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1. General Information

All reactions involving air- and moisture-sensitive reagent were carried out
under argon atmosphere. All chemicals were purchased from Aldrich and used
without further purification. Thin-layer chromatography (TLC) was performed
using 60 mesh silica gel plates visualized with short-wavelength UV light (254
nm). Silica gel 60 (230~400 mesh) was used for column chromatography. IR
spectra were recorded with an FT-IR spectrometer as KBr plates or as thin films
and peaks are reported in cm™. *H NMR, *C NMR and *'P NMR spectra spectra
were recorded on a Bruker INOVA-400 and a Bruker AC-250. NMR spectras were
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on a Bruker INOVA-400 and a Bruker AC-250. NMR spectras were recorded on a
400 instrument (400 MHz for 'H, 100 MHz for **C and 162 MHz for *'P).
Chemical shifts (8) were measured in ppm relative to TMS & = 0 for *H or to
chloroform & = 77.0 for *3C as internal standard. Data are reported as follows:
Chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, g = quartet, m =
multiplet), Coupling constants, J, are reported in hertz. Mass spectrometry were
measured with MICRO-TOF Q II (ESI).

2. General Synthesis of Substrstes

2.1. Preparation of (S)-ethyl pyrrolidine-2-carboxylate

O‘ EtOH, SOCl, & K,COs4 &
COOH - COOEt ————= N ~~COOE!
|
H

'Tl reflux, overnight ’}‘ - HCl
H H

To dissolve L-proline (10 g, 86.9 mmol) in 100 mL ethanol, cooled to 0 C, (12.9 mL,
173.9 mmol) SOCI, was added dropwise and stirred at 0 <C for 1 h. Then, further
stirred for 12 h at reflux. After cooling to room temperature and neutralizing the ester
hydrochloride with saturated K,COj solution, extracted with ethyl acetate, and
concentrated under reduced pressure. The residue was purified by column

chromatography, affording a yellow liquid 10 g, yield 80.6%.

2.2. Preparation of (S)-ethyl 2-amino-3-phenylpropanoate?

Ph/YCOZH EtOH, SOCI, Ph/YCOZI(E:t NaHCO; Ph/\‘/COZEt
> HC| ————>
NH, reflux, overnight NH, NH,

To dissolve (S)-2-amino-3-phenylpropanoic acid (10 g, 60.0 mmol) in 100 mL
ethanol, cooled to 0 °C, thionyl chloride (6.5 mL, 90.0 mmol) was added dropwise
and stirred at 0 <C for 1 h. Then, further stirred for 12 h at reflux. After cooling to
room temperature and neutralizing the ester hydrochloride with saturated NaHCO3 to
pH = 8, extracted with ethyl acetate, and concentrated under reduced pressure. The
residue was purified by column chromatography, affording a yellow liquid 11.6 g,
yield 90.0%.

3. General procedures for Three-Component System of Chiral Amino Acid Ester
to Construct Chiral Phosphorus Compounds.

(L)-ethyl pyrrolidine-2-carboxylate (0.45 mmol, 64 mg), diphenylphosphine oxide
(0.3 mmol, 60.6 mg) were added to Schlenk tube, then, the tube was charged with
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argon. Benzaldehyde (0.45 mmol, 46 pL) and toluene (2 mL) was added using a
syringe respectively. The reaction mixture was stirred at 110°C until substrate
disappeared as determined by TLC. After cooling to room temperature, the reaction
system was purified by silica gel flash chromatography to afford pure 2a as a yellow
oil (101.0 mg, 78%).

4. Characterization of products (2a-v and 3):

N

p=o COEt
PH b, %a
(S)-ethyl 1-((S)-(diphenylphosphoryl)(phenyl) methyl) pyrrolidine-2-carboxylate
(2a) : Light yellow liquid, '"H NMR (400 MHz, CDCls): § 8.13-8.08 (m, 2H),
7.53-7.41 (m, 7H), 7.28-7.26 (m, 1H), 7.22-7.17 (m, 5H), 4.98 (d, J = 9.6 Hz, 1H),
4.10-4.02 (m, 2H), 3.51-3.47 (m, 1H), 3.23-3.19 (m, 1H), 3.05-2.98 (m, 1H),
1.82-1.76 (m, 2H), 1.70-1.62 (m, 2H), 1.20 (t, J = 8.0 Hz, 3H). *C NMR (100 MHz,
CDCls): 6 173.6, 132.5 (dd, Jc.p = 4.0 Hz, Jcp = 97.5 Hz), 131.83, 131.5 (dd, Jcp =
8.0 Hz, Jcp = 47.0 Hz), 131.4 (d, Jc-p = 3.0 Hz), 131.1, 131.0, 128.0 (dd, Jc.p = 11.0
Hz, Jcp = 25.0 Hz), 128.0, 63.0 (d, Jcr = 82.0 Hz), 61.8 (d, Jcp = 11.0 Hz), 60.3,
49.6, 27.9, 23.7, 14.2. *'P NMR (162 MHz, CDCl5): & 30.80. IR (neat): 3373, 2976,

1738, 1438, 1216, 1183, 1119, 755, 697, 549 cm™. MS (ESI): (M+H) * 434.1736.

