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Supplementary Methods
General Information

All reactions were set up with glovebox and carried out under carbon dioxide atmosphere in
Schlenk tubes. Anhydrous solvent (including DMF, 99.8%, Water< 0.005%) were purchased from
J&K, and used as received. Commercially available compounds were obtained from J&K, Accela,
Adamas, Across, TCI and used as received unless otherwise stated.

'H and **C NMR spectra were recorded on a Briker Advance 400 spectrometer (‘H: 400 MHz,
3C: 101 MHz, 31P: 162 MHz, °F: 376 MHz). Chemical shifts () for *H and *C NMR spectra
are given in ppm relative to TMS, The residual solvent signals were used as references for *H and
3C NMR spectra and the chemical shifts converted to the TMS scale (CDCls: 8H = 7.26 ppm, 8C
=77.16 ppm; CD,Cl,: 8H = 5.32 ppm, 5C = 53.84 ppm; CD30D: 6H = 3.31 ppm, 3C = 49.00 ppm;
DMSO-dg: 5H = 2.50 ppm, 5C = 39.52 ppm). All *'P spectra were measured using *H decoupling.
The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t =
triplet, g = quartet, m = multiplet, b = broad.

UPLC vyields were recorded on waters ACQUITY UPLC M-Class. TLC was performed using
commercially prepared 100-400 mesh silica gel plates (GF254), and visualization was effected at
254 nm. Exact ESI mass spectra were recorded on a SHIMADZU LCMS-IT-TOF. ESI-MS were
obtained on a Thermo-LTQ mass spectrometer.



Synthesis of Substrates

The substrates in Table 2 were prepared according to procedures described in the literature
reported before.*

The substrates (2c - 2f) in Table 3 were prepared according to procedures described in the
literature reported before.*

All the protocols were employed without any optimization of the reaction conditions.

Experimental Procedures and Characterization Data

An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with the substrates
(0.2 mmol).%" The Schlenk tube was then introduced in a glovebox, where it was charged with
H-P(O) compound®? (49 mg, 0.24 mmol, 1.2 eq.) and K,CO; (41 mg, 0.3 mmol, 1.5 eq.). The tube
was taken out of the glovebox and connected to a vacuum line where it was evacuated and
back-filled with CO, for 3 times. Then DMF (2 mL) and 4CzIPN (32 uL, 0.1 mol%, 5 mg
dissolved in 1 mL DMF) were added under CO, flow. Finally, the reaction mixture in sealed tube
was placed at a distance of 2 ~ 3 cm from a 30 W blue LED and stirred at room temperature
(25 <C) for 12 h. Then, the mixture was quenched with 4.5 mL of H,O and 0.5 mL of 2N HCI (aq.),
extracted with ethyl acetate (EA) for at least 5 times, then concentrated in vacuo. The residue was
purified by silica gel flash chromatography (0.2% AcOH in CH,Cl,/MeOH 100/1 ~ 20/1) to give
the pure desired product. Note: (1) for styrenes (0.5 mol% 4CzIPN and Cs,CO; was used), flashed
with petroleum ether/AcOEt 1/1 to 0.67% AcOH in petroleum ether/AcOEt 1/1; (2) For acrylates
(2 mol% 4CzIPN and Cs,CO3 was used), flashed with petroleum ether/AcOEt 1/1 to 0.67% AcOH
in petroleum ether/AcOEt 1/1; (3) for phosphites (2 mol% 4CzIPN and Cs,CO3; was used), before
the addition of 0.5 mL 2N HCI (aq.), the quenched reaction mixture was extract three times for
removing the inpurity, then 0.5 mL of 2N HCI (ag.) was added, the reaction mixture was extracted
for 4 times, then the combined organic phase was concentrated in vacuum to obtain the pure
product without chromatography.

Supplementary Figure 1. Blue LED Photoreactor



2-benzamido-3-(diphenylphosphoryl)-2-phenylpropanoic acid (3aa)

BzHN COOH 83.6 mg, 0.178 mmol, 89%;
P(O)Ph, White solid;
Mp: 196 - 197 €;

'H NMR (400 MHz, DMSO-ds) & 13.36 (s, 1H), 8.48 (s, 1H), 7.90 —
7.79 (m, 2H), 7.68 — 7.59 (m, 2H), 7.58 — 7.43 (m, 8H), 7.42 — 7.35 (m, 2H), 7.29 — 7.13 (m, 6H),
4.16 (dd, J = 15.0, 6.6 Hz, 1H), 3.68 — 3.58 (m, 1H).
B3C NMR (101 MHz, DMSO-dg) & 172.85 (d, J = 5.6 Hz), 164.94, 140.16 (d, J = 9.1 Hz), 135.72
(d, J = 98.9 Hz), 133.90, 133.17 (d, J = 99.0 Hz), 132.04 (d, J = 2.6 Hz), 131.88, 131.29 (d, J =
2.9 Hz), 130.78 (d, J = 9.5 Hz), 130.40 (d, J = 9.3 Hz), 129.13 (d, J = 11.5 Hz), 128.65, 128.36 (d,
J=11.8 Hz), 128.34, 127.70, 127.01, 126.44, 62.58 (d, J = 5.0 Hz), 34.10 (d, J = 70.9 Hz).
31p NMR (162 MHz, DMSO-dg) & 26.92.
HRMS (ESI+): calculated m/z [M+H]" for [CsH24NO4PH]" : 470.1516, found: 470.1513.

2-acetamido-3-(diphenylphosphoryl)-2-phenylpropanoic acid (3ba)

AcHN COOH 57.8 mg, 0.142 mmol, 71%;
P(O)Ph, White solid;
Mp: 204 - 205 €;

'H NMR (400 MHz, DMSO-dg) & 13.19 (s, 1H), 8.02 (s, 1H), 7.88 —
7.72 (m, 4H), 7.58 — 7.41 (m, 8H), 7.30 — 7.16 (m, 3H), 4.06 — 3.94 (m, 1H), 3.71 — 3.55 (m, 1H),
1.19 (s, 3H).
B¢c NMR (101 MHz, DMSO-dg) 6 172.75 (d, J = 4.5 Hz), 169.17, 141.29 (d, J = 9.7 Hz), 136.08
(d, J = 98.3 Hz), 134.20 (d, J = 98.6 Hz), 131.82 (d, J = 2.3 Hz), 131.41 (d, J = 2.1 Hz), 131.11 (d,
J = 9.3 Hz), 130.49 (d, J = 9.2 Hz), 129.05 (d, J = 11.3 Hz), 128.56 (d, J = 11.5 Hz), 128.32,
127.46, 126.17, 62.11 (d, J = 5.0 Hz), 33.14 (d, J = 72.7 Hz), 22.52.
$1p NMR (162 MHz, DMSO-dg) & 25.02.
HRMS (ESI+): calculated m/z [M+H]" for [C3H,,NO,PH]" : 408.1359, found: 408.1364.

2-(((benzyloxy)carbonyl)amino)-3-(diphenylphosphoryl)-2-phenylpropanoic acid (3ca)

P(O)Ph, White solid;
Mp: 218 - 219 €,

'H NMR (400 MHz, DMSO-dg) & 13.52 (s, 1H), 7.88 — 7.82 (m, 2H),
7.81 — 7.74 (m, 2H), 7.60 — 7.39 (m, 8H), 7.36 — 7.25 (m, 5H), 7.22 (t, J = 7.1 Hz, 1H), 7.18 —
7.14 (m, 2H), 6.95 (s, 1H), 4.57 (d, J = 12.5 Hz, 1H), 4.12 (d, J = 12.5 Hz, 1H), 3.98 (dd, J = 14.9,
6.5 Hz, 1H), 3.69 — 3.56 (m, 1H).
3C NMR (101 MHz, DMSO-de) & 172.52 (d, J = 4.1 Hz), 153.47, 141.00 (d, J = 10.3 Hz), 136.70,
135.91 (d, J = 98.7 Hz), 133.93 (d, J = 98.6 Hz), 131.97 (d, J = 1.6 Hz), 1319.4 (d, J = 1.8 Hz),
131.07 (d, J = 9.4 Hz), 130.49 (d, J = 9.2 Hz), 129.11 (d, J = 11.5 Hz), 128.67, 128.50, 128.48 (d,
J=11.7 Hz), 128.16, 127.86, 126.21, 65.69, 62.10 (d, J = 4.7 Hz), 34.30 (d, J = 71.8 Hz).
P NMR (162 MHz, DMSO-de) & 25.57.
HRMS (ESI+): calculated m/z [M+H]" for [CsH,sNO,PH]" : 500.1621, found: 500.1617.



3-(diphenylphosphoryl)-2-(4-methylbenzamido)-2-phenylpropanoic acid (3da)
82.1 mg, 0.170 mmol, 85%;

White solid;
Mp: 191 - 193 €;
o '"H NMR (400 MHz, DMSO-ds) & 13.49 (s, 1H), 8.43 (s, 1H), 7.87 —
HN COOH 7.79 (m, 2H), 7.65 — 7.58 (m, 2H), 7.58 — 7.44 (m, 5H), 7.37 (d, J = 8.1

P(O)Phy  Hz, 2H), 7.26 — 7.13 (m, 8H), 4.14 (dd, J = 14.9, 6.7 Hz, 1H), 3.66 —

3.55 (m, 1H), 2.34 (s, 3H).

BC NMR (101 MHz, DMSO-dg) & 172.86 (d, J = 5.7 Hz), 164.90,
141.78, 140.18 (d, J = 8.9 Hz), 135.76 (d, J = 98.9 Hz), 133.17 (d, J = 99.0 Hz), 132.02 (d, J = 1.9
Hz), 131.28, 131.28 (d, overlapped), 130.76 (d, J = 9.5 Hz), 130.39 (d, J = 9.3 Hz), 129.18
(overlapped), 129.12 (d, J = 11.4 Hz), 128.34 (d, J = 10.9 Hz), 128.29 (overlapped), 127.66,
127.03, 126.45, 62.54 (d, J = 5.0 Hz), 34.22 (d, J = 70.6 Hz), 21.42.
31p NMR (162 MHz, DMSO-dg) & 26.95.
HRMS (ESI+): calculated m/z [M+H]" for [CoHosNO,PH]" : 484.1672, found: 484.1669.

3-(diphenylphosphoryl)-2-(4-methoxybenzamido)-2-phenylpropanoic acid (3ea)

—0 79.9 mg, 0.160 mmol, 80%;
White solid;
Mp: 227 - 228 €;
o 'H NMR (400 MHz, DMSO-dg) 5 13.45 (s, 1H), 8.40 (s, 1H), 7.86 —
HN COOH 7.79 (m, 2H), 7.65 — 7.57 (m, 2H), 7.55 — 7.42 (m, 7H), 7.25 — 7.12 (m,

P(O)Ph, 6H), 6.95-6.90 (m, 2H), 4.13 (dd, J = 14.9, 6.7 Hz, 1H), 3.80 (s, 3H),

3.65—3.53 (m, 1H).

