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I. General Information

All reactions were carried out under a nitrogen atmosphere. Solvents were purified by standard
procedure before use. Commercial reagents were used without further purification. Flash chromatography
was performed on silica gel 60 (40-63um, 60A). Thin layer chromatography (TLC) was performed on glass
plates coated with silica gel 60 with F254 indicator. Proton nuclear magnetic resonance (*H NMR) spectra
were recorded on a Bruker 400 MHz spectrometer. Chemical shifts for protons are reported in parts per
million downfield from tetramethylsilane and are referenced to residual protium in the NMR solvent
(CHCl3= & 7.26). Carbon nuclear magnetic resonance (3C NMR) spectra were recorded on a Bruker 100
MHz spectrometer. Chemical shifts for carbon are reported in parts per million downfield from
tetramethylsilane and are referenced to the carbon resonances of the solvent (CDClz = 6 77.07). Phosphorus
nuclear magnetic resonance (3P NMR) spectra were recorded on a Bruker 162 MHz spectrometer. Chemical
shifts for phosphorus are reported in parts per million downfield from the external 85% H3POasignal at 0.0
ppm as a standard. Data are represented as follows: chemical shift, multiplicity (br = broad, s = singlet, d =
doublet, t= triplet, q = quartet, m = multiplet), coupling constants in Hertz (Hz) integration. Enantiomeric
ratios were determined by chiral HPLC with n-hexane and i-PrOH as solvents. Optical rotations were
recorded on a JASCO P-1020 polarimeter. ESI HRMS spectra were recorded on Bio TOFQ. Conversions
were determined by GC. B-enamido phosphonatest™ and B-substituted a-enamido phosphonates!® were

prepared according to the literatures.

I1. General Procedure for Asymmetric Hydrogenation of the Substrates

0 0
IF!(OR1)2 IF!(OR1)2
I
= | NHR?  [Rh(COD),]BF, (1 mol%) R_/ | NHR?
R—\ (S-L3c (1.1mol%) Iy
ﬁ) 3 MPa H,, 25 °C ﬁ)
A P(OMe), TEE, 24 h A l/P(OMe)2
NHAc NHAc

In a nitrogen-filled glovebox, a stainless steel autoclave was charged with [Rh(COD).]BF4
(0.00125mmol, 0.01 equiv), (S)-L3c (0.001375mmol, 0.011 equiv) in 1.0 mL of a degassed TFE. After
stirring for 60 min at room temperature, the reaction mixture was added to a mixture of the substrate (1a-l,
3a-j) (0.125 mmol, 1 equiv) in 1.0 mL of the same solvent, and the hydrogenation was performed at 25 °C

under H2 pressure of 3 MPa for 24 h. The solvent was then evaporated, and the residue was purified by flash
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column chromatography to give the corresponding hydrogenation product (2a-1, 4a-j).
i
P(OMe),

NHBz

2a dimethyl (S)-(2-benzamido-2-phenylethyl)phosphonate (2a). 1 41.7 mg (99% yield)
of 2a was obtained as a white solid after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralcel OD-H,
n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 9.2 min, tz (minor) = 11.8 min. [o]p?° =
-23.5 (¢ 1.2, CH2Cl2). 'H NMR (400 MHz, CDCls) 6 8.15 (d, J = 7.4 Hz, 1H), 7.94 — 7.92 (m, 2H), 7.51 —
7.31 (m, 7H), 7.27 — 7.23 (m, 1H), 5.61 (ddd, J = 26.1, 12.9, 7.0 Hz, 1H), 3.69 (d, J = 11.0 Hz, 3H), 3.39 (d,
J=11.1 Hz, 3H), 2.54 — 2.36 (m, 2H); 13C NMR (176 MHz, CDCls) 5 166.4, 141.2 (d, Jc.p = 8.3 Hz), 134.0,
131.6, 128.7, 128.6, 127.6, 127.2, 126.0, 52.5 (d, Jcp = 6.5 Hz), 52.4 (d, Jc-p = 6.7 Hz), 48.7 (d, Jcp = 5.5
Hz), 31.6 (d, Jc-p = 138.1 Hz); 3P NMR (162 MHz, CDCl3) 5 30.7.
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1 9. 200 1553242 08 624
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i
P(OMe),
NHBz
F
2b dimethyl (S)-(2-benzamido-2-(4-fluorophenyl)ethyl)phosphonate (2b). 43.6 mg

(99% yield) of 2b was obtained as white solid after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). M.P.: 114 - 116 °C. 97% ee was determined by chiral HPLC (Chiralcel
OD-H, n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 9.1 min, tr (Minor) = 10.9 min.
[a]p?® = -19.2 (¢ 0.9, CH.Cl2). *H NMR (400 MHz, CDCl3) § 8.16 (d, J = 7.0 Hz, 1H), 7.93 (d, J = 7.7 Hz,
2H), 7.52 — 7.43 (m, 3H), 7.38 — 7.34 (m, 2H), 7.03 (t, J = 8.4 Hz, 2H), 5.58 (ddd, J = 26.9, 12.9, 6.4 Hz,
1H), 3.72 (d, J = 11.0 Hz, 3H), 3.45 (d, J = 11.1 Hz, 3H), 2.49 — 2.34 (m, 2H); 3C NMR (101 MHz, CDCl3)
0 166.4, 162.1 (d, Jct = 245.9 Hz), 137.0 (dd, J = 9.8, 4.6 Hz), 133.8, 131.8, 128.7, 127.7 (d, J = 8.1 Hz),
127.2, 1155 (d, J = 21.6 Hz), 52.6 (d, Jcp = 6.6 Hz), 52.4 (d, Jcp = 6.7 Hz), 48.2 (d, Jcp = 5.6 Hz), 31.5 (d,
Jcp = 138.3 Hz); 3P NMR (162 MHz, CDCls) § 30.6. HRMS calc. for Ci7H20FNO4P [M+H]*: 352.1108,
found: 352.1114.
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P(OMe),
NHBz
Cl 2¢

dimethyl (S)-(2-benzamido-2-(4-chlorophenyl)ethyl)phosphonate (2c). ©! 45.7



mg (99% vyield) of 2c was obtained as white solid after purification with column chromatography on silica
gel (hexanes/EtOAc/methanol, 1/1/0.1). M.P.: 184 - 186 °C. 96% ee was determined by chiral HPLC
(Chiralcel OD-H, n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tgr (major) = 9.2 min, tr (minor) =
15.9 min. [a]p?® = -22.4 (¢ 1.3, CH2Cl). *H NMR (400 MHz, CDCl3) 6 8.18 (d, J = 7.0 Hz, 1H), 7.93 (d, J =
7.6 Hz, 2H), 7.52 — 7.44 (m, 3H), 7.34 — 7.30 (m, 4H), 5.56 (ddd, J = 26.7, 12.9, 6.4 Hz, 1H), 3.72 (d, J =
11.0 Hz, 3H), 3.46 (d, J = 11.1 Hz, 3H), 2.41 (dd, J = 16.3, 5.6 Hz, 2H); 13*C NMR (101 MHz, CDCls) &
166.4, 139.8 (d, Jcp = 8.4 Hz), 133.7, 133.3, 131.8, 128.8, 128.7, 127.4, 127.2, 52.6 (d, Jcp = 6.6 Hz), 52.4
(d, Jcp = 6.7 Hz), 48.3 (d, Jcp = 5.8 Hz), 31.4 (d, Jcp = 138.2 Hz); *'P NMR (162 MHz, CDCls) § 30.4.
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P(OMe),
NHBz
Br
2d dimethyl (S)-(2-benzamido-2-(4-bromophenyl)ethyl)phosphonate (2d). ! 51.1

