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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, and hexane were distilled over sodium benzophenone ketyl
under nitrogen. Dichloromethane was distilled over CaH; under nitrogen.

The catalysts 4,' 5,> diarylphosphines’ and a,f-unsaturated N-acylpyrroles * 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

Experimental Procedures for Table 1:

Diphenylphosphine (44.7 mg, 0.24 mmol) was added to a solution of (S,S)-4
(2.7 mg, 4 pmol Pd) in THF (3.0 mL) and the resulting solution was stirred for 2 min
at room temperature, then a,f-unsaturated N-acylpyrrole 1a (39.4 mg, 0.20 mmol)
was added to it. The resulting solution was stirred for 2 h at room temperature, and
then 30% H,O, aqueous solution (0.1 mL) with EtOAc (2 mL) were added. After
stirring for 1 h at room temperature, the mixture was concentrated under vacuum and
the residue was purified by silica gel chromatography with CH,Cl,/MeOH = 100/1 to
afford product as a white solid (75.9 mg, 0.190 mmol; 95% yield).
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Entry 1. 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: 17.7
min [(S)-enantiomer], 23.9 min [(R)-enantiomer]. 99% ee. [a]*’p = -144 (¢ 0.20,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCl;): & 8.00-7.96 (m, 2H), 7.59-7.10 (m, 15H), 6.21 (t, J = 2.0 Hz, 2H),
4.36 (ddd, Jun = 10.0 and 2.0 Hz, Jyp = 7.2 Hz, 1H), 3.75 (ddd, Jun = 17.2 and 10.8
Hz, Jup = 4.0 Hz, 1H), 3.31 (ddd, Juy = 17.6 and 2.4 Hz, Jyp = 10.4 Hz, 1H). °C
NMR (CDCl3): 8 168.0 (d, Jep = 15.6 Hz), 135.2 (d, Jcp = 6.0 Hz), 131.92 (d, Jep =
66.9 Hz), 131.90 (d, Jcp = 67.0 Hz), 131.6 (d, Jcp = 21.6 Hz), 131.3 (d, Jcp = 8.9 Hz),
131.0 (d, Jep = 8.9 Hz), 130.6 (d, Jcp = 14.8 Hz), 129.7 (d, Jcp = 5.2 Hz), 129.1 (d, Jep
=11.2 Hz), 128.4 (d, Jcp = 1.5 Hz), 128.1 (d, Jcp = 11.9 Hz), 127.4 (d, Jcp = 3.0 Hz),
119.0, 113.4, 41.7 (d, Jep = 68.4 Hz), 35.4. *'P{'"H} NMR (CDCl3): & 33.8 (s). HRMS
(MALDI) caled for Co5H3NO,P (M+H") 400.1454, found 400.1461.

O PPhy
GO0
The reaction was carried out as described above in entry 1. After stirred 2 h at
room temperature, the solution was concentrated under vacuum without addition of
H,0,;. The residue was purified by silica gel chromatography with hexane/CH,Cl, =
2/1 to afford product as a white solid (69.8 mg, 0.182 mmol, 91% yield).
Entry 7. The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 7.71-7.65 (m, 2H), 7.43-7.40 (m, 3H), 7.23-7.09 (m, 12H), 6.18
(t, J=2.4 Hz, 2H), 4.27 (ddd, Jug = 11.2 and 3.2 Hz, Jup = 6.0 Hz, 1H), 3.43 (ddd,
Jun = 16.8 and 10.8 Hz, Jup = 4.0 Hz, 1H), 3.06 (ddd, Juyn = 16.8 and 3.2 Hz, Jyp =
7.6 Hz, 1H). °C NMR (CDCls): 8 168.5 (d, Jep = 15.5 Hz), 139.8 (d, Jcp = 8.5 Hz),
135.7 (d, Jcp = 16.2 Hz), 135.6 (d, Jcp = 18.6 Hz), 134.0 (d, Jcp = 20.5 Hz), 133.1 (d,
Jep = 18.2 Hz), 129.8 (d, Jep = 0.8 Hz), 129.0 (d, Jcp = 7.3 Hz), 128.9 (d, Jop = 7.3
Hz), 128.7, 128.4 (d, Jcp = 0.7 Hz), 128.0 (d, Jcp = 7.0 Hz), 126.7 (d, Jcp = 2.4 Hz),
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118.9, 113.0, 40.2 (d, Jep = 11.6 Hz), 38.6 (d, Jep = 24.3 Hz). *'P{'"H} NMR (CDCL):
8 -0.1 (s). HRMS (EI) calcd for C2sH,,NOP (M) 383.1439, found 383.1436.

H3B,
O PPhy

OO0

Diphenylphosphine (44.7 mg, 0.24 mmol) was added to a solution of (S,5)-4 (2.7
mg, 4 umol Pd) in THF (3.0 mL) and the resulting solution was stirred for 2 min at
room temperature, then a,f-unsaturated N-acylpyrrole 1a (39.4 mg, 0.20 mmol) was
added to it. The resulting solution was stirred for 2 h at room temperature, then 2 eq
Me,S-BH; (2M solution in THF) was added. The mixture was stirred at room
temperature for another 1 h and concentrated under vacuum. The residue was purified
by silica gel chromatography with hexane/CH,Cl, = 2/1 to afford product as a white
solid (78.6 mg, 0.198 mmol, 99% yield).
Entry 8. 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: 7.2
min [(S)-enantiomer], 10.0 min [(R)-enantiomer]. 99% ee. [a]*’p = -217 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCL): & 7.99 (t, Juy = 8.4 Hz, 2H), 7.60-7.13 (m, 15H), 6.22 (s, 2H), 4.59
(ddd, Jun = 14.8 and 0.8 Hz, Jup = 12.3 Hz, 1H), 3.79 (ddd, Jyn = 17.2 and 11.6 Hz,
Jup = 3.6 Hz, 1H), 3.20 (ddd, Juy = 17.2 and 1.2 Hz, Jup = 10.0 Hz, 1H), 1.0 (br, 3H).
BC NMR (CDCls): 6 167.7 (d, Jep = 16.2 Hz), 134.8 (d, Jep = 1.2 Hz), 132.8 (d, Jep =
8.4 Hz), 132.7 (d, Jcp = 8.8 Hz), 131.56 (d, Jcp = 67.0 Hz), 131.53 (d, Jcp = 67.4 Hz),
129.6 (d, Jcp = 4.4 Hz), 129.2 (d, Jcp = 9.3 Hz), 128.2 (d, Jcp = 10.1 Hz), 128.1 (d, Jep
= 2.0 Hz), 127.6 (d, Jcp = 2.4 Hz), 127.3, 127.0, 126.8, 118.9, 113.4, 37.9 (d, Jcp =
33.9 Hz), 35.8 (d, Jop = 2.8 Hz). 'P{'H} NMR (CDCls): & 23.9 (brs). HRMS
(MALDI) caled for C,5H,4BNOP (M-H") 396.1688, found 396.1683.
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s
O 'PPh,

OO0

Diphenylphosphine (44.7 mg, 0.24 mmol) was added to a solution of (S,S)-4
(2.7 mg, 4 pmol Pd) in THF (3.0 mL) and the resulting solution was stirred for 2 min
at room temperature, then a,f-unsaturated N-acylpyrrole 1a (39.4 mg, 0.20 mmol)
was added to it. The resulting solution was stirred for 2 h at room temperature, and
then 1 eq Sg.was added. The mixture was stirred at room temperature for 1 h and
concentrated under vacuum. The residue was purified by silica gel chromatography
with hexane/CH,Cl, = 2/1 to afford product as a pink solid (81.4 mg, 0.196 mmol,
98% yield).
Entry 9. The ee was determined on a Daicel Chiralpak AD-H column with
hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 8.9 min
[(S)-enantiomer], 10.6 min [(R)-enantiomer]. 98% ce. [a]*’p = -209 (c 1.00, CH,Cl,),
The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 8.20-8.14 (m, 2H), 7.57-7.11 (m, 15H), 6.21 (t, Juu = 2.0 Hz,
2H), 4.76 (td, J=10.8 and 2.4 Hz, 1H), 3.83 (ddd, Jung = 17.2 and 10.4 Hz, Jup = 5.6
Hz, 1H), 3.27 (ddd, Juu = 17.6 and 2.0 Hz, Jup = 11.2 Hz, 1H). *C NMR (CDCl): &
167.8 (d, Jcp = 18.1 Hz), 134.2 (d, Jcp = 4.4 Hz), 131.8 (d, Jcp = 9.3 Hz), 131.69 (d,
Jep=71.0 Hz), 131.66 (d, Jcp = 71.4 Hz), 131.5 (d, Jcp = 9.7 Hz), 130.9 (d, Jcp = 40.3
Hz), 130.1 (d, Jcp = 34.7 Hz), 129.6 (d, Jcp = 5.3 Hz), 129.0 (d, Jcp = 11.7 Hz), 128.0
(d, Jep = 3.7 Hz), 127.9 (d, Jcp = 5.6 Hz), 127.6 (d, Jcp = 3.2 Hz), 119.0, 113.4, 41.8
(d, Jep = 52.9 Hz), 35.9 (d, Jep = 5.2 Hz). *'P{'H} NMR (CDCL):  50.8 (s). HRMS
(MALDI) caled for CsH,,NOPSNa (M+Na') 438.1063, found 438.1052.
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General procedure for Table 2: Diarylphosphine (0.24 mmol) was added to a
solution of ($,5)-4 (2.7 mg, 4 umol Pd) in THF (3.0 mL) and the resulting solution
was stirred for 2 min at room temperature, then a,f-unsaturated N-acylpyrrole 1 (0.20
mmol) was added to it. The resulting solution was stirred for 2 h at room temperature,
and then 30% H»O, aqueous solution (0.1 mL) with EtOAc (2 mL) were added. After
stirring for 1 h at room temperature, the mixture was concentrated under vacuum and
the residue was purified by silica gel chromatography to afford 1,4-adduct 3.