3C NMR (101 MHz, DMSO-dg) 5 172.89 (d, J = 5.8 Hz), 164.52,
162.15, 140.23 (d, J = 8.9 Hz), 135.74 (d, J = 98.8 Hz), 133.12 (d, J = 99.1 Hz), 132.02 (d, J = 2.7
Hz), 131.24 (d, J = 2.7 Hz), 130.76 (d, J = 9.6 Hz), 130.39 (d, J = 9.2 Hz), 129.18, 129.11 (d, J =
11.4 Hz), 128.91, 128.30 (d, J = 10.5 Hz), 128.29, 128.25 (overlapped), 127.61, 126.49, 126.28,
113.86, 62.56 (d, J = 5.0 Hz), 55.81, 34.38 (d, J = 70.9 Hz).
$1p NMR (162 MHz, DMSO-dg) & 27.07.
HRMS (ESI+): calculated m/z [M+H]" for [C2H,sNOsPH]" : 500.1621, found: 500.1620.

2-(4-chlorobenzamido)-3-(diphenylphosphoryl)-2-phenylpropanoic acid (3fa)

cl 78.5 mg, 0.56 mmol, 78%,;
White solid,
Mp: 224 - 226 €;
o 'H NMR (400 MHz, DMSO-dg) 5 13.55 (s, 1H), 8.45 (s, 1H), 7.88 — 7.80
HN COOH (m, 2H), 7.69 — 7.60 (m, 2H), 7.58 — 7.47 (m, 5H), 7.46 — 7.43 (m, 4H),

P(O)Ph, 7.28-7.15(m, 6H), 4.14 (dd, J = 15.0, 6.6 Hz, 1H), 3.70 — 3.60 (m, 1H).
B3C NMR (101 MHz, DMSO-dg) & 172.78 (d, J = 5.1 Hz), 163.91 , 140.15
(d, J = 9.5 Hz), 136.65 , 135.65 (d, J = 99.0 Hz), 133.25 (d, J = 98.9 Hz),
132.53,132.03 (d, J = 2.0 Hz), 131.31 (d, J = 2.0 Hz), 130.81 (d, J = 9.5 Hz), 130.41 (d, J = 9.3 Hz),
129.12 (d, J = 11.5 Hz), 129.03 , 128.66 , 128.39, 128.38 (d, J = 11.7 Hz), 127.75 , 126.39 , 62.60 (d, J
=5.0 Hz), 33.81 (d, J = 71.4 Hz).



P NMR (162 MHz, DMSO-dg) & 26.53.
HRMS (ESI+): calculated m/z [M+H]" for [C28H23CINO4PH]" : 504.1126, found: 504.1130.

3-(diphenylphosphoryl)-2-phenyl-2-(4-(trifluoromethyl)benzamido)propanoic acid (3ga)

F4C 93.5 mg, 0.174 mmol, 87%;
White solid;
Mp: 212 - 214 €;
o 'H NMR (400 MHz, DMSO-dg) 6 13.62 (s, 1H), 8.57 (s, 1H), 7.88 —
HN COOH 7.80 (m, 2H), 7.75 (d, J = 8.2 Hz, 2H), 7.70 — 7.60 (m, 4H), 7.58 —

P(O)Ph, 7.46 (m, 5H), 7.29 — 7.24 (m, 2H), 7.23 — 7.13 (m, 4H), 4.16 (dd, J =
15.0, 6.7 Hz, 1H), 3.77 — 3.62 (m, 1H).
3C NMR (101 MHz, DMSO-dg) & 172.71 (d, J = 4.9 Hz), 163.79,
140.13 (d, J = 9.4 Hz), 137.38, 135.61 (d, J = 99.0 Hz), 133.33 (d, J = 98.8 Hz), 132.04 (d, J = 2.5
Hz), 131.67 (g, J = 32.0 Hz), 131.31 (d, J = 2.5 Hz), 130.83 (d, J = 9.6 Hz), 130.42 (d, J = 9.4 Hz),
129.12 (d, J = 11.4 Hz), 128.44, 128.39 (d, J = 10.7 Hz), 128.08, 127.81, 126.36, 125.58 (g, J =
3.8 Hz), 124.32 (d, J = 272.4 Hz), 62.68 (d, J = 4.9 Hz), 33.61 (d, J = 71.3 Hz).

31p NMR (162 MHz, DMSO-dg) & 26.36.
YF NMR (376 MHz, DMSO-dg) 5 -61.35.
HRMS (ESI+): calculated m/z [M+H]" for [CyoH,3FsNO4PH]" : 538.1390, found: 538.1392.

3-(diphenylphosphoryl)-2-phenyl-2-(thiophene-2-carboxamido)propanoic acid (3ha)

/ 83.6 mg, 0.176 mmol, 88%;

5 y/ White solid;
o Mp: 217 - 218 €;
HN COOH 'H NMR (400 MHz, DMSO-dg) & 13.52 (s, 1H), 8.36 (s, 1H), 7.87 —

P(O)Phy  7.79 (m, 2H), 7.68 (dd, J = 5.0, 1.1 Hz, 1H), 7.66 — 7.59 (m, 2H), 7.57 —
7.45 (m, 6H), 7.27 — 7.14 (m, 6H), 7.06 (dd, J = 5.0, 3.7 Hz, 1H), 4.08
(dd, J = 14.9, 6.7 Hz, 1H), 3.68 — 3.56 (m, 1H).
3C NMR (101 MHz, DMSO-dg) 6 172.59 (d, J = 5.5 Hz), 159.89, 140.25 (d, J = 9.2 Hz), 138.78,
135.55 (d, J = 98.9 Hz), 133.13 (d, J = 99.0 Hz), 132.01 (d, J = 2.4 Hz), 131.38, 131.18 (d, J = 2.0
Hz), 130.77 (d, J = 9.6 Hz), 130.45 (d, J = 9.3 Hz), 129.10 (d, J = 11.4 Hz), 128.90, 128.33
(overlapped), 128.28 (d, J = 11.9 Hz), 128.06, 127.71, 126.43, 62.65 (d, J = 5.0 Hz), 34.31 (d, J =
71.7 Hz).
P NMR (162 MHz, DMSO-dg) § 26.66.
HRMS (ESI+): calculated m/z [M+H]" for [CsH,,NO,PSH]" : 476.1080, found: 476.1081.

3-(diphenylphosphoryl)-2-(furan-3-carboxamido)-2-phenylpropanoic acid (3ia)

O 71.6 mg, 0.156 mmol, 78%;
@FQ White solid;
Mp: 196 - 197 €;

'H NMR (400 MHz, DMSO-dg) & 13.28 (s, 1H), 8.07 (s, 1H), 7.96 (s,
Ph 1H), 7.87 — 7.76 (m, 2H), 7.73 — 7.59 (m, 3H), 7.58 — 7.41 (m, 5H),
7.36 —7.01 (m, 6H), 6.46 (s, 1H), 4.06 (dd, J = 14.9, 6.9 Hz, 1H), 3.67 — 3.58 (m, 1H).
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3C NMR (101 MHz, DMSO-dg) § 172.60 (d, J = 5.7 Hz), 160.80, 145.37, 144.08, 140.35 (d, J =
8.8 Hz), 135.62 (d, J = 98.9 Hz), 133.39 (d, J = 98.9 Hz), 131.94 (d, J = 2.4 Hz), 131.20 (d, J =
2.5 Hz), 130.82 (d, J = 9.6 Hz), 130.44 (d, J = 9.3 Hz), 129.07 (d, J = 11.3 Hz), 128.34 (d, J =
11.2 Hz), 128.29, 127.64, 126.42, 122.17, 109.10, 62.43 (d, J = 4.9 Hz), 34.03 (d, J = 71.0 Hz).
¥1p NMR (162 MHz, DMSO-dg) & 26.37.

HRMS (ESI+): calculated m/z [M+H]" for [CsH22NOsPH]" : 460.1308, found: 460.1306.

2-benzamido-3-(diphenylphosphoryl)-2-(p-tolyl)propanoic acid (3ja)

BzHN COOH 89.9 mg, 0.186 mmol, 93%;
P(O)Ph, White solid;
Mp: 202 - 204 €;

'H NMR (400 MHz, DMSO-dg) & 13.46 (s, 1H), 8.45 (s, 1H), 7.88 —
7.78 (m, 2H), 7.65 — 7.58 (m, 2H), 7.57 — 7.44 (m, 6H), 7.41 — 7.32 (m, 4H), 7.25 — 7.14 (m, 3H),
7.01 (d, J= 8.1 Hz, 2H), 4.12 (dd, J = 14.9, 6.6 Hz, 1H), 3.64 — 3.52 (m, 1H), 2.21 (s, 3H).
B3C NMR (101 MHz, DMSO-dg) 5 172.95 (d, J = 5.7 Hz), 164.90, 137.21 (d, J = 9.1 Hz), 136.86,
135.73 (d, J = 98.7 Hz), 133.99, 133.18 (d, J = 98.8 Hz), 132.01 (d, J = 2.2 Hz), 131.84, 131.13 (d,
J=2.8Hz),130.79 (d, J = 9.6 Hz), 130.40 (d, J = 9.3 Hz), 129.11 (d, J = 11.5 Hz), 128.88, 128.65,
128.32 (d, J = 11.8 Hz), 126.99, 126.35, 62.36 (d, J = 5.0 Hz), 34.28 (d, J = 71.1 Hz), 20.92.
31p NMR (162 MHz, DMSO-dg) & 26.88.
HRMS (ESI+): calculated m/z [M+H]" for [CoH,sNO,PH]" : 484.1672, found: 484.1663.

2-benzamido-3-(diphenylphosphoryl)-2-(4-methoxyphenyl)propanoic acid (3ka)

HOOC NHBz 51.9 mg, 0.104 mmol, 52%;
P(O)Ph, White solid;
- Mp: 209 - 211 €;
o 'H NMR (400 MHz, DMSO-dg) & 13.26 (s, 1H), 8.52 (s, 1H),

7.89 — 7.77 (m, 2H), 7.67 — 7.46 (m, 8H), 7.44 — 7.31 (m, 4H), 7.27 — 7.15 (m, 3H), 6.74 (d, J =
8.7 Hz, 2H), 4.09 (dd, J = 14.9, 6.6 Hz, 1H), 3.69 (s, 3H), 3.55 (t, J = 14.3 Hz, 1H).

3C NMR (101 MHz, DMSO-dg) & 173.01 (d, J = 6.2 Hz), 164.92, 158.75, 135.70 (d, J = 98.8 Hz),
133.99, 133.14 (d, J = 99.0 Hz), 132.02 (d, J = 2.5 Hz), 131.87, 131.85 (d, J = 8.1 Hz), 131.20 (d,
J=1.9Hz), 130.78 (d, J = 9.7 Hz), 130.38 (d, J = 9.3 Hz), 129.12 (d, J = 11.5 Hz), 128.68, 128.31
(d, J =11.9 Hz), 127.76, 127.01, 113.59, 62.18 (d, J = 4.9 Hz), 55.43, 34.47 (d, J = 70.2 Hz).

1P NMR (162 MHz, DMSO-dg) & 27.10.

HRMS (ESI+): calculated m/z [M+H]" for [CH,sNOsPH]" : 500.1621, found: 500.1618.