mg (99% vyield) of 2d was obtained as white solid after purification with column chromatography on silica
gel (hexanes/EtOAc/methanol, 1/1/0.1). M.p.: 92 — 94 °C. 97% ee was determined by chiral HPLC
(Chiralcel OD-H, n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tgr (major) = 9.6 min, tr (minor) =
22.9 min. [o]o® = -16.8 (c 0.8, CHCl,). *H NMR (400 MHz, CDCl3) § 8.17 (d, J = 6.9 Hz, 1H), 7.92 (d, J =
7.8 Hz, 2H), 7.54 — 7.44 (m, 5H), 7.28 - 7.25 (m, 2H), 5.54 (dq, J = 26.8, 6.5 Hz, 1H), 3.73 (d, J = 11.0 Hz,
3H), 3.46 (d, J = 11.1 Hz, 3H), 2.40 (dd, J = 16.6, 6.0 Hz, 2H); 3C NMR (101 MHz, CDCl3) § 166.4, 140.4
(d, Jcp = 8.6 Hz), 133.7, 131.8, 131.8, 128.7, 127.8, 127.2, 121.4, 52.6 (d, Jc-p = 6.6 Hz), 52.5 (d, Jcp = 6.7
Hz), 48.4 (d, Jcp = 5.8 Hz), 31.3 (d, Jcp = 138.5 Hz); 3'P NMR (162 MHz, CDCl3) & 30.4.
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P(OMe),

NHBz

2e dimethyl (S)-(2-benzamido-2-(p-tolyl)ethyl)phosphonate (2e). [ 43.1 mg (>99%

yield) of 2e was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralcel OD-H,
n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 8.1 min, tr (minor) = 19.6 min. [a]o® =
-24.5 (¢ 3.2, CHaCl,). *H NMR (400 MHz, CDCls) & 8.08 (d, J = 7.3 Hz, 1H), 7.91 (d, J = 7.8 Hz, 2H), 7.50
—7.39 (m, 3H), 7.26 (d, J = 7.8 Hz, 2H), 7.13 (d, J = 7.8 Hz, 2H), 5.55 (ddd, J = 24.4, 13.1, 6.8 Hz, 1H),
3.69 (d, J = 10.9 Hz, 3H), 3.42 (d, J = 11.0 Hz, 3H), 2.53 — 2.37 (m, 2H), 2.31 (s, 3H); 3C NMR (101 MHz,
CDCl3) 6 166.4, 138.3 (d, Jcp = 8.7 Hz), 137.2, 134.1, 131.5, 129.3, 128. 6, 127.2, 126.0, 52.5 (d, Jcp = 6.6
Hz), 52.4 (d, Jc.p = 6.6 Hz), 48.6 (d, Jcp = 5.3 Hz), 31.6 (d, Jcp = 137.8 Hz), 21.1; 3P NMR (162 MHz,
CDCls) & 30.8.
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P(OMe),
NHBz
MeO
2f dimethyl (S)-(2-benzamido-2-(4-methoxyphenyl)ethyl)phosphonate (2f). [

45.2 mg (>99% vyield) of 2f was obtained as colorless oil after purification with column chromatography on
silica gel (hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralcel OD-H,
n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 11.7 min, tr (minor) = 24.4 min. [a]p®
=-22.5 (c 0.8, CH2Cl2). *H NMR (400 MHz, CDCl3) & 8.00 (d, J = 7.3 Hz, 1H), 7.92 (d, J = 7.8 Hz, 2H),
7.47 (dt, J = 25.1, 7.4 Hz, 3H), 7.31 (d, J = 8.2 Hz, 2H), 6.88 (d, J = 8.1 Hz, 2H), 5.55 (ddd, J = 25.7, 13.0,
6.5 Hz, 1H), 3.78 (s, 3H), 3.70 (d, J = 10.9 Hz, 3H), 3.44 (d, J = 11.0 Hz, 3H), 2.52 — 2.35 (m, 2H); 3C
NMR (101 MHz, CDCls) 6 166.4, 159.0, 134.0, 133.3 (d, Jcp = 8.2 Hz), 131.6, 128.6, 127.2, 127.2, 114.1,
55.3,52.5, 52.5 (d, Jcp = 3.6 Hz), 52.4 (d, Jcp = 3.6 Hz), 48.3 (d, Jcp = 5.4 Hz), 31.6 (d, Jcp = 137.6 Hz);

1P NMR (162 MHz, CDCls) § 30.9.
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P(OMe),

NHBz
cl

29 dimethyl (S)-(2-benzamido-2-(2-chlorophenyl)ethyl)phosphonate (2g). ! 44.6 mg
(>99% yield) of 2g was obtained as white solid after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). M.P.: 106 — 108 °C. 98% ee was determined by chiral HPLC (Chiralcel
OD-H, n-hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 16.3 min, tr (Minor) = 18.4 min.
[]o?® = -74.1 (¢ 3.4, CH.Cl2). *H NMR (400 MHz, CDCl3) & 8.43 (d, J = 7.0 Hz, 1H), 7.95 (d, J = 7.7 Hz,
2H), 7.53 — 7.43 (m, 4H), 7.37 (d, J = 7.4 Hz, 1H), 7.25 — 7.18 (m, 2H), 5.86 (ddd, J = 26.7, 12.5, 6.7 Hz,
1H), 3.73 (d, J = 11.0 Hz, 3H), 3.43 (d, J = 11.1 Hz, 3H), 2.64 — 2.39 (m, 2H); 3C NMR (101 MHz, CDCl3)
0 166.1, 138.5 (d, Jcp = 8.4 Hz), 133.7, 132.2, 131.7, 129.9, 128.8, 128.7, 127.4, 127.2, 127.1, 52.6 (d, Jcp
= 6.6 Hz), 52.3 (d, Jcp = 6.8 Hz), 46.8 (d, Jc-p = 5.9 Hz), 28.7 (d, Jcp = 137.9 Hz); 3P NMR (162 MHz,
CDCls) 3 30.7.
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P(OMe),
NHBz

Cl
2h dimethyl (S)-(2-benzamido-2-(3-chlorophenyl)ethyl)phosphonate (2h). 45.4 mg (99%

yield) of 2h was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralcel OD-H,
n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tz (major) = 8.7 min, tz (minor) = 11.3 min. [a]o® =
-29.5 (C 1.1, CH2Cl2). *H NMR (400 MHz, CDCl3) & 8.22 (d, J = 6.9 Hz, 1H), 7.94 (d, J = 7.7 Hz, 2H), 7.54
—7.37 (M, 4H), 7.28 — 7.24 (m, 3H), 5.56 (ddd, J = 26.5, 12.9, 6.4 Hz, 1H), 3.73 (d, J = 11.0 Hz, 3H), 3.47
(d, J = 11.1 Hz, 3H), 2.44 — 2.38 (m, 2H); 3C NMR (101 MHz, CDCl3) § 166.5, 143.5 (d, Jc, = 8.7 Hz),
134.6, 133.7, 131.8, 130.0, 128.7, 127.8, 127.2, 126.2, 124.3, 52.6 (d, Jc, = 6.6 Hz), 52.5 (d, Jc, = 6.8 H2),
48.4 (d, Jcp = 5.8 Hz), 31.4 (d, Jc, = 138.7 Hz); 3P NMR (162 MHz, CDCls) & 30.3. HRMS calc. for
C17H20CINO4P [M+H]": 368.0813, found: 368.0821.
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P(OMe),