Q,
O PPh,

G0

Entry 2. White solid. 99% yield. The ee was determined on a Daicel Chiralpak AD-H

OMe

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 27.9
min [(S)-enantiomer], 48.5 min [(R)-enantiomer]. 99% ee. [a]*p = -141 (c 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCl3): § 7.98 (dd, J = 7.2 and 1.6 Hz, 2H), 7.59-7.26 (m, 10H), 7.20 (s,
2H), 6.71 (d, J = 8.8 Hz, 2H), 6.21 (t, J = 1.8 Hz, 2H), 4.31 (ddd, Jun = 10.8 and 2.4
Hz, Jup = 7.2 Hz, 1H), 3.70 (s, 3H), 3.69 (ddd, Jun = 17.2 and 10.8 Hz, Jup = 4.0 Hz,
1H), 3.27 (ddd, Juy = 17.6 and 2.4 Hz, Jyp = 10.0 Hz, 1H). °C NMR (CDCls): &
168.0 (d, Jcp = 16.2 Hz), 158.7 (d, Jcp = 2.4 Hz), 131.83 (d, Jcp = 62.4 Hz), 131.80 (d,
Jep = 62.4 Hz), 131.6 (d, Jcp = 20.1 Hz), 131.1 (d, Jcp = 8.3 Hz), 130.9 (d, Jcp = 8.7
Hz), 130.7 (d, Jcp = 5.6 Hz), 129.0 (d, Jcp = 11.1 Hz), 128.0 (d, Jcp = 11.9 Hz), 126.8
(d, Jep = 5.5 Hz), 119.0, 113.9 (d, Jep = 1.6 Hz), 113.3, 55.1, 40.7 (d, Jcp = 69.6 Hz),
35.4 (d, Jep = 2.0 Hz). >'P{'"H} NMR (CDCls): & 34.3 (s). MS (ESI): m/z (%) = 430
(M+H"). Anal. Calcd for Co¢Hp4NO3P: C, 72.72; H, 5.63; N, 3.26. Found: C, 72.68; H,
5.72; N, 3.13.

Me
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Entry 3. 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: 18.7
min [(S)-enantiomer], 32.8 min [(R)-enantiomer]. 99% ee. [a]*’p = -145 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 8.01-7.94 (m, 2H), 7.55-7.19 (m, 12H), 6.97 (d, Jun = 8.1 Hz,
2H), 6.19 (t, Jun = 2.4 Hz, 2H), 4.34 (ddd, Jun = 10.2 and 2.4 Hz, Jyp = 7.5 Hz, 1H),
3.71 (ddd, Jung = 17.7 and 10.8 Hz, Jyp = 4.5 Hz, 1H), 3.29 (ddd, Jyn = 17.7 and 2.4
Hz, Jup = 10.2 Hz, 1H), 2.21 (s, 3H). C NMR (CDCL): 8 167.9 (d, Jep = 16.2 Hz),
136.9 (d, Jcp = 2.3 Hz), 131.86 (d, Jcp = 5.8 Hz), 131.81 (d, Jcp = 62.3 Hz), 131.79 (d,
Jop = 62.3 Hz), 131.6 (d, Jcp = 11.2 Hz), 131.2 (d, Jcp = 8.5 Hz), 130.9 (d, Jcp = 8.9
Hz), 130.7 (d, Jcp = 4.3 Hz), 129.5 (d, Jcp = 5.4 Hz), 129.1 (d, Jop = 1.9 Hz), 129.0 (d,
Jep = 11.2 Hz), 128.1 (d, Jcp = 11.6 Hz), 118.9, 113.3, 41.1 (d, Jcp = 68.9 Hz), 35.4 (d,
Jep = 1.6 Hz), 21.0 (d, Jep = 0.8 Hz). *'P{'H} NMR (CDCL): & 34.9 (s). MS (ESI):
m/z (%) = 414 (M+H"). Anal. Calcd for CpsHpNO,P: C, 75.53; H, 5.74; N, 3.39.
Found: C, 75.19; H, 5.74; N, 3.26.

2
O  PPhy
O 0L

Entry 4. White solid. 98% yield. The ee was determined on a Daicel Chiralpak AD-H

Cl

column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 17.7
min [(S)-enantiomer], 36.9 min [(R)-enantiomer]. >99% ee. [a]*’p = -165 (¢ 1.00,
CH,Cl,), The absolute configurations of products were determined to be S by
comparison of the specific optical rotation of the hydrolyzed product with the value
reported in literature.

'H NMR (CDCls): § 7.99-7.95 (m, 2H), 7.62-7.19 (m, 12H), 7.14 (d, Jun = 8.8 Hz,
2H), 6.22 (t, Jun = 2.4 Hz, 2H), 4.33 (ddd, Jun = 9.6 and 2.0 Hz, Jup = 6.8 Hz, 1H),
3.68 (ddd, Jun = 17.6 and 10.8 Hz, Jup = 4.4 Hz, 1H), 3.29 (ddd, Juyn = 17.6 and 2.4
Hz, Jup = 10.0 Hz, 1H). >C NMR (CDCls): 8 167.7 (d, Jep = 16.2 Hz), 133.8 (d, Jep =
15.4 Hz), 133.4 (d, Jcp = 3.1 Hz), 132.15 (d, Jcp = 57.7 Hz), 132.07 (d, Jcp = 57.7 Hz),

S7



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

131.2 (d, Jep = 21.7 Hz), 131.1 (d, Jep = 8.5 Hz), 131.0 (d, Jep = 5.4 Hz), 130.8 (d, Jep
= 8.9 Hz), 130.2 (d, Jep = 15.5 Hz), 129.1 (d, Jep = 11.2 Hz), 128.6 (d, Jep = 1.9 Hz),
128.3 (d, Jep = 12.0 Hz), 119.0, 113.5, 41.0 (d, Jep = 58.2 Hz), 35.3 (d, Jep = 1.5 Hz).
3P {"H} NMR (CDCls): 6 33.3 (s). MS (ESI): m/z (%) = 434 (M+H"). Anal. Calcd for
CasHa CINO,P: C, 69.21; H, 4.88; N, 3.23. Found: C, 68.94; H, 4.94; N, 3.02.

O\
O 'PPh, O 'PPh,
: 4 eq NaOH f
<i:y MeOH/ H,0 (1:1) HO
cl reflux 3 h Cl
99% yield

A solution of the obtained product (99.8 mg, 0.23 mmol) in entry 4 and NaOH
(92 mg, 2.3 mmol) in MeOH (20 mL) and H,O (20 mL) was stirred at 60 °C for 4 h.
After cooling to room temperature, the solution was acidified to PH 1-2 with conc.
hydrochloric acid and extracted with dichloromethane. The organic phase was
concentrated under vacuum and the residue was purified by silica gel chromatography
with CH,Cl,/MeOH = 50/1 to afford the hydrolyzed acid as a white solid (87.6 mg,
0.228 mmol; 99% yield).