2-([1,1'-biphenyl]-4-yl)-2-benzamido-3-(diphenylphosphoryl)propanoic acid (3la)

BzHN COOH 90.5 mg, 0.166 mmol, 83%;
P(O)Ph;  White solid;
Mp: 228 - 230 €;

Ph 'H NMR (400 MHz, DMSO-ds) & 13.52 (s, 1H), 8.70 (s, 1H), 7.91 —

7.81 (m, 2H), 7.65 — 7.49 (m, 12H), 7.49 — 7.39 (m, 6H), 7.35 (t, J = 7.2 Hz, 1H), 7.25 — 7.08 (m,
3H), 4.17 (dd, J = 15.0, 6.7 Hz, 1H), 3.61 (t, J = 14.4 Hz, 1H).

13C NMR (101 MHz, DMSO-dg) 5 172.68 (d, J = 6.5 Hz), 165.04, 140.22, 139.59, 139.00 (d, J =
8.2 Hz), 135.57 (d, J = 99.0 Hz), 133.85, 132.97 (d, J = 99.1 Hz), 132.10 (d, J = 2.3 Hz), 131.98,
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131.17 (d, J = 2.7 Hz), 130.82 (d, J = 9.6 Hz), 130.41 (d, J = 9.4 Hz), 129.32, 129.15 (d, J = 11.5
Hz), 128.74, 128.33 (d, J = 11.9 Hz), 127.84, 127.28, 127.11, 126.60, 62.65 (d, J = 5.2 Hz), 34.66
(d, J=71.0 Hz).

$1p NMR (162 MHz, DMSO-dg) & 27.45.

HRMS (ESI+): calculated m/z [M+H]" for [C3sH,sNO,PH]" : 546.1829, found: 546.1826.

2-benzamido-3-(diphenylphosphoryl)-2-(4-fluorophenyl)propanoic acid (3ma)

BzHN COOH 68.2 mg, 0.140 mmol, 70%;
P(O)Ph,  White solid;
Mp: 224 - 225 €;
F 'H NMR (400 MHz, DMSO-ds) & 13.46 (s, 1H), 8.80 (s, 1H), 7.88 —

7.80 (m, 2H), 7.62 — 7.40 (m, 12H), 7.28 — 7.15 (m, 3H), 7.02 — 6.93 (m, 2H), 4.12 (dd, J = 15.0,
6.8 Hz, 1H), 3.59 — 3.47 (m, 1H).

B3C NMR (101 MHz, DMSO-dg) & 172.53 (d, Jc.p = 7.2 Hz), 165.06, 161.71 (d, Jc.r = 243.7 Hz),
135.68 (dd, Jc.p = 8.3 Hz, Jo.r = 2.5 Hz), 135.41 (d, Jc.p = 99.4 Hz), 133.75, 132.80 (d, Jcp = 99.1
Hz), 132.14 (d, Jc.p = 2.6 Hz), 132.02, 131.29 (d, Jc.p = 2.6 Hz), 130.79 (d, Jc.p = 9.6 Hz), 130.37
(d, Jo.p = 9.4 Hz), 129.15 (d, Jep = 11.5 Hz), 128.98 (d, Jcr = 8.3 Hz), 128.76, 128.36 (d, Jc.p =
11.9 Hz), 127.12, 114.80 (d, Je.r = 21.5 Hz), 62.49 (d, Jc.p = 5.0 Hz), 34.90 (d, Jcp = 70.2 Hz).
31p NMR (162 MHz, DMSO-dg) & 27.76.

F NMR (376 MHz, DMSO-dg) 5 -115.87.

HRMS (ESI+): calculated m/z [M+H]" for [CsH2sFNO4PH]" : 488.1421, found: 488.1513.

2-benzamido-2-(4-chlorophenyl)-3-(diphenylphosphoryl)propanoic acid (3na)

BzHN COOH 78.5 mg, 0.156 mmol, 78%;
P(O)Ph,  White solid;
Mp: 198 - 200 €;
Cl 'H NMR (400 MHz, DMSO-dq) 5 13.55 (s, 1H), 8.79 (s, 1H), 7.87

—7.79 (m, 2H), 7.61 — 7.48 (m, 8H), 7.46 — 7.40 (m, 4H), 7.27 — 7.15 (m, 5H), 4.09 (dd, J = 15.0,
6.8 Hz, 1H), 3.58 — 3.45 (m, 1H).

3C NMR (101 MHz, DMSO-dg) & 172.14 (d, J = 7.5 Hz), 165.10, 141.95 (d, J = 7.9 Hz), 135.28
(d, J = 99.6 Hz), 133.59, 133.07, 132.69 (d, J = 99.4 Hz), 132.18 (d, J = 2.9 Hz, overlapped),
132.10, 131.41 (d, J = 2.7 Hz), 130.69 (d, J = 9.7 Hz), 130.40 (d, J = 9.4 Hz), 129.94, 129.15 (d, J
= 11.6 Hz), 128.81, 128.33 (d, J = 11.9 Hz), 127.69, 127.29, 127.16, 125.31, 62.73 (d, J = 5.0 Hz),
34.62 (d, J = 70.2 Hz).

P NMR (162 MHz, DMSO-de) & 27.77.

HRMS (ESI+): calculated m/z [M+H]" for [C,sH,sCINO,PH]" : 504.1126, found: 504.1128.

2-benzamido-2-(4-bromophenyl)-3-(diphenylphosphoryl)propanoic acid (30a)

BzHN COOH 85.3 mg, 0.156 mmol, 78%;
P(O)Phy  white solid;
Mp: 196 - 197 €;
Br 'H NMR (400 MHz, DMSO-dg) & 13.53 (s, 1H), 8.78 (s, 1H),

7.89—7.79 (m, 2H), 7.62 — 7.48 (m, 8H), 7.47 — 7.32 (m, 6H), 7.28 — 7.22 (m, 1H), 7.21 — 7.14 (m,
2H), 4.09 (dd, J = 15.0, 6.8 Hz, 1H), 3.51 (t, J = 14.5 Hz, 2H).
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3C NMR (101 MHz, DMSO-dg) § 172.26 (d, J = 7.1 Hz), 165.06, 139.10 (d, J = 8.2 Hz), 135.29
(d, J = 99.4 Hz), 133.63, 132.69 (d, J = 99.3 Hz), 132.17 (d, J = 2.1 Hz), 132.06, 131.22 (d, J =
2.2 Hz), 130.99, 130.78 (d, J = 9.7 Hz), 130.39 (d, J = 9.3 Hz), 129.16 (d, J = 11.5 Hz), 129.12,
128.76, 128.39 (d, J = 11.9 Hz), 127.13, 121.17, 62.61 (d, J = 5.0 Hz), 34.78 (d, J = 70.3 Hz).

$1p NMR (162 MHz, DMSO-dg) & 27.76.

HRMS (ESI+): calculated m/z [M+H]" for [C,sH,sBrNO,PH]" : 548.0621, found: 548.0625.

2-benzamido-3-(diphenylphosphoryl)-2-(4-(trifluoromethoxy)phenyl)propanoic acid (3pa)

BzHN COOH 95.1 mg, 0.172 mmol, 86%;
P(O)Phz  White solid;
Mp: 180 - 182 €;
F5CO 'H NMR (400 MHz, DMSO-dg) & 13.53 (s, 1H), 9.00 (s, 1H),

7.89-7.79 (m, 2H), 7.70 — 7.39 (m, 12H), 7.27 — 7.21 (m, 1H), 7.22 — 6.99 (m, 4H), 4.11 (dd, J =
15.1, 6.8 Hz, 1H), 3.50 (t, J = 14.6 Hz, 1H).

B3C NMR (101 MHz, DMSO-dg) & 172.22 (d, J = 8.1 Hz), 165.13, 147.79 (q, J = 1.5 Hz), 138.50
(d, 3 =7.5Hz), 135.23 (d, J = 99.8 Hz), 133.58, 132.50 (d, J = 99.0 Hz), 132.21 (d, J = 1.9 Hz),
132.12, 131.36 (d, J = 2.7 Hz), 130.76 (d, J = 9.7 Hz), 130.36 (d, J = 9.4 Hz), 129.17 (d, J = 11.6
Hz), 129.10, 128.82, 128.34 (d, J = 12.0 Hz), 127.19, 120.44, 120.42 (g, J = 256.2 Hz), 62.74 (d, J
=5.1 Hz), 35.09 (d, J = 70.0 Hz).

1P NMR (162 MHz, DMSO-de) & 28.24.

HRMS (ESI+): calculated m/z [M+H]" for [CoH,3FsNOsPH]" : 554.1339, found: 554.1342.

2-benzamido-3-(diphenylphosphoryl)-2-(m-tolyl)propanoic acid (3ga)

BzHN COOH 90.8 mg, 0.188 mmol, 94%:;
P(O)Ph, White solid,;
Mp: 204 - 206 €;

'H NMR (400 MHz, DMSO-dg) & 13.45 (s, 1H), 8.47 (s, 1H), 7.87 —
7.77 (m, 2H), 7.66 — 7.58 (m, 2H), 7.57 — 7.43 (m, 6H), 7.41 — 7.35 (m, 2H), 7.28 (s, 1H), 7.26 —
7.14 (m, 4H), 7.10 (t, J = 7.7 Hz, 1H), 6.96 (d, J = 7.4 Hz, 1H), 4.13 (dd, J = 14.9, 6.4 Hz, 1H),
3.65—3.52 (m, 1H), 2.21 (s, 3H).
B3C NMR (101 MHz, DMSO0) & 172.42 (d, J = 5.5 Hz), 164.51, 139.90 (d, J = 5.6 Hz), 136.88,
135.26 (d, J = 99.9 Hz), 133.66, 132.68 (d, J = 99.6 Hz), 131.61, 131.37, 130.84, 130.35 (d, J =
9.6 Hz), 130.00 (d, J = 9.3 Hz), 128.68 (d, J = 11.5 Hz), 128.21, 127.86 (d, J = 11.8 Hz), 127.84,
127.77,126.69, 126.58, 122.92, 62.13 (d, J = 4.9 Hz), 33.69 (d, J = 73.3 Hz), 21.14.
¥1p NMR (162 MHz, DMSO-dg) & 27.00.
HRMS (ESI+): calculated m/z [M+H]" for [CoH,sNOLPH]" : 484.1672, found: 484.1677.

2-benzamido-3-(diphenylphosphoryl)-2-(3-methoxyphenyl)propanoic acid (3ra)

BzHN COOH 89.8 mg, 0.180 mmol, 90%;
P(O)Phz  White solid;
Mp: 184 - 185 €;
'H NMR (400 MHz, DMSO-dg) & 12.95 (s, 1H), 9.11 (s, 1H), 7.85 —
OMe 7.77 (m, 2H), 7.73 — 7.66 (m, 2H), 7.58 — 7.42 (m, 8H), 7.33 (dd, J =

7.9, 1.7 Hz, 1H), 7.28 — 7.16 (m, 3H), 7.05 (td, J = 7.8, 1.6 Hz, 1H), 6.81 (td, J = 7.6, 1.1 Hz, 1H),

8



6.56 (d, J = 8.3 Hz, OH), 6.56 (dd, J = 8.3, 1.1 Hz, 1H), 4.25 (dd, J = 15.0, 7.4 Hz, 1H), 3.60 (s,
3H), 3.28 (t, J = 14.3 Hz, 1H).