O NHBz

(99% yield) of 2i was obtained as white solid after purification with column chromatography on silica gel

2 dimethyl (S)-(2-benzamido-2-(naphthalen-2-yl)ethyl)phosphonate (2i). 47.6 mg

(hexanes/EtOAc/methanol, 1/1/0.1). M.P.: 138 — 140 °C. 96% ee was determined by chiral HPLC (Chiralcel
OD-H, n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 13.2 min, tr (Minor) = 16.1 min.
[0]o? = -32.9 (¢ 4.2, CHACly). 'H NMR (400 MHz, CDCl3) § 8.28 (d, J = 7.5 Hz, 1H), 7.96 — 7.94 (m, 2H),
7.83 - 7.76 (m, 4H), 7.51 — 7.41 (m, 6H), 5.75 (ddd, J = 25.3, 12.8, 7.1 Hz, 1H), 3.69 (d, J = 11.0 Hz, 3H),
3.33 (d, J = 11.1 Hz, 3H), 2.62 — 2.41 (m, 2H); 3C NMR (101 MHz, CDCl3) & 166.5, 138.7 (d, Jc.p = 8.7
Hz), 134.0, 133.3, 132.8, 131.7, 128.6, 128.6, 128.0, 127.6, 127.3, 126.30, 126.0, 124.7, 124.3, 52.5 (d, Jcp
= 6.6 Hz), 52.4 (d, Jcp = 6.7 Hz), 48.9 (d, Jcp = 5.5 Hz), 31.5 (d, Jcp = 138.2 Hz);3'P NMR (162 MHz,
CDCl3) 6 31.7. HRMS calc. for C21H23NO4P [M+H]*: 384.1359, found: 384.1354.
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P(OMe),

O NHAGC

(99% yield) of 2j was obtained as colorless oil after purification with column chromatography on silica gel

2j dimethyl (S)-(2-acetamido-2-(naphthalen-2-yl)ethyl)phosphonate (2j). 39.2 mg

(hexanes/EtOAc/methanol, 1/1/0.3). 85% ee (Z-1j) and 15% ee (E-1j) were determined by chiral HPLC
(Chiralcel OJ-H, n-hexane/i-PrOH = 85/15, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 15.0 min, tr (minor) =
21.0 min. [a]o® = 17.8 (c 1.0, CHCIls), (Z-1)) ; [a]o®® = 0.8 (c 0.8, CHClIs), (E-1j). *H NMR (400 MHz,
CDCl3) & 7.84 — 7.79 (m, 4H), 7.50 — 7.41 (m, 3H), 7.15 (d, J = 7.9 Hz, 1H), 5.64 — 5.54 (m, 1H), 3.70 (d, J
=11.0 Hz, 3H), 3.31 (d, J = 11.0 Hz, 3H), 2.54 — 2.34 (m, 2H), 2.09 (s, 3H); *C NMR (101 MHz, CDCls) &
169.6, 138.4 (d, Jcp = 8.3 Hz), 133.3, 132.8, 128.5, 128.0, 127.6, 126.4, 126.1, 124.8, 124.3, 52.5 (d, Jcp =
6.7 Hz), 52.3 (d, Jcp = 6.8 Hz), 48.4, 31.5 (d, Jc-p = 138.6 Hz), 23.5; 3'P NMR (162 MHz, CDCl3) & 30.3.
HRMS calc. for C16H21NO4P [M+H]*: 322.1203, found: 322.1209.
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P(OMe),
NHAc
2k dimethyl (S)-(2-acetamido-2-phenylethyl)phosphonate (2k).I1 51.0 mg (>99% yield)

of 2k was obtained as white solid after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 2/1/0.5). M.P.: 132 — 134 °C. 94% ee was determined by chiral HPLC (Chiralcel
OD-H, n-hexane/i-PrOH = 85/15, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 10.5 min, tr (minor) = 13.3 min.
[a]o® = 25.1 (¢ 1.6, CHClI3). *H NMR (400 MHz, CDCls3) § 7.35 — 7.32 (m, 4H), 7.29 — 7.21 (m, 2H), 5.45 —
5.34 (m, 1H), 3.68 (d, J = 10.9 Hz, 3H), 3.39 (d, J = 11.0 Hz, 3H), 2.40 — 2.28 (m, 2H), 2.02 (s, 3H); 13C
NMR (101 MHz, CDCls) & 169.5, 141.1 (d, Jcp = 8.4 Hz), 128.6, 127.5, 126.1, 52.4 (d, Jcp = 6.6 Hz), 52.2
(d, Je-p = 6.6 Hz), 48.3 (d, Jc.p = 4.7 Hz), 31.6 (d, Jcp = 138.6 Hz), 23.3; 3P NMR (162 MHz, CDCls) &
30.2.
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Intensity (i)

Intensity (mi’)

1,041

8 2 in 11 12 13 14 is i6

Petertion Time (min)

17 i8 i3

No. RT Area Conec 1
1 10, 200 1027 a0, 0a7
2 13, 047 0188 40, 943
T6ll8a 100, 000
20 ]
15 —_
10 —_ =
5
o ] . - .
_-IIIIIIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIIIIIIII|IIII|IIIIIII
8 3 10 11 12 13 14 15 16 17 18
Peterntion Time [(min)
Mo RT Area Conec 1
10. £60 27903 7. 002
13, 347 2624 2 995
287629 100, 000
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I
P(OBu),

NHAc

2 di-tert-butyl (S)-(2-acetamido-2-phenylethyl)phosphonate (2I). 43.9 mg (99% yield)
of 21 was obtained as a white solid after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 2/1/0.1). M.p.: 148 — 150 °C. >99% ee was determined by chiral HPLC
(Chiralcel OD-H, n-hexane/i-PrOH = 85/15, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 5.4 min, tr (minor) =
4.5 min. [a]o* = 30.9 (c 1.8, CHCIs3). *H NMR (400 MHz, CDClg) § 7.34 — 7.27 (m, 4H), 7.25 — 7.20 (m,
1H), 7.18- 7.16 (m, 1H), 1H), 5.29 — 5.19 (m, 1H), 2.18 (dd, J = 16.9, 6.7 Hz, 2H), 2.03 (s, 3H), 1.51 (s, 9H),
1.32 (s, 9H); 3C NMR (101 MHz, CDCl3) & 169.5, 142.0 (d, Jcp = 9.9 Hz), 128.5, 127.1, 126.1, 82.9 (d,
Jep = 8.8 Hz), 82.5 (d, Jcp = 8.9 Hz), 49.7 (d, Jcp = 5.8 Hz), 36.6 (d, Jc-p = 142.1 Hz), 30.4 (d, Jcp = 4.0
Hz), 30.2 (d, Jc-p = 4.0 Hz), 23.3; 3P NMR (162 MHz, CDCl3) & 19.1. HRMS calc. for C1gHaiNO4P [M+H]*:
356.1995, found: 356.1995.)