O 'PPh,
HO -
Cl
(CAS: 945743-40-8) 99% yield. >99% ee. [a]*’p = -38 (¢ 0.040, CHCl,).
'H NMR (CDCls): & 7.89-7.52 (m, 5H), 7.43-7.28 (m, 5H), 7.15-7.08 (m, 4H), 4.21
(td, J=9.2 and 3.6 Hz, 1H), 3.24 (dt, /= 17.6 and 9.2 Hz, 1H), 2.98 (ddd, Juu = 17.2
and 4.0 Hz, Jup = 10.8 Hz, 1H).
The absolute configuration of the hydrolyzed product was determined to be S by
comparison of the optical rotation with the literature value ([a]*’p = -35.2 (¢ 1.00,
CHCl;) for S-product.” This assignment leads to the determination of the absolute

configuration of the phosphination product (Table 2, entry 4) as S.
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O 'PPh,

CN)K/'\Q/Br

Entry 5. 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: 13.1
min [(S)-enantiomer], 20.0 min [(R)-enantiomer]. 99% ee. [a]*’p = -135 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 7.99-7.95 (m, 2H), 7.60-7.21 (m, 12H), 7.05 (d, Jun = 8.4 Hz,
2H), 6.23 (t, Jun = 2.0 Hz, 2H), 4.31 (ddd, Jun = 10.0 and 2.0 Hz, Jyp = 6.8 Hz, 1H),
3.69 (ddd, Jun = 18.0 and 10.8 Hz, Jup = 3.6 Hz, 1H), 3.31 (ddd, Jyg = 17.6 and 2.4
Hz, Jup = 9.6 Hz, 1H). ’C NMR (CDCls): § 167.6 (d, Jep = 16.3 Hz), 137.5 (d, Jep =
5.4 Hz), 132.7 (d, Jep = 5.4 Hz), 132.13 (d, Jcp = 56.1 Hz), 132.11 (d, Jcp = 56.1 Hz),
131.2 (d, Jep = 8.6 Hz), 131.1 (d, Jcp = 22.1 Hz), 130.8 (d, Jcp = 9.3 Hz), 130.5 (d, Jep
= 1.9 Hz), 130.1 (d, Jcp = 15.9 Hz), 129.9 (d, Jcp = 1.9 Hz), 129.1 (d, Jcp = 11.6 Hz),
128.3 (d, Jcp = 12.0 Hz), 128.1 (d, Jcp = 5.0 Hz), 122.3 (d, Jcp = 2.3 Hz), 119.0, 113.5,
41.4 (d, Jop = 67.7 Hz), 35.1. *'P{'"H} NMR (CDCL): & 38.3 (s). HRMS (MALDI)
calced for CosH2,BrNO,P (M+H") 478.0555, found 478.0566.

O 'PPh,
OO

Entry 6. White solid. 95% yield. The ee was determined on a Daicel Chiralpak IC
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 9.2
min [(S)-enantiomer], 10.4 min [(R)-enantiomer]. 99% ee. [a]*’p = -191 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.

'H NMR (CDCl;): & 8.04-7.99 (m, 2H), 7.88 (s, 1H), 7.77-7.70 (m, 2H), 7.65 (d, Jun
= 8.4 Hz, 1H), 7.58-7.16 (m, 9H), 7.21-7.15 (m, 4H), 6.18 (t, Jun = 2.4 Hz, 2H), 4.54
(ddd, Jun = 10.4 and 4.4 Hz, Jyp = 7.6 Hz, 1H), 3.85 (ddd, Jun = 17.2 and 10.8 Hz,
Jup = 4.4 Hz, 1H), 3.40 (ddd, Jun = 17.6 and 2.4 Hz, Jyp = 10.4 Hz, 1H). °C NMR
(CDCl3): 6 167.9 (d, Jep = 16.3 Hz), 133.1 (d, Jcp = 1.9 Hz), 132.8 (d, Jcp = 5.8 Hz),
132.4 (d, Jcp = 1.9 Hz), 131.94 (d, Jcp = 64.6 Hz), 131.91 (d, Jcp = 64.7 Hz), 131.5,
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131.2 (d, Jep = 8.5 Hz), 130.9 (d, Jep = 9.2 Hz), 130.5 (d, Jcp = 8.4 Hz), 129.1 (d, Jcp
=11.2 Hz), 128.8 (d, Jep = 6.9 Hz), 128.1 (d, Jep = 11.6 Hz), 128.07 (d, Jep = 1.5 Hz),
127.9 (d, Jep = 0.8 Hz), 127.6 (d, Jep = 5.1 Hz), 127.5 (d, Jep = 1.2 Hz), 126.0 (d, Jcp
= 0.8 Hz), 125.9 (d, Jep = 0.8 Hz), 119.0, 113.4, 41.7 (d, Jcp = 68.5 Hz), 35.6 (d, Jep =
1.2 Hz). *'P{'"H} NMR (CDCls): & 33.6 (s). HRMS (MALDI) calcd for CooH,sNO,P
(M+H") 450.1611, found 450.1617.

Q
O 'PPh,

Entry 7. White solid. 94% yield. The ee was determined on a Daicel Chiralpak IC
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 14.0
min [(S)-enantiomer], 16.8 min [(R)-enantiomer]. 97% ee. [a]*’p = -101 (c 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCly): & 7.92-7.87 (m, 2H), 7.59-7.19 (m, 11H), 6.25 (t, Jus = 2.0 Hz,
2H), 6.19 (dd, Juyn = 4.8 and 2.0 Hz, 1H), 6.10 (t, Jun = 3.2 Hz, 1H), 4.62 (ddd, Jun =
10.8 and 2.8 Hz, Jyp = 10.8 Hz, 1H), 3.68 (ddd, Jun = 17.6 and 10.8 Hz, Jyp = 4.4 Hz,
1H), 3.35 (ddd, Jun = 17.6 and 2.8 Hz, Jup = 9.2 Hz, 1H). *C NMR (CDClLs): & 167.8
(d, Jep = 15.1 Hz), 148.1 (d, Jcp = 7.0 Hz), 142.1 (d, Jcp = 2.7 Hz), 132.20 (d, Jcp =
37.2 Hz), 132.17 (d, Jcp = 36.8 Hz), 131.23 (d, Jcp = 8.9 Hz), 131.18 (d, Jcp = 9.3 Hz),
130.9 (d, Jcp = 23.2 Hz), 129.9 (d, Jcp = 28.6 Hz), 129.0 (d, Jcp = 11.6 Hz), 128.3 (d,
Jep = 12.0 Hz), 119.0, 113.4, 110.8 (d, Jcp = 2.7 Hz), 109.1 (d, Jcp = 6.2 Hz), 36.5 (d,
Jep = 70.0 Hz), 32.8 (d, Jep = 1.5 Hz). *'P{'"H} NMR (CDCl3): & 32.2 (s). HRMS
(MALDI) caled for Cp3Ha NO3P (M+H") 390.1243, found 390.1254.

A\

O 'PPh,
Entry 8. White solid. 83% 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: 23.5
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min [(S)-enantiomer], 31.5 min [(R)-enantiomer]. 98% ee. [a]*’p = -113 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 7.91 (t, Juu = 8.8 Hz, 2H), 7.79 (dd, J = 10.0 and 8.0 Hz, 2H),
7.57-7.16 (m, 13H), 6.45 (dd, J = 15.6 and 3.6 Hz, 1H), 6.25 (s, 2H), 6.13 (ddd, J =
15.6, 8.8 and 2.4 Hz, 1H), 4.06 (q, J = 8.8 Hz, 1H), 3.41 (ddd, Jun = 17.2 and 10.0 Hz,
Jup = 4.4 Hz, 1H), 3.21 (ddd, Jun = 16.8 and 2.0 Hz, Jyp = 10.8 Hz, 1H). °C NMR
(CDCly): 6 167.9 (d, Jep = 15.6 Hz), 136.3 (d, Jcp = 2.6 Hz), 135.9 (d, Jcp = 11.2 Hz),
132.10 (d, Jcp = 26.3 Hz), 132.07 (d, Jcp = 26.7 Hz), 131.4 (d, Jop = 1.3 Hz), 131.3 (d,
Jer = 8.6 Hz), 131.1 (d, Jep = 9.1 Hz), 130.4 (d, Jcp = 3.4 Hz), 129.0 (d, Jcp = 11.6
Hz), 128.5 (d, Jep = 11.6 Hz), 128.4, 127.7, 126.3 (d, Jcp = 1.3 Hz), 122.3 (d, Jep =
7.3 Hz), 119.0, 113.4, 39.6 (d, Jcp = 69.8 Hz), 33.6. *'P{'"H} NMR (CDCLs): & 33.7 (s).
HRMS (MALDI) calcd for Co7HasNO,P (M+H") 426.1621, found 426.1617.