B3C NMR (101 MHz, DMSO-dg) & 171.07 (d, J = 10.2 Hz), 164.77, 157.10, 135.19 (d, J = 99.4
Hz), 134.34, 132.33 (d, J = 99.5 Hz), 132.18 (d, J = 2.1 Hz), 131.97, 131.27 (d, J = 2.2 Hz),
130.50 (d, J = 9.6 Hz), 130.44 (d, J = 9.1 Hz), 129.47, 129.17 (d, J = 11.4 Hz), 128.96, 128.25 (d,
J =11.9 Hz), 127.96, 127.16, 126.84 (d, J = 6.1 Hz), 120.04, 111.74, 62.13 (d, J = 4.6 Hz), 55.54,
34.01 (d, J = 70.6 Hz).

¥1p NMR (162 MHz, DMSO-dg) & 28.49.

HRMS (ESI+): calculated m/z [M+H]" for [CgH26NOsPH]" : 500.1621, found: 500.1614.

2-benzamido-2-(3-chlorophenyl)-3-(diphenylphosphoryl)propanoic acid (3sa)

BzHN COOH 84.5 mg, 0.168 mmol, 84%;
Cl P(O)Ph, White solid;
Mp: 210 - 212 €;

'H NMR (400 MHz, DMSO-dg) & 13.55 (s, 1H), 8.77 (s, 1H), 7.89
—7.79 (M, 2H), 7.62 — 7.48 (m, 8H), 7.46 — 7.38 (m, 4H), 7.29 — 7.14 (m, 5H), 4.09 (dd, J = 15.0,
6.6 Hz, 1H), 3.62 — 3.48 (m, 1H).
B¢ NMR (101 MHz, DMSO-dg) 6 172.14 (d, J = 7.4 Hz), 165.10, 141.96 (d, J = 7.9 Hz), 135.28
(d, J =99.6 Hz), 133.59, 133.07, 132.69 (d, J = 99.3 Hz), 132.18 (d, J = 3.0 Hz), 132.10, 131.42
(d, J = 2.7 Hz), 130.69 (d, J = 9.6 Hz), 130.40 (d, J = 9.4 Hz), 129.94, 129.15 (d, J = 11.6 Hz),
128.80, 128.33 (d, J = 11.8 Hz), 127.69, 127.29, 127.16, 125.31, 62.73 (d, J = 5.0 Hz), 34.62 (d, J
=69.8 Hz).
$1p NMR (162 MHz, DMSO-dg) & 27.86.
HRMS (ESI+): calculated m/z [M+H]" for [CsH,3sCINO,PH]" : 504.1126, found: 504.1127.

2-benzamido-3-(diphenylphosphoryl)-2-(3-(trifluoromethyl)phenyl)propanoic acid (3ta)
81.7 mg, 0.152 mmol, 76%;
White solid;
HOOC NHBz 1\/Ip: 210-212 €;
P(O)Ph, H NMR (400 MHz, DMSO) & 13.49 (s, 1H), 9.23 (s, 1H), 7.90 — 7.80
(m, 2H), 7.76 — 7.65 (m, 4H), 7.61 — 7.41 (m, 9H), 7.36 (m, 1H), 7.23
(m, 1H), 7.15 (m, 2H), 4.15 (dd, J = 15.1, 6.9 Hz, 1H), 3.50 (t, J = 14.7
CF3 Hz, 1H).
B3C NMR (101 MHz, dmso) & 171.99 (d, J = 8.9 Hz), 165.28, 140.25 (d, J = 6.8 Hz), 135.02 (d, J
=100.0 Hz), 133.48, 132.28 (d, J = 2.2 Hz), 132.28 (d, J = 99.1 Hz), 132.23, 131.42 (d, J = 2.2
Hz), 131.09, 130.66 (d, J = 9.8 Hz), 130.36 (d, J = 9.5 Hz), 129.18 (d, J = 11.7 Hz), 129.10,
129.07 (g, J = 31.6 Hz), 128.93, 128.38 (d, J = 12.1 Hz), 127.21, 124.57 (q, J = 272.5 Hz), 124.51
(9, J = 3.8 Hz), 124.13 (q, J = 3.3 Hz), 63.07 (d, J = 5.1 Hz), 35.13 (d, J = 69.4 Hz).
1P NMR (162 MHz, DMSO) § 28.90.
¥F NMR (376 MHz, DMSO) & -60.88.
HRMS (ESI+): calculated m/z [M+H]" for [CyeH,3FsNO,4PH]" : 538.1390, found: 538.1395.

2-benzamido-3-(diphenylphosphoryl)-2-(o-tolyl)propanoic acid (3ua)
85.0 mg, 0.176 mmol, 88%;



White solid;
B/HN COOH Mp: 221 - 222 €;
P(O)Ph, "H NMR (400 MHz, DMSO-ds) 8 13.81 (s, 1H), 8.04 (s, 1H), 7.91 -
7.84 (m, 2H), 7.75 — 7.64 (m, 3H), 7.59 — 7.44 (m, 4H), 7.40 — 7.32
Me (m, 4H), 7.27 — 7.21 (m, 1H), 7.18 — 7.10 (m, 4H), 7.01 — 6.96 (m,
1H), 4.26 (dd, J = 14.6, 7.5 Hz, 1H), 3.71 — 3.59 (m, 1H), 2.22 (s, 3H).
3C NMR (101 MHz, DMSO) & 172.24, 163.89, 138.56 (d, J = 7.5 Hz), 135.63 (d, J = 99.1 Hz),
135.57, 133.54 (d, J = 99.8 Hz), 133.46, 132.66, 132.05 (d, J = 1.7 Hz), 131.81, 131.30 (d, J = 2.0
Hz), 130.67 (d, J = 7.7 Hz), 130.58 (d, J = 9.1 Hz), 129.13 (d, J = 11.4 Hz), 128.64, 128.46 (d, J =
11.8 Hz), 128.32, 127.68, 126.92, 126.37, 62.49 (d, J = 4.3 Hz), 35.00 (d, J = 71.6 Hz), 21.34.
$1p NMR (162 MHz, DMSO-dg) & 25.72.
HRMS (ESI+): calculated m/z [M+H]" for [CogH2sNO4PH]" : 484.1672, found: 484.1673.

2-Benzamido-3-(diphenylphosphoryl)-2-(2-fluorophenyl)propanoic acid (3va)

BzHN COOH 92.6 mg, 0.190 mmol, 95%;
P(O)Ph,  White solid:;
Mp: 192 - 193 €;
F 'H NMR (400 MHz, DMSO-dg) & 13.47 (s, 1H), 9.21 (s, 1H), 7.91 —

7.81 (m, 2H), 7.72 — 7.65 (m, 2H), 7.62 — 7.44 (m, 8H), 7.42 — 7.32 (m, 1H), 7.30 — 7.14 (m, 3H),
7.18 — 7.08 (m, 1H), 7.09 — 7.00 (m, 1H), 6.79 — 6.69 (m, 1H), 4.07 (dd, J = 15.2, 6.8 Hz, 1H),
3.47 —3.34 (m, 1H).

B3C NMR (101 MHz, DMSO-dg) & 170.57 (d, Jc.p = 9.5 Hz), 164.95, 160.23 (d, Jc.r = 247.2 Hz),
134.91 (d, Jcp = 100.1 Hz), 133.61, 132.36 (d, Jc.p = 2.4 Hz), 132.23, 131.93 (d, Jc.p = 99.4 Hz),
131.48 (d, Jc.p = 2.0 Hz), 130.53 (d, Jcp = 10.0 Hz), 130.44 (d, Jcp = 9.5 Hz), 130.34 (d, Jc.r =
10.5 Hz, overlapped), 129.25 (d, Jc.p = 11.6 Hz), 129.01, 128.91 (d, Jc.r = 3.0 Hz), 128.42 (d, Jc.p
=11.9 Hz), 127.16, 126.01 (dd, Jc.r = 10.9 Hz, Jc.p = 6.3 Hz), 124.03 (d, Jc.r = 2.7 Hz), 116.15 (d,
Jor = 23.2 Hz), 61.62 (dd, Jc.p = 4.8 Hz, Jo.r = 2.8 Hz), 34.27 (d, Jc.p = 69.1 Hz).

$1p NMR (162 MHz, DMSO-dg) & 28.89.

F NMR (376 MHz, DMSO-dg) 5 -108.24.

HRMS (ESI+): calculated m/z [M+H]" for [C,sH,sFNO,PH]" : 488.1421, found: 488.1425.

2-benzamido-2-(2-chlorophenyl)-3-(diphenylphosphoryl)propanoic acid (3wa)

BzHN COOH 93.6 mg, 0.186 mmol, 93%;
P(O)Ph,  White solid;
Mp: 206 - 207 €;
Cl 'H NMR (400 MHz, DMSO-ds) & 13.76 (s, 1H), 8.47 (s, 1H), 7.92 —

7.78 (m, 3H), 7.67 — 7.59 (m, 2H), 7.58 — 7.48 (m, 6H), 7.40 (t, J = 7.6 Hz, 2H), 7.37 — 7.31 (m,
1H), 7.25 - 7.16 (m, 5H), 4.31 (dd, J = 14.8, 8.1 Hz, 1H), 3.58 — 3.45 (m, 1H).

BC NMR (101 MHz, DMSO-dg) 6 170.47 (d, J = 5.3 Hz), 164.32, 137.18 (d, J = 9.5 Hz), 134.91
(d, J = 99.7 Hz), 133.73, 133.01 (d, J = 99.6 Hz), 132.20 (d, J = 2.1 Hz), 131.93, 131.39, 130.61
(d, J = 9.2 Hz), 130.55 (d, J = 9.6 Hz), 130.34, 129.57, 129.14 (d, J = 11.5 Hz), 128.75, 128.50 (d,
J=11.8 Hz), 127.23, 127.07, 62.17 (d, J = 4.1 Hz), 33.98 (d, J = 70.4 Hz).

Ip NMR (162 MHz, DMSO-dg) 5 26.19.