N

Me p=o COEt

PH by, b
(S)-ethyl 1-((S)-(diphenylphosphoryl)(o-tolyl) methyl) pyrrolidine-2-carboxylate
(2b): Light yellow solid, *"H NMR (400 MHz, CDCls): & 8.27-8.15 (m, 2H), 8.07 (d, J
= 8.0 Hz, 1H), 7.59-7.51 (m, 3H), 7.35-7.27 (m, 3H), 7.24-7.10 (m, 4H), 6.91 (d, J =
8.0 Hz, 1H), 5.29 (d, J = 8.0 Hz, 1H), 4.10-4.04 (m, 2H), 3.40 (s, 1H), 3.29-3.22 (m,
2H), 1.89-1.76 (m, 2H), 1.85 (s, 3H), 1.71-1.66 (m, 2H), 1.20 (t, J = 8.0 Hz, 3H). *C
NMR (100 MHz, CDCl): 6 174.2, 137.6, 133.3, 132.6, 132.3, 132.1 (d, Jcr = 9.0
Hz ), 131.8 (d, Jcp = 3.0 Hz ), 131.68, 131.6 (d, Jc-p = 3.0 Hz,), 131.3, 131.1 (d, Jcp
= 9.0 Hz), 131.0, 130.0, 128.2 (d, Jcp = 11.0 Hz), 127.7, 127.6 (d, Jcp = 11.0 H2),
125.8, 63.4 (d, Jc-p = 11.0 Hz), 60.22, 57.7 (d, Jcp = 81.0 Hz), 50.4, 28.6, 23.9, 19.3,
14.2.*'P NMR (162 MHz, CDCls): & 30.77. IR (neat): 3395, 2975, 1735, 1438, 1186,



1118, 1027, 753, 696, 555 cm™>. MS (ESI): (M+H) * 448.2234.

Me N
p=o CO.Et
Ph by, 2%

(S)-ethyl 1-((S)-(diphenylphosphoryl)(m-tolyl) methyl) pyrrolidine-2-carboxylate

(2c): Light yellow liquid, *H NMR (400 MHz, CDCls): & 8.13-8.08 (m, 2H),
7.54-7.44 (m, 5H), 7.29-7.27 (m, 1H), 7.24-7.19 (m, 4H), 7.11 (t, J = 8.0 Hz, 1H),
7.02 (d, J = 8.0 Hz, 1H), 4.96 (d, J = 8.0 Hz, 1H), 4.12-4.02 (m, 2H), 3.50-3.46 (m,
1H), 3.25 (t, J = 8.0 Hz, 1H), 3.03 (d, J = 8.0 Hz, 1H), 2.26 (s, 3H), 1.83-1.78 (m, 2H),
1.71-1.63 (m, 2H), 1.22 (t, J = 8.0 Hz, 3H). *C NMR (100 MHz, CDCls): 5 173.6,
137.5, 132.4 (dd, Jc.p = 32.0 Hz, Jcp = 67.5 Hz ), 131.8, 131.7, 131.4 (d, Jc» = 9.0
Hz, Jc.p = 66.5 Hz), 131.1 (dd, Jc.p = 3 Hz, Jcp = 42 Hz), 128.6, 128.3 (d, Jc.p = 6.0
Hz), 128.1 (d, Jcp = 12.0 Hz), 127.8 (t, Jcp = 5.5 Hz), 63.1 (d, Jcr = 83 Hz), 61.8 (d,
Jop = 12 Hz), 60.3, 49.6, 27.9, 23.9, 14.2. *'P NMR (162 MHz, CDCls): 5 30.69. IR
(neat): 3397, 2974, 1737, 1438, 1185, 1118, 1031, 701, 560, 518 cm™. MS (ESI):

(M+H) * 448.1971.
Me

N
p=o CO.Et
Ph by, 2d

(S)-ethyl 1-((S)-(diphenylphosphoryl)(p-tolyl) methyl) pyrrolidine-2-carboxylate
(2d): Light yellow liquid, *"H NMR (400 MHz, CDCls): & 8.12-8.08 (m, 2H),
7.52-7.46 (m, 5H), 7.34-7.27 (m, 3H), 7.23-7.19 (m, 2H), 7.04-7.02 (m, 2H), 4.97 (d,
J = 8.0 Hz, 1H), 4.12-4.02 (m, 2H), 3.53-3.48 (m, 1H), 3.23-3.19 (m, 1H), 3.02-2.96
(m, 1H), 2.27 (s, 3H), 1.82-1.74 (m, 2H), 1.72-1.59 (m, 2H), 1.22 (t, J = 8.0 Hz, 3H).
3C NMR (100 MHz, CDCls): & 173.5, 137.5, 132.8 (dd, Jcp = 5.0 Hz, Jcp = 97.0
Hz), 131.7 (d, Jcp = 9.0 Hz), 131.6 (dd, Jc.r = 3 Hz, Jcp = 40 Hz), 131.1 (dd, Jcp =
7.0 Hz, Jcp = 17.0 Hz), 128.7, 128.5, 128.0 (d, Jcp = 12.0 Hz), 127.9 (d, Jcp = 11.0
Hz), 62.6 (d, Jc.p = 84.0 Hz), 61.8 (d, Jcp = 12.0 Hz), 60.3, 49.4, 27.9, 23.6, 14.2. 3P
NMR (162 MHz, CDCls): 6 30.87. IR (neat): 3404, 2975, 1736, 1438, 1186, 1118,
1030, 752, 698, 562, 542 cm™. MS (ESI): (M+H) * 448.2336.