Intensity (i)

Peterntion Time (min)

Mo RT Area Conc 1
1 4, 247 162306 40, 358
2 8,413 169405 a0 612
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iz

in

Inten=ity (mi)
il

Betention Time [(min)

No. RT Area Conc 1
1 o, 407 180742 1000 000
180742 100, 000
i
//," P(OMe)2
©/ NHAc
4a dimethyl (S)-(1-acetamido-2-phenylethyl)phosphonate (4a).[41 33.5 mg (99%

yield) of 4a was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.2). >95% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 95/5, 0.8 mL/min, 220 nm, 40 °C): tr (major) = 22.7 min, tg (minor) = 20.6 min. [a]o® =
13.8 (¢ 1.2, CH2Cl). *H NMR (400 MHz, CDCls) & 7.31 — 7.19 (m, 5H), 6.65 (d, J = 9.8 Hz, 1H), 4.86 —
4.72 (m, 1H), 3.75 (d, J = 10.7 Hz, 6H), 3.25 — 3.10 (m, 1H), 2.98 — 2.89 (m, 1H), 1.89 (d, J = 0.6 Hz, 3H);
13C NMR (101 MHz, CDCls3) & 169.8 (d, Jcp, = 4.9 Hz), 136.5 (d, Jcp = 13.3 Hz), 129.1, 128.4, 126.9, 53.5
(d, Jep = 6.9 Hz), 52.9 (d, Jcp = 6.9 Hz), 45.7 (d, Jc, = 156.3 Hz), 35.5 (d, J = 3.3 Hz), 22.8; 3P NMR (162
MHz, CDClz) 6 26.8.
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400 —
E 300 —
g ;
E 200 —
100 —
o E T : -
-IIII|IIIIIIIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIIlIIIIIIIII
i6 i3 20 22 24 26 28 30
Retention Time (min)
No. RT Area Cone 1
1 21. 720 17840172 49, 872
2 23. T80 17831500 50. 128
35771672 100. 000
140 —
120 —
- 100 —
80 —
&
E &0
40 —
20 —i E
o E |ﬁ-\-‘_ t -
-IIII|IIIIIIIII|IIII|IIIIIIIIIIIIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|
is 18 20 22 24 26 28 30
PFeterntion Time [(min)
No. RT Area Conc 1
1 20. 640 157852 2 447
2 22. 693 6294001 7.553
6451853 100. 000
0
1
“, |/P(OMe)2
NHAc
F
4b dimethyl (S)-(1-acetamido-2-(4-fluorophenyl)ethyl)phosphonate (4b). >35.8

mg (>99% vyield) of 4b was obtained as colorless oil after purification with column chromatography on silica
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gel (hexanes/EtOAc/methanol, 1/1/0.1). 97% ee (E-3b), 35% ee (Z-3b), 92% ee (E-3b/Z-3b = 10/1) and 35%
ee (E-3b/Z-3b = 1/1) were determined by chiral HPLC (Chiralpak AD-H, n-hexane/i-PrOH = 95/5, 0.8
mL/min, 220 nm, 40 °C): tr (major) = 26.4 min, tz (minor) = 20.0 min. [a]o? = 28.6 (¢ 3.5, CH2Cl.) (E-3b);
[a]o?® = -0.2 (c 3.3, CH2Cly) (Z-3b); [a]o® = 26.5 (¢ 3.7, CH2Cl) (E-3b/Z-3b = 10/1); [a]o*® = 1.2 (c 3.2,
CHaCl,) (E-3b/Z-3b = 1/1). *H NMR (400 MHz, CDCl3) § 7.22 — 7.18 (m, 2H), 7.00 — 6.95 (m, 2H), 6.78 (d,
J=9.9 Hz, 1H), 4.80 — 4.70 (m, 1H), 3.76 (dd, J = 10.7, 3.5 Hz, 6H), 3.19 — 3.12 (m, 1H), 2.95 — 2.86 (m,
1H), 1.90 (d, J = 1.0 Hz, 3H); 3C NMR (101 MHz, CDCls) & 169.9 (d, J = 5.1 Hz), 161.8 (d, Jcr = 245.0
Hz), 132.2 (dd, J = 13.6, 3.3 Hz), 130.6 (d, J = 8.0 Hz), 115.3 (d, J = 21.3 Hz), 53.6 (d, Jc-p = 6.9 Hz), 52.9
(d, Je-p = 7.0 Hz), 45.7 (d, Jc-p = 156.2 Hz), 34.7 (d, Jcp = 3.4 Hz), 22.7; 3'P NMR (162 MHz, CDCls) &
26.6. HRMS calc. for C12H18FNO4P [M+H]*: 290.0952, found: 290.0956.

- X}
1] =]

Intensity (i)

o

|+
(=]
I.|.I.I.I.I.|.I.I.I.I.|.I.I.I.I.|.I.I.I.I.|

(=]

14 is 18 20 22 24 28 28 30 32 34 36 38 40

Betention Time [(min)

Mo RT Area Conc 1
1 19, 600 Too44s 40, 532
2 26, 487 510464 a0, 465

1805912 100, 000
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Inten=ity (i)

14 16 18 Z0 23 24 26 28 3o 3z 34 36 33 40
Retention Time (mirn)
Mo RT Area Conc 1
1 20, 000 46220 1. 623
2 26, 30 2801795 98 37T
2848015 100, 000
&0 _
50 —
3 Z-3b
40 —
30 — =
& E =
E 20 —
10 —
0 — ' I
14 16 13 20 23 24 6 23 30 3z 34 36 ig 40
Betention Time (mirn)
No. RT Area Conc 1
1 19,413 2098326 B67. 277
2 26, 347 1020617 32 T23
3118873 100, Q00
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Imtensity (M)

Imtensity (i)

&0

30

20

30

20

in

E-3b/Z-3b = 10/1

L0l

o — I_.l"'_“-— : 1
14 16 13 20 22 24 26 28 30 3z 34 36 38 40
Betention Time (min)
No. RT Area Conc 1
1 20. 533 G1942 2 B39
2 27. 013 1521640 96, 161
16135582 100, 000
25
20
= ' E-3b/Z-3b=1/1
14 16 13 20 22 24 26 28 30 3z 34 36 38 40
Betention Time (min)
Mo, RT Area Conc 1
20. 387 544990 I B6od
27. 233 1330230 67, 346
19732240 100, 000
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4c dimethyl (S)-(1-acetamido-2-(4-chlorophenyl)ethyl)phosphonate (4c). 38.1
mg (99% yield) of 4c was obtained as colorless oil after purification with column chromatography on silica
gel (hexanes/EtOAc/methanol, 1/1/0.1). 96% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 95/5, 0.8 mL/min, 220 nm, 40 °C): tz (major) = 29.6 min, tz (minor) = 22.5 min. [a]o® =
22.6 (¢ 1.5, CH2Cl2). 'H NMR (400 MHz, CDCl3) & 7.27 — 7.24 (m, 2H), 7.18 — 7.15 (m, 2H), 6.39 (d, J =
9.9 Hz, 1H), 4.82 — 4.71 (m, 1H), 3.76 (dd, J = 10.7, 5.3 Hz, 6H), 3.20 — 3.13 (m, 1H), 2.94 — 2.85 (m, 1H),
1.90 (d, J = 0.6 Hz, 3H); **C NMR (101 MHz, CDCls) § 169.7 (d, Jcp = 5.0 Hz), 135.0 (d, Jc-p = 13.3 Hz),
132.8, 130.4, 128.6, 53.5 (d, Jcp = 6.9 Hz), 52.9 (d, Jcp = 6.9 Hz), 45.4 (d, Jc-p = 156.4 Hz), 34.9 (d, Jcp =
3.5 Hz), 22.8; 3P NMR (162 MHz, CDCl3) & 26.4. HRMS calc. for C12H1sCINO4P [M+H]*: 306.0656,
found: 306.0661.

