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General Methods

All air- and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under nitrogen or in a glove box under nitrogen. 'H, °C and *'P
NMR spectra were recorded on a Varian instrument (400 MHz, 100 MHz and 162
MHz, respectively). 'H, CNMR chemical shifts are reported vs tetramethylsilane
signal or residual protio solvent signals.

Toluene, Et,O, THF, methyl tert-butyl ether (MTBE) and hexane were distilled
over sodium benzophenone ketyl under nitrogen. Dichloromethane was distilled over
CaH; under nitrogen.

The catalysts 4,' diarylphosphines” and tosylimines® were synthesized following the
literature procedures. All other chemicals and solvents were purchased from

commercial company and used as received.

Experimental Details and Characterization Data

Expermential Procedures for Entry 9, Table 1.

N-tosylimine 1a (51.9 mg, 0.20 mmol) was added to a solution of (S,S)-4 (2.7
mg, 4 umol Pd) in methyl tert-butyl ether (MTBE) (5.0 mL) and the resulting solution
was stirred for 15 min at —30 °C, then Diphenylphosphine (39.1 mg, 0.21 mmol) was
added to it. The resulting solution was stirred for 4 h at =30 °C, then 10 min at room
temperature. The Sg (51.9 mg, 0.20 mmol) and THF (2 mL)were added to it, and the
resulting mixture was stirred for 6.5 h at room temperature. After evaporated solvent
under vacumm, the residue was purified by silica gel chromatography with
hexane/EtOAc = 5/1 to afford product as a white solid (86.1 mg, 0.180 mmol; 90%
yield).
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Entry 9. White solid. 90% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 17.0
min [(S)-enantiomer], 29.7 min [(R)-enantiomer]. 93% ee. [a]*p = 162 (c 1.03,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): 8 8.07 (dd, J = 12.1 and 6.8 Hz, 2H), 7.59-7.49 (m, 3H), 7.35-7.30
(m, 5H), 7.16 (td, J = 7.6 and 3.2 Hz, 2H), 6.96 (t, J = 8.4 Hz, 1H), 6.87-6.76 (m, 6H),
6.05 (dd, J=10.0 and 6.4 Hz, 1H), 5.60 (dd, J =11.6 and 10.4 Hz, 1H), 2.22 (s, 3H).
C NMR (CDCls): § 142.8, 137.3 (d, Jcp = 1.5 Hz), 132.0 (d, Jep = 3.0 Hz), 131.9 (d,
Jep =10.4 Hz), 131.75 (d, Jcp = 3.0 Hz), 131.74 (d, Jcp = 8.9 Hz), 129.9 (d, Jcp = 79.6
Hz), 128.94 (d, Jcp = 81.8 Hz), 128.90, 128.8, 128.3 (d, Jcp = 4.5 Hz), 128.0, 127.9,
127.6 (d, Jcp = 3.0 Hz), 127.2 (d, Jcp = 2.2 Hz), 126.8, 55.5 (d, Jcp = 57.3 Hz), 21.2.
S'p{'"H} NMR (CDClL): & 51.3 (s). HRMS (MALDI) caled for CysH24NO,PS,Na
[M+Na]" 500.0878, found 500.0893.

Experimental Data for Table 2.

HN/TS

o
S
MeO

Entry 2. White solid. 98% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 25.9
min [(S)-enantiomer], 48.7 min [(R)-enantiomer]. 96% ee. [a]*’p = 181 (c 1.04,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.

'H NMR (CDCls): & 8.08-8.02 (m, 2H), 7.59-7.50 (m, 3H), 7.37-7.17 (m, 7H), 6.90 (d,
J=28.0 Hz, 2H), 6.70 (dd, J = 8.8 and 2.0 Hz, 2H), 6.35 (d, J = 8.8 Hz, 2H), 5.94 (dd,
J=9.6 and 6.4 Hz, 1H), 5.55 (dd, J=11.2 and 9.6 Hz, 1H), 3.64 (s, 3H), 2.26 (s, 3H).
BC NMR (CDCls): 8 159.2 (d, Jcp = 3.0 Hz), 142.8, 137.5 (d, Jep = 1.5 Hz), 132.00 (d,
Jep = 3.0 Hz), 131.9 (d, Jcp = 9.6 Hz), 131.78 (d, Jcp = 9.7 Hz), 131.77 (d, Icp = 3.0
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Hz), 130.14 (d, Jcp = 78.8 Hz), 129.6 (d, Jcp = 7.4 Hz), 129.15 (d, Jcp = 82.6 Hz),
128.94, 128.9 (d, Jcp = 12.6 Hz), 128.0 (d, Jcp = 11.9 Hz), 126.9, 123.9, 112.8 (d, Jcp
= 2.2 Hz), 55.09, 55.05 (d, Jcp = 58.7 Hz), 21.3. *'P{'H} NMR (CDCl;): & 48.9 (s).
HRMS (MALDI) calcd for C,7H,NO3PS;Na [M+Na]" 530.0984, found 530.0973.