N

Cl  p=p COEt

PH by, %
(S)-ethyl 1-((S)-(2-chlorophenyl)(diphenylphosphoryl) methyl)pyrrolidine-2-carb
oxylate (2e): Light yellow solid, *H NMR (400 MHz, CDCls): & 8.23-8.18 (m, 3H),
7.53-7.48 (m, 5H), 7.28-7.11 (m, 6H), 5.73 (d, J = 10.8 Hz, 1H), 4.09-4.04 (m, 2H),
3.60-3.57 (m, 1H), 3.24-3.20 (m, 1H), 2.99-2.97 (m, 1H), 1.88-1.62 (m, 4H), 1.20 (t, J
= 8.0 Hz, 3H). *C NMR (100 MHz, CDCls): § 173.6, 135.4 (d, Jcp = 9.0 Hz), 133.2
(d, Jc.p = 4.0 Hz), 131.5, 131.4 (dd, Jc.p = 9 Hz, Jcp = 99.0 HZ), 131.4 (dd, Jc» = 3.0
Hz, Jcp = 39.0 Hz), 130.2 (d, Jc-p = 2.0 Hz), 129.1, 128.0 (dd, Jc-p = 12.0 Hz, Jcp =
29.0 Hz), 61.6 (d, Jc.p = 12.0 Hz), 60.24, 57.4 (d, Jcp = 83.0 Hz), 49.5, 28.4, 23.4,
14.2. *P NMR (162 MHz, CDCls): & 31.52. IR (neat): 3411, 2977, 1740, 1438, 1191,
1118, 1032, 755, 694, 552, 521 cm™. MS (ESI): (M+H) * 468.1679.

Cl N
p=o CO.Et
PH by, of
(S)-ethyl 1-((S)-(3-chlorophenyl)(diphenylphosphoryl)methyl)pyrrolidine-2-Carb
oxylate (2f): Light yellow liquid, *"H NMR (400 MHz, CDCls): & 8.11-8.05 (m, 2H),
7.53-7.44 (m, 5H), 7.38-7.28 (m, 3H), 7.25-7.15 (m, 4H), 4.98 (d, J = 10.4 Hz, 1H),
4.13-4.02 (m, 2H), 3.47-3.42 (m, 1H), 3.20 (t, J = 8.0 Hz, 1H), 2.99-2.95 (m, 1H),
1.84-1.78 (m, 2H), 1.76-1.58 (m, 2H), 1.21 (t, J = 8.0 Hz, 3H). *C NMR (100 MHz,
CDCls): 6 173.3, 134.0 (d, Jcp = 28.0 Hz), 133.7 (d, Jc-p = 6.0 Hz), 131.7, 131.3 (dd,
Jcp =9.0 Hz, Jcp = 68.5 Hz), 131.6, 131.2 (d, Jc.p = 2.0 Hz), 130.9 (d, Jcp = 7.0 H2),
129.3, 129.2, 128.1 (dd, Jcp = 11 Hz, Jc.p = 17.5 Hz), 62.6 (d, Jcp = 81.0 HZz), 61.7 (d,
Jep = 11.0 Hz), 60.4, 49.6, 27.9, 23.6, 14.2. *P NMR (162 MHz, CDCls): & 30.27.
IR (neat): 3399, 2977, 1735, 1438, 1188, 1118, 1026, 752, 724, 700, 564, 516 cm™.

MS (ESI): (M+H) * 468.1139.
Cl
N
p—o CO.Et
Ph'p, 29
(S)-ethyl 1-((S)-(4-chlorophenyl)(diphenylphosphoryl) methyl)pyrrolidine-2-carb
oxylate (2g): Light yellow liquid, *H NMR (400 MHz, CDCls): & 8.10-8.07 (m, 2H),



7.52-7.45 (m, 5H), 7.44-7.43 (m, 2H), 7.38-7.36 (m, 1H), 7.30-7.18 (m, 4H), 4.99 (d,
J = 9.6 Hz, 1H), 4.10-4.03 (m, 2H), 3.49-3.43 (m, 1H), 3.18-3.14 (m, 1H), 2.98-2.92
(m, 1H), 1.82-1.76 (m, 2H), 1.68-1.61 (m, 2H), 1.20 (t, J = 8.0 Hz, 3H). **C NMR
(100 MHz, CDCls): 6 173.3, 133.9 (d, Jcp = 1.0 Hz), 132.3 (dd, Jc.p = 11.0 Hz, Jcp =
140.0 Hz), 131.7 (dd, Jcp = 6.0 Hz, Jc.p = 150.0 Hz), 131.6 (d, Jc.p = 8.0 Hz), 131.4
(dd, Jcp = 3.0 Hz, Jcp = 30.0 Hz), 130.4, 128.2, 128.1 (d, Jcp = 2.0 Hz), 128.0, 62.2
(d, Jcp = 82.0 Hz), 61.7 (d, Jcp = 11.0 Hz), 60.4, 49.4, 27.8, 23.6, 14.2. *'P NMR
(162 MHz, CDCls): 6 30.42. IR (neat): 3412, 2978, 1735, 1488, 1438, 1187, 1118,
1092, 1017, 754, 723, 695, 553, 526 cm™. MS (ESI): (M+H) * 468.1794.

N

Br p=p COEt

PH by, oh
(S)-ethyl 1-((S)-(2-bromophenyl)(diphenylphosphoryl)methyl)pyrrolidine-2-carb
oxylate (2h): White solid, '"H NMR (400 MHz, CDCls): & 8.25-8.20 (m, 3H),
7.54-7.46 (m, 5H), 7.34-7.27 (m, 3H), 7.22-7.17 (m, 2H), 7.04 (t, J = 8.0 Hz, 1H),
5.68 (d, J = 12.0 Hz, 1H), 4.10-4.04 (m, 2H), 3.58-3.55 (m, 1H), 3.29-3.25 (m, 1H),
3.06-3.00 (m, 1H), 1.85-1.62 (m, 4H), 1.21 (t, J = 8.0 Hz, 3H). *C NMR (100 MHz,
CDCls): 6 173.8, 133.2 (d, Jc.p = 16.0 Hz), 132.5, 132.0 (d, Jc-p = 130.0 Hz), 132.2 (d,
Jcp = 3.0 Hz), 132.0 (d, Jcp = 66.0 Hz), 131.4 (dd, Jc-p = 9.0 Hz, Jcp = 88.5 Hz),
131.4 (dd, Jc-p = 3.0 Hz, Jcp = 41.5 Hz), 128.2 (d, Jc.p = 224.0 HZz), 127.9 (dd, Jcp =
11.0 Hz, Jc.p = 37.5 Hz), 126.7 (d, Jc-r = 9.0 Hz), 61.4 (d, Jc-r = 12.0 Hz), 61.7 (d,
Jep = 82.0 Hz), 60.3, 49.7, 28.6, 23.5, 14.2. *'P NMR (162 MHz, CDCls): & 30.25.
IR (neat): 3415, 2977, 1739, 1464, 1437, 1189, 1118, 1022, 754, 695, 551, 520 cm™,
MS (ESI): (M+H) * 512.1246.