200
150

100

Inten=ity (miF)

30

i2 14 i6 i8 20 22 24 26 28 30 32 34 36 38 20

Betention Time [(min)

No. RT Area Conc 1
1 21. 713 100103656 40, 925
2 29, 313 10040403 0. 073

20020789 100, 000
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200

150

Inten=ity (mif)
(%]
[=]
[=]

50

L ]

Foatite

12 14 ig ig 20 22 24 26 28 30 32 34 =1 38 40

Betention Time (min)

o, RT Area Conc 1
1 2. 480 222705 1973
2 29. €20 11062199 o8 027
11284904 100. 000
i
l/P(OMe)2
/©/ NHAG
Br
4d dimethyl (S)-(1-acetamido-2-(4-bromophenyl)ethyl)phosphonate (4d). 43.3

mg (>99% vyield) of 4d was obtained as colorless oil after purification with column chromatography on silica
gel (hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tz (major) = 50.9 min, tz (minor) = 38.3 min. [a]p®
= 27.0 (¢ 1.0, CH.Clp). 'H NMR (400 MHz, CDCl3) 6 7.41 (d, J = 8.3 Hz, 2H), 7.11 (d, J = 8.3 Hz, 2H),
6.45 (d, J = 9.9 Hz, 1H), 4.81 — 4.71 (m, 1H), 3.76 (dd, J = 10.7, 5.5 Hz, 6H), 3.18 — 3.11 (m, 1H), 2.92 —
2.84 (m, 1H), 1.91 (s, 3H); 3C NMR (101 MHz, CDCl3) 5 169.7 (d, Jcp = 4.9 Hz), 135.5 (d, Jcp = 13.3 Hz),
131.5, 130.8, 120.9, 53.5 (d, Jc-p = 7.0 Hz), 52.9 (d, Jcp = 6.8 Hz), 45.3 (d, Jcp = 156.5 Hz), 35.0 (d, Jcp =
3.4 Hz), 22.8; 3'P NMR (162 MHz, CDCls) & 26.4. HRMS calc. for C12H1sBrNOsP [M+H]*: 350.0151,
found: 350.0156.
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Intensity (M)

250 ]
200 —_ -'
150 —_ =
100 —_
50 —_
o 3 J . , .
20 25 30 i5 40 45 50 55 &0 &5 70
PBetention Time [(min)
Mo, RT Area Cone 1
36, 33 14619170 all 110
49, 947 14554735 49, 590
29173903 100, 000
250 ]
200 —_
E 150 —: 2
& E
E 100 —
50 —_
o _: . ..—u_ 1 . L
20 25 30 35 40 45 50 55 &0 &5 70
Betention Time [(min)
Mo RT Area Conc 1
1 8. 287 213020 1427
2 20, 933 14713520 98 273
14926600 100, 000
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de dimethyl (S)-(1-acetamido-2-(p-tolyl)ethyl)phosphonate (4e). 35.5 mg (>99%
yield) of 4e was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 96% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 95/5, 0.8 mL/min, 220 nm, 40 °C): tz (major) = 38.9 min, tz (minor) = 35.1 min. [a]o® =
29.3 (c 2.1, CH2Cly). 'H NMR (400 MHz, CDCl3) & 7.12 — 7.07 (m, 4H), 6.30 (d, J = 9.8 Hz, 1H), 4.82 —
4.72 (m, 1H), 3.75 (dd, J = 10.6, 3.0 Hz, 6H), 3.20 — 3.13 (m, 1H), 2.92 — 2.83 (m, 1H), 2.30 (s, 3H), 1.89 (s,
3H); 13C NMR (101 MHz, CDCl3) & 169.7 (d, Jcp = 4.9 Hz), 133.3 (d, Jcp = 13.2 Hz), 136.4, 129.2, 128.9,
53.4 (d, Jcp = 7.0 Hz), 52.9 (d, Jcp = 6.9 Hz), 45.7 (d, Jcp = 155.8 Hz), 35.1 (d, Jcp = 3.2 Hz), 22.9, 21.1;
31p NMR (162 MHz, CDCl3) § 26.9. HRMS calc. for C13H21NO4P [M+H]*: 286.1203, found: 286.1206.

a0 —
&0 —

a0 —

Intensity (V)
!

20 —]

Ny )

-IIIIIII|I|IIIIIIIII|I|I|IIIII|I|IIIIIIlllllIIIIIllllIIIIIII|I|I|I|III|IIIIIIIII|
20 23 30 35 40 45 S0 53 &0

Betention Time [(min)

No. RT Area Conec 1
1 5. 080 odE4Ted a0, 07e
2 40, 987 24GT4E0 49, 921
10952244 100, 000
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1&0

140

1z0

100

80

a0

Intenzity (mi’)

40

20

(=]

20 25 30 35 40 45 50

Betention Time [(min)

55

&0

No. RT Area Cone 1
1 . 107 226529 1. 788
2 358,913 12585378 95 232
12511907 100, 000
(0]
1]
", P(OMe),
/©/ NHAc
MeO
af

dimethyl (S)-(1-acetamido-2-(4-methoxyphenyl)ethyl)phosphonate (4f).

34.5 mg (99% vyield) of 4f was obtained as colorless oil after purification with column chromatography on

silica gel (hexanes/EtOAc/methanol, 1/1/0.1). 96% ee was determined by chiral HPLC (Chiralpak AD-H,

n-hexane/i-PrOH = 90/10, 0.8 mL/min, 220 nm, 40 °C): tr (major) = 19.5 min, tz (minor) = 15.7 min. [a]p®
= 26.8 (c 1.7, CH2Cly). H NMR (400 MHz, CDCl3) § 7.14 (d, J = 8.5 Hz, 2H), 6.82 (d, J = 8.5 Hz, 2H),

6.25 (d, J = 9.9 Hz, 1H), 4.80 — 4.70 (m, 1H), 3.78 (s, 3H), 3.75 (dd, J = 10.7, 3.5 Hz, 6H), 3.18 — 3.11 (m,

1H), 2.91 — 2.82 (m, 1H), 1.90 (s, 3H); 13C NMR (101 MHz, CDCls) § 169.6 (d, Jc.p = 5.0 Hz), 158.5, 130.1,

128.3 (d, Jep = 13.1 Hz), 113.9, 55.2, 53.4 (d, Jcp = 7.0 Hz), 52.9 (d, Jc.p = 6.8 Hz), 45.8 (d, Jcp = 155.5

Hz), 34.7 (d, Jcp = 3.2 Hz), 22.9; 3P NMR (162 MHz, CDCl3) & 26.9. HRMS calc. for C1sHaiNOsP [M+H]*:

302.1152, found: 302.1158.
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iooo

00 — =

19,591

00 —

200 —J

Imten=ity (i)
!

