42-7.36 (m, 2H), 7.30-7.22 (m, 4H),
o)
Br 7.20-7.11 (m, 2H), 7.09-7.04 (m, 2H), 7.02-6.96 (m, 2H), 5.15 (d, J =

2g 510



9.5 Hz, 1H), 5.08 (brs, 1H). [a]p® = +35.9 (¢ 0.46, CHCI;) [lit.? [a]p>* = -45.8 (¢ 1.0, CHCI;) for S
enantiomer in 97% ee]. HPLC (CHIRALPAK AD-H column, hexane / 2-propanol = 90/10, flow 1

mL/min, detection at 210nm) t. (minor) = 25.9 min and t, (major) = 28.9 min.

mv Max Intensity . 194,508
200 4 210nm Time - 1.338 - Inten 0053 .

175

150+

= [
ol ey
Dl

mv. Max Intensity : 1,379,061
FEMEEAZ100m Time 13.149 Inten. 3.1068) .
750
500
* ke :
0.0 25 5.0 7.5 10.0 125 150 175 20.0 225 250 75 30.0 325 min
Peak# Retention Time Area Area%
1 25.881 1751599 2.643
2 28.895 64533802 97.357
Total 66285401 100.000

S White solid, 73.3 mg, 98% yield, 95% ee, 'H NMR (500 MHz, CDCl;)

/@Aﬁ’(OPh)z 8 7.55-7.43 (m, 2H), 7.41-7.24 (m, 7H), 7.24-7.15 (m, 2H), 7.13-7.00

Cl © (m, 4H), 5.34-5.26 (m, 1H), 5.25-5.19 (m, 1H). [a]p? = +39.8 (c 0.42,

2h CHCL) [lit.2 [a]p? = -48.3 (c 1.0, CHCl;) for S enantiomer in 93%

ee]. HPLC (CHIRALPAK AD-H column, hexane / 2-propanol = 90/10, flow 1 mL/min, detection
at 210 nm) t, (minor) = 24.5 min and t, (major) = 26.5 min.

my Max Intensity : 142, 250
JEIEEA 2100m

Time 13557 Inten 0018 .

1257

100+

=
e
fe
Dl 1
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mv

Max Intensity - 544 474

ﬁ %Azﬂnnm Time 13.189 Inten. 2479 . ¢
s J‘J\ - ¥ & g‘ ]
Peak# Retention Time Area Area%
1 24.549 606217 2.602
2 26.508 22696022 97.398
Total 23302239 100.000
OH White solid, 69.2 mg, 99% yield, 95% ee, 'H NMR (500 MHz, CDCl3) &
C;)\ P(OPh); 7.36-7.34 (m, 1H), 7.33-7.23 (m, 7H), 7.19-7.15 (m, 2H), 7.15-7.11 (m, 2H),
S O
7.09-7.04 (m, 2H), 7.03-7.00 (m, 1H), 5.51 (d, J = 9.7 Hz, 1H), 3.95 (brs,
2i

1H). 3C NMR (125 MHz, CDCl3)  150.8 (d, J = 11.6 Hz), 138.4, 130.3 (d,

J=17.6Hz),127.7,127.1 (d,J = 3.2 Hz), 126.0 (d, J= 10.6 Hz), 121.2 (d, J= 3.9 Hz), 121.1 (d, J

= 3.7 Hz), 116.5, 67.3 (d, J = 169.0 Hz). HRMS (ESI): m/z caled for C;7H;sNaO,PS [M + Na]*:

369.03209, found 369.03203. [a]p*®

+19.9 (¢ 0.41, CHCL). HPLC (CHIRALCEL OD-H

column, hexane / 2-propanol = 90/10, flow 1 mL/min, detection at 210 nm) t, (major) = 8.8 min

and t; (minor) = 12.8 min.

my Max Intensity : 503,611
‘Uu—ﬁ B2 A 210nm| Time 1111, Inten. 0.078( .
200
300
200
100

v n

g T i3 =)

0.0 10 20 30 40 ) 60 70 80 90 10.0 110 120 130 14.0 150 min

myv Max Intensity 654,154

FETIEE A 210nm Time  6.004 Inten TI27| .
600
500
4007
300
2004
100 £

N ¥ i )
T T el
0.0 10 20 30 40 50 60 70 Y 90 10.0 110 120 130 14.0 120 min
. . o
Peak# Retention Time Area Area%
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1 8.789 12548503 97.560