HN/TS

MeO
© PPh,
S

Entry 3. White solid. 84% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 17.4
min [(S)-enantiomer], 30.7 min [(R)-enantiomer]. 95% ee. [a]*’p = 172 (¢ 1.01,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 8.06 (dd, J = 12.0 and 6.8 Hz, 2H), 7.59-7.51 (m, 3H), 7.38-7.32
(m, 5H), 7.19-7.16 (m, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.72 (t, J = 8.4 Hz, 1H), 6.51 (d,
J=7.6 Hz, 1H), 6.33-6.30 (m, 2H), 6.04 (dd, J = 9.6 and 6.4 Hz, 1H), 5.58 (t, J =10.8
Hz, 1H), 3.46 (s, 3H), 2.24 (s, 3H). °C NMR (CDCl3): & 158.5 (d, Jcp = 2.2 Hz),
142.9, 137.3 (d, Jcp = 1.5 Hz), 133.1, 132.0 (d, Jcp = 3.8 Hz), 131.9 (d, Jcp = 9.6 Hz),
131.8 (d, Jcp = 3.0 Hz), 131.7 (d, Jcp = 8.9 Hz), 130.0 (d, Jcp = 79.6 Hz), 129.0 (d, Jcp
= 81.8 Hz), 128.9, 128.85 (d, Jcp = 11.9 Hz), 128.2 (d, Jcp = 2.2 Hz), 127.9 (d, Jcp =
12.7 Hz), 126.8, 121.1 (d, Jcp = 5.2 Hz), 114.3 (d, Jcp = 2.9 Hz), 112.9 (d, Jcp = 3.7
Hz), 55.5 (d, Jep = 57.2 Hz), 54.8, 21.2. *'P{'"H} NMR (CDCls): § 51.2 (s). HRMS
(MALDI) caled for C;H2sNO3PS,Na [M+Na]" 530.0984, found 530.0971.

Entry 4. White solid. 93% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 21.8

min [(S)-enantiomer], 37.8 min [(R)-enantiomer]. 94% ee. [a]*’p = 165 (¢ 1.11,
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CH,Cl,), The absolute configuration was determined to be S by the X-ray crystal
diffraction analysis of the product.

'H NMR (CDCls): & 8.05 (dd, J = 12.8 and 7.6 Hz, 2H), 7.58-7.50 (m, 3H), 7.39-7.16
(m, 7H), 6.87 (d, J = 8.0 Hz, 2H), 6.64 (q, J = 8.0 Hz, 4H), 5.95 (dd, J = 10.0 and 6.4
Hz, 1H), 5.57 (t, J = 10.4 Hz, 1H), 2.25 (s, 3H), 2.13 (s, 3H). °C NMR (CDCl3): &
142.8, 137.5 (d, Jcp = 3.0 Hz), 137.4 (d, Jcp = 2.2 Hz), 132.0 (d, Jcp = 2.9 Hz), 131.9
(d, Icp = 1.5 Hz), 131.8 (d, Jcp = 8.9 Hz), 131.7 (d, Jcp = 3.0 Hz), 130.1 (d, Jcp = 79.5
Hz), 129.1 (d, Jcp = 82.6 Hz), 128.9, 128.8 (d, Jcp = 11.9 Hz), 128.7, 128.3 (d, Jcp =
4.4 Hz), 128.0 (d, Jcp = 6.7 Hz), 127.9 (d, Jcp = 8.1 Hz), 126.8, 55.4 (d, Jcp = 58.1
Hz), 21.3, 20.9. *'P{'H} NMR (CDCl): & 50.9 (s). HRMS (MALDI) calcd for
C,7H26NO,PS,;Na [M+Na]" 514.1035, found 514.1054.

HN/TS

o
S
Cl

Entry 5. White solid. 99% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 22.9
min [(S)-enantiomer], 58.0 min [(R)-enantiomer]. 86% ee. [a]*’p = 179 (¢ 1.11,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCl3): 8 8.07-8.02 (m, 2H), 7.61-7.19 (m, 10H), 6.92 (d, J = 8.0 Hz, 2H),
6.78 (d, J = 8.4 Hz, 2H), 6.69 (dd, J = 8.8 and 2.0 Hz, 2H), 5.97 (dd, J = 9.6 and 6.4
Hz, 1H), 5.56 (dd, J = 12.0 and 10.4 Hz, 1H), 2.29 (s, 3H). °C NMR (CDCL): &
143.4, 137.2 (d, Jcp = 1.5 Hz), 133.9 (d, Jcp = 3.0 Hz), 132.2 (d, Jcp = 3.0 Hz), 132.1
(d, Jcp = 3.0 Hz), 131.9 (d, Jcp = 10.4 Hz), 131.7 (d, Jcp = 9.7 Hz), 130.5, 129.8 (d,
Jep = 79.6 Hz), 129.6 (d, Jcp = 4.4 Hz), 129.1, 129.0 (d, Jcp = 11.9 Hz), 128.7 (d, Jcp
= 82.6 Hz), 128.2 (d, Jcp = 12.6 Hz), 127.4 (d, Jcp = 2.2 Hz), 126.8, 54.9 (d, Jcp =
57.3 Hz), 21.3. *'P{'H} NMR (CDCl): & 50.9 (s). HRMS (MALDI) calcd for
C6H23NO,PS,CINa [M+Na]" 534.0489, found 534.0490.
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HN/TS

B
' PPh;
S

Entry 6. White solid. 89% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 12.2
min [(S)-enantiomer], 22.1 min [(R)-enantiomer]. 78% ee. [a]*’p = 128 (c 1.14,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): 5 8.05 (dd, J = 12.4 and 7.2 Hz, 2H), 7.61-7.19 (m, 10H), 7.08 (d,
J=6.8 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H), 6.79, 6.68-6.63 (m, 2H), 5.98 (dd, J = 9.6
and 7.2 Hz, 1H), 5.52 (t, J = 10.8 Hz, 1H), 2.28 (s, 3H). °C NMR (CDCl;): & 143.3,
137.0 (d, Jep = 1.5 Hz), 133.9, 132.2 (d, Jcp = 3.0 Hz), 132.1 (d, Jcp = 3.0 Hz), 131.9
(d, Jcp = 9.7 Hz), 131.7 (d, Jcp = 9.7 Hz), 131.3 (d, Jcp = 3.8 Hz), 130.5 (d, Jcp = 3.0
Hz), 129.6 (d, Jcp = 81.1 Hz), 129.1, 129.0 (d, Jcp = 11.9 Hz), 128.6 (d, Jcp = 2.2 Hz),
128.5 (d, Jcp = 82.6 Hz), 128.1 (d, Jcp = 12.7 Hz), 126.9 (d, Jcp = 5.2 Hz), 126.7,
121.4 (d, Jcp = 3.0 Hz), 55.0 (d, Jcp = 55.6 Hz), 21.3. *'P{'"H} NMR (CDCls): § 51.2
(s). HRMS (MALDI) caled for CasH,3NO,BrPS;Na [M+Na]™ 577.9983, found
577.9987.