HRMS (ESI+): calculated m/z [M+H]" for [CsH,3CINO,PH]" : 504.1126, found: 504.1123.
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2-benzamido-2-(3,4-dimethylphenyl)-3-(diphenylphosphoryl)propanoic acid (3xa)

BzHN COOH 71.6 mg, 0.144 mmol, 72%;
P(O)Ph, White solid,;
Mp: 207 - 208 €;

'H NMR (400 MHz, DMSO-dg) & 13.38 (s, 1H), 8.47 (s, 1H), 7.87 —
7.76 (m, 2H), 7.63 — 7.46 (m, 8H), 7.43 — 7.36 (m, 2H), 7.26 — 7.12 (m, 5H), 6.95 (d, J = 8.0 Hz,
1H), 4.10 (dd, J = 14.9, 6.5 Hz, 1H), 3.61 — 3.49 (m, 1H), 2.10 (s, 6H).
3C NMR (101 MHz, DMSO-ds) 5 172.98 (d, J = 6.3 Hz), 164.93, 137.35 (d, J = 8.8 Hz), 135.89,
135.76 (d, J = 98.8 Hz), 135.61, 134.03, 133.09 (d, J = 98.9 Hz), 132.02 (d, J = 2.3 Hz), 131.85,
131.06 (d, J = 2.4 Hz), 130.74 (d, J = 9.5 Hz), 130.38 (d, J = 9.3 Hz), 129.37, 129.12 (d, J = 11.4
Hz), 128.68, 128.20 (d, J = 11.8 Hz), 127.68, 127.02, 123.65, 62.31 (d, J = 5.0 Hz), 34.36 (d, J =
71.1 Hz), 20.01, 19.32.
31p NMR (162 MHz, DMSO-dg) & 27.07.
HRMS (ESI+): calculated m/z [M+H]" for [C3H,sNO,PH]" : 498.1829, found: 498.1827.

methyl 2-benzamido-3-(diphenylphosphoryl)-2-phenylbutanoate (3ya)

MeOOC NHBz 37.8 mg, 0.076 mmol, 38%;
P(O)Ph, White solid,;
Me Mp: 204 - 205 €;

'H NMR (400 MHz, DMSO-ds) & 9.85 (s, 1H), 9.72 (s, 1H), 8.07 —
7.84 (m, 4H), 7.80 — 7.35 (m, 11H), 7.29 — 7.11 (m, 3H), 6.98 — 6.86 (m, 2H), 4.02 (p, J = 7.2 Hz,
1H), 3.78 (dg, J = 15.0, 7.3 Hz, 1H), 3.46 (s, 2H), 2.87 (s, 1H), 1.20 (dd, J = 16.5, 7.2 Hz, 2H),
0.92 (dd, J = 15.7, 7.4 Hz, 1H).
B3C NMR (101 MHz, DMSO-dg) & 170.62 (d, J = 5.0 Hz), 170.39 (d, J = 12.4 Hz), 166.95 ,
166.15, 137.82 (d, J = 3.7 Hz), 137.23 (d, J = 7.8 Hz), 134.28, 134.24, 133.13 (d, J = 96.1 Hz),
133.03 (d, J = 95.7 Hz), 132.97 (d, J = 96.8 Hz), 132.36, 132.32 (d, J = 97.7 Hz), 132.19 (d, J =
1.9 Hz), 132.08 (d, J = 1.8 Hz), 131.16 (d, J = 2.2 Hz), 131.01 (d, J = 8.7 Hz), 130.81 (d, J = 9.6
Hz), 130.49 (d, J = 9.5 Hz), 129.28, 129.23 (d, J = 10.6 Hz), 129.18 (d, J = 11.6 Hz), 128.97 (d, J
= 11.6 Hz), 128.60, 128.41 (d, J = 11.8 Hz), 127.86, 127.77, 127.62, 127.57, 127.56 (d, J = 12.3
Hz), 127.49, 127.49, 67.58 (d, J = 2.8 Hz), 67.39 (d, J = 2.3 Hz), 52.55, 52.11, 40.11 (d, J = 63.0
Hz), 38.77 (d, J = 63.5 Hz), 12.89, 11.99.
1P NMR (162 MHz, DMSO-ds) & 37.85.
HRMS (ESI+): calculated m/z [M+Na]" for [C3H2sNNaO4P]" : 520.1648, found: 520.1641.

2-benzamido-3-(diphenylphosphoryl)-2-(naphthalen-2-yl)propanoic acid (3za)
BzHN COOH 89.3 mg, 0.172 mmol, 86%;

P(O)Ph, White solid;
OO Mp: 220 - 221 <€,

'H NMR (400 MHz, DMSO-dg) § 13.63 (s, 1H), 8.56 (s, 1H),
8.12 — 8.08 (m, 1H), 7.92 — 7.79 (m, 4H), 7.75 (d, J = 8.8 Hz, 1H), 7.67 — 7.44 (m, 11H), 7.41 —
7.36 (M, 2H), 7.14 — 7.04 (m, 3H), 4.27 (dd, J = 14.9, 6.6 Hz, 1H), 3.83 — 3.70 (m, 1H).
3C NMR (101 MHz, DMSO-dg)  172.83 (d, J = 5.4 Hz), 165.04, 137.90 (d, J = 9.2 Hz), 135.69
(d, J = 98.8 Hz), 133.91, 133.07 (d, J = 98.9 Hz), 132.95, 132.53, 132.07 (d, J = 2.5 Hz), 131.89,
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131.14 (d, J = 2.0 Hz), 130.73 (d, J = 9.5 Hz), 130.47 (d, J = 9.3 Hz), 129.15 (d, J = 11.5 Hz),
128.66, 128.51, 128.23 (d, J = 11.8 Hz), 127.93, 127.61, 127.06, 126.58, 126.54, 125.64, 124.28,
62.74 (d, J = 5.0 Hz), 34.19 (d, J = 71.2 Hz).

$1p NMR (162 MHz, DMSO-dg) & 26.94.

HRMS (ESI+): calculated m/z [M+H]" for [C3,H26NO4PH]" : 520.1672, found: 520.1667.

methyl 2-acetamido-3-(diphenylphosphoryl)-2-(pyridin-2-yl)propanoate (3aaa)

MeOOC NHAc 65.9 mg, 0.156 mmol, 78%;
N P(O)Ph, White solid;
N
| Mp: 97-98 €;
Z "H NMR (400 MHz, DMSO-ds) 5 8.44 (d, J = 4.2 Hz, 1H), 8.39 (s,

1H), 7.76 (m, 3H), 7.70 — 7.63 (m, 2H), 7.57 — 7.41 (m, 7H), 7.25 (dd, J = 7.3, 4.9 Hz, 1H), 3.83
(m, 2H), 3.51 (s, 3H), 1.34 (s, 3H).

B3C NMR (101 MHz, DMSO-ds) 5 171.30 (d, J = 9.7 Hz), 169.80, 156.88 (d, J = 5.7 Hz), 148.41,
137.42, 135.24 (d, J = 98.6 Hz), 134.67 (d, J = 98.5 Hz), 131.75 (d, J = 2.4 Hz), 131.55 (d, J = 2.6
Hz), 130.69 (d, J = 9.3 Hz), 130.63 (d, J = 9.1 Hz), 128.97 (d, J = 11.4 Hz), 128.75 (d, J = 11.5
Hz), 123.35, 120.99 (s), 64.08 (d, J = 4.1 Hz), 53.20, 33.55 (d, J = 73.9 Hz), 22.29.

31p NMR (162 MHz, DMSO-dg) & 24.71.

HRMS (ESI+): calculated m/z [M+Na]" for [C,sH,3N,04PNa]" : 445.1288, found: 445.1290.

methyl 2-acetamido-3-(diphenylphosphoryl)-2-(pyridin-3-yl)propanoate (3aba)

MeOOC NHAc 38.9 mg, 0.092 mmol, 46%;
N7 P(O)Ph, White solid;
| Mp: 99 - 100 <€;
= 'H NMR (400 MHz, DMSO-dg) & 8.68 (d, J = 2.1 Hz, 1H), 8.50 (s,

1H), 8.40 (dd, J = 4.7, 1.4 Hz, 1H), 7.88 — 7.77 (m, 3H), 7.75 — 7.67 (m, 2H), 7.58 — 7.39 (m, 6H),
7.27 (dd, J = 8.0, 4.7 Hz, 1H), 3.95 (dd, J = 15.1, 7.8 Hz, 1H), 3.64 (dd, J = 14.8, 13.0 Hz, 1H),
3.54 (s, 3H), 1.31 (s, 3H).

3C NMR (101 MHz, DMSO-dg) § 171.47 (d, J = 7.2 Hz), 169.81, 148.74, 147.84, 135.39 (d, J =
7.7 Hz), 135.18 (d, J = 99.2 Hz), 134.29, 133.97 (d, J = 99.0 Hz), 131.97 (d, J = 2.3 Hz), 131.62
(d, J = 2.3 Hz), 130.86 (d, J = 9.5 Hz), 130.58 (d, J = 9.4 Hz), 129.06 (d, J = 11.6 Hz), 128.72 (d,
J=11.7 Hz), 123.31, 61.52 (d, J = 4.8 Hz), 53.35, 33.26 (d, J = 71.8 Hz), 22.31.

1P NMR (162 MHz, DMSO-ds) & 25.50.

HRMS (ESI+): calculated m/z [M+Na]" for [C,3H,3N,04PNa]" : 445.1288, found: 445.1286.

2-benzamido-3-(di-p-tolylphosphoryl)-2-phenylpropanoic acid (3ab)
61.6 mg, 0.124 mmol, 62%;

NHBz White solid;
COOH Mp: 191 - 193 €;
P/'O '"H NMR (400 MHz, DMSO-ds) 6 8.37 (s, 1H), 7.68 (dd, J = 11.1, 7.8 Hz,

2H), 7.59 — 7.34 (m, 9H), 7.34 — 7.28 (m, 2H), 7.23 (dt, J = 14.7, 7.1 Hz,
3H), 7.01 — 6.86 (m, 2H), 4.04 (dd, J = 14.9, 6.6 Hz, 1H), 3.57 (t, J = 145
Hz, 1H), 2.33 (s, 3H), 2.10 (s, 3H).
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3C NMR (101 MHz, DMSO-dg) & 172.90 (d, J = 5.0 Hz), 164.65, 141.95 (d, J = 2.6 Hz), 141.17
(d, J = 2.8 Hz), 140.48 (d, J = 9.4 Hz), 133.71, 132.62 (d, J = 101.2 Hz), 131.29 (d, J = 102.0 Hz),
130.88, 130.78, 130.52, 130.44 (d, J = 9.6 Hz), 129.65 (d, J = 11.8 Hz), 129.51, 128.94 (d, J =
12.2 Hz), 128.50, 128.35, 127.59, 126.97, 126.36, 62.45 (d, J = 4.9 Hz), 33.91 (d, J = 71.1 Hz),
21.47, 21.30.

¥1p NMR (162 MHz, DMSO-dg) & 26.96.

HRMS (ESI+): calculated m/z [M+H]" for [C3H2sNO,PH]" : 498.1829, found: 498.1827.

2-benzamido-3-(di-m-tolylphosphoryl)-2-phenylpropanoic acid (3ac)
84.5 mg, 0.170 mmol, 85%;

NHB White solid;
COSH Mp: 198 - 200 €;
0 'H NMR (400 MHz, DMSO-dq) 5 13.51 (s, 1H), 8.49 (s, 1H), 7.71 —

7.58 (m, 2H), 7.55 — 7.43 (m, 5H), 7.44 — 7.31 (m, 6H), 7.26 — 7.21 (m,
\Q ®/ 2H), 7.20 — 7.14 (m, 1H), 7.13 — 7.03 (m, 1H), 6.96 (d, J = 7.6 Hz, 1H),

4.09 (dd, J = 14.9, 6.5 Hz, 1H), 3.66 — 3.52 (m, 1H), 2.34 (s, 3H), 2.03
(s, 3H).

B¢ NMR (101 MHz, DMSO-dg) 6 172.89 (d, J = 5.5 Hz), 164.67, 140.18 (d, J = 9.1 Hz), 138.52
(d, J=11.4 Hz), 137.65 (d, J = 11.5 Hz), 135.65 (d, J = 98.6 Hz), 133.70, 133.13 (d, J = 98.5 Hz),
132.64 (d, overlapped), 131.86, 131.86 (d, overlapped),131.15 (d, J = 9.1 Hz), 130.66 (d, J = 9.1
Hz), 129.03 (d, J = 12.1 Hz), 128.62, 128.29 (d, J = 12.7 Hz, overlapped), 128.25, 127.91 (d, J =
10.0 Hz), 127.66, 127.52 (d, J = 9.4 Hz), 126.96, 126.45, 62.53 (d, J = 4.9 Hz), 34.13 (d, J = 70.5
Hz), 21.42, 21.16.