200 —

g io iz 14 is 18 20 22 24 26 28 30

Betention Time [(min)

No. RT Area Conc 1
1 15, 293 21667425 40, 548
2 19. 293 21799529 all 122
43466954 100, 000
500 —
400 — .:
E 300 —
>
E 700 —
100 — _
I] E rrrrass_ar I-‘_‘-\_ 1 |J 1 —_—
] I I

8 in 12 14 ig i3 20 22 24 26 28 30

PFetertion Time (min)

Mo RT Area Conc 1
1 15, 747 244220 1. 783
2 19, 547 13450058 gs 217
13594278 100, 000

//,,’ P(OMe)2
NHAc
O,N
49 dimethyl (S)-(1-acetamido-2-(4-nitrophenyl)ethyl)phosphonate (4g). 37.7
mg (96% vyield) of 4g was obtained as a white solid after purification with column chromatography on silica
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gel (hexanes/EtOAc/methanol, 1/1/0.1). M.p.: 146 — 148 °C. >92% ee was determined by chiral HPLC
(Chiralpak AD-H, n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 12.1 min, tr (minor)
= 8.1 min. [a]o?® = 37.9 (c 1.3, CH2Cl,). *H NMR (400 MHz, CDCls) § 8.15 (d, J = 8.6 Hz, 2H), 7.43 (d, J =
8.6 Hz, 2H), 6.69 (d, J = 9.8 Hz, 1H), 4.88 — 4.78 (m, 1H), 3.79 (t, J = 11.0 Hz, 6H), 3.32 — 3.25 (m, 1H),
3.08 — 2.99 (m, 1H), 1.91 (s, 3H); 3C NMR (101 MHz, CDCls) & 169.8 (d, Jcp = 5.1 Hz), 147.1, 144.4 (d,
Jcp = 13.8 Hz), 130.0, 123.6, 53.8 (d, Jcp = 7.0 Hz), 53.0 (d, Jcp = 7.1 Hz), 45.2 (d, Jcp = 157.4 Hz), 35.5
(d, Jep = 3.7 Hz), 22.8; 3'P NMR (162 MHz, CDCls) & 25.8. HRMS calc. for C12H1sN206P [M+H]*:
317.0897, found: 317.0899.

TO00

00 —J

s00

200

300

Intenzity (mi)
[ |

200

ioo —J K
]

o 2 4 [ g i0 12 14 16 18 20 22 24

Betention Time (min)

Mo RT Area Conc 1
1 8. 187 11400752 49, 77
2 12, 253 11301806 a0, 221
22002558 100. 000
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600 —]

500 —j

400 —

Joo —j

Intensity (mi)
[

200

io0o0 —j

'::_:- i, 1471

o . . ——ar : 1
o 2 4 [ g io 12 14 i6 13 20 22 24
Betention Time (min)
Mo RT Area Conc 1
1 8. 147 651047 3.961
2 12. 080 15786245 96. 039
16437342 100. 000
| i
/ l/P(OMe)2
NHAc
4h dimethyl (S)-(1-acetamido-2-(2-fluorophenyl)ethyl)phosphonate (4h). 35.9 mg

(99% vyield) of 4h was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 95/5, 0.8 mL/min, 220 nm, 40 °C): tr (major) = 26.4 min, tz (minor) = 23.7 min. [a]o® =
25.6 (¢ 1.7, CH2Cl2). 'H NMR (400 MHz, CDCl3) § 7.27 — 7.19 (m, 2H), 7.09 — 6.99 (m, 2H), 6.34 (d, J =
9.8 Hz, 1H), 4.83 — 4.72 (m, 1H), 3.78 (dd, J = 10.6, 8.4 Hz, 6H), 3.22 — 3.16 (m, 1H), 3.04 — 2.95 (m, 1H),
1.89 (s, 3H); 3C NMR (101 MHz, CDCl3) § 169.6 (d, Jc-p = 4.9 Hz), 161.3 (d, Jot = 244.7 Hz), 131.3 (d, J =
4.3 Hz), 128.8 (d, J = 8.2 Hz), 124.2 (d, J = 3.5 Hz), 123.9 — 123.3 (m), 115.2 (d, J = 22.2 Hz), 53.5 (d, Jcp
= 7.0 Hz), 53.0 (d, Jcp = 6.8 Hz), 45.1 (d, Jcp = 156.4 Hz), 28.9 (dd, J = 4.0, 1.7 Hz). 22.8;3'P NMR (162
MHz, CDCls) 8 26.2. HRMS calc. for C12H1sFNO4P [M+H]*: 290.0952, found: 290.0959.
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50 —
40 — E
g 20
g £
E 20 -
10 —
o A
16 18 20 22 24 26 28 30 3z 34 36 38 40 4z 44
Retention Time (mirn)
No. RT Area Conc 1
1 23, 293 2373820 408, 980
2 26, 433 2373728 a0 020
4749557 100, 000
&0 3 B
50 — =
40 —
:51 30 —5
E 20 —
10 — -
0 — — PN -
16 18 20 22 24 26 28 30 3z 34 36 38 40 4z
Retention Time [(mirn)
Mo, RT Area Conc 1
1 23, 740 31439 1L3vT
2 26, 203 2201619 G5 623
2283058 100, 000
O
1!
P(OMe),

dimethyl (S)-(1-acetamido-2-(3-fluorophenyl)ethyl)phosphonate (4i). 35.8
mg (99% yield) of 4i was obtained as colorless oil after purification with column chromatography on silica
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gel (hexanes/EtOAc/methanol, 1/1/0.1). 96% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 95/5, 0.8 mL/min, 220 nm, 40 °C): tr (major) = 24.7 min, tz (minor) = 21.6 min. [a]o® =
29.9 (¢ 2.0, CH2Clz). H NMR (400 MHz, CDCls) § 7.27 — 7.22 (m, 1H), 7.03 — 6.90 (m, 3H), 6.63 (d, J =
9.8 Hz, 1H), 4.82 — 4.72 (m, 1H), 3.77 (dd, J = 10.7, 8.3 Hz, 6H), 3.22 — 3.15 (m, 1H), 2.97 — 2.88 (m, 1H),
1.91 (d, J = 0.6 Hz, 3H); *C NMR (101 MHz, CDCls) & 169.8 (d, Jc.p = 5.0 Hz), 162.7 (d, Jcf = 245.8 Hz),
139.1 (dd, J = 13.7, 7.4 Hz), 129.9 (d, J = 8.3 Hz), 124.7 (d, J = 2.8 Hz), 116.2 (d, J = 21.4 Hz), 113.8 (d, J
= 21.0 Hz), 53.6 (d, Jc-p = 7.0 Hz), 52.9 (d, J = 6.9 Hz), 45.5 (d, Jcp = 156.7 Hz), 35.3, 22.8; 3P NMR (162
MHz, CDClz) 8 26.3. HRMS calc. for C12H1sFNO4P [M+H]*: 290.0952, found: 290.0951.