/T
HNT 'S

PPh,
S

Entry 7. White solid. 86% yield. The ee was determined on a Daicel Chiralpak AD-H
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 21.1
min [(S)-enantiomer], 38.9 min [(R)-enantiomer]. 85% ee. [a]*’p = 155 (¢ 1.07,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.

'H NMR (CDCl): & 8.13-8.08 (m, 2H), 7.61-7.54 (m, 4H), 7.42-7.23 (m, 9H), 7.18 (s,
1H), 7.10 (td, J = 7.6 and 2.8 Hz, 2H), 6.83 (d, J = 8.4 Hz, 1H), 6.59 (d, J = 8.0 Hz,
2H), 6.10 (dd, J = 10.0 and 6.4 Hz, 1H), 5.75 (t, J = 11.6 and 10.4 Hz, 1H), 1.89 (s,
3H). ®C NMR (CDCly): & 143.0, 137.3 (d, Jep = 1.5 Hz), 132.5 (d, Jcp = 2.2 Hz),
132.2 (d, Jcp = 2.2 Hz), 132.1 (d, Jcp = 3.0 Hz), 132.0 (d, Jcp = 9.7 Hz), 131.9, 131.8
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(d, Jcp = 9.7 Hz), 130.3 (d, Jcp = 79.6 Hz), 129.0, 128.90 (d, Jcp = 82.5 Hz), 128.86 (d,
Jep = 6.0 Hz), 128.7, 128.4 (d, Jcp = 5.9 Hz), 128.0 (d, Jcp = 11.9 Hz), 127.8 (d, Jep =
1.5 Hz), 127.2 (d, Jcp = 1.4 Hz), 126.9 (d, Jep = 1.5 Hz), 126.7, 126.1, 125.8, 125.7 (d,
Jer = 3.0 Hz), 55.8 (d, Jep = 57.3 Hz), 20.9. *'P{'"H} NMR (CDCl;): & 50.7 (s).
HRMS (MALDI) calcd for C26H23NO,BrPS;Na [M+Na]" 577.9983, found 577.9987.

HN/TS

O
S

S

Entry 8. White solid. 90% yield. The ee was determined on a Daicel Chiralpak IC
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 21.8
min [(S)-enantiomer], 25.8 min [(R)-enantiomer]. 91% ee. [a]*’p = 114 (¢ 1.00,
CH,Cl,), the absolute configuration was assigned by analogy with Table 2, entry 4.

'H NMR (CDCls): & 8.08-8.01 (m, 2H), 7.60-7.47 (m, 5H), 7.39-7.23 (m, 5H), 6.97 (d,
J=28.4 Hz, 2H), 6.91 (dt, J = 5.2 and 1.2 Hz, 1H), 6.56-6.54 (m, 1H), 6.51 (dd, J=4.8
and 4.0 Hz, 1H), 5.91 (q, J = 10.4 Hz, 1H), 5.90-8.83 (m, 1H), 2.29 (s, 3H). C NMR
(CDCl3): 6 142.9, 137.3 (d, Jcp = 1.1 Hz), 134.9, 132.0 (d, Jcp = 2.9 Hz), 131.9 (d, Jcp
= 3.5 Hz), 131.8 (d, Jcp = 7.0 Hz), 131.6 (d, Jcp = 7.0 Hz), 129.8 (d, Jcp = 72.2 Hz),
129.0, 128.8 (d, Jcp = 12.2 Hz), 128.6 (d, Jcp = 75.1 Hz), 128.07 (d, Jcp = 12.8 Hz),
128.06, 126.7, 126.3 (d, Jcp = 2.9 Hz), 125.85 (d, Jcp = 2.3 Hz), 52.2 (d, Jcp = 62.8
Hz), 21.3. *'P{'H} NMR (CDCL): & 51.7 (s). HRMS (ESI) caled for
C4H22NO,PS;Na [M+Na]" 483.0550, found 483.0560.

/T
HNT 'S

S
Entry 9. White solid. 95% yield. The ee was determined on a Daicel Chiralpak AD-H

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 20.3
min [(S)-enantiomer], 26.5 min [(R)-enantiomer]. 86% ee. [a]*’p = 122 (¢ 1.01,

CH,Cl,), the absolute configuration was assigned by analogy with Table 2, entry 4.
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'H NMR (CDCls): & 8.01 (dd, J = 12.4 and 7.2 Hz, 2H), 7.58-7.51 (m, 3H), 7.43-7.34
(m, 5H), 7.24-7.18 (m, 2H), 6.91 (d, J = 8.0 Hz, 2H), 6.76 (dd, J = 4.8 and 3.2 Hz,
1H), 6.66 (s, 1H), 6.55 (d, J = 4.8 Hz, 1H), 6.93-5.88 (m, 1H), 5.77 (t, J = 10.4 Hz,
1H), 2.27 (s, 3H). C NMR (CDCls): & 142.8, 137.3 (d, Jcp = 1.5 Hz), 132.8 (d, Jcp =
0.8 Hz), 131.9 (d, Jep = 2.9 Hz), 131.8, 131.7 (d, Jcp = 9.7 Hz), 131.6 (d, Jcp = 10.1
Hz), 129.9 (d, Jcp = 79.1 Hz), 129.0 (d, Jcp = 83.6 Hz), 128.9, 128.7 (d, Jcp = 11.2
Hz), 128.0 (d, Jcp = 12.2 Hz), 126.8 (d, Jcp = 3.0 Hz), 126.6, 124.4 (d, Jcp = 1.4 Hz),
124.3 (d, Jep = 7.0 Hz), 52.1 (d, Jcp = 60.6 Hz), 21.3. *'P{'"H} NMR (CDCls): § 50.2

(s).