A\

O 'PPh,
o

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: 12.5
min [(S)-enantiomer], 16.3 min [(R)-enantiomer]. 91% ee. [a]*’p = +2.2 (¢ 1.70,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): § 7.87-7.45 (m, 10H), 7.25 (s, 2H), 6.26 (t, Juy = 2.8 Hz, 1H),
3.24-3.22 (m, 1H), 3.12-2.98 (m, 2H), 1.25 (dd, J = 16.0 and 6.4 Hz, 3H). °C NMR
(CDCl3): 6 168.3 (d, Jep = 16.4 Hz), 131.8 (d, Jcp = 3.0 Hz), 131.7 (d, Jcp = 3.0 Hz),
131.0 (d, Jep = 95.2 Hz), 130.9 (d, Jcp = 97.4 Hz), 130.6 (d, Jcp = 8.9 Hz), 130.5 (d,
Jor = 8.9 Hz), 128.7 (d, Jep = 11.2 Hz), 128.5 (d, Jcp = 11.8 Hz), 118.8, 113.2, 34.1,
28.1 (d, Jep = 72.9 Hz), 12.7 (d, Jep = 3.0 Hz). *'P{'"H} NMR (CDCL): & 37.4 (s).
HRMS (ESI) calcd for Cy0H20NO,P (M) 337.1232, found 337.1232.
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Q
O 'PPh,
O

Entry 10. White solid. 92% yield. The ee was determined on a Daicel Chiralpak IC
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 8.1
min [(S)-enantiomer], 9.2 min [(R)-enantiomer]. 94% ee. [a]*’p = -9.6 (¢ 0.80,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 7.93-7.80 (m, 4H), 7.53-7.22 (m, 8H), 6.23 (t, Juu = 2.4 Hz, 1H),
3.42-3.36 (m, 1H), 3.13-3.09 (m, 2H), 2.25-2.14 (m, 1H), 1.09 (d, Jun = 6.8 Hz, 3H),
0.93 (d, Juu = 7.2 Hz, 3H). °C NMR (CDCl3): & 169.2 (d, Jep = 10.5 Hz), 132.2 (d,
Jep =96.1 Hz), 132.1 (d, Jep = 96.1 Hz), 131.64 (d, Jcp = 2.8 Hz), 131.61 (d, Jcp =2.8
Hz), 130.8 (d, Jcp = 8.9 Hz), 130.7 (d, Jcp = 8.4 Hz), 128.7 (d, Jcp = 11.5 Hz), 128.6
(d, Jep = 11.5 Hz), 118.9, 113.2, 37.6 (d, Jcp = 71.4 Hz), 28.0, 27.2 (d, Jcp = 1.2 Hz),
22.6 (d, Jop = 13.7 Hz), 18.6 (d, Jop = 2.0 Hz). *'P{'"H} NMR (CDCL): & 38.5 (s).
HRMS (MALDI) calcd for C2,H,sNO,P (M+H") 366.1613, found 366.1617.

Q
O 'PPh,
Sapt

Entry 11. White solid. 93% yield. The ee was determined on a Daicel Chiralpak IC
column with hexane/2-propanol = 80/20, flow = 1.0 mL/min. Retention times: 7.6
min [(R)-enantiomer], 9.3 min [(S)-enantiomer]. 96% ee. [a]*’p = -24.6 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.

'H NMR (CDCl): & 7.90-7.80 (m, 4H), 7.53-7.38 (m, 6H), 7.19 (s, 2H), 6.95 (t, Jun =
2.4 Hz, 2H), 3.46-3.39 (m, 1H), 3.23 (ddd, Juy = 17.6 and 16.4 Hz, Jup = 4.4 Hz, 1H),
2.95 (ddd, Jun = 18.0 and 6.4 Hz, Jup = 9.2 Hz, 1H), 1.68-1.42 (m, 3H), 0.83 (t, Jun =
6.4 Hz, 6H). >C NMR (CDCl3): & 169.2 (d, Jep = 10.5 Hz), 132.15 (d, Jep = 2.7 Hz),
132.12 (d, Jep = 2.7 Hz), 132.0 (d, Jcp = 96.8 Hz), 131.9 (d, Jcp = 94.8 Hz), 131.2 (d,
Jer = 8.9 Hz), 131.15 (d, Jep = 8.9 Hz), 129.03 (d, Jcp = 11.8 Hz), 128.98 (d, Jcp =
11.3 Hz), 119.3, 113.6, 38.2 (d, Jcp = 2.3 Hz), 34.0, 30.8 (d, Jcp = 72.3 Hz), 26.0 (d,
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Jep = 11.2 Hz), 23.7, 21.5.*'P{'"H} NMR (CDCl5): & 36.8 (s). HRMS (MALDI) calcd
for Co3H,,NO,P (M+H") 380.1778, found 380.1774.

Q
O 'PPh,
a0

Entry 12. 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:
23.1 min [(S)-enantiomer], 29.0 min [(R)-enantiomer]. 96% ee. [a]*’p = -26.9 (c 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCls): & 7.95-7.90 (m, 4H), 7.60-7.35 (m, 6H), 7. 23 (s, 2H), 6.24 (t, Juy
= 2.4 Hz, 2H), 3.38-3.30 (m, 1H), 3.26-3.00 (m, 2H), 2.20-2.12 (m, 1H), 1.85-1.45 (m,
5H), 1.18-0.94 (m, 5H). C NMR (CDCls): & 169.3 (d, Jep = 11.2 Hz), 132.3 (d, Jep =
96.0 Hz), 132.2 (d, Jcp = 94.1 Hz), 131.68 (d, Jcp = 2.7 Hz), 131.66 (d, Jcp = 2.7 Hz),
130.80 (d, Jep = 8.9 Hz), 130.79 (d, Jcp = 8.1 Hz), 128.7 (d, Jcp = 11.6 Hz), 128.6 (d,
Jep = 11.2 Hz), 119.0, 113.3, 37.8 (d, Jcp = 1.5 Hz), 37.6 (d, Jcp = 71.2 Hz), 32.8 (d,
Jer = 12.0 Hz), 29.4 (d, Jcp = 2.3 Hz), 29.2 (d, Jcp = 0.8 Hz), 26.6 (d, Jop = 1.2 Hz),
26.3, 25.8. *'P{'H} NMR (CDClL): & 37.9 (s). HRMS (MALDI) caled for
Ca5HoNO,P (M+H") 406.1929, found 406.1930.

OMe

Ao
C/ )v

Entry 13. 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:
19.6 min [(S)-enantiomer], 40.5 min [(R)-enantiomer]. 97% ee. [a]*’p = -139 (c 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.

'H NMR (CDCls): 8 7.87 (dd, J = 10.0 and 8.8 Hz, 2H), 7.38-7.13 (m, 9H), 7.03 (dd,
dd, J= 8.8 and 2.0 Hz, 2H), 6.73 (dd, dd, /=9.2 and 2.4 Hz, 2H), 6.20 (t, /= 2.4 Hz,
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2H), 4.26 (ddd, Jun = 10.4 and 2.4 Hz, Jup = 7.6 Hz, 1H), 3.84 (s, 3H), 3.73 (s, 3H),
3.70 (ddd, Jun = 17.6 and 10.8 Hz, Jup = 4.8 Hz, 1H), 3.32 (ddd, Juyn = 17.6 and 2.4
Hz, Jup = 10.4 Hz, 1H). >C NMR (CDCls): & 168.1 (d, Jep = 15.9 Hz), 162.27 (d, Jep
= 57.7 Hz), 162.25 (d, Jcp = 58.1 Hz), 135.5 (d, Jcp = 5.4 Hz), 133.0 (d, Jcp = 10.1
Hz), 132.8 (d, Jcp = 10.1 Hz), 129.7 (d, Jcp = 5.4 Hz), 128.4 (d, Jcp = 1.9 Hz), 127.2
(d, Jep = 2.7 Hz), 122.8 (d, Jcp = 70.5 Hz), 121.7 (d, Jcp = 63.9 Hz), 119.0, 114.6 (d,
Jep = 12.4 Hz), 113.6 (d, Jcp = 12.8 Hz), 113.2, 55.3, 55.1, 42.1 (d, Jcp = 68.9 Hz),
35.4. 31P{lH} NMR (CDCls): 8 34.1 (s). HRMS (MALDI) calcd for Cy7H7NO4P
(M+H") 460.1674, found 460.1672.