$1p NMR (162 MHz, DMSO-dg) & 26.90.

HRMS (ESI+): calculated m/z [M+H]" for [C3H,sNO,PH]" : 498.1829, found: 498.1824.

2-benzamido-3-(bis(4-methoxyphenyl)phosphoryl)-2-phenylpropanoic acid (3ad)
94.2 mg, 0.178 mmol, 89%;

NHBz White solid;
COOH Mp: 196 - 197 €;
,0 'H NMR (400 MHz, DMSO-ds) & 13.42 (s, 1H), 8.47 (s, 1H), 7.75
P —7.66 (m, 2H), 7.56 — 7.35 (m, 9H), 7.28 — 7.13 (m, 3H), 7.09 —
Q \Q 7.01 (m, 2H), 6.73 — 6.64 (m, 2H), 3.98 (dd, J = 14.9, 6.6 Hz, 1H),
MeO OMe 3:79 (s, 3H), 3.61 (s, 3H), 3.58 — 3.46 (m, 1H).

3C NMR (101 MHz, DMSO-dg) & 172.91 (d, J = 5.5 Hz), 164.62,
162.07 (d, J = 2.6 Hz), 161.58 (d, J = 3.0 Hz), 140.37 (d, J = 9.1 Hz), 133.74, 132.65 (d, J = 11.1
Hz), 132.31 (d, J = 10.6 Hz), 131.84, 128.57, 128.31, 127.59, 127.09 (d, J = 105.3 Hz), 127.00,
126.43,124.24 (d, J = 105.8 Hz), 114.61 (d, J = 12.3 Hz), 113.92 (d, J = 12.7 Hz), 62.54 (d, J =
5.0 Hz), 55.75, 55.43, 34.21 (d, J = 72.3 Hz).
1P NMR (162 MHz, DMSO-dg) & 27.04.
HRMS (ESI+): calculated m/z [M+H]" for [CsHosNOgPH]" : 530.1727, found: 530.1726.

2-benzamido-3-(di([1,1'-biphenyl]-4-yl)phosphoryl)-2-phenylpropanoic acid (3ae)
111.8 mg, 0.180 mmol, 90%;
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White solid;

Mp: 222 - 224 €;

'H NMR (400 MHz, DMSO-ds) 5 13.61 (s, 1H), 8.46 (s, 1H), 7.97 (dd,
NHBz J =111, 8.2 Hz, 2H), 7.82 (dd, J = 8.3, 2.4 Hz, 2H), 7.78 — 7.68 (m,
COOH 4H), 7.55 — 7.36 (m, 15H), 7.27 (g, J = 8.0 Hz, 4H), 7.22 — 7.17 (m, 1H),

Be 4.25 (dd, J = 14.9, 6.4 Hz, 1H), 3.72 (t, J = 14.5 Hz, 1H).
: 3C NMR (101 MHz, DMSO-dg) & 172.93 (d, J = 5.1 Hz), 164.82,
Q Q 143.68 (d, J = 2.5 Hz), 143.17 (d, J = 2.6 Hz), 140.41 (d, J = 9.3 Hz),
Ph Ph  139.62 (d, J = 16.5 Hz), 134.42 (d, J = 99.9 Hz), 133.79, 131.96 (d, J =

100.3 Hz), 131.68 (d, J = 24.3 Hz), 131.13 (d, J = 9.5 Hz), 129.51,
129.29, 128.67, 128.48 (d, J = 16.2 Hz), 127.66, 127.45 (d, J = 11.8 Hz), 127.43, 127.36, 126.92,
126.79 (d, J = 12.0 Hz), 126.44, 62.54 (d, J = 5.0 Hz), 34.07 (d, J = 71.4 Hz).
31p NMR (162 MHz, DMSO-dg) & 26.66.
HRMS (ESI+): calculated m/z [M+H]" for [C4H3,NO,PH]" : 622.2142, found: 622.2140.

2-benzamido-3-(bis(4-chlorophenyl)phosphoryl)-2-phenylpropanoic acid (3af)
79.5 mg, 0.148 mmol, 74%;

NHBz White solid;
COOH Mp: 192 - 193 <€;
P//O 'H NMR (400 MHz, DMSO-dg) & 13.57 (s, 1H), 8.34 (s, 1H), 7.90 —
7.83 (m, 2H), 7.68 — 7.56 (m, 4H), 7.54 — 7.49 (m, 3H), 7.45 (d, J =
Q Q 7.6 Hz, 2H), 7.40 (d, J = 7.4 Hz, 2H), 7.32 — 7.17 (m, 5H), 4.20 (dd,
Cl cl J=143,55Hz, 2H), 3.72-3.64 (m, 1H).

3C NMR (101 MHz, DMSO-dg) & 172.81 (d, J = 4.9 Hz), 164.68,
140.31 (d, J = 9.8 Hz), 137.41 (d, J = 3.1 Hz), 136.93 (d, J = 3.4 Hz), 134.04 (d, J = 99.9 Hz),
133.36, 132.78 (d, J = 10.6 Hz), 132.44 (d, J = 10.3 Hz), 132.01, 131.77 (d, J = 100.0 Hz), 129.33
(d, J = 12.0 Hz), 128.61 (overlapped), 128.55 (d, J = 12.3 Hz), 128.45, 127.76, 126.90, 126.34,
62.32 (d, J = 5.0 Hz), 33.69 (d, J = 72.4 Hz).
$1p NMR (162 MHz, DMSO-dg) & 25.98.
HRMS (ESI+): calculated m/z [M+H]" for [C,sH,,Cl,NO,PH]" : 538.0736, found: 538.0732.

2-benzamido-3-(diethoxyphosphoryl)-2-phenylpropanoic acid (3ag)

BzHN COOH 63.2 mg, 0.156 mmol, 78%;
P(O)(OEt), White solid;
Mp: 134 - 136 <€,

'H NMR (400 MHz, DMSO-dg) & 13.59 (s, 1H), 8.24 (s, 1H), 7.86
— 7.77 (m, 2H), 7.61 — 7.56 (m, 1H), 7.56 — 7.45 (m, 4H), 7.38 — 7.31 (m, 2H), 7.32 — 7.26 (m,
1H), 4.00 — 3.89 (m, 2H), 3.86 — 3.70 (m, 2H), 3.44 — 3.33 (m, 2H), 3.15 (dd, J = 18.7, 15.2 Hz,
1H), 1.13 (t, J = 7.0 Hz, 3H), 0.97 (t, J = 7.0 Hz, 3H).
B3C NMR (101 MHz, DMSO-dg) & 172.82 (d, J = 6.0 Hz), 165.38, 140.40 (d, J = 13.7 Hz), 134.65,
132.09, 129.07, 128.63, 127.89, 127.33, 126.23 (d, J = 1.4 Hz), 61.85 (d, J = 4.6 Hz), 61.65 (d, J =
6.1 Hz), 61.51 (d, J = 6.7 Hz), 30.12 (d, J = 139.8 Hz), 16.47 (d, J = 6.1 Hz), 16.26 (d, J = 6.2
Hz).
1P NMR (162 MHz, DMSO-dg) 5 26.28.
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HRMS (ESI+): calculated m/z [M+H]" for [CoH2sNOgPH]" : 406.1414, found: 406.1413.

2-benzamido-3-(diisopropoxyphosphoryl)-2-phenylpropanoic acid (3ah)

BzHN COOH 72.8 mg, 0.168 mmol, 84%;
P(O)(O'Pr), White solid:
Mp: 138 - 140 <€;

'H NMR (400 MHz, DMSO-dg) & 13.57 (s, 1H), 8.23 (s, 1H), 7.89
—7.76 (m, 2H), 7.61 — 7.56 (m, 1H), 7.56 — 7.46 (m, 4H), 7.38 — 7.31 (m, 2H), 7.30 — 7.25 (m,
1H), 4.53 (dp, J = 7.7, 6.1 Hz, 1H), 4.40 (dp, J = 7.6, 6.1 Hz, 1H), 3.30 (dd, J = 17.9, 15.1 Hz, 1H),
3.08 (dd, J = 18.8, 15.1 Hz, 1H), 1.16 (dd, J = 9.8, 6.2 Hz, 6H), 1.10 (d, J = 6.1 Hz, 3H), 0.94 (d, J
= 6.2 Hz, 3H).
3C NMR (101 MHz, DMSO-dg) & 172.89 (d, J = 6.0 Hz), 165.08, 140.53 (d, J = 13.7 Hz), 134.69,
132.07, 129.04, 128.61, 127.82, 127.31, 126.21, 70.25 (d, J = 6.1 Hz), 69.87 (d, J = 6.9 Hz), 61.91
(d, J=5.0 Hz), 31.74 (d, J = 141.7 Hz), 24.13 (d, J = 3.9 Hz), 23.97 (d, J = 4.0 Hz), 23.81 (d, J =
4.7 Hz).
31p NMR (162 MHz, DMSO-dg) & 24.54.
HRMS (ESI+): calculated m/z [M+H]" for [C»H,sNOgPH]" : 434.1727, found: 434.1729.

2-benzamido-3-(dibutoxyphosphoryl)-2-phenylpropanoic acid (3ai)

BzHN COOH 4.7 mg, 0.162 mmol, 81%;
P(O)(©"Bu), White solid;
Mp: 122 - 124 <€;

'H NMR (400 MHz, DMSO-dg) & 13.58 (s, 1H), 8.25 (s, 1H), 7.87
— 7.77 (m, 2H), 7.62 — 7.56 (m, 1H), 7.56 — 7.47 (m, 4H), 7.38 — 7.31 (m, 2H), 7.31 — 7.25 (m,
1H), 3.93 — 3.83 (m, 2H), 3.81 — 3.73 (m, 1H), 3.71 — 3.63 (m, 1H), 3.38 (dd, J = 17.6, 15.2 Hz,
1H), 3.16 (dd, J = 18.7, 15.2 Hz, 1H), 1.53 — 1.39 (m, 2H), 1.32 — 1.21 (m, 4H), 1.17 — 1.06 (m,
2H), 0.81 (t, J = 7.4 Hz, 3H), 0.71 (t, J = 7.3 Hz, 3H).
3C NMR (101 MHz, DMSO-dg) & 172.83 (d, J = 5.9 Hz), 165.26, 140.41 (d, J = 13.7 Hz), 134.56,
132.09, 129.03, 128.99, 128.63, 127.88, 127.33, 126.21, 65.21 (d, J = 6.2 Hz), 65.03 (d, J = 6.9
Hz), 61.85 (d, J = 4.6 Hz), 32.25 (d, J = 6.1 Hz), 32.11 (d, J = 6.3 Hz), 30.09 (d, J = 139.6 Hz),
18.63, 18.52, 13.86, 13.76.
$1p NMR (162 MHz, DMSO-dg) & 26.51.
HRMS (ESI+): calculated m/z [M+H]" for [C,4H3,NOGPH]" : 462.2040, found: 462.2043.