Entry 10. White solid. 97% yield. The ee was determined on a Daicel Chiralpak
AD-H column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times:
11.5 min [(S)-enantiomer], 32.7 min [(R)-enantiomer]. 86% ee. [a]*’p = 158 (¢ 1.03,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCl;): § 7.98 (dd, J = 12.0 and 8.4 Hz, 2H), 7.48 (dd, J = 8.4 and 2.4 Hz,
2H), 7.31 (d, J = 8.4 Hz, 2H), 7.24-7.21 (m, 2H), 7.18 (s, 1H), 7.16 (dd, J = 8.4 and
2.4 Hz, 2H), 7.02 (t, J = 6.8 Hz, 1H), 6.89-6.79 (m, 6H), 6.03-5.99 (m, 1H), 5.56 (t, J
= 11.2 Hz, 1H), 2.25 (s, 3H). >C NMR (CDCls): & 143.2, 139.0 (d, Jcp = 3.0 Hz),
138.8 (d, Jcp = 3.7 Hz), 137.1 (d, Jcp = 1.5 Hz), 133.22 (d, Jcp = 10.5 Hz), 133.20 (d,
Jcp =10.4 Hz), 131.5, 129.3 (d, Jcp = 12.6 Hz), 129.0, 128.4 (d, Jcp = 6.4 Hz), 128.3,
128.2 (d, Jcp = 57.2 Hz), 128.0 (d, Jcp = 2.9 Hz), 127.5 (d, Jcp = 2.9 Hz), 127.4 (d, Jcp
=59.5 Hz), 126.8, 55.7 (d, Jcp = 58.7 Hz), 21.3. *'P{'H} NMR (CDCl5): 5 49.9 (s).
HRMS (MALDI) caled for CosH2,NO,PS,Cl,Na [M+Na]* 568.0099, found 568.0093.
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Entry 11. White solid. 89% yield. The ee was determined on a Daicel Chiralpak
AD-H column with hexane/2-propanol = 70/30, flow = 1.0 mL/min. Retention times:
19.5 min [(S)-enantiomer], 34.7 min [(R)-enantiomer]. 84% ee. [a]*’p = 158 (c 1.04,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCLs): 8 7.94 (dd, J = 11.6 and 8.4 Hz, 2H), 7.30 (d, J = 8.4 Hz, 2H), 7.24
(dd, J=12.4 and 8.4 Hz, 2H), 7.01 (dd, J = 8.8 and 2.4 Hz, 2H), 6.91 (d, J = 8.0 Hz,
2H), 6.73 (dd, J = 8.8 and 2.8 Hz, 2H), 6.69 (dd, J = 8.8 and 2.4 Hz, 2H), 6.39 (d, J =
8.4 Hz, 2H), 5.95-5.91 (m, 1H), 5.43 (dd, J = 11.2 and 10.4 Hz, 1H), 3.87 (s, 3H),
3.73 (s, 3H), 3.66 (s, 3H), 2.27 (s, 3H). °C NMR (CDCl3): 5 162.5 (d, Jcp = 3.1 Hz),
162.3 (d, Jcp = 3.1 Hz), 159.2 (d, Jcp = 2.7 Hz), 142.7, 137.6 (d, Jcp = 1.5 Hz), 133.9
(d, Jcp = 11.6 Hz), 133.6 (d, Jcp = 10.8 Hz), 129.6 (d, Jcp = 4.7 Hz), 128.9, 126.9,
124.3, 120.9 (d, Jcp = 12.6 Hz), 120.5 (d, Jcp = 89.4 Hz), 114.4 (d, Jcp = 13.2 Hz),
113.5 (d, Jcp = 13.6 Hz), 112.8 (d, Jcp = 2.3 Hz), 55.5 (d, Jcp = 58.8 Hz), 55.4, 55.3,
55.1, 21.3 (d, Jep = 2.4 Hz). *'P{'"H} NMR (CDCl;): & 49.6 (s). HRMS (MALDI)
caled for Co9H30NOsPS,Na [M+Na]" 590.1195, found 590.1176.

OMe
Entry 12. White solid. 96% yield. dr=1:0.9.

Major diastereomer: 'H NMR (CDCl): & 7.52 (dd, J = 12.6 and 7.8 Hz, 2H),
7.44-7.30 (m, 5H), 6.97 (d, J = 7.8 Hz, 2H), 6.73 (t, J = 7.8, 1H), 6.50 (d, J = 8.4 Hz,
1H), 6.22 (d, J = 7.5 Hz, 1H), 6.15-6.09 (m, 2H), 4.90 (t, J = 9.9 Hz, 1H), 3.44 (s, 3H),
2.26 (s, 3H), 2.22 (d, J = 6.9 Hz, 3H). *'P{'"H} NMR (CDCl;): 5 50.3 (s).
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Minor diastereomer: 'H NMR (CDCl;): & 7.82 (dd, J = 12.9 and 7.5 Hz, 2H),
7.57-7.43 (m, 3H), 7.31 (d, J = 8.1 Hz, 2H), 7.10 (t, J = 8.1, 1H), 6.93 (d, J = 8.1 Hz,
2H), 6.76-6.71 (m, 1H), 6.67 (s, 1H), 5.96 (t, J = 8.1 Hz, 1H), 4.82 (t, J=11.7 and 9.0
Hz, 1H), 3.66 (s, 3H), 2.29 (s, 3H), 1.64 (d, J = 12.9 Hz, 3H). *'P{'"H} NMR (CDCl):
§48.7 (s).