N
Br

p=o COEt
PH by, i
(S)-ethyl 1-((S)-(3-bromophenyl)(diphenylphosphoryl)methyl)pyrrolidine-2-carb
oxylate (2i): Light yellow liquid, *"H NMR (400 MHz, CDCl5): & 8.09-8.07 (m, 2H),
7.54-7.43 (m,7H), 7.34-7.29 (m, 2H), 7.25-7.21(m, 2H), 7.09 (t, J = 7.6 Hz, 1H), 4.96
(d, J = 9.2 Hz, 1H), 4.13-4.02 (m, 2H), 3.45-3.41 (m, 1H), 3.22-3.18 (m, 1H),
3.01-2.95 (m, 1H), 1.84-1.76 (m, 2H), 1.69-1.63 (m, 2H), 1.22 (t, J = 8.0 Hz, 3H). *C

NMR (100 MHz, CDCls): 6 173.3, 134.5, 133.8 (d, Jc-p = 7.0 Hz), 132.6 (d, Jc-» = 6.0



Hz), 131.6, 131.3 (dd, Jcr = 9.0 Hz, Jcp = 68.5 Hz,), 131.2 (d, Jc.p = 3.0 Hz), 129.7
(d, Jcp = 3.0 Hz), 129.5, 128.1 (dd, Jcp = 12.0 Hz, Jcp = 17.0 Hz), 122.1, 62.6 (d,
Jep = 81.0 Hz), 61.7 (d, Jcp = 11.0 Hz), 60.4, 49.6, 27.9, 23.6, 14.2. *'P NMR (162
MHz, CDCls): & 30.25. IR (neat): 3391, 3058, 2372, 1735, 1438, 1187, 1118, 751,

700, 560, 516 cm™. MS (ESI): (M+H) * 514.0572.
Br

N
p—o CO,Et
P bh 2]

(S)-ethyl 1-((S)-(4-bromophenyl)(diphenylphosphoryl)methyl)pyrrolidine-2-carb
oxylate (2j): Yellow liquid, '"H NMR (400 MHz, CDCls): & 8.16-8.04 (m, 2H),
7.53-7.48 (m, 5H), 7.46-7.28 (m, 6H), 7.24-7.22 (m, 2H), 4.98 (d, J = 9.6 Hz, 1H),
4.10-4.03 (m, 2H), 3.45-3.42 (m, 1H), 3.16 (t, J = 8.0 Hz, 1H), 2.88-2.98 (m, 1H),
1.82-1.76 (m, 2H), 1.68-1.61 (m, 2H), 1.20 (t, J = 8.0 Hz, 3H). *C NMR (100 MHz,
CDCls): & 173.2, 132.7 (d, Jc.p = 6.0 Hz), 132.6 (d, Jcp = 11.0 Hz), 131.2 (dd, Jc.p =
9.0 Hz, Jcp = 71.0 Hz), 131.3, 131.2 (d, Jc = 3.0 Hz), 131.1, 128.1 (d, Jc.p = 24.0
Hz), 128.1, 122.2 (d, Jcp = 2.0 Hz), 62.1 (d, Jc-r = 94.0 Hz), 61.7 (d, Jcr = 23.0 H2),
60.3, 49.4, 27.8, 23.5, 14.1. **P NMR (162 MHz, CDCls): 5 30.59, 29.26. IR (neat):
3396, 2970, 2374, 1731, 1438, 1187, 1118, 699, 550, 521 cm™. MS (ESI): (M+H) *
512.0805.

N
OMe p=o CO.Et
Phien 2k

(S)-ethyl 1-((S)-(diphenylphosphoryl)(2-methoxyphenyl) methyl) pyrrolidine-2-

Carboxylate (2k): Light yellow solid, *H NMR (400 MHz, CDCls): & 8.19-8.14 (m,
2H), 8.09 (d, J = 7.6 Hz, 1H), 7.54-7.45 (m, 5H), 7.28-7.13 (m, 4H), 6.90 (t, J = 7.2
Hz, 1H), 6.67 (d, J = 8.4 Hz, 1H), 5.71 (d, J = 10.2 Hz, 1H), 4.14-4.01 (m, 2H), 3.60
(s, 3H), 3.10-3.06 (m, 1H), 2.90-2.83 (m, 1H), 1.81-1.56 (m, 4H), 1.21 (t, J = 8.0 Hz,
3H). *C NMR (100 MHz, CDCls):  173.7, 157.5 (d, Jc» = 8.0 Hz), 133.0 (dd, Jc.p =
26.0 Hz, Jcp = 97.5 Hz), 132.0 (dd, Jc-p = 4.0 Hz, Jc.p = 155.5 Hz), 131.3 (dd, Jcp =
9.0 Hz, Jcr = 107.5 Hz), 130.8, 129.0, 127.8 (dd, Jc.p = 12.0 Hz, Jcp = 28.0 Hz),
120.1, 119.9 (d, Jcp = 2.0 Hz), 109.8, 62.1 (d, Jcp = 12.0 Hz ), 59.9, 55.0, 52.8 (d,
Jop = 86.0 Hz), 49.1, 28.2, 23.1, 14.2. P NMR (162 MHz, CDCl): & 32.23. IR
(neat): 3418, 2973, 1741, 1487, 1438, 1243, 1179, 1118, 1027, 755, 696, 555, 515