Cl

. M@

Entry 14. 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:
17.3 min [(S)-enantiomer], 21.3 min [(R)-enantiomer]. 98% ee. [a]*’p = -137 (¢ 1.00,
CH,Cl,), The absolute configuration was assigned by analogy with Table 2, entry 4.
'H NMR (CDCl3): & 7.90 (dd, J = 10.0 and 8.0 Hz, 2H), 7.52 (d, J = 8.0 and 2.0 Hz,
2H), 7.40-7.34 (m, 4H), 7.25-7.14 (m, 7H), 6.20 (t, J = 2.4 Hz, 2H), 4.35 (ddd, Jun =
10.0 and 2.8 Hz, Jup = 7.2 Hz, 1H), 3.70 (ddd, Jyn = 17.6 and 10.0 Hz, Jyp = 5.2 Hz,
1H), 3.38 (ddd, Juy = 16.8 and 1.6 Hz, Jyp = 11.2 Hz, 1H). °C NMR (CDCly): &
167.6 (d, Jcp = 15.5 Hz), 138.76 (d, Jcp = 79.3 Hz), 138.72 (d, Jcp = 78.9 Hz), 134.6
(d, Jop = 5.8 Hz), 132.5 (d, Jep = 9.3 Hz), 132.2 (d, Jep = 9.7 Hz), 129.7 (d, Jcp = 33.3
Hz), 129.6 (d, Jcp = 5.8 Hz), 129.5 (d, Jcp = 11.6 Hz), 128.7 (d, Jcp = 25.9 Hz), 128.6,
128.5 (d, Jcp = 10.4 Hz), 127.6 (d, Jcp = 2.4 Hz), 118.9, 113.5, 41.5 (d, Jcp = 69.7 Hz),
35.3. *'P{'"H} NMR (CDCl): 6 34.1 (s). HRMS (MALDI) calcd for C,sH,;CLLNO,P
(M+H") 468.0682, found 468.0688.
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Synthesis of Phosphine-Oxazoline Ligand 6 (Scheme 1)

A\ W\

O PPh O PPh,
: ag NaOH : R)-valine, HOBT, EDC-HCI
J N)k/\Ph q HO (R)
_ MeOH CH,Clo/CHACN
3b s1
S\ s
I O 'PPh;  LiBH, \I O 'PPh,  MsCI, Et;N
MeOOC HJ\/\Ph THF HO N)J\/'\Ph CH,Cl
H

S2

S3
S,
N PPh Raney Ni N PPh
| 2 — T I 2
A CHyCN o -

O “Ph
S4 (5R,2'S)-6

NaOH (480 mg, 12 mmol) was added to a solution of 3b (1.246 g, 3 mmol; 98%
ee) in MeOH/H,O (20 mL/20 mL), and the resulting mixture was refluxed for 2 h.
After cooled to room temperature, the solution was acidified to PH 1-2 with conc.
hydrochloric acid and extracted with dichloromethane. The organic phase was
concentrated under vacuum and the residue was purified by silica gel chromatography
with CH,Cl,/MeOH = 50/1 to afford S1 (CAS: 354816-38-9) as a white solid (1.090 g,
2.97 mmol; 99% yield). [0.]*’p = -167 (¢ 1.00, CH,CL).
'H NMR (CDCls): & 8.14-8.08 (m, 2H), 7.54-7.52 (m, 3H), 7.44 (dd, Jun = 8.4 and
7.2 Hz, 2H), 7.36-7.11 (m, 8H), 4.38 (td, J = 11.2 and 3.2 Hz, 1H), 3.22 (ddd, Jun =
17.6 and 11.2 Hz, Jup = 6.8 Hz, 1H), 2.86 (ddd, Jun = 17.2 and 3.2 Hz, Jup = 10.4 Hz,
1H). °C NMR (CDCl;): 8 176.9 (d, Jep = 19.3 Hz), 133.8 (d, Jcp = 5.4 Hz), 131.94,
131.9 (d, Jep = 12.7 Hz), 131.5 (d, Jcp = 9.7 Hz), 131.3 (d, Jcp = 3.0 Hz), 130.8 (d, Jep
=45.3 Hz), 130.0 (d, Jcp = 39.4 Hz), 129.6 (d, Jcp = 5.2 Hz), 128.9 (d, Jcp = 11.2 Hz),
127.9 (d, Jcp = 14.1 Hz), 127.85, 127.7 (d, Jcp = 3.0 Hz), 42.7 (d, Jcp = 51.9 Hz), 35.2
(d, Jep = 3.7 Hz). *'P{'H} NMR (CDCls): & 50.4 (s).
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j\/ 0 S‘\F;th
A

MeOOC H Ph

(R)-Valine (370 mg, 2.82 mmol) was added to a mixture of S1 (860 mg, 2.35

mmol), HOBT (381 mg, 2.82 mmol) and EDC-HCl (540 mg, 2.82 mmol) in
dichloromethane (20 mL) and acetonitrile (20 mL). The mixture was stirred at room
temperature for 6 h until the starting materials disappeared (monitored by TLC). The
solvent was removed under vacuum and the residue was purified by silica gel
chromatography with CH,Cl,/MeOH = 100/1 to afford S2 (CAS: 216862-91-8) as a
white solid (1.014 g, 2.11 mmol; 90% yield). [a]*’p = -94.7 (¢ 1.00, CH,Cl,).
'H NMR (CDCls): & 8.20-8.15 (m, 2H), 7.56-7.45 (m, 5H), 7.32-7.10 (m, 8H), 5.92 (d,
J=8.8 Hz, 1H), 4.54 (ddd, Jun = 14.8 and 11.6 Hz, Jyp = 3.2 Hz, 1H), 4.33 (dd, Jun =
9.2 and 4.8 Hz, 1H), 3.67 (s, 3H), 3.06 (ddd, Juy = 18.8 and 11.6 Hz, Jyp = 7.2 Hz,
1H), 2.86 (ddd, Jyn = 14.4 and 3.2 Hz, Juyp = 8.8 Hz, 1H), 1.89-1.78 (m,1H), 0.49 (d,
Jun = 6.8 Hz, 3H), 0.41 (d, Jun = 6.8 Hz, 3H). >'P{'"H} NMR (CDCl;): & 45.4 (s).

S,
O 'PPh,
HO N)J\%Ph

H
A mixture of S2 (840 mg, 1.75 mmol) and LiBH4 (76 mg, 3.50 mmol) in THF
(40 mL) was stirred at room temperature for 6 h. The reaction was quenched by H,O
(1 mL) and the solvent was removed under reduced pressure. The residue was purified
by silica gel chromatography with CH,Cl,/MeOH = 100/1 to afford S3 (CAS:
216863-12-6) as a white solid (771 mg, 1.71 mmol; 98% yield). [a]*’p = -138 (c 1.00,
CH,Cl,).
'H NMR (CDCl): & 8.21-8.15 (m, 2H), 7.56-7.42 (m, 5H), 7.32-7.08 (m, 8H), 5.66 (d,
J=17.6 Hz, 1H), 4.57 (td, J=10.4 and 3.6 Hz, 1H), 3.50-3.38 (m, 3H), 3.00 (ddd, Jun
=14.4 and 10.4 Hz, Jup = 9.6 Hz, 1H), 2.82 (ddd, Juyn = 13.6 and 4.0 Hz, Jup = 9.6 Hz,
1H), 2.32 (bs, 1H), 1.62-1.53 (m,1H), 0.61 (d, Jun = 7.2 Hz, 3H), 0.47 (d, Jun = 6.8
Hz, 3H). *'P{'"H} NMR (CDCls): & 45.4 (s).
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S
N 'PPh,

O l “Ph

MsCl (4.24 g, 37 mmol) was added to a solution of S3 (667 mg, 1.48 mmol) in
dichloromethane (30 mL) and Et;N (10 ml) and the mixture was stirred at room
temperature overnight. The mixture was filtered and washed with dichloromethane.
The filtrate was concentrated under vacuum and the residue was purified by neutral
alumina chromatography with dichloromethane to afford S4 (CAS: 192371-97-4) as a
white solid (457 mg, 1.05 mmol; 71% yield). [a]*’p = -146 (¢ 1.00, CH,CL).
'H NMR (CDCl): & 8.19-8.14 (m, 2H), 7.57-7.43 (m, 5H), 7.33-7.07 (m, 8H), 5.66 (d,
J=17.6 Hz, 1H), 4.48 (ddd, Jun = 13.2 and 3.2 Hz, Jup = 10.0 Hz, 1H), 3.94 (dd, Juu =
9.2 and 8.0 Hz, 1H), 3.76-3.67 (m, 2H), 3.21 (ddd, Jun = 19.6 and 12.0 Hz, Jyp = 7.6
Hz, 1H), 2.75 (dddd, Jun = 16.4, 8.4, 2.8 and 4.0 Hz, 1H), 1.45-1.37 (m, 1H), 0.59 (d,

Jun = 6.4 Hz, 3H), 0.47 (d, Jun = 7.2 Hz, 3H). >'P{'"H} NMR (CDCl;): & 50.3 (s).