Entry 13. White solid. 87% yield. dr = 1.5:1. The ee of the minor diastereomer was
determined on a Daicel Chiralpak AD-H column with hexane/2-propanol = 80/20,
flow = 1.0 mL/min. Retention times: 12.1 min, 13.8 min. 16% ece.

Major diastereomer: 'H NMR (CDCls): & 7.86 (dd, J = 12.6 and 8.1 Hz, 2H),
7.57-7.46 (m, 3H), 7.33 (d, J = 8.1 Hz, 2H), 7.16 (t, J = 5.1, 1H), 6.98 (d, J = 7.8 Hz,
2H), 6.86-6.82 (m, 1H), 6.82 (t, J = 4.8 Hz, 1H), 5.76 (dd, J = 9.0 and 6.3 Hz, 1H),
5.21 (dd, J = 11.1 and 9.6 Hz, 1H), 2.31 (s, 3H), 1.75 (d, J = 12.9 Hz, 3H). *'P{'H}
NMR (CDCls): 6 49.0 (s).

Minor diastereomer: 'H NMR (CDCLs): & 7.64 (dd, J = 8.4 and 7.2 Hz, 2H), 7.60-7.33
(m, 5H), 7.04 (d, J = 8.1 Hz, 2H), 6.87 (t, J = 5.1, 1H), 6.49 (d, J = 3.9 Hz, 1H),
6.40-6.37 (m, 1H), 5.95 (dd, J=9.9 and 4.5 Hz, 1H), 5.28 (t, J=11.5 Hz, 1H), 2.29 (s,
3H), 2.24 (d, J = 12.6 Hz, 3H). *'P{'"H} NMR (CDCls): § 50.5 (s). HRMS (ESI) calcd
for C1oH0NO,PS;Na [M+Na]" 421.0394, found 421.0406.

References:

(1) Feng.; J.-J.; Chen, X.-F.; Shi, M.; Duan, W.-L. J. Am. Chem. Soc. 2010, 132, 5562.

(2) Herseczki, Z.; Gergely, L.; Hegediis, C.; Szollésy, A.; Bakos, J. Tetrahedron: Asymmetry 2004,
15, 1673.

(3) Fan, R.; Pu, Do., Qin, L., Wen, F., Yao, G., Wu, J. J. Org. Chem. 2007, 72, 3149.
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HLPC Charts

==== Shimadzu LCsolution Analysis Report =
CAhmhm-4-52-2020-A0 | cd
Sample Mame : hm-52-2020-A0 Date:
Ts
Column: The mobile phaze: HN™
e locity: The detection mawvelength: Ph ﬁphz
Chromatogram=
= =
~ Wogmn
Ton-4-58-8020- AT I ben'bor-4- 58-2020- AT 1ed
¥ 500
40000 —-
3
e
30000
' g
=
20000 "“
10000
C T - -lDet A Chl
T T T T T T T
n 3 n 15 20 a5 30 35 40
= = min
Degl Table
[Cretector & Chl 254rem
Degki# EFet. Time Ares Height Area %
1 17.401 1152406 33715 50076
2 30.531 1178837 20023 49 924
Total 2361243 53738 1000000
==== Shimadzu LCsolution Analysis Report ====
Dihmihm-5-16-3020-AD . led
Sample Hame : hm-5-16-8020-A0 [ ate:
HN/TS
Column: The mobile phase:
alocity: The detection wawvelangth: Ph \FI)PhZ
S
< Chromatogram>=
Chircariatogram
bam-5-16-8020- AT D:ban'bum- 5- 16-2020- A0 1cd
¥ sang
40000+
30000
20000+ =
=
5
10000+
z
i
o A
T T - 4 IDstAChl
T T T T T T T
a 3 10 15 0 23 30 35 40
i
Dregli Table
[Cretector & Chl 254ram
Dad#t Rat. Time Brey Height Aren %
1 16.950 452582 13508 96.225
2 20664 17753 332 3775
Total 470335 13930 100.000
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==== Shimadzu LCsolution Analysis Report ====
D:thmthm-5-28-5020-AD. lod
Sample Hame : hm-5-28-8020-AD Date: _Ts
HN
Column: The mobile phase:
IFI’th
elocity: The detection wavelength: S
v 9 MeO
< Chromatogram>=
E:hmmiogmn bl
bum-5-28-8020- A0 D:bnben.5-26-5020- AT Led
v,
20000 -
] n
10000 =
2
& &
3
Ed
[ 1Det. 4 Chl
T T T T T
0 10 20 ] 40 50 60
= — 1l
Deaki Table
[Detector & Chl 254rem
Teaki#l Fet, Time Aren Height Area ¥
1 26.498 442630 6515 50.579
2 40,528 432492 3793 40421
Total 875122 10307 100,000
==== Shimadzu LCsolution Analysis Report ====
DAhmihm-5-20-2020-A0 lod
Sample Name : hm-5-28-8020-A0 Date: T
s
) HN”
Column: The mobile phase:
. . PPh,
elocity: The detection wavelength: "
MeO
[<Chromatogram=>
[ = 7
bin-5-29-8020- A0 D:benttun- 5-29-8020- A0 1ed
¥ sn000
40000
2
L2l
30000 A
1 n
20000
10000
B
-
=
0 A u .
T T b -lDetd Chl
T T T T T
[ 10 20 0 40 50 60
- ik
Peaki Table
[Cretector & Chl 254zem
Tkl Feet, Time diren Hei Birea ¥
1 25.868 1610930 26366 o7 501
2 43720 36228 328 2,100
Total 1647157 26694 100,000
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S34