2 12.753 313840 2.440
Total 12862343 100.000
OH White solid, 64.7 mg, 91% ee, 98% yield, 'H NMR (500 MHz, CDCls) &

C;)\ P(OPh), 7.46 (s, 1H), 7.38-7.26 (m, 4H), 7.25-7.13 (m, 4H), 7.13-7.05 (m, 2H),
o O
6.65-6.55 (s, 1H), 6.46-6.34 (s, 1H), 5.33 (d, J = 12.3 Hz, 1H), 4.16 (brs,

2j 1H). 3C NMR (125 MHz, CDCly) § 150.2 (d, J = 9.3 Hz), 148.7, 143.3,
129.7 (d, J=10.5 Hz), 125.4 (d, J = 14.3 Hz), 120.7 (d, J = 3.6 Hz), 120.6 (d, /= 3.7 Hz), 110.9,
1104, (d, J = 6.7 Hz), 64.5 (d, J = 168.9 Hz). HRMS (ESI): m/z caled for C,;H;sNaOsP [M +
Na]*: 353.05493, found 353.05419. [a]p? = +13.8 (¢ 0.33, CHCl;). HPLC (CHIRALCEL OD-H
column, hexane / 2-propanol = 90/10, flow 0.6 mL/min, detection at 210nm) t, (major) =14.0 min
and t; (minor) = 15.8 min.

my Max Intensity : 404,563

mnfﬁ!%‘\ﬂﬂnm Time 9616 ' Inten 1354 .
300
200
100+
&
T i =1
T T T T y y T T T T T T T T T T T
0.0 1.0 20 0 4.0 5.0 6.0 7.0 2.0 9.0 10,0 11.0 12.0 12.0 14.0 15.0 16.0 7.0 min
mv Max Intensity : 2,301,962
FEIERA 2100m| Time. 7.823 Inten. 2392 .

2000+

1500+

10004

T T T T T R T T AR R wmm
Peak# Retention Time Area Area%
1 13.963 74005617 95.608
2 15.762 3399664 4.392
Total 77405281 100.000

White solid, 70.2 mg, 90% yield, 97% ee, 'H NMR (500 MHz, CDCl3)
6 8.18 (d, J=17.7, 1H), 8.00 (brs, 1H), 7.96-7.84 (m, 2H), 7.62-7.47 (m,

3H), 7.33-7.24 (m, 3H), 7.22-7.13 (m, 3H), 7.11-7.04 (m, 3H), 6.92 (d, J
S13




=7.0 Hz, 2H), 6.22 (d, J = 9.7 Hz, 1H), 3.95 (brs, 1H). [a]p?® = +98.9 (¢ 0.39, CHCl;) [lit.? [a]p*?
=-131.2 (¢ 1.0, CHCI;) for S enantiomer in 93% ee]. HPLC (CHIRALCEL OD-H column, hexane

/ 2-propanol = 90/10, flow 1 mL/min, detection at 210 nm) t, (minor) =11.6 min and t, (major)

=15.5 min.

mv Max Intensity : 687,116
700-JETEE A 210am] Time . 0.000- infen -17.580)
2004
1009

o I - e +

0.0 s 50 75 10.0 125 120 175 200 min

my Max Intensity : 343 579
350 fETIEE A Z100m] Time  B.267 nfen TO81|
1504
504 s

‘ ‘ JI\ : . ; ‘ ‘ : . : ‘ & : = ‘ ‘ : : v %
Peak# Retention Time Area Area%

1 11.575 227560 1.572

2 15.452 14247005 98.428
Total 14474565 100.000

OH White solid, 78 mg, 99% yield, 96% ee, 'H NMR (500 MHz, CDCls)

OO P(OPh); 3 8.03 (s, 1H), 7.90-7.78 (m, 3H), 7.73-7.65 (m, 1H), 7.55-7.44 (m,
2H), 7.30-7.17 (m, 5H), 7.17-6.98 (m, 6H), 5.49 (d, J = 8.7 Hz, 1H),