50

2q, 700

40

30

20

Intenzity (i)

io

T
I R R IS L LS I LR RN AR LS LS L AL AR RARES RARAN LLARS LA LAY
ia 18 20 22 24 26 28 30 32 34

Betention Time [(man)

Mo RT Area Conec 1
1 21, 307 1879968 40, 918
2 24, 700 1586181 ol 082
3T66119 100, 000

34



Imtensity (miF)

Betention Time [(min)

No. RT Area Conc 1

1 21. 580 61272 1. 889

2 24. @87 3183118 08 111

3244390 100. 000
i

. @/m,’ P(OMe),
— NHAc
4] dimethyl (S)-(1-acetamido-2-(thiophen-3-yl)ethyl)phosphonate (4j). 33.7 mg (99%

yield) of 4j was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 96% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 13.4 min, tz (minor) = 12.7 min. [a]p?®
=19.8 (¢ 1.6, CH2Cl,). *H NMR (400 MHz, CDCl3) & 7.26 — 7.25 (m, 1H), 7.07 (d, J = 1.7 Hz, 1H), 6.97 (d,
J=4.9 Hz, 1H), 6.39 (d, J = 9.7 Hz, 1H), 4.84 — 4.74 (m, 1H), 3.75 (dd, J = 10.7, 3.6 Hz, 6H), 3.22 — 3.15
(m, 1H), 3.05 — 2.96 (m, 1H), 1.93 (d, J = 0.5 Hz, 3H); $3C NMR (101 MHz, CDCl3) & 169.8 (d, Jcp = 4.9
Hz), 136.6 (d, Jcp = 13.9 Hz), 128.3, 125.8, 122.3, 53.5 (d, Jc.p = 7.0 Hz), 52.9 (d, Jcp = 6.9 Hz), 45.1 (d,
Jep = 156.5 Hz), 30.2 (d, Jcp = 3.6 Hz), 22.9; 3P NMR (162 MHz, CDCls) & 26.6. HRMS calc. for
C10H17NO4PS [M+H]*: 278.0610, found: 278.0615.
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Intensity (i)

Betention Time [(min)

No. RT Area Conec 1
1 12, 360 14935565 49, 351
2 13, 367 13331816 a0, 545
AETOTEL 100, 000

200

300

200

Intenzity (i)

ioo

S in 11 i2 13 14 15 16 17 i8 i3 20

Betention Time [(min)

No. RT Area Conc 1
1 12, 700 268212 2 041
2 13. 380 12871020 97, 939
13139237 100, 000

II1. Deuterium Labelling Experiments

The reactions were conducted according to the general asymmetric hydrogenation procedure.
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a) Q >98% Q

P(OMe)2  [Rh(COD),]BF, (1 mol%) D FOMe):
| (S)-L3c (1.1 mol%)
NHBz - Nrez
3MPaD; 25°C o8
cl TFE, 24 h °
1c 2c-d,, 99% yield

The reactions using D> as hydrogen source was conducted, and fully deuterated product was observed.
dimethyl ((1S)-2-benzamido-2-(4-chlorophenyl) ethyl-1,2-d2) phosphonate (2c-d2). 45.8 mg (99% vyield)
of 2c-d, was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). *H NMR (400 MHz, CDCls) & 8.18 (s, 1H), 7.92 (d, J = 7.6 Hz, 2H),
7.53 -7.29 (m, 7H), 3.72 (d, J = 10.8 Hz, 3H), 3.46 (d, J = 10.9 Hz, 3H), 2.40 (d, J = 17.5 Hz, 1H).

(0]
b) lom H IIZ!(OMe)
(OMe)2 [Rh(COD),IBF, (1 mol%) 2
| (S)-L3¢ (1.1 mol%)
NHBz - b NHBz
3MPaH, 25°C
cl TFE-dj, 24 h
1c 2c, 99% vyield

The reactions using TFE-ds as solvent was conducted, and no deuterated product was observed.
dimethyl (S)-(2-benzamido-2-(4-chlorophenyl)ethyl)phosphonate (2c). *tH NMR (400 MHz, CDCls) §
8.20 (d, J = 7.3 Hz, 1H), 7.93 — 7.91 (m, 2H), 7.53 — 7.42 (m, 3H), 7.33 — 7.31 (m, 4H), 5.55 (dq, J = 26.3,
6.6 Hz, 1H), 3.72 (d, J = 11.0 Hz, 3H), 3.46 (d, J = 11.1 Hz, 3H), 2.40 (dt, J = 17.2, 6.0 Hz, 2H).

IV. Monitoring the Ees along with the Reaction Process

In a nitrogen-filled glovebox, a stainless steel autoclave was charged with [Rh(COD).]BF4
(0.00125mmol, 0.01 equiv), (S)-L3c (0.001375mmol, 0.011 equiv) in 1.0 mL of a degassed TFE. After
stirring for 60 min at room temperature, the reaction mixture was added to a mixture of the substrate (1c)
(0.125 mmol, 1 equiv) in 1.0 mL of the same solvent, and the hydrogenation was performed at 25 ‘C under
H> pressure of 3 MPa for indicated time. After indicated time, the hydrogen was slowly released and the
reaction solvent was evaporated. The residue was purified by flash column chromatography to determine the

yields and ee values of the product 2c.
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P(OMe),; [Rh(COD),]BF, (1 mol%) P(OMe),
| (S)-L3c (1.1 mol%)

A
v

NHBz 3 MPa H,, 25 °C NRBz
Cl TFE, time Cl
Time () Yield (%) Ee (%)
0.5 6 96
15 20 96
3 38 96
5 56 96
9 85 96
12 94 96
16 99 96
20 99 96
24 99 96

V. Gram-scale Reaction and Synthetic Transformations

Q Q %VOH
P(OMe)2 [Rh(COD),]BF, (0.01 mol%) P(OMe), N0~
| (S)-L3c (0.011 mol%) aq. HCI (6 M)/EtOH +
NHBz NHBz > NH3
5.5 MPa H,, 25 °C reflux, 12 h
TFE, 24 h
1a, 0.86 g (26 mmoI) s/C up to 10000/1 2a, 0.87 g 2aa, 0.40 g
(99% vyield, 97% ee) (77% yield)

In a nitrogen-filled glovebox, a stainless steel autoclave was charged with [Rh(COD);]BF4
(0.0026mmol, 1.0 mg), (S)-L3c (0.00286mmol, 2.0 mg) in 1.0 mL of a degassed TFE. After stirring for 60
min at room temperature, 0.1 ml of the reaction mixture was added to the substrate 1a (2.60 mmol, 0.86 g)
in 1.9 mL of the same solvent, and the hydrogenation was performed at 25 °C under Hz pressure of 5.5 MPa
for 24 h. Then the hydrogen was slowly released and the reaction solvent was evaporated. 0.87 g (99% yield)
of 2a was obtained as a white solid after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 97% ee was determined by chiral HPLC (Chiralcel OD-H,
n-hexane/i-PrOH = 80/20, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 9.7 min, tr (Minor) = 12.7 min.
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Intensity (m)

& 7 8 2 in 11 i2 i3 i1 i5 i6 17

Petention Time (min)

Mo, RT Area Conc 1
1 9, 120 128677 a0 474
2 11. 787 1252622 40, 326
2049355 100, 000

Imtensity (M)

5 & 7 8 2 io 11 1z i3 14 15 ia i7

Peterntion Time (min)

Mo, RT Area Conc 1
1 9, 887 1300440 Q5 6887
2 12. 673 15495 1313
1408535 100, 000