==== Shimadzu LCsolution Analysis Report =
D:Ahmihm-5-25-8020-A0 led
Sample Name : hm-5-25-8020-A0 Date: HN/TS
Column: The mobile phase: MeO
: PPh,
elocity: The detection wavelength: S
I<Chromatogram>
[ = 7
Fam5-25-8020-AD D enlben- 5-25-5020-AD led
= sn000
40000
20000
] g n
=
20000
=
@
10000+
i L
1Dt & Chl
T T T T T T T
] H 10 15 20 25 0 5 40
- min
Pedk Table
[Detector & Chl 254nem
Dot Fet. Time Airea Height Brea %
1 18.252 727630 20031 50,368
2 33.175 716992 10283 49 632
Total 1444621 30314 100.000
==== Shimadzu LCsolution Analysis Report ====
D:Ahmihm-5-27-8020-A0  led
Sample Hame : hm-5-27-28020-A0 Date: T
Ts
HN
Column: The mobile phase: MeO
Eth
elocity: The detection wavelength:
[k Chromatogram>
Urmmiogmn a
ban-5-27-8020-AD D ow'ben-5-27-3020-A0 lod
0o
75000
-
s
Ll
=
B 50000 i
25000
=
el
=
0 A 1Dt & Chl
T T T T T T T
0 5 10 15 20 25 30 35 40
= — o
Pedi Table
Detector & Chl 254rm
Do Fst. Time Birey Height direa %
1 17371 1783126 52107 97 671
2 30.680 42522 764 2.520
Total 1825645 52871 100.000
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==== Shimadzu LCsolution Analysis Report ====
CAbmivhm-5-14-2020-AD lcd
Sample Hame : hm-5-14-8020- A0 [rate: HN/-l—S
Column: The mobile phase:
ﬁth
e locity: The detection wavelength:
Me
lkChromatogram>
o =
" E:hmmzogrm
Iom-5-14-2020-AD Drkonen- 5-14-2020- 4D 1cd
40000
30000
20000
g
10000+ =] E
=
I
0 A /\ .
- IDetAChl
T T T T T T T T T
0 3 10 13 20 25 30 35 40 45 30
- min
Tegk Tahle
[Detector A Chl 254rm
Dealill EFet. Time Ares Hei Area %
1 22.850 S02644 2029 50.201
2 30.511 406224 5376 40702
Total Q00462 13405 100.000
==== Shimadzu LCsolution Analysis Report ====
CAhmihm-5-22-2020-A0 led
Sample Mame : hm-5-22-8020-A0 Crate: HN/TS
Column: The mobile phase:
ﬁ’th
elocity: The detection wawvelength:
Me
i< Chromatogram>
5 3
Tom-5-22-8020-AD D bunben-5-22-2020- 40 1od
uy
75000
-
[
~
B 50000 n
25000
"
&
=
- — I -1Det. & Chl
T T T T T T T T T
o 5 10 15 a0 a5 30 35 40 45 50
- min
DPegli Table
[Detector & Chl 254mm
Deditl Fat. Time Brea Height Birea %
1 21.787 2746251 56942 97.062
2 37783 83134 1125 2938
Total 2820415 60067 100.000
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Shimadzu LCsolution Analysis Report

Dobmihm-5-12-8020-AD led

hm-5-12-2020-AD

S36

Sample Hame : Date: Ts
HN™
Column: The mobile phase:
IFI’PhZ
elocity: The detection wavelength: cl
i< Chromatogram>
C}ﬂmnﬁogmn il
Iom-5-13-2020- AD D:ewtban-5-13-2020-AD 1od
¥ 40000
0000~
b 200004 0
i}
10000 b
] -
=
=
=
=
] N L /\_
~1Det. & Chl
T T T T T T
0 10 20 0 40 a0 60 T
Deali Table
[Cretector & Chl 254ram
Dot Fat. Time firea Height diren %
1 24.112 470630 7568 50022
2 61.297 470220 3423 40,972
Total 40250 10931 100.000
==== Shimadzu LCsolution Analysis Report ====
Coshmyhm-5-21-3020-A0. lcd
Sample Hame : hm-5-21-8020-A0 Date:
Ts
-
Column: The mobile phaze: HN
elocity: The detection wavelength: ﬁ’th
Cl
[k Chromatogram=>
MUmﬁogmm
Fan-5-21-2020- AT Dobew'ben- 5-21-2020- A0 1ed
alr,
It
30000 N
=
=
r
]
b 20000 1
10000+
-
m
2
A
e
“|-1Det.s cnl
T T T T T T
a 10 a0 30 40 0 a0 o
- min
=
Pegli Table
[Detector & Chl 2534rem
Degkil Eet. Time Area Hei Drea W
1 22882 1548443 4165 03,052
2 58035 115622 026 6048
Total 1664065 35153 100.000
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== Shimadzu LCsolution Analysis Report ====
DAhmihm-5-17-2020-A0 . led
Sample Hame : hm-5-17-8020-A0 [rate: _Ts
HN
Column: The mobile phase: Br-
ﬁth
elocity: The detection wavelength:
i< Chromatogram>
[ = A
Ton-5-17-2020-AD Dronoen-5-17-28020- 4D 1cd
uvsc
40000+
300004 =
]
ra
| | - n
20000+ -~
=
[
A
10000~
fu -
" [ -lDet.A Chl
T T T T T
a 5 10 15 a0 25 0
= — a
Degls Table
[Detector & Chl 254rem
Tedi# Fet. Time fren Height faen %
1 12.380 665453 24026 49,797
2 23.277 670871 13419 50.203
Toital 1336322 37445 100.000
== Shimadzu LCsolution Analysis Report ====
LAbmyhm-5-24-2020-A0 . led
[Sample Hame : hm-5-24-2020-A0 Date:
Ts
HN
Column: The mobile phase: B
I
PPh,
elocity: The detection wavelength: %
i<Chromatogram=
E =
ChroenRogram,
Tom-5-24-83020-AT D bantben-5-24-8020- 40 1ed
uv
S
Il
a)
40000+
30000+
| | n
20000~
10000+
=
=
]
AN :
T T T 1DetAChl
T T T T T
a 5 10 15 a0 a5 30
= = mi
Peaki Tahle
[Cetector & Chl 254rem
Pealilt Fat. Time Arey Hei, Hres #
1 12242 1013042 40231 00.149
2 22.148 123412 2635 10851
Total 1137367 42866 100.000
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= Shimadzu LCsolution Analysis Report