cm™. MS (ESI): (M+H) * 464.1631.
MeO

N
p=o COEt
Ph b, ol

(S)-ethyl 1-((S)-(diphenylphosphoryl)(2-methoxyphenyl) methyl) pyrrolidine-2-
carboxylate (2): Light yellow liquid, *H NMR (400 MHz, CDCl5): & 8.07-8.06 (m,
2H), 7.52-7.46 (m, 5H), 7.44-7.35 (m, 2H), 7.28-7.26 (m, 1H), 7.22-7.20 (m, 2H),
6.75 (d, J = 8.8 Hz, 2H), 4.94 (d, J = 10.4 Hz, 1H), 4.08-4.05 (m, 2H), 3.74 (s, 3H),
3.49-3.44 (m, 1H), 3.22-3.19 (m, 1H), 2.99-2.93 (m, 1H), 1.82-1.75 (m, 2H),
1.69-1.58 (m, 2H), 1.21 (t, J = 8.0 Hz, 3H). **C NMR (100 MHz, CDCls): & 173.5,
159.1, 132.8 (dd, Jc.p = 16.0 Hz, Jcp = 97.0 Hz), 132.1 (dd, Jcp = 7.0 Hz, Jcp = 77.5
Hz), 131.32, 131.6 (d, Jc.r = 9.0 Hz), 128.0 (dd, Jc.p = 11.0 Hz, Jcp = 16.5 Hz), 123.7,
113.4, 62.2 (d, Jc.p = 95.0 Hz), 61.8, 60.3, 55.0, 49.4, 27.9, 23.6, 14.2. P NMR (162
MHz, CDCls): 6 31.00. IR (neat): 3400, 2971, 1736, 1606, 1510, 1438, 1254, 1182,
1117, 1031, 751, 698, 550, 519 cm™. MS (ESI): (M+H) * 464.2101.

N
O,N

p=o COEt
PH by, on
(S)-ethyl 1-((S)-(diphenylphosphoryl)(3-nitrophenyl) methyl) pyrrolidine-2-carb
oxylate (2n): Yellow liquid, *H NMR (400 MHz, CDCls): & 8.16-8.11 (m, 2H),
8.07-8.03 (m, 2H), 7.98-7.96 (m, 1H), 7.57-7.51 (m, 3H), 7.48-7.42 (m, 3H),
7.32-7.28 (m, 1H), 7.24-7.20 (m, 1H), 5..17 (d, J = 8.0 Hz, 1H), 4.16-4.06 (m, 2H),
3.45-3.40 (m, 1H), 3.17 (t, J = 8.0, 1H), 3.01 (g, J = 8.0, 1H), 1.85-1.81 (m, 2H),
1.71-1.67 (m, 2H), 1.22 (t, J = 8.0 Hz, 3H). **C NMR (100 MHz, CDCls): & 173.1,
147.7, 136.8 (d, Jc.p = 5.0 Hz), 134.7, 132.3, 131.8 (d, Jc.r = 2.0 Hz), 131.6, 131.2,
131.1 (d, Jcp = 24.0 Hz), 130.8 (d, Jcr = 9.0 Hz), 129.0, 128.3 (dd, Jc.r = 12.0 Hz,
Jcp = 15.5 HZz), 125.4 (d, Jcp = 8.0 Hz), 122.8, 62.5 (d, Jcp = 80.0 Hz), 61.8 (d, Jcp
= 10.0 Hz), 60.5, 49.6, 27.9, 23.5, 14.1. P NMR (162 MHz, CDCls): § 30.07. IR
(neat): 3240, 2927, 1740, 1705, 1531, 1439, 1351, 1196, 1130, 753, 727, 697, 551

cm™. MS (ESI): (M+H) * 479.1876.



NC
N

p=o CO.Et
Ph by, 2
(S)-ethyl 1-((S)-(4-cyanophenyl)(diphenylphosphoryl) methyl) pyrrolidine-2-carb
oxylate (20): Light yellow liquid, "H NMR (400 MHz, CDCls): & 8.18-8.04 (m, 2H),
7.55-7.53 (m, 7H), 7.52-7.48 (m, 2H), 7.48-7.30 (m, 1H), 7.28-7.21 (m, 2H), 5.08 (s,
1H), 4.11-4.05 (m, 2H), 3.45-3.41 (m, 1H), 3.16-3.12 (m, 1H), 3.04-2.94 (m, 1H),
1.84-1.80 (m, 2H), 1.72-1.64 (m, 2H), 1.21 (t, J = 8.0 Hz, 3H). *C NMR (100 MHz,
CDCls): 6 173.2, 138.0, 132.3 (d, Jc-p = 14.0 Hz), 131.6 (dd, Jc-p = 3.0 Hz, Jcp = 39.5
Hz,), 131.7 (d, Jcp = 4.0 Hz), 131.4 (d, Jcp = 1.0 Hz), 131.3 (d, Jcp = 15.0 Hz),
130.9 (d, Jcp = 9.0 Hz), 128.3 (dd, Jc.p = 12.0 Hz, Jc.p = 17.5 Hz), 118.5, 111.7, 62.8
(d, Jcp = 80.0 Hz), 61.7 (d, Jep = 11.0 Hz), 60.5, 49.7, 28.0, 23.6, 14.2. *'P NMR
(162 MHz, CDCl3): 6 29.93. IR (neat): 3402, 2978, 2229, 1732, 1438, 1189, 1117,