N PPh,
O “Ph
Raney Ni (100 eq) in degassed H>O (10 mL) was washed with degassed methanol

(30 mL) for three times, then a solution of S4 (320 mg, 0.74 mmol) in acetonitrile (30
mL) was added to it. The mixture was stirred at room temperature for two days.
Raney nickel was filtered under nitrogen with dichloromethane. The solvent was
removed under vacuum to afford (5R,2'S)-6 (CAS: 192372-08-0) as a white solid
(225 mg, 0.56 mmol; 76% yield). [a]*’p = -97.2 (¢ 1.00, CH,Cl,).

'"H NMR (CDCly): & 7.68-7.65 (m, 2H), 7.44-7.38 (m, 3H), 7.18-7.06 (m, 10H),
4.04-3.96 (m, 1H), 3.94 (dd, Jun = 9.2 and 8.0 Hz, 1H), 3.72 (t, Jun = 7.2 Hz, 1H),
3.70-3.62 (m, 1H), 2.80 (ddd, Juu = 15.6 and 12.0 Hz, Jup = 6.4 Hz, 1H), 2.64 (dt, Jun
=16.8 and 5.2 Hz, 1H), 1.51-1.41 (m, 1H), 0.70 (d, Jun = 6.8 Hz, 3H), 0.63 (d, Jun =
6.8 Hz, 3H). *'P{'"H} NMR (CDCl5): 8 0.5 (s).
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==== Shimadzu LCsolution Analysis Report ====
Do dvdd-1-16-1.led
Sample Name : dd-1-16-r Date: A
O 'PPh,
Column: The mobile phase:
o
elocity: The detection wavelength: —
[<Chromatogram=>
Chroamatogram
441161 DAddd 1- 16T.1ed
u'
15000
!
T
5
5
&
10000 =
50004
0 -
1Dtk Chl
T T T T T T
0 5 10 15 20 25 il kL
min
Pedi Table
[Detector & Chl 230em
Tedi#t Feet. Time faen Hright Bren %
1 17.515 T54660 12133 [
2 23 657 755200 662 50.018
Totsl 1509860 21705 100000
==== Shimadzu LCsolution Analysis Report ====
Dol chgff 38 30V THF Ucd
Sample Mame dd-1-61 Date: o
\
0 'PPh,
Colurmn: The mohile phase: 5
o
elocity: The detection wavelength: =
[<Chromatogram>
Clwomatogram
44-1-61 DGR Ir I THE lod
¥ 15000
=
=
=
10000
5000
=
=
-
04— [l
-~ -— - —|-1Det4Chl
T T T T T T
a 3 10 15 20 25 30 33
piiig
FeakTable
[Cetector & Chl 245nm
Foak# et Time Airea Height dreath
1 17.704 332809 10173 93412
2 23856 2088 57 0.588
Total 334857 10230 100,000
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==== Shimadzu LCsolution Analysis Report ====
Dol i d-1-75-0.lcd
Sample Name :dd-75-0 [rate:
A
PPh
Column: The mobile phase: % 2
7 "N
elocity: The detection wawvelength: _
OMe
[<Chromatogram=
Chrormato gran
4d-75-0 DS IfE fedd-1-75-0 Led
utf
40000
g
5
30000
I
™
20000 [
10000
" 1Dt Chl
T T T T T
] 10 n 30 40 50 60
min
Pes Tahle
[Datector & Chl 245mm
Teski Rt Time AiTes Height diTes %
1 27.901 1667155 32522 50.091
2 47.244 1661052 13439 49.909
Total 3328237 50961 100.000
==== Shimadzu LCsolution Analysis Report ====
DK I fF Reldd- 1752 led
Sample Name :dd-75-2 [rate: )
O  PPh;
Calumn: The mobile phase: 2
7 "N
elocity: The detection wawelength: Q/
OMe
l<Chromategram>
Chrormato gran
4d-75-2 DR 3 Je0dd-1-75-2 1ed
Vanang
25000
"
=
20000 5]
15000
10000
5000
-
. £
1Dat i Chl
T T T T T
0 10 m k] 40 30 6
min
Pegk Tahle
[Detector & Chl 245mm
Peakif Ret. Time Aires Hright Ares
1 27935 935541 15917 99.725
2 43.458 2725 32 0275
Total 991567 12049 100.000
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==== Shimadzu LCsolution Analysis Report ====

DR A Ehdd- 1T ol led

S53

Sample Mame cdd-7 401 [rate: X
3
o PPh,
Column: The mobile phaze:
o
elociby: The detection wawvelangth: =
Me
Chromatogram=>
Chrortatogram
dd-74-01 DETRR I FF R 1-T4-01 1ed
uWf
30000
bl
il
=
20000
5
&
10000+
PR | N\
10wt & Chl
T T T T T T T T
1) 3 10 15 20 25 30 35 40 45
it
Peali Table
[Detector & Chl 24 5ren
Peakit Eut. Time Dreq Height Ares %o
1 13 353 TT2430 22488 50.120
2 33.159 THETE1 13363 49850
Total 1541161 34850 100.000
==== Shimadzu LCsolution Analysis Report ====
DR P e d- 1.7 1l ed
Sample Name : dd-741 [rate: ),
o PPh,
Column: The mobile phasa: 2
o
elocity: The detection wavelength: —
Me
[<Chromatogram=
Chromatogran
4d-74-1 DR A 174 Lled
u
30000+
Ju]
i~
=
20000
10000+
@
oo
[
1Det. & Chl
T T T T T T T T
o 5 10 15 0 25 Ell 35 40 45
min
P Tahle
[Detector £ Chl 24 fran
Tedelt Fot. Time ey Height Ben %
1 18.713 834325 24483 99,805
2 323.833 1124 34 0.135
Total 35440 24518 100.000
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==== Shimadzu LCsolution Analysis Report ====
DR i fF Bl d-1-95- 0.l ed
Sample Hame :dd-1-85-0 [rate: O\\
O PPh,
Column: The mobile phase:
| ¢
elocity: The detection wavelength: — al
[<Chromatogram=
Chrornatogran
dd- 1.05-0 Do E I fh edd-1-05-0.1d
W eno00
50000
g
-
40000 =
20000
P
J =
20000 -
10000
U_;F&l—_'\_l\;
~ —|- 1Det.& Chl
T T T T T T T T T
] 5 10 15 20 25 0 35 40 45 50
min
Pesk Table
Detector & Chl 245ren
Dedl# Fet. Time Bires Helght Airea %
1 17.186 1198007 30245 50.105
3 35436 1192987 16368 49.895
Total 2300003 55613 100000
==== Shimadzu LCsolution Analysis Report ====
Do @F 30 #F 38 \dd-1-95 Ied
Sample Mame - dd-1-95 Date: \
O 'PPh,
C alumn: The mobile phase: CN
elocity: The detection wavelength: Cl
l<Chromatogram>
Chromatogram
4d-1-95 DAJGERER I 14 3814d-1-95 led
¥
125000
100000
£
75000
50000
25000
0 -1Det 4 Chl
T T T T T T T T T
0 5 10 15 20 25 30 35 40 45 50
wmin
PeakTable
[Detector & Chl 245mm
Peald Ret. Tims Area Height Area%
1 17.741 2552838 78080 100.000
Total 2552838 78080 100.000
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==== Shimadzu LCsolution Analysis Report ====
Dhddvdd-1-88-02 Icd
Sample Name s dd-1-70-02 Date: 0,
0 'PPh,
Colurmn: The mohile phase CN Br
elocity: The detection wavelength
[<Chromatogram>
Chromatogram
44-1-70-02 D:14d1d- 1-99-02 Ied
¥ 55000
20000 &
)
15000
&
10000
5000
i} I
1Det.4 Chl
T T T T T
i H 10 15 20 25 30
min
PeakTable
[Detector & Chl 2435nm
Peal Fet. Time fren Height hrea %
1 13.182 409530 17830 50538
2 20218 400807 10584 49 462
Total 810337 28813 100,000
==== Shimadzu LCsolution Analysis Report ====
D:helohdeh-1-88-1 Jcd
Sample Name dd-1-70-1 Diate: 0,
O  PPh,
: : ~ Br
Colurmn: The mohile phase: CN
elocity: The detection wavelength:
[<Chromatogram>
Clyomatogram
44-1-70-1 D:dddd-1-99-1 led
¥
40000 5
2
30000
20000
10000+
E
0} il 1Dt 4 Chl
T T T T T
i 5 10 15 20 25 30
piiig
PeakTable
[Cetector & Chl 245mm
Peaki et Time Ares Height Areath
1 13.057 513692 55651 99 629
2 20.008 3032 100 0371
Total 516724 55782 100,000
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==== Shimadzu LCsolution Analysis Report ====
Do TR T FF B 0.l od
Sample Hame :dd-1-78-0 [rate:
\
o 'PPh,
Column: The mobile phase:
2\
elocity: The detection wavelangth: _
i< Chromatogram>
Chroomatogram
4d-1-78-0 DD ER I 80 Led
Voo
30000 Z
- wy
A
~
S
20000
10000
0 g
1Dtk Chl
T T T T T
00 2.5 50 7.5 100 12.5 150
Wik
Peaki Tahle
[Dretector 4 Chl 24 5ron
Peakitt Rt Tine Area Height Area %
1 9.094 456654 27026 50.152
2 10.325 453384 22005 49842
Total 210532 49031 100,000