2l 3.89 (brs, 1H). 13C NMR (125 MHz, CDCLy) § 150.3 (d, J = 7.7 Hz),

133.4, 133.1, 132.8, 129.7 (d, J = 8.6 Hz), 128.3 (d, J = 8.1 Hz), 127.7, 126.8 (d, J = 8.2 Hz),
126.4 (d, J=13.2 Hz), 125.3 (d, J = 10.8 Hz), 124.9 (d, J = 4.2 Hz), 120.6 (d, J = 3.9 Hz), 120.5
(d, J = 3.7 Hz), 70.9 (d, J = 160.0 Hz). HRMS (ESI): m/z calcd for Cy3H9yNaO4P [M + Na]*:
413.09132, found 413.09020. [0]p?5 = +45.2 (¢ 0.38, CHCl;). HPLC (CHIRALPAK AD-H

column, hexane / 2-propanol = 80/20, flow 1mL/min, detection at 210 nm) t, (major) = 26.8 min

and t; (minor) = 31.2 min.
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mv Max Intensity : 1,457,608
1500 4 210nm| Time - 5.860  Inten T620| &

1250

1000+

st e " v &
® x =]
0.0 2 0 7 10.0 12 180 17 200 22 250 27 30.0 a2 min
mv Max Intensity : 862,005
FETIEEA 2100m) Time 4790 ‘Inten -0.072] »

750-|

250+

D:u_ s 50 75 10.0 125 150 175 200 25 z='um s - rP3ciu 3z‘jmm %‘
Peak# Retention Time Area Area%
1 26.789 39011588 98.125
2 31.235 745444 1.875
Total 39757032 100.000
OH White solid, 66.6 mg, 91% yield, 93% ee, 'H NMR (500 MHz,
X !ID(OPh)g CDCl3) 6 7.36-7.22 (m, 11H), 7.22-7.11 (m, 7H), 6.88-6.79 (m, 1H),
© 6.45-6.35 (m, 1H), 4.97-4.86 (m, 1H), 4.54 (t, J = 6.2 Hz, 1H). 13C
2m NMR (125 MHz, CDCls) & 150.4 (d, J = 5.0 Hz), 136.2 (d, J = 2.9

Hz), 133.9 (d, J= 14.1 Hz), 129.8 (d, /= 5.7 Hz), 128.7, 128.2, 126.9 (d, J= 1.8 Hz), 125.4 (d, J
=10.9 Hz), 120.9 (d, /= 4.1 Hz), 120.8 (d, /= 4.1 Hz), 69.5 (d, J=161.5 Hz). HRMS (ESI): m/z
caled for C,H9NaO4P [M + Na]*: 389.09132, found 389.09106. [a]p> = +29.3 (¢ 0.35, CHCl;).
HPLC (CHIRALPAK AD-H column, hexane / 2-propanol = 90/10, flow 1 mL/min, detection at
210 nm) t, (major) = 22.4 min and t, (minor) = 27.2 min.

mv Max Intensity : 418,312
FETIEEA Z10nm Time 33.028 Inten 2088 .

400~

300+

200+

100+

. L

0.0 50 10.0 150 200 280 30.0 380 40.0 450 50,0 520 min

|
B
(D]
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Max Intensity : 1,083,941

my
JEIER A 2100m]

1000+
750+
500+

250+

Time 9.452 Inten. 0.060] .

s 50 7 10.0 125 120 175 20.0 > 2 280 275 rin =
Peak# Retention Time Area Area%
1 22.399 38213753 96.427
2 27.233 1415901 3.573
Total 39629654 100.000
OH White solid, 69.2 mg, 99% yield, 72% ee, ' H NMR (500 MHz, CDCP?) §
P(OPh),  7.34-7.26 (m, 4H), 7.22-7.11 (m, 6H), 3.95 (t, J = 5.6, 1H), 3.49 (brs, 1H),
(e}
2.17-2.05 (m, 1H), 2.02-1.93 (m, 1H), 1.90-1.82 (m, 1H), 1.82-1.72 (m,
2n

2H), 1.71-1.60 (m, 1H), 1.43-1.11 (m, 6H). [a]p®’ = +1.4 (c 0.42, CHCl)

[lit.> [a]p?' = +0.7 (¢ 1.0, CHCI;) for S enantiomer in 66% ee]. HPLC (CHIRALPAK AD-H

column, hexane / 2-propanol = 90/10, flow 1 mL/min, detection at 210 nm) t, (major) = 13.4 min

and t; (minor) = 15.6 min.