1023, 754, 730, 697, 566, 529 cm?. MS (ESI): (M+H) *495.1957.
OMe

N
MeO

p=o COEt
Ph'ph 2p
(S)-ethyl 1-((S)-(3,5-dimethoxyphenyl)(diphenylphosphoryl) methyl) pyrrolidine
-2-carboxylate (2p): Yellow liquid, *H NMR (400 MHz, CDCls): & 8.14-8.04 (m,
2H), 7.52-7.47 (m, 5H), 7.31-7.21 (m, 3H), 6.59 (s, 2H), 6.31 (s, 1H), 4.92 (d, J =9.2
Hz, 2H), 4.04-4.08 (m, 2H), 3.70 (s, 6H), 3.46-3.41 (m, 1H), 3.32 (t, J = 7.2 Hz, 1H),
3.08-3.02 (m, 1H), 1.83-1.79 (m, 2H), 1.68-1.65 (m, 2H), 1.20 (t, J = 8.0 Hz, 3H). *C
NMR (100 MHz, CDCls): 6 173.6, 160.2, 134.2, 132.7 (d, Jcp = 97.0 Hz ), 132.5 (d,
Jep = 97.0 Hz), 131.4 (dd, Jc-p = 9.0 Hz, Jcp = 63.0 Hz), 131.4 (d, Jcp = 2.0 Hz),
131.0, 128.0 (dd, Jc-p = 11.0 Hz, Jcp = 21.0 Hz), 109.1 (d, Jc.p = 7.0 HZ), 100.4, 63.1
(d, Jc.p = 82.0 Hz), 61.8 (d, Jcp = 11.0 Hz), 60.3, 55.3, 49.8, 28.0, 23.7, 14.2. 3P
NMR (162 MHz, CDCls): 6 30.41. IR (neat): 3298, 2935, 1736, 1594, 1461, 1436,
1202, 1157, 1117, 1064, 723, 700, 530, 516 cm™. MS (ESI): (M+H) * 494.2084.



(S)-ethyl 1-((S)-1-(diphenylphosphoryl) butyl) pyrrolidine-2-carboxylate (2q):
Light yellow liquid, *H NMR (400 MHz, CDCls): § 7.94-7.82 (m, 4H), 7.49-7.29 (m,
6H), 4.12-4.07 (m, 1H), 4.01-3.96 (m, 1H), 3.93-3.87 (m, 1 H), 3.67 (t, J = 6.4 Hz,
0.5H), 3.38-3.35 (m, 1H), 3.12-3.11 (m, 1H), 2.84-2.82 (m, 0.5H),1.93-1.80 (m, 2H),
1.78-1.57 (m, 2H), 1.54-1.51 (m, 2H), 1.29-1.22 (m, 3H), 1.18-1.14 (m, 2H),
0.89-0.78 (m, 3H), **C NMR (100 MHz, CDCls): & 174.5 (d, Jc.r = 3.0 Hz), 173.6,
134.1 (d, Jcp = 128.0 HZz), 133.8, 133.7, 132.9 (d, Jc.p = 6.0 Hz), 132.4, 131.6, 131.5,
131.4 (d, Jep = 3.0 Hz), 131.3 (d, Jcr = 3.0 Hz), 131.1, 131.0 (d, Jcp = 3.0 H2),
131.0 (d, Jc-p = 2.0 Hz), 130.9, 130.8, 130.6 (d, Jcp = 11.0 Hz), 128.8 (d, Jcp = 13.0
Hz), 128.5 (d, Jcp = 14.0 Hz), 128.4, 128.3 (d, Jc.p = 4.0 Hz), 127.8 (d, Jcp = 12.0
Hz), 63.6 (d, Jcr = 12.0 Hz), 63.2, 60.2 (d, Jc» = 7.0 Hz), 59.0 (d, Jcp = 36.0 Hz),
58.2 (d, Jcp = 21.0 Hz), 48.4, 47.3, 30.0 (d, Jc-p = 7.0 Hz), 29.2 (d, Jcp = 68.0 Hz),
26.5 (d, Jcp = 4.0 HZ), 24.4 (d, Jc-p = 32.0 HZ), 21.6 (d, Jc-p = 9.0 HZ), 20.0 (d, Jcp =
12.0 Hz), 14.1 (d, Jep = 11.0 Hz), 14.0 (d, Jcr = 26.0 Hz). **P NMR (162 MHz,
CDCls): 6 32.20, 31.25. IR (neat): 3395, 2962, 1739, 1655, 1438, 1184, 1117, 1097,
1028, 750, 722, 698, 545 cm™. MS (ESI): (M+H) * 400.1971.

N
p=o COEt
P 2r
(S)-ethyl 1-((S)-1-(diphenylphosphoryl) pentyl) pyrrolidine-2-carboxylate (2r):
Light yellow liquid, *H NMR (400 MHz, CDCls): § 7.94-7.81 (m, 4H), 7.49-7.39 (m,
6H), 4.11-4.07 (m, 1H), 3.96-3.86 (m, 2H), 3.69-3.65 (m, 0.5 H), 3.36-3.34 (m, 1H),
3.15-3.12 (m, 1H), 2.85-2.83 (m, 0.5H), 1.92-1.87 (m, 2H), 1.81-1.52 (m, 4H),
1.27-1.13 (m, 7H), 0.83-0.74 (m, 3H), *C NMR (100 MHz, CDCl3):  174.4 (d, Jc.p
= 3.0 Hz), 173.6, 134.3 (d, Jcr = 87.0 HZz), 133.8 (d, Jcp = 4.0 Hz), 133.2 (d, Jcp =
48.0 Hz), 132.7 (d, Jc.p = 39.0 Hz), 131.6, 131.51, 131.48, 131.4 (d, Jcr = 3.0 Hz),
131.3 (d, Jc-p = 2.0 Hz), 131.14, 131.10, 131.0, 130.9 (d, Jc-r = 5.0 Hz), 130.8, 130.7
(d, Jcp = 8.0 Hz), 128.9 (d, Jcp = 13.0 Hz), 128.6, 128.5 (d, Jc.p = 4.0 Hz), 128.3 (d,
Jcp = 3.0 Hz), 127.9 (d, Jcp = 11.0 Hz), 63.7 (d, Jc.p = 11.0 Hz), 63.2, 60.3 (d, Jcp =
7.0 Hz), 59.2 (d, Jcp = 33.0 Hz), 58.5 (d, Jc.p = 18.0 Hz), 48.4, 47.4, 30.7 (d, Jcp =
10.0 Hz), 29.6, 29.1, 29.0 (d, Jcr = 2.0 Hz), 27.5 (d, Jcr = 6.0 HZ), 24.4 (d, Jcp =
32.0 Hz), 24.1 (d, Jcp = 5.0 Hz), 22.4 (d, Jcr = 28.0 Hz), 14.1 (d, Jcp = 12.0 H2),
13.8 (d, Jcp = 14.0 Hz). *'P NMR (162 MHz, CDCls): & 32.24, 31.25. IR (neat):
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3399, 2956, 2931, 2866, 1738, 1438, 1271, 1186, 1115, 1028, 720, 699, 552, 531
cm™. MS (ESI): (M+H) * 414.2137.