==== Shimadzu LCsolution Analysis Report ====

v Vi S0 AE 02 L ed
Sample Name :dd-1-78 Date: (o]

S
O 'PPh,
Column: The mobile phasa: I

-
elocity: The detection wavelength: —

[<Chromatogram=
Chromatogran
44-1-78 DAV E A g ed
u'
!
50000 H
A
25000
o
[
el
1Dt Chl
T T T T T T T
00 2.5 5.0 7.5 0.0 12.5 150 17.5 200
min
Peaki Tahle
[Detector & Chl 24 5rm
Deakil Rat. Time Areq Height Azes %o
1 0.215 76847 46557 00 685
2 10439 2454 134 0315
Total 779301 46692 100,000

S56




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

S57

==== Shimadzu LCsolution Analysis Report ====
Dol TR 37 HF T 0. lod
Sample Hame 1 dd-1-77-0 Date: O,
8
O  PPhy
Column: The mobile phase: o
<
elocity: The detection wawelength: — /
[k Chromatogram:=
Chromatogran
4d-1-77-0 DoOAdVETER I o led
av
"
=
-
30000+ -
8
=
5
25000+
u 1Det & Chl
T T T T T T T T T
aa 25 30 1.5 10.0 12.5 150 17.5 200 2235 250
min
Degli Table
[Cretector & Chl 245mm
Tedift Bt Tame firey Height Baen %
1 14,135 1150206 40241 48715
2 16.028 1172404 30064 50.285
Total 2331701 8305 100,000
==== Shimadzu LCsolution Analysis Report ====
Deond 0B 3 0T led
Sample Name :dd-1-77F Date: O\\
O  PPhy
Column: The meobile phase: 2
G
elocity: The detection wavelength: — Y
< Chromatogram=
Chroanatogran
dd-1-77 DAV 2 3 Je T led
u¥
=
40000+ =
m
30000+
20000+
10000
=+
=~
=
” =
10wt & Chl
T T T T T T T T T
] 2.5 50 7.5 .o 125 150 175 2.0 225 250
it
Degli Table
[Mretector & Chl 24 5on
Tedift Feet., Time e Height firea ¥
1 13905 836691 36339 93671
2 16.774 11266 430 1339
Total 847957 36769 100.000
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==== Shimadzu LCsolution Analysis Report =
bAddvd d-1-82-0.led
Sample Hame :dd-1-82-0 Date: \
8
O  PPhy
Column: The mobile phase:
7 "N
alacity: The detection wavelangth: —
< Chromatogram=
Chrommatogram
d44-1-82-0 D:dd\dd-1-82-0.1ed
% 50000
200000 - -
2
M
A
150000+ ral
=
=
R
100000 -
50000+
07 T IDét.A Chl
T T T T T T T T
o 5 10 15 20 25 Ell 35 40 45
min
Degli Table
[Cretector & Chl 24 Sran
Degki¥ Fet. Time Ares Height Area e
1 23.308 TA3PA53 157604 50.109
2 30873 Ta0TESE 115112 49891
Total 14447111 285806 100.000
==== Shimadzu LCsolution Analysis Report ====
Dddidd-1-82 1ed
Sample Name : dd-1-82 Date: O\
8
O PPhy
Column: The mobile phase: R
7 "N =
elacity: The detection wavelength: _
[ Chromatogram=
Chrommatogran
dd-1-82 Ddddd-1-82 1ed
u¥
150000
A
bl
4]
100000
50000
o
Ed
=
1Det & Chl
T T T T T T T T
o kil 10 15 a0 23 0 35 40 45
min
Peali Table
[Detector & Chl 24 5rm
Dealiff Fet. Time firea Height Azes %
1 43.538 5200752 121778 02.876
2 31400 60133 983 1.124
Total 5350891 122760 100.000
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== Shimadzu LCsolution Analysis Report ====

Doddivd d-2-71-01.led

Sample Name s dd-2-73-01 Date: Q\
O  PPh,

Column: The mobile phase:

o
e lociby: The detection wwavelangth: —

< Chromatogram=>
Chroanatogrn
4d-2-73-01 Dd0dd-2-71-01.1ed
o0
150000
=
L
=
-
100000 B
50000
JUNENY | .
1Det & Chl
T T T T T T T T T
0 2.5 50 7.5 0.0 125 150 17.5 200 225 25.0
min
Peaki Table
[Detector & Chl 254zmm
Dol Fet. Time direa Height Birea %
1 11717 2527301 119323 40,886
2 15.389 2538900 90693 50.114
Total 5066292 210016 100.000

== Shimadzu LCsolution Analysis Report ====

Doddvdd-2-71-2 . led

Sample Name :dd-2-71-2 [rate: .
8
o PPh,
(Column: The mobile phase: =2
7 "N
elocity: The detection wawelength: —
ik Chromatogram>
Chrormatogram
d3-2-71-2 D dddd-2-71-2 1ed
uW’
“
35
Ia]
500000
250000
I
]
=]
1Det & Chl
T T T T T T T
oo 2.5 50 75 10.0 12.5 15.0 17.5 0.0
i
Degli Table
[Cretector & Chl 254en
Tedhift Feet, Thme dren Height faen F
1 12 466 10707049 497540 95.355
2 16.282 533400 19455 4.745
Tortal 11240448 517334 1000000
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==== Shimadzu LCsolution Analysis Report ====
D dvir 2 ST e 12-0 led
Sample Name :dd-1-82-0 [ate: N
O PPh,
(Column: The mobile phase: CN
elocity: The detection wavelength: —
[<Chromatogram=>
Chrommatogram
ad-1-92-0 DAV I 20 led
=4p
150000 B
= -
=
=
o
100000
50000
IV N,
1Dst. b Chl
T T T T T
0.0 2.5 50 7.5 10.0 12.5 150
it
Pagk Tahle
[Detector & Chl 245mm
Dkt Fat. Time Ares Height Ares B
1 8.118 1630504 133175 49.208
2 9.281 1643067 113585 50.192
Total 3273571 246760 100.000
==== Shimadzu LCsolution Analysis Report ====
Do ViR 2. ed
Sample Hame :dd-1-92 Date: 'S
O  PPhy
Column: The mobile phaze: =
7 "N
&l oty The detection wavelength: Q/
lkChromatogram>
Chroonatogram
44-1-92 DA ER I 2 1ed
4h
1500000 g
1000000
500000+
b
Il
o
1Det.d Chl
T T T T T
00 2.5 50 7.5 10.0 12.5 150
min
Peds Table
[Detector & Chl 245mm
Peakil Ret. Time Airea Height Area o
1 5.061 17433605 1409367 96.930
a 9232 552182 32540 3070
Total 17085787 1447916 100.000
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==== Shimadzu LCsolution Analysis Report ====
DddT R 0 1 10l ed
Sample Name :dd-1-81-0 [ate: O\\
O PPh,
Calumn: The mobile phaza:
o
elocity: The detection wavelength: =
l<Chromatogram>
Chrommato gran
43-1-91-0 DAL 3HF e 10 1ed
o
400000 o
=
b
-
@
300000 A
@
200000
100000
1Det. b Chl
T T T T T
0.0 2.5 50 7.5 10.0 12.5 150
ik
Dedi Table
[Detector & Chl 245mm
TedkiH Rt Time ATes Height ATes %o
1 7.591 4113685 3495350 49.957
2 9.340 4120729 272412 50.043
Total 9234415 621062 100.000
=== Shimadzu LCsolution Analysis Report ====
Dod dvETER s 1. led
[Sample Hame :dd-1-91 [rate:
o] PPh,
Column: The mobile phase: 2
<
elocity: The detection wavelength: —
ik Chromatogram>
Chrommatogram
3d-1-91 DAQdET R 4 Rl led
ut"
2
o
500000
250000
-
I
]
b
1Det & Chl
T T T T T
0.0 2.5 50 7.5 10.0 12.5 150
min
Pedk Tahle
[Detector & Chl 245mm
TedkiH Ft. Time dires Height Ares %
1 7.557 141514 12174 1.340
2 9.269 7350955 503278 93.160
Total 7692502 515452 100.000
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==== Shimadzu LCsolution Analysis Report ====
Dvd TR 3 FF 0. ed
[Sample Hame : dd-1-80-0 [rate: X
8
O  PPh,
Column: The mobile phase:
7 "N
e locity: The detection wavelength: —
iChromatogram=
Chrornatogran
44-1-80-0 DAAVEER 304 100 1od
i
300000
3
o0
]
[
200000 =
A
100000
g - - =|~ 1Deta chl
T T T T T T T
0 5 10 15 20 25 0 35 40
min
Pask Tahle
[Detector & Chl 245k
Dokt Rot. Time dires Height Ares %
1 22.364 9738082 223085 49.974
2 28.747 9742306 174448 50.026
Total 19456339 397533 100.000