2-benzamido-3-(di-tert-butoxyphosphoryl)-2-phenylpropanoic acid (3aj)

BzHN COOH 70.1 mg, 0.152 mmol, 76%:;
P(0)(O'Bu), White solid;
Mp: 122 - 124 <€;

'H NMR (400 MHz, DMSO-ds) & 13.35 (s, 1H), 8.22 (s, 1H), 7.85
—7.79 (m, 2H), 7.58 — 7.51 (m, 3H), 7.49 — 7.45 (m, 2H), 7.36 — 7.31 (m, 2H), 7.29 — 7.24 (m,
1H), 3.23 (dd, J = 17.6, 14.9 Hz, 1H), 3.03 (dd, J = 18.8, 15.0 Hz, 1H), 1.34 (s, 9H), 1.29 (s, 9H).
3C NMR (101 MHz, DMSO-dg) & 173.06 (d, J = 5.5 Hz), 164.86, 140.93 (d, J = 13.8 Hz), 134.83,
132.03, 129.07, 128.59, 127.70, 127.26, 126.20, 82.16 (d, J = 9.1 Hz), 82.13 (d, J = 8.0 Hz), 61.96
(d, J = 5.9 Hz), 34.44 (d, J = 145.1 Hz), 30.20 (d, J = 4.1 Hz), 30.07 (d, J = 3.8 H2).
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$1p NMR (162 MHz, DMSO-dg) & 18.00.
HRMS (ESI-): calculated m/z [M-H] for [C,4H3:NOgP] : 460.1894, found: 460.1889.

2-benzamido-2-phenyl-3-(4,4,5,5-tetramethyl-2-oxido-1,3,2-dioxaphospholan-2-yl)propanoic
acid (3ak)
COOH 38.8 mg, 0.090 mmol, 45%;

BzHN. J Os
‘P: White solid;
o Mp: 196 - 197 €;

'H NMR (400 MHz, DMSO-dg) & 13.71 (s, 1H), 8.26 (s, 1H), 7.84 —
7.74 (m, 2H), 7.58 (t, J = 7.2 Hz, 1H), 7.52 (dd, J = 8.3, 6.6 Hz, 4H), 7.34 (t, J = 7.5 Hz, 2H), 7.27
(t, J = 7.2 Hz, 1H), 3.50 — 3.36 (m, 2H), 1.32 (d, J = 15.7 Hz, 6H), 1.18 (d, J = 13.9 Hz, 6H).
B3C NMR (101 MHz, DMSO-dg) § 172.58 (d, J = 4.3 Hz), 165.81, 135.21, 131.91, 129.01, 128.63,
127.81, 127.30, 126.16, 88.34 (d, J = 1.5 Hz), 88.03 (d, J = 0.6 Hz), 62.03 (d, J = 4.7 Hz), 33.82
(d, J = 132.7 Hz), 24.92 (d, J = 3.0 Hz), 24.52 (d, J = 4.6 Hz), 23.68 (d, J = 5.8 Hz), 23.60 (d, J =
4.1 Hz).
31p NMR (162 MHz, DMSO-dg) & 37.75.
HRMS (ESI+): calculated m/z [M+H]" for [C»,H,sNOgPH]" : 432.1571, found: 432.1570.

methyl 2-benzamido-3-(dimethylphosphoryl)-2-phenylpropanoate (3al)

BzHN COOMe 38.7 mg, 0.112 mmol, 56%;
P(O)(CH3)2  white solid;
Mp: 196 - 197 €;

'H NMR (400 MHz, DMSO-ds) & 9.83 (s, 1H), 7.94 — 7.87 (m, 2H),
7.65 — 7.59 (m, 1H), 7.57 — 7.51 (m, 2H), 7.48 — 7.43 (m, 2H), 7.41 — 7.30 (m, 3H), 3.63 (s, 3H),
3.05 - 2.86 (m, 2H), 1.48 (d, J = 13.4 Hz, 3H), 0.77 (d, J = 13.6 Hz, 3H).
3C NMR (101 MHz, DMSO-dg) & 171.60 (d, J = 12.6 Hz), 165.67, 138.23 (d, J = 3.8 Hz), 133.51,
132.46, 129.19, 128.31, 128.23, 127.74, 127.53, 63.57 (d, J = 5.3 Hz), 53.16, 37.68 (d, J = 64.2
Hz), 18.11 (d, J = 69.4 Hz), 16.43 (d, J = 67.5 Hz).
$1p NMR (162 MHz, DMSO-dg) & 47.85.
HRMS (ESI+): calculated m/z [M+H]" for [C1gH,0NO,PH]" : 346.1203, found: 346.1961.

3-(diphenylphosphoryl)-2-phenylpropanoic acid (9aa)

56.7 mg, 0.162 mmol, 81%;

White solid;

Mp: 175 - 177 €;

'H NMR (400 MHz, DMSO-dg) & 12.50 (s, 1H), 7.87 — 7.77 (m, 2H),
7.77 - 7.66 (M, 2H), 7.59 — 7.45 (m, 4H), 7.45 — 7.37 (m, 2H), 7.29 — 7.12 (m, 5H), 3.90 — 3.74 (m,
1H), 3.29 — 3.14 (m, 1H), 2.97 — 2.79 (m, 1H).

B3C NMR (101 MHz, DMSO-dg) & 173.90 (d, J = 6.7 Hz), 139.68 (d, J = 9.3 Hz), 134.53 (d, J =
97.7 Hz), 133.80 (d, J = 97.0 Hz), 132.04 (d, J = 2.7 Hz), 131.82 (d, J = 2.7 Hz), 130.90 (d, J =
9.0 Hz), 130.82 (d, J = 9.1 Hz), 129.00 (d, J = 11.5 Hz), 128.87 (d, J = 11.4 Hz), 128.84, 128.19,
127.58, 45.10 (d, J = 2.1 Hz), 32.74 (d, J = 70.1 Hz).

1P NMR (162 MHz, DMSO-dg) 5 27.89.

HRMS (ESI-): calculated m/z [M-H] for [C;;H1303P] : 349.0999, found: 349.0999.

COOH
P(O)Ph,
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3-(diphenylphosphoryl)-2-(p-tolyl)propanoic acid (9ba)

COOH 59.7 mg, 0.164 mmol, 82%;
P(O)Ph, White solid;
Mp: 167 - 169 €;

'H NMR (400 MHz, DMSO-dg) 5 12.44 (s, 1H), 7.85 — 7.77 (m, 2H),
7.74 — 7.67 (m, 2H), 7.58 — 7.46 (m, 4H), 7.45 — 7.38 (m, 2H), 7.08 (d, J = 8.1 Hz, 2H), 7.01 (d, J
= 7.9 Hz, 2H), 3.78 (ddd, J = 11.9, 8.3, 5.3 Hz, 1H), 3.20 (ddd, J = 15.2, 12.3, 8.4 Hz, 1H), 2.82
(ddd, J = 14.9, 9.0, 5.4 Hz, 1H), 2.21 (s, 3H).
3C NMR (101 MHz, DMSO-dg) § 174.02 (d, J = 6.8 Hz), 136.72, 136.70 (d, J = 9.4 Hz), 134.51
(d, J=97.5 Hz), 133.81 (d, J = 97.0 Hz), 132.03 (d, J = 2.8 Hz), 131.71 (d, J = 2.7 Hz), 130.90 (d,
J = 9.3 Hz), 130.82 (d, J = 9.3 Hz), 129.36, 128.99 (d, J = 11.4 Hz), 128.85 (d, J = 11.5 Hz),
128.04, 44.67 (d, J = 2.0 Hz), 32.86 (d, J = 70.0 Hz), 21.01.
31p NMR (162 MHz, DMSO-dg) & 27.94.
HRMS (ESI+): calculated m/z [M+H]" for [C»,H1s03PH]" : 363.1156, found: 363.1157.

2-(4-(tert-butyl)phenyl)-3-(diphenylphosphoryl)propanoic acid (9ca)

COOH 52.8 mg, 0.130 mmol, 65%;
P(O)Phy  White solid;
t Mp: 175 - 176 €;
Bu 'H NMR (400 MHz, CDCly) & 9.56 (s, 1H), 7.75 — 7.52 (m, 4H),

7.51—7.23 (m, 8H), 7.22 — 7.12 (m, 2H), 4.36 — 4.13 (m, 1H), 3.56 — 3.34 (m, 1H), 2.83 — 2.60 (m,
1H), 1.25 (s, 9H).

3C NMR (101 MHz, CDCls) 6 174.24 (d, J = 7.3 Hz), 150.12, 135.48 (d, J = 10.1 Hz), 132.37 (d,
J = 102.3 Hz, overlapped), 132.09 (d, J = 2.4 Hz), 131.83 (d, J = 2.4 Hz), 131.03 (d, J = 9.5 Hz),
130.57 (d, J = 9.8 Hz), 130.36 (d, J = 101.2 Hz), 128.68 (d, J = 12.0 Hz), 128.54 (d, J = 12.1 Hz),
127.76, 125.43, 44.64 (d, J = 1.2 Hz), 34.38, 33.65 (d, J = 70.6 Hz), 31.31.

¥1p NMR (162 MHz, CDCly) & 33.84.

HRMS (ESI+): calculated m/z [M+H]" for [CsH,;03PH]" : 407.1771, found: 407.1772.

3-(diphenylphosphoryl)-2-(4-fluorophenyl)propanoic acid (9da)

COOH 51.5 mg, 0.140 mmol, 70%;
P(O)Ph,  White solid;
Mp: 164- 166 °C;
F 'H NMR (400 MHz, CDCl3) & 9.27 (s, 1H), 7.71 — 7.63 (m, 2H),

7.61—7.54 (m, 2H), 7.52 — 7.45 (m, 2H), 7.44 — 7.34 (m, 4H), 7.34 — 7.28 (m, 2H), 6.86 — 6.79 (m,
2H), 4.30 — 4.19 (m, 1H), 3.51 — 3.36 (m, 1H), 2.74 — 2.63 (m, 1H).

B3C NMR (101 MHz, CDCls) § 174.00 (d, Jc.p = 6.7 Hz), 162.09 (d, Jc.r = 246.0 Hz), 134.26 (dd,
Jep = 9.6 Hz, Jo.r = 3.0 Hz), 132.29 (d, Je.p = 2.6 Hz), 132.02 (d, Jep = 102.3 Hz), 132.00 (d, Jc»
= 2.8 Hz), 130.94 (d, Jcp = 9.6 Hz), 130.53 (d, Jc.p = 9.9 Hz), 130.07 (d, Jc.p = 101.0 Hz), 129.79
(d, Jo.r = 8.1 Hz), 128.78 (d, Jc.p = 11.9 Hz), 128.66 (d, Jop = 11.8 Hz), 115.32 (d, Jc.r = 21.4 Hz),
44.42 (d, Jc.p = 1.5 Hz), 33.79 (d, Jc.p = 70.4 Hz).

$Ip NMR (162 MHz, CDCl3) 6 34.01.
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F NMR (376 MHz, CDCls) & -115.10.
HRMS (ESI-): calculated m/z [M-H] for [C,;H.7FO3P] : 367.0905, found: 367.0903.