(S)-ethyl 1-((S)-(diphenylphosphoryl)(furan-2-yl) methyl) pyrrolidine-2-carboxy
late (25): Yellow liquid, *H NMR (400 MHz, CDCls): § 8.10-8.05 (m, 2H), 7.59-7.45
(m, 5H), 7.37-7.27 (m, 4H), 6.68 (d, J = 3.0 Hz, 1H), 6.27-6.26 (m, 1H), 5.21 (d, J =
32.0 Hz, 1H), 4.11-4.06 (m, 2H), 3.43-3.39 (m, 1H), 3.28 (t, J = 8.0 Hz, 1H),
2.96-2.88 (m, 1H), 1.84-1.80 (m, 2H), 1.74-1.53 (m, 4H), 1.22 (t, J = 8.0 Hz, 3H). *C
NMR (100 MHz, CDCl3): § 173.3, 146.5 (d, Jc.p = 6.0 Hz), 142.5 (d, Jc.p = 1.0 H2),
132.6 (d, Jc.p = 60.0 Hz), 131.9, 131.84, 131.75, 131.5 (d, Jc.p = 3.0 Hz), 131.3, 131.2,
130.9 (d, Jc-r = 9.0 Hz), 128.1, 128.0, 63.2 (d, Jc-r = 12.0 Hz), 60.4, 57.6 (d, Jcp =
86.0 Hz), 49.4, 28.0, 23.6, 14.1. *P NMR (162 MHz, CDCls): & 29.54. IR (neat):
3427, 2976, 2372, 1736, 1438, 1199, 1118, 1012, 749, 724, 698, 541, 522 cm™. MS
(ESI): (M+H) " 424.1829.
=
\N N
p=o COEt

PH by, ot
(S)-ethyl 1-((S)-(diphenylphosphoryl)(pyridin-2-yl) methyl) pyrrolidine-2-carb
oxylate (2t): Light yellow liquid, *H NMR (400 MHz, CDCls): & 8.40-8.39 (m, 1H),
8.11-8.09 (m, 2H), 8.07-8.06 (m, 1H), 7.85-7.82 (m, 0.25H), 7.71-7.63 (m, 0.5H),
7.59-7.45 (m, 7H), 7.31-7.21 (m, 4H), 7.09-7.06 (m, 1H), 5.31 (d, J = 9.6 Hz, 1H),
5.21 (d, J = 7.6 Hz, 0.25H), 4.06-3.96 (m, 2H), 3.89-3.86 (m, 0.5H), 3.52-3.42 (m,
2H), 3.22-3.18 (m, 0.5H), 3.13-3.07 (m, 1H), 1.82-1.60 (m, 5H), 1.19-1.15 (m, 3H),
1.07 (t, J = 7.2 Hz, 1H). ®C NMR (100 MHz, CDCls): § 174.4, 173.3, 155.2 (d, Jc»
=3.0Hz), 153.4 (d, Jc» = 4.0 Hz ), 149.0, 148.6, 135.9, 135.7, 133.6, 132.9, 132.6 (d,
Jcp = 14.0 Hz), 131.9, 131.7, 131.6, 131.54, 131.48, 131.41, 131.38, 131.3 (d, Jc-r =
9.0 Hz), 131.2, 131.1, 131.0, 130.9, 128.1 (d, Jc.r = 11.0 Hz ), 128.0 (d, Jc-p = 25.0
Hz ), 127.9, 127.8, 125.7 (d, Jc» = 3.0 Hz ), 125.2 (d, Jcp = 3.0 Hz ), 1225, 122.3,
67.4 (d, Jc.p = 77.0 Hz), 65.2 (d, Jcp = 80.0 Hz), 63.3 (d, Jcp = 4.0 Hz), 62.2 (d, Jcr
=11.0 Hz), 60.8, 60.2, 60.0, 58.4, 50.7 (d, Jc» = 6.0 Hz), 49.5, 47.6, 30.2, 29.5, 29.3,
28.3, 24.6, 23.9, 23.3, 22.1, 14.0, 13.8. *'P NMR (162 MHz, CDCl5): & 33.19, 29.56.
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IR (neat): 3424, 3056, 2977, 2873, 1737, 1586, 1467, 1436, 1189, 1118, 1028, 752,
722, 696, 551, 521 cm™. MS (ESI): (M+H) * 435.1947.