==== Shimadzu LCsolution Analysis Report ====

Do dVETER 3 e led

Sample Name : dd-1-80 Date: O\\
o PPh,
Column: The mobile phase: g
<
elocity: The detection wavelength: —
l<Chromatogram>
Chromatogran
dd-1-80 DIdVATER I 4E 0 led
¥ a0
125000+
&
=
100000 )
75000+
50000+
25000+
=
=
I A
07 1Det & Chl
T T T T T T T
o 3 10 15 20 25 30 33 40
ik
Peak Tahle
[Detector & Chl 24 5mem
Degki# Fet. Time Ares Hei Area %
1 2%.002 4143734 Q4570 07.322
2 20015 114004 2074 2.678
Total 4257738 QG644 100.000
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==== Shimadzu LCsolution Analysis Report ====
Cvddvdd-2-17-01C . led
OMe
Sample Hame 1 dd-2-17-0lC [ ate:
Column: The mobile phaze:
N
elocity: The detection wavelength: JOJ\)P\ OMe
S
i<Chromatogram=
Chrornatogram
dd-2-17-0IC Ddd'dd-2-17-0IC 1led
i
400000
c
=
00000+
200000 -
=l
F
100000
e
v 1Det.& ChL
T T T T T
a 10 a0 30 40 0 0
min
Peali Tahle
[Detector & Chl 24 5ren
Deali# Eet. Time Ares Height Area %
1 19,481 11458057 211235 49912
2 40.217 11495538 129460 50053
Tatal 22056505 440606 1000000

Shimadzu LCsolution Analysis Report

Daddivdd-2-171C. led

S63

OMe
Sample Hame :dd-1-17IC [rate:
Column: The mobile phase:
i i . Oy
elocity: The detection wavelength: o X OMe
S
[ Chromatogram=
Chromatogran
dd- 1-17IC D 'dd'dd-2-17IC 1cd
ui’
230000
5
‘a
200000+ =
150000+
100000+
50000
5
bl
=
o —r =
-1Det & Chl
T T T T T
0 1 20 30 40 50 &0
i
DPegli Table
[Mretector & Chl 24 5ren
Dok Fet. Time Area Height Area %
1 19.626 TO36840 187217 98457
2 40.528 110281 1267 1.543
Total 7147121 lag4ad 100.000
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==== Shimadzu LCsolution Analysis Report ====
Dddvdd-2-920.led
Cl
Sample Name : dd-1-87-0 Drate:
Calumn: The mobile phase:
N
elocity: The detection wavelength: U Cl
e
l<Chromatogram=
Chronat ogrim
dd-1-97-0 D 'dd\dd-2-420 1cd
u¥
750000 2
-
~
o
=
500000+
250000
0 - = 1 -1Det A Chl
T T T T T T
o 5 10 15 20 25 30 35
min
Pk Tahle
[Cetector & Chl 24 5rm
Dedk#l Tt Time Bren Height Tre
1 17.003 21696733 667392 49,418
2 21127 22208200 545054 50.582
Total 43004933 1212445 100.000

==== Shimadzu LCsolution Analysis Report =

[Sample Hame

Daddidd-2-42 . led

; dd-z-42 Date: Cl

S64

Column: The mobile phaze:
elocity: The detection wavelength: Ox~
o P Cl
S
i< Chromatogram>
Clroanatogran
dd-2-42 D'dd'dd-2-42 1cd
Lononn
250000
B
Il
200000 =
150000
100000
50000
2
"
e =
1Det. & Chl
T T T T T T
a 5 10 15 a0 a5 0 35
min
Peali Tahle
[Detector & Chl 24 5ren
Deali# Eet. Time Ares Height Area %
1 17.283 6260501 107042 09028
2 21.283 61426 1515 0.872
Tatal 6321927 108563 1000000
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==== Shimadzu LCsolution Analysis Report ====
Diddidd-2-2601-AD lod
Sample Hame :dd-2-2601-AD [rate: H3B
\
O  PPh,
Column: The mobile phaze:
7 "N
elaocity: The detection wawvelength: Q/
< Chromatogram=>
Chrormatogran
3d-2-2601-AT Ddddd-2-2601- AT 1ed
Haga00
5
75000 G
=4
oo
=
50000
25000
S W —
U 1Det 4 1
T T T T T
0.0 2.5 50 7.5 100 12.5 150
min
Peaki Tahle
[Detector & Chl 24 5mm
Tealidl Fet. Time Aren Height Brea ¥
1 7147 785136 74172 49.941
2 9206 786084 52203 50.059
Total 1572110 126395 100,000
== Shimadzu LCsolution Analysis Report ====
DAddid d-2-26-AD | ed
Sample Mame : dd-2-26-AD Date: H3B\
(0] PPh,
Calumn: The mobile phase: =
7 "N
elocity: The detection wawvelength: Q/
l<Chromatogram=
Chrormatogran
2d-2-26-AT Drdddd-2-26-AD led
4o
=
300000-] 5
-
200000
100000
2
=
E]
07 1Det & Chl
T T T T T
00 2.5 50 7.5 0.0 12.5 150
min
Deaki Tahle
[Detector & Chl 245m
Tealill Fet. Time Area Height dires ¥
1 7.167 2067374 277234 09,750
2 10.005 6276 426 0.211
Total 2073650 277660 100,000
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==== Shimadzu LCsolution Analysis Report ====
DAddidd-2-27 o1-AD | ed
Sample Name 1 dd-2-27 0 1-AD Date: S\\
O  PPh,
Column: The mobile phase:
O
elocity: The detection wavelength: —
[<Chromategram=
Chrotratogran
dd-2-2701-AD D dd\dd-2-2701- AT 1cd
Yonoon
150000+ 3
® z
=
=]
100000
50000+
0 B
1Dt & Chl
T T T T T
0.0 235 50 1.5 10.0 125 150
min
Peali Tahle
[Detector & Chl 24 5ron
Tedi#t Feet., Time ey Hright Baen T
1 8.2l 1708673 135529 50.052
2 10.504 1704066 112208 40048
Total 3503630 247827 100.000
==== Shimadzu LCsolution Analysis Report ====
Doddid d-2-27-A0 led
Sample Name :dd-2-27-A0 Date: S
\
) 0 'PPh,
Column: The mobile phase: <
7 "N
elocity: The detection wawvelength: _
l<Chromatogram=
Chrornato gram
d4d-2-27-AD D34\ 34-2-27-AD 1ed
Wgo000
200000+ @
=
=
I
200000
100000+
b
el
=
0 i =
1Det & Chl
T T T T T
oo 2.5 a0 7.5 0.0 12.5 150
min
Peas Table
[Cretector & Chl 24 Sran
Tedilt Fot. Time ey Heigtt Baen T
1 5.899 3555412 258072 99,152
2 10,623 40312 1817 0.818
Total 3584724 250880 100.000