-
Dohmihm-5-12-8020-A0. 1 cd

Sample Name : hm-5-12-8020-A0 Date: HN/Ts
Column: The mobile phase: PPh;
1]
) ' S
alocity: The detection wawelength:
lxChromatogram=>
Chrormatogram
Yon-5-12-8020- AT Drben o 5-12-2020-4T 1ed
¥ 500
400004
]
=
30000 H
20000 1
m
™
2
10000
A
" T o[ ~-1Det A& Chl
T T T T T T T T T
a 5 10 15 a0 25 30 35 40 45 0
min
DeslsTable
[Cretector & Chl 254mm
Deali¥ Est. Time ey Height Area %
1 21853 1353292 5607 50,267
2 40,332 1260645 13785 40733
Total 2552037 42302 100.000
= Shimadzu LCsolution Analysis Report =
Cbmvhm-5-20-8020-AD lcd
Sample Hame : hm-5-20-8020-A0 Crate: _Ts
HN
Column: The mobile phase:
E’th
e locity: The detection wawelength: S
< Chromatogram=
|= -
Chromaogram
Tam-5-20-2020- 4D Dbon'ben- 5-20-2020- AT 1led
o
75000+
]
1 so000-] " n
25000+
e}
oo
A
[ -1Det & Chl
T T T T T T T T T
a 5 10 15 20 25 30 35 40 45 50
- i
DPegli Table
[Detector & Chl 254rem
Degli#f EFet. Time Ares Hei Area
1 21.124 2240202 51119 92,200
2 38865 127161 2203 7.710
Total 2427363 53322 100.000
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Shimadzu LCsolution Analysis Report
E:lele-4-82-i-1m-8020.led
Sample Mame led-82-ic-1ml-8020.1cd Crate:
Ts
Column: The mobile phase: HN
eloity: The detection wavelength: PPh,
S S
i< Chromatogram>
Chrommatogra
l-4-82-ic- Lend- 8020 Lod Eleile-4-82-ic- Lend 8020 1ed
u'.
25000
20000
=
[
= =
15000 m &
a
10000
000
----- - 1Det.A Chl
T T T T T T
0 5 10 15 20 25 0 35
min
TPedli Table
[Detector & Chl 254ran
Tedi#f Feet, Time firea Height Birea o
1 21733 573500 15091 49700
2 25790 580426 12531 50,300
Total 1153926 27622 100.000