E

Ph NH

T
P=0
Ph' by, ou

(S)-ethyl 2-(((S)-(diphenylphosphoryl)(phenyl) methyl) amino)-3-phenylpropan
oate (2u): Light yellow liquid, *"H NMR (400 MHz, CDCly): & 7.89-7.84 (m, 2H),
7.76-7.71 (m, 1H), 7.60-7.49 (m, 4H), 7.47-7.40 (m, 5H), 7.35-7.28 (m, 8H),
7.26-7.01 (m, 8H), 6.76 (d, J = 7.6 Hz, 1H), 4.69 (d, J = 10.0 Hz, 1H), 4.28-4.38 (d, J
= 9.6 Hz, 0.5H), 4.13-4.08 (m, 2H), 3.70-3.67 (m, 1H), 3.42-3.38 (m, 0.5H),
3.37-3.32 (m, 1H), 3.00-2.87 (m, 1H), 2.82-2.74 (m, 2H), 2.36 (s, 1H), 1.16 (t, J=7.2
Hz, 3H), 0.96 (t, J = 8.0 Hz, 1.5H). *C NMR (100 MHz, CDCls): § 173.6, 173.3,
137.5, 136.9, 135.1, 133.5 (d, Jcp = 4.0 Hz), 132.4 (d, Jcp = 8.0 Hz), 131.9 (d, Jc.p =
3.0 Hz), 131.7, 131.6, 131.4 (d, Jcp = 11.0 Hz), 131.35 (d, Jcr = 8.0 Hz), 130.7,
130.6 (d, Jc-» = 95.0 Hz), 130.2 (d, Jcp = 50.0 Hz), 129.3, 129.2, 129.1, 129.0, 128.9,
128.2 (d, Jcp = 4.0 Hz), 128.1, 127.83 (d, Jcr = 11.0 Hz), 127.82 (d, Jcp = 1.0 Hz),
127.8, 127.6 (d, Jc-p = 2.0 Hz), 127.5 (d, Jcp = 2.0 Hz), 126.6, 126.4, 62.8 (d, Jcpr =
80.0 Hz), 62.2 (d, Jc» = 13.0 Hz), 61.4 (d, Jcp = 77.0 Hz), 60.59, 60.55, 59.4 (d, Jc-p
= 14.0 Hz), 39.5, 39.3, 14.1, 13.7. *P NMR (162 MHz, CDCls): & 31.35, 30.05. IR
(neat): 3331, 1731, 1438, 1187, 1119, 1028, 752, 722, 699, 552, 501 cm™. MS (ESI):

(M+H) * 484.1971.

Ph NH

P=0
PH by, oy
((S9)-(((R)-1-(naphthalen-2-yl) ethyl) amino)(phenyl) methyl) diphenylphosphine
oxide (2v): Light yellow liquid, *"H NMR (400 MHz, CDCls): & 7.97-7.92 (m, 0.5H),
7.82-7.70 (m, 4H), 7.65 (d, J = 8.0 Hz, 0.5H), 7.56-7.49 (m, 2H), 7.43-7.34 (m, 3H),
7.32-7.14 (m, 10H), 7.07-7.04 (m, 2H), 4.72 (d, J = 10.0 Hz, 0.25H), 4.48-4.42 (m,
1H), 4.14-4.08 (m, 0.75H), 2.76 (s, 1H), 1.40-1.34 (m, 3H). *C NMR (100 MHz,
CDCls): 6 140.6, 139.5, 135.9, 135.5, 133.7, 133.6, 132.0 (d, Jc.r = 10.0 Hz), 131.8,
131.73, 131.69, 131.6, 131.51, 131.47, 131.30, 131.26, 131.2, 131.1, 131.0, 130.9,

130.8, 130.6 (d, Jcp = 5.0 Hz), 128.9 (d, Je.r = 6.0 Hz), 128.7 (d, Jer = 5.0 Hz),
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128.5, 128.1, 128.0, 128.0 (d, Jcp = 40.0 Hz), 127.74, 127.69, 127.6, 127.5, 127.3,
127.2, 125.4 (d, Jcp = 4.0 Hz), 125.1, 124.6, 123.2 (d, Jcp = 42.0 Hz), 60.4, 60.3,
59.6, 59.5, 24.2, 21.2. *P NMR (162 MHz, CDCls):  31.87, 31.13. IR (neat): 3328,
3058, 2969, 1595, 1438, 1187, 1120, 801, 780, 753, 722, 699, 551, 527, 502 cm™. MS
(ESI): (M+H) * 462.1884.

OH  Ph

Ph—(|3—ll3|—Ph

H O 3
(hydroxyl (phenyl) methyl) diphenylphosphine oxide (3): Light yellow liquid, ‘H
NMR (400 MHz, CD;0OD): & 7.89-7.75 (m, 4H), 7.61-7.56 (m, 2H), 7.51-7.45 (m,
4H), 7.24-7.18 (m, 5H), 5.62 (d, J = 7.2 Hz, 1H). **C NMR (100 MHz, CDs0D): &
138.4, 133.8 (d, Jcr = 9.0 Hz), 133.5 (d, Jcp = 8.0 Hz), 133.0 (d, Jcr = 9.0 H2),
132.7 (d, Jcp = 96.0 Hz), 130.1 (d, Jc-p = 96.0 Hz), 129.8 (d, Jc.p = 11.0 Hz), 129.4 (d,
Jep = 11.0 Hz), 129.1, 129.0, 128.9, 74.6, 73.8. *'P NMR (162 MHz, CD;OD): 5
33.04. IR (neat): 3274, 2923, 1593, 1436, 1161, 1119, 1027, 722, 695, 546,502 cm’™.
MS (ESI): (M+H) *309.0854.
References:
1. G. J. Wang, N. Goyal and B. Hopkinson, Bioorg. Med. Chem. Lett, 2009, 19, 3798.
2. S. Stella and A. Chadha, Tetrahedron: Asymmetry, 2010, 21, 457.

5. NMR Spectra
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