The above hydrogenated product 4a (0.87 g, 2.6 mmol) was added to 20 mL of a mixed solution of
hydrochloric acid (6 M) and ethanol (v/v = 1/1), and then placed in an oil bath at 110 <C for heating and
refluxing for 12 hours. After the completion of the reaction was monitored by TLC, the reaction solution was
cooled to room temperature, and ethanol and part of hydrogen chloride were removed under reduced

pressure. To the aqueous solution of the product, 10 mL of ethyl acetate was added to extract organic
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impurities, and the aqueous phase was retained (the hydrolyzed product was slightly soluble in ethyl acetate).
The extraction and purification were repeated three times, and the water was removed by a rotary evaporator
to obtain a white solid. The resulting solid hydrogenated product was placed in an oven at 105<C for 12
hours to remove excess impurities. Finally, pure chiral aminophosphonic acid compounds 2aa was obtained.
(S)-hydrogen (2-ammonio-2-phenylethyl) phosphonate (2aa)® 0.40 g (77% yield) of 2aa was obtained as
a white solid without further purification. M.p.: 178 — 180 °C. *H NMR (400 MHz, DMSO-dg) & 8.92 — 8.91
(m, 1H), 7.91 — 7.89 (m, 1H), 7.58 — 7.22 (m, 7H), 5.37 — 5.32 (m, 1H), 2.49 — 2.27 (m, 1H), 2.07 — 1.97 (m,
1H); 3P NMR (162 MHz, DMSO-de) & 22.1.

o [Rh(COD),]BF, (0.01 mol%) 0 9 on
S)-L3c (0.011 mol% .. _P(OMe), ag. HCI (6 M)/EtOH pOr
Ph/\(P(OMe)Z (S) ( ) Ph//,,r (OMe), aq (6 M) ‘Ph//"'(P\O
NHAC 5.5 MPa H,, 25 °C NHAC reflux, 12 h NH;
3a,0.34 g (1.25 ) TFE 24N 4 4aa, 0.22
a, U.o4 g (1.20 mmo a,0.344¢ aa, 0.22 g
SIC up to 1000011 00, icid. 96% ee) 88% yield)

In a nitrogen-filled glovebox, a stainless steel autoclave was charged with [Rh(COD).]BF4
(0.00125mmol, 0.5 mg), (S)-L.3c (0.001375mmol, 1.0 mg) in 1.0 mL of a degassed TFE. After stirring for 60
min at room temperature, 0.1 ml of the reaction mixture was added to the substrate 3a (1.25 mmol, 0.34 g)
in 1.9 mL of the same solvent, and the hydrogenation was performed at 25 °C under Hz pressure of 5.5 MPa
for 24 h. Then the hydrogen was slowly released and the reaction solvent was evaporated. 0.34 g (99% yield)
of 4a was obtained as colorless oil after purification with column chromatography on silica gel
(hexanes/EtOAc/methanol, 1/1/0.1). 96% ee was determined by chiral HPLC (Chiralpak AD-H,
n-hexane/i-PrOH = 95/5, 0.8 mL/min, 220 nm, 40 °C): tr (major) = 22.5 min, tr (minor) = 20.7 min.
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The above hydrogenated product 4a (0.34 g, 1.25 mmol) was added to 20 mL of a mixed solution of
hydrochloric acid (6 M) and ethanol (v/v = 1/1), and then placed in an oil bath at 110 <C for heating and
refluxing for 12 hours. After the completion of the reaction was monitored by TLC, the reaction solution was

cooled to room temperature, and ethanol and part of hydrogen chloride were removed under reduced
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pressure. To the aqueous solution of the product, 10 mL of ethyl acetate was added to extract organic
impurities, and the aqueous phase was retained (the hydrolyzed product was slightly soluble in ethyl acetate).
The extraction and purification were repeated three times, and the water was removed by a rotary evaporator
to obtain a white solid. The resulting solid hydrogenated product was placed in an oven at 105<C for 12
hours to remove excess impurities. Finally, pure chiral aminophosphonic acid compounds 4aa was obtained.
(S)-hydrogen (1-ammonio-2-phenylethyl) phosphonate (4aa).[! 0.22 g (88% yield) of 4aa was obtained
as a white solid without further purification. M.p.: 186 — 188 °C. [a]o® = 35.0 (¢ 2.0, 1 M ag. NaOH). 'H
NMR (400 MHz, Deuterium Oxide with 1 drop 30%NaOD) & 7.42 — 7.02 (m, 5H), 3.13 (ddd, J = 14.0, 5.3,
2.6 Hz, 1H), 2.78 (td, J = 11.7, 2.6 Hz, 1H), 2.52 — 2.31 (m, 1H); 3C NMR (101 MHz, Deuterium Oxide
with 1 drop 30%NaOD) § 141.2 (d, J = 15.3 Hz), 129.3, 128.5, 126.1, 52.1 (d, J = 138.5 Hz), 38.1; 3P NMR
(162 MHz, Deuterium Oxide with 1 drop 30%NaOD) 6 20.3.
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3P NMR (162 MHz, CDCl5)
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3P NMR (162 MHz, CDCly)

i
P(OMe),

NHBz

Cl
2c

AN i A AR ap P s " s e
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4

1 (ppm)

51



LET
8€°C
6€°C
6€T
W
e
€T
bbT
st'e
b€
L€
vLE
81°S 1
05°S 1
TS T
£5°5 1
$5°s 1
95°S 1
85°S 1
09°S 1
ST'L
9T'L
9T'L
LTLA
8T'L 1
8T'L 1
€L 1
brL
vv.hg
SP'LA
9% 1
'L
LY LA
LY'L
YL
8t'L
St'L
6v'L
0S°L
0S°L
1S,
1L
L
€L
bSL
bs'L
bs'L
16'L
16'L
6L
€6'L -
€6°L
v6°L ]
6L 1
918
81°g

"H NMR (400 MHz, CDCI,)

|

(OMe)2

NHBz

Br

2d

Feoz

Feoe
Froe

52

Feo1

5

0

5.
1 (ppm)

5.5

6.0

5




19°0€ ~ -
66'1¢

8¢'8Y
vv.wv/
IS
8Y'CS
86°CS
§9°Cs

ov'1¢l — -
LTLTT N
8L'LTI —F
69°8¢C1 /
LLTEL \‘ -
ow;f\

L9°¢gel
rovl /

0

P(OMe),

NHBz
2d

S99l —

3C NMR (101 MHz, CDCls,
Br

53
1 (ppm)

T
190 180 170 160 150 140 130

200




30.38

3P NMR (162 MHz, CDCly)

i
P(OMe),

NHBz

Br
2d

1 (ppm)

54



1€¢
LET
8¢€'C
1¥'c
€ev'e
YT E
LY'C
6v'C
Is¢c
€5°C

Ve~
e
89°€ ~_
oLe"

6¥'S
1s°s
£6's
ps's b
9s's F
LSS
65°S
19°¢

cl'L
vI'L
STL
LTL

65°L
1L
€vL
op'L ~%
St'L \
0s°L
06'L
toL
L0'S —

me\\

"H NMR (400 MHz, CDCl5)

A

(OMe),

o=n

NHBz

2e

i

Ty

Bl

& e

To.m
Froe |

Wéod

o |

W&oﬁ

Fooz .
Frot

1 (ppm)

55



90°'1C —

16°0€ ~
8TTE

(4934
wm.wv/.

[4 x4y
6£°'CS
wes
6v'CS

L6°STT /
61°LTT

9$°8C1 M
€61 —
pS 1€l
60°vEl
9I'LET —
ST'8El \
Pe8el

6£°991 —

3C NMR (101 MHz, CDCl;,

O

P(OMe),

NHBz

2e

110

T
130

170

T
180

T
190

1 (ppm)

56



3P NMR (162 MHz, CDCly)
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