==== Shimadzu LCsolution Analysis Report
EMletle-4-21-ic-1ml-2020 . led
Sample Name o le-d-81-ie-1m1-2020.led Crate:
Ts
HN
Column: The maobile phase:
Y PPh,
elacity: The detection wavelength: S 'S'
l<'Chromatogram>
= -
™ E:hmmzogmn
1c-4-21-ic- Iinl-2020 1ed ENcc-4-81-ic- limd- 8020 1cd.
utf
50000+
3
-
~
| ] L
25000+
5
=
A
o - — - [~ 1Det & Chl
T T T T T T
a 5 10 15 a0 a5 0 35
i - min
=
Deali Table
[Detector & Chl 254mm
Deditl Fet. Time Brea Height Birea %
1 21723 1514621 39911 [5.355
2 25827 TITeR 1677 4.645
Total 1333409 41558 100.000
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= Shimadzu LCsolution Analysis Report ==
E:Mlchlo-8-92-1C-1ml-8020.led
Sample Mame 92 1C-1m1-8020. led Crate:
Ts
HN
Column: The mobile phase:
7 PPh,
elocity: The detection wavelength: | U
S
i< Chromatogram>
E:hmmzogmn
1c-4-92-10- 1ml-3020 1ed Eele-4-92-10- Il 8020 1ed
u'.
25000
20000
£
~
B
B 15000 1
Il
&
10000
5000
4 . — - — -4 - 1Det.& Chl
T T T T T T
0 3 10 15 0 25 k] 5
- min
Peak Tahle
[Detector & Chl 254ran
Deaki#t Rt Tome At Height Ares %
1 20,386 567364 15503 49,396
2 26.524 569721 11947 50.104
Tatal 1137085 27449 100.000
= Shimadzu LCsolution Analysis Report =
E:Mlchlo-d-91-1C-1mI-2020. ed
Sample Name ¢ le-4-21-1C-1m1-8020.1ed Date: _Ts
HN
Column: The mobile phase:
J 1 PPhy
elocity: The detection wawvelength: S S
i< Chromatogram>
Chrommatogram
1c-4-91-1C- 1mml-8020 1ed Eele-4-91-1C- 1l 8020 1ed
u¥
40000
20000 2
B
20000
10000
3
"
5
I Y S, N . S —1Det. & Chl
T T T T T T
0 3 10 15 20 25 k] 5
min
. 1
PealTable
[Detector & Chl 254ran
Deaki#t Fat. Tome At Height Ares %
1 20.289 926172 15343 93,055
2 26.518 69123 1472 6.945
Tatal 995295 26814 100.000
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==== Shimadzu LCsolution Analysis Report ====
DAhmAhm-5-20-A0 led
Sample Hame : hm-5-29-A0 [rate: cl
Ts,
Column: The mobile phase: NH
el city: The detection wawelength: |I:>
!
S
Cl
kChromatogram=>
r E:hmmiogrm
hun-5-30- AT Dbenben- 5-30- AT 1ed
4V s0n
40000 -
=
=)
30000
| | |
20000
i
oo
A
10000+
C [ 1Dt Chl
T T T T T T T T
1) 3 10 15 a0 25 30 35 40 45
- min
Peali Table
[Detector & Chl 254ram
Deaki#t Fet. Time Aizes Height dres %
1 11.914 858266 33205 50,303
2 34853 847021 10661 49,607
Total 1706127 43866 100.000
==== Shimadzu LCsolution Analysis Report ====
Dvhmvhm-5-45-A0 1 od
Sample Name : hm-5-46-A0 Date:
Cl
Column: The mobile phase: TS\
NH
alocity: The detection wavelength: P
Il
S\©\
Cl
[<Chromatogram=
[= = 7
Tan-5-46- AT Dotanben- 5-46- AT 1ed
Yoo
75000+
=
]
L - L
25000+
"
=
1
1) o - — - — - — 10wt A Chl
T T T T T T T T
i} 5 10 15 a0 25 30 35 40 45
- min
Peadi Tahle
[Cratector & Chl 254km
Tede# Fot. Thue Bren Height Bres %
1 11.504 1181006 40431 02.858
2 32.705 Q0845 1204 T.142
Total 1271941 50725 100.000

S41




Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

==== Shimadzu LCsolution Analysis Report =
DAhmihm-5-54-7030-A0. led
Sample Name : hm-5-54-7020- A0 [rate: OMe
Ts,
Column: The mobile phase: NH
elocity: The detection wavelength: P
i}
S
OMe
i< Chromatogram>
[ = A
bin-5-54-7030-AD D entben- 5-54-7030- AT 1ed
u'
15000
10000 -
= n
2
I
5000 g
ol /L
e
T -lDet.d Chl
T T T T T T T T
[ 5 10 15 20 25 0 35 40 45
- min
Peaki Tahle
[Cretector & Chl 254zem
Tl Fet, Time diren Height Birea ¥
1 19491 274509 7154 50.265
2 34.075 271618 35323 49.735
Tutal 546127 10977 100,000
==== Shimadzu LCsolution Analysis Report ====
DAhmihm-5-58-7020-AD. | ed
Sample Name : hm-5-58-7030-A0 Date: OMe
Ts
Column: The mobile phaze: NH
elocity: The detection wavelength: ﬁ
S
OMe
[k Chromatogram>
E:hmmiogmm a
un-5-56-F030-AD Dibniben-5-58-7030-AD Jd
i,
150000
S
il
=
! 100000 o
50000
=
el
i
1Det.d Chl
T T T T T T T T
0 5 10 15 0 25 0 35 40 45
- it
Teali Tahle
[Detector 4 Chl 254rem
Teaki#t Fet. Tone firea Height Aren %
1 19.516 4477606 102541 91779
P 34 667 401004 3387 5221
Total 4572700 111928 100,000
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==== Shimadzu LCsolution Analysis Report ====

Sample Name il

E:Mlche-4-80-zhengque-ad-1ml-8020.1cd

©4-80-zhengque-ad-1ml-2020.1cd Date:

Column: The mobile phase:
elocity: The detection wavelength:
rac mixture
l<Chromatogram=>
Chromniogram.
1c-4-50-ghemgque-ad- Iml-8020.led ENcic-4-30-zhengque-ad- Im1-020 1cd
[
750004
500004 .
&
&
&
1] -1
Z
=
“
250004 2
=
2
5
&
/\ 1Dt A& Chl
T T T T T T T
i 3 10 15 ] 5 30 35 40
- mih
PeakiTahle
[Detector & Chl 254mm
Deakt Ret. Time Ares Height Area %o
1 12.687 315674 40397 25.204
2 14.460 213349 32675 25132
3 17.926 304827 19911 24 565
4 32.260 302489 9975 24.796
Total 336338 102958 100.000

= Shimadzu LCsolution Analysis Report =

Sample Hame

E:Mcho-4-79-1dian-ad-1ml-8020.1ed

le-4-79-1dian-ad-1ml-3020.lcd Date

S43

Column: The mobile phase:
elocity: The detection wavelength
minor diastereomer
< Chromatogram>
mm:nzogmn
1c-4-79- 1dian-ad- linl-2020 1od E:0c-4-79- 1diead- lnd-2020.1cd
uv
40000
30000 -
=
n FA
o
20000
o000+
T N I . — e e — - — - — - o -IDet A Tl
T T T T T T T
o 3 0 15 20 a3 30 35 40
- min
Pasli Table
[Detector A& Chl 254rom
Dedl Fot. Tome Brea Height B %
1 12.145 383283 0170 41.186
2 13701 525364 22783 S7.814
Total 05347 42053 100.000