my

Max Intensity : 795,759

B A 100 Time 10.550 ten 268 .
750
500
250
O L O
i ¥
9 w ¥ [=1
o 25 51 7 10.0 125 180 175 200 s 250 min
my Max Intensity : 662,769
ﬁ [BEA 2100m| Time © 6200 Inten 1.028] .
600
500
400
300
2004
100 -
3 1 v v &
T T [=
00 10 20 30 40 50 60 70 80 Y 10.0 10 12.0 130 140 150 160 170 min
. . o
Peak# Retention Time Area Area%
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1 13.435 13703285 85.891
2 15.578 2250921 14.109
Total 15954206 100.000
OH Colorless oil, 53.2 mg, 87% yield, 79% ee, 'H NMR (500 MHz, CDCls) &
/\)\II?(OPh)z 7.38-7.28 (m, 4H), 7.23-7.12 (m, 6H), 4.24-4.17 (m, 1H), 2.87 (brs, 1H),
© 2.02-1.84 (m, 2H), 1.57-1.35 (m, 2H), 0.98 (t, J = 7.4 Hz, 3H). 3C NMR
20

(125 MHz, CDCLy) & 150.3 (d, J = 9.9 Hz), 129.8, 125.3 (d, J = 3.8 Hz),

120.7 (t, J = 4.1 Hz), 67.6 (d, J = 158.9 Hz), 33.3, 18.9 (d, J = 14.2 Hz), 13.7. HRMS (ESI): m/z

caled for CigHoNaO4P [M + Na]*: 329.09132, found 329.09133. [a]p? = -7.0 (¢ 1.48, CHCI;).

HPLC (CHIRALPAK AD-H column, hexane / 2-propanol = 90/10, flow 1 mL/min, detection at

210nm) t, (major) = 10.692 min and t, (minor) = 11.594 min.

Max Intensity : 27,569

my
JETEE A 2100m

Tie G106 ten. T553|
157
o ™ ¥ - %‘
] ; | 50 60 70 80 90 10.0 110 12,0 13.0 14.0 min 2
my Max Intensity : 610,850
Gmiﬁﬂﬁﬁxzﬂmm Time 0.698 Inten. -0.190] .
. W
Y : ; 50 &0 70 & g0 10 n‘T 110 : 120 130 min =
Peak# Retention Time Area Area%
1 10.692 10041464 89.385
2 11.594 1192463 10.615
Total 11233927 100.000
OH

White solid, 66.8 mg, 99% yield, 81% ee, 'H NMR (500 MHz,
CDCly) 8 7.33-7.26 (m, 4H), 7.21-7.12 (m, 6H), 4.16-4.10 (m, 1H),

3.88 (brs, 1H), 1.94-1.87 (m, 2H), 1.42-1.26 (m, 6H), 0.88 (t, /= 6.9

Hz, 3H). 3C NMR (125 MHz, CDCl;) § 150.4 (d, J = 10.6 Hz),
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129.8, 125.2 (d, J = 5.8 Hz), 120.8 (d, J = 4.0 Hz), 120.7 (d, J = 4.1 Hz), 67.8 (d, J = 158.7 Hz),
31.5, 313 (d, J = 0.8 Hz), 254 (d, J = 13.9 Hz), 22.5, 14.1. HRMS (ESI): m/z calcd for
CisH;NaO4P [M + Nal*: 357.12262, found 357.12250. [a]p® = -10.1 (¢ 0.40, CHCI;). HPLC
(CHIRALPAK AD-H column, hexane / 2-propanol = 90/10, flow 1 mL/min, detection at 210nm)
t; (major) = 9.5 min and t, (minor) = 10.7 min.

- Max Intensity : 1,191,441
i 11 AT Time 5348 mten 3588 .

1000+

i AN & v <
L Ed
T T T T T T T T T T T T T T T T T T T §|
oo 10 20 30 40 50 80 70 30 g0 10.0 1.0 12.0 13.0 140 15.0 16.0 7.0 18.0 19.0 min
my Max Intensity : 524 243
JETEEA 2100m| Time 6341 Infen. 010 .

750+

250+

fo i L3 -+ %‘
Peak# Retention Time Area Area%
1 9.523 13857672 90.325
2 10.711 1484417 9.675
Total 15342089 100.000
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8. Copy of NMR spectra.
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