2-(4-chlorophenyl)-3-(diphenylphosphoryl)propanoic acid (9ea)

COOH 53.9 mg, 0.140 mmol, 70%;
P(O)Ph;  White solid;
Mp: 171 - 173 €;
Cl 'H NMR (400 MHz, DMSO-dg) & 12.64 (s, 1H), 7.85 — 7.77 (m,

2H), 7.71 — 7.62 (m, 2H), 7.60 — 7.44 (m, 4H), 7.42 — 7.35 (m, 2H), 7.26 — 7.18 (m, 4H), 3.91 —
3.80 (m, 1H), 3.22 —3.09 (m, 1H), 3.04 — 2.89 (m, 1H).

3C NMR (101 MHz, DMSO-dg) & 173.76 (d, J = 8.9 Hz), 138.27 (d, J = 7.9 Hz), 134.53 (d, J =
97.7 Hz), 133.68 (d, J = 97.2 Hz), 132.30, 132.12 (d, J = 2.7 Hz), 131.71 (d, J = 2.7 Hz), 130.92
(d, J = 9.2 Hz), 130.81 (d, J = 9.5 Hz), 130.32, 129.07 (d, J = 11.5 Hz), 128.82 (d, J = 11.5 Hz),
128.67, 44.63, 32.59 (d, J = 70.6 Hz).

¥1p NMR (162 MHz, CDCI3) & 33.93.

HRMS (ESI+): calculated m/z [M+H]" for [C,,H1sCIOsPH]" : 385.0755, found: 385.0751.

2-(4-bromophenyl)-3-(diphenylphosphoryl)propanoic acid (9fa)

COOH 61.8 mg, 0.144 mmol, 72%;
P(O)Pha  White solid;
Mp: 173 - 175 €;

Br 'H NMR (400 MHz, DMSO-dg) 5 12.63 (s, 1H), 7.89 — 7.75 (m,

2H), 7.74 — 7.61 (m, 2H), 7.60 — 7.43 (m, 4H), 7.43 — 7.30 (m, 4H), 7.24 — 7.08 (m, 2H), 3.94 —
3.74 (m, 1H), 3.22 — 3.10 (m, 1H), 3.01 — 2.90 (m, 1H).

3C NMR (101 MHz, DMSO-dg) & 173.64 (d, J = 8.8 Hz), 138.66 (d, J = 7.8 Hz), 134.48 (d, J =
97.8 Hz), 133.65 (d, J = 97.1 Hz), 132.08 (d, J = 2.6 Hz), 131.65 (d, J = 2.3 Hz), 131.56, 130.87
(d, J =10.0 Hz), 130.77 (d, J = 10.0 Hz), 130.62, 129.03 (d, J = 11.4 Hz), 128.79 (d, J = 11.4 Hz),
120.83, 44.67 (d, J = 1.7 Hz), 32.53 (d, J = 70.4 Hz).

$1p NMR (162 MHz, DMSO-dg) & 27.67.

HRMS (ESI+): calculated m/z [M+H]" for [C,,H1sBrOsPH]" : 429.0250, found: 429.0252.

3-(diphenylphosphoryl)-2-(4-(trifluoromethyl)phenyl)propanoic acid (9ga)

COOH 67.7 mg, 0.162 mmol, 93%;
P(O)Phz  White solid;
Mp: 161 - 162 €;
FsC 'H NMR (400 MHz, DMSO-dg) & 12.78 (s, 1H), 7.87 — 7.77 (m,

2H), 7.69 — 7.59 (m, 2H), 7.59 — 7.47 (m, 5H), 7.46 — 7.38 (m, 3H), 7.38 — 7.29 (m, 2H), 4.04 —
3.91 (m, 1H), 3.24 — 3.11 (m, 1H), 3.13 — 3.00 (M, 1H).

B3C NMR (101 MHz, DMSO-dg) & 173.47 (d, Jc.p = 9.8 Hz), 143.69 (d, Jc.p = 7.4 Hz), 134.50 (d,
Jep = 98.1 Hz), 133.49 (d, Jop = 97.3 Hz), 132.10 (d, Jc.p = 2.6 Hz), 131.65 (d, Jc.p = 2.8 Hz),
130.86 (d, Jep = 9.4 Hz), 130.73 (d, Jc.p = 9.3 Hz), 129.43, 129.05 (d, Jc.p = 11.5 Hz), 128.69 (d,
Jep = 115 Hz), 128.17 (q, Je.r = 31.7 Hz), 125.49 (q, Jcr = 3.8 Hz), 124.56 (q, Jo.r = 272.0 H2),
45.15 (d, Je.p = 2.0 Hz), 32.42 (d, Jc.p = 70.7 H2).

¥1p NMR (162 MHz, DMSO-dg) & 27.63.
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“F NMR (376 MHz, DMSO-dg) 5 -61.14.
HRMS (ESI+): calculated m/z [M+H]" for [Co,H1sF30sPH]" : 419.1018, found: 419.1016.

2-([1,1'-biphenyl]-4-yl)-3-(diphenylphosphoryl)propanoic acid (9ha)

COOH 52.9 mg, 0.124 mmol, 62%;
P(O)Ph, White solid;
Mp: 205 - 207 €;
Ph 'H NMR (400 MHz, DMSO-dg) & 12.58 (s, 1H), 7.87 — 7.80 (m,

2H), 7.74 — 7.68 (m, 2H), 7.60 — 7.42 (m, 10H), 7.42 — 7.32 (m, 3H), 7.29 (d, J = 7.9 Hz, 2H),
3.94 —3.83 (m, 1H), 3.23 (ddd, J = 15.2, 12.5, 7.8 Hz, 1H), 2.96 (ddd, J = 15.1, 8.7, 5.9 Hz, 1H).
3C NMR (101 MHz, DMSO-dg) 5 173.91 (d, J = 7.7 Hz), 140.32, 139.56, 138.69 (d, J = 8.7 Hz),
134.59 (d, J = 97.6 Hz), 133.74 (d, J = 97.1 Hz), 132.06 (d, J = 2.6 Hz), 131.66 (d, J = 2.6 Hz),
130.93 (d, J = 9.3 Hz), 130.81 (d, J = 9.3 Hz), 129.34, 129.03 (d, J = 11.5 Hz), 128.86, 128.81 (d,
J=11.3 Hz), 127.81, 127.15, 127.05, 44.84 (d, J = 2.2 Hz), 32.76 (d, J = 70.2 Hz).

31p NMR (162 MHz, DMSO-dg) & 27.88.

HRMS (ESI+): calculated m/z [M+H]" for [Co;H,303PH]" : 427.1458, found: 427.1462.

3-(diphenylphosphoryl)-2-(4'-methoxy-[1,1'-biphenyl]-4-yl)propanoic acid (9ia)
COOH 65.7_ mg, 9.144 mmol, 72%;
P(O)th White SO“d;

7.78 (m, 2H), 7.74 — 7.67 (m, 2H), 7.60 — 7.49 (m, 5H),
7.49 — 7.36 (m, 5H), 7.28 — 7.22 (m, 2H), 7.04 — 6.99 (m,
2H), 3.89 — 3.81 (m, 1H), 3.79 (s, 3H), 3.29 — 3.14 (m, 1H), 2.99 — 2.88 (m, 1H).
B3C NMR (101 MHz, DMSO-dg) 6 173.93 (d, J = 7.5 Hz), 159.30, 139.23, 137.94 (d, J = 8.8 Hz),
134.57 (d, J = 97.6 Hz), 133.77 (d, J = 97.2 Hz), 132.65, 132.05 (d, J = 2.8 Hz), 131.67 (d, J = 2.7
Hz), 130.92 (d, J = 9.4 Hz), 130.81 (d, J = 9.4 Hz), 129.02 (d, J = 11.4 Hz), 128.81 (d, J = 11.7
Hz), 128.76, 128.11, 126.64, 114.78, 55.59, 44.77 (d, J = 2.0 Hz), 32.77 (d, J = 70.2 Hz).
$1p NMR (162 MHz, DMSO-dg) & 27.91.
HRMS (ESI+): calculated m/z [M+H]" for [CsHs0,PH]" : 457.1563, found: 457.1562.

O Mp: 152 - 154 <€
O 'H NMR (400 MHz, DMSO-dg) 5 12.52 (s, 1H), 7.89 —
o

3-(diphenylphosphoryl)-2-(4'-(trifluoromethyl)-[1,1'-biphenyl]-4-yl)propanoic acid (9ja)

COOH 90.0 mg, 0.182 mmol, 91%;
P(O)Ph,  White solid;
O Mp: 207 - 208 €;
O 'H NMR (400 MHz, DMSO-dg) & 12.62 (s, 1H), 7.89 —
FAC 7.74 (m, 6H), 7.74 — 7.64 (m, 2H), 7.59 — 7.48 (m, 5H),

7.47 —7.41 (M, 1H), 7.40 — 7.30 (m, 4H), 3.99 — 3.86 (m,
1H), 3.22 (ddd, J = 15.2, 12.7, 7.5 Hz, 1H), 3.00 (ddd, J = 15.1, 8.6, 6.4 Hz, 1H).
3C NMR (101 MHz, DMSO-dg) & 173.83 (d, Jo.p = 8.4 Hz), 144.28 (q, Jc.r = 1.9 Hz), 139.66 (d,
Jop = 8.2 Hz), 137.92, 134.56 (d, Jop = 97.7 Hz), 133.66 (d, Je.p = 97.2 Hz), 132.07 (d, Je.p = 2.5
Hz), 131.61 (d, Je-p = 2.7 Hz), 130.92 (d, Jc.p = 9.4 Hz), 130.79 (d, Je.p = 9.4 Hz), 129.13, 129.03
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(d, Je.p = 11.4 HZ), 128.76 (d, Jc.p = 11.4 Hz), 128.20 (q, Jc.r = 31.8 Hz), 127.80, 127.47, 126.19
(0, Jo-r = 3.7 Hz), 124.79 (q, Je.r = 271.7 Hz), 44.89 (d, Jcp = 2.0 Hz), 32.70 (d, Jcp = 70.3 Hz).
$1p NMR (162 MHz, DMSO-dg) & 27.88.

HRMS (ESI+): calculated m/z [M+H]" for [CagH2oF305PH]" : 495.1331, found: 495.1328.

3-(diphenylphosphoryl)-2-(4-(thiophen-3-yl)phenyl)propanoic acid (9ka)

COOH 42.4 mg, 0.098 mmol, 49%;
P(O)Phy  White solid;
Mp: 192 - 194 €;
4 | 'H NMR (400 MHz, DMSO-ds) & 12.53 (s, 1H), 7.88 — 7.77 (m,
S 3H), 7.77 — 7.67 (m, 2H), 7.66 — 7.59 (m, 1H), 7.60 — 7.42 (m,

7H), 7.45 — 7.35 (m, 2H), 7.23 (d, J = 8.1 Hz, 2H), 3.84 (ddd, J = 11.9, 8.1, 5.6 Hz, 1H), 3.23 (ddd,
J=15.4,12.4,8.2 Hz, 1H), 2.91 (ddd, J = 15.0, 9.0, 5.7 Hz, 1H).

B3C NMR (101 MHz, DMSO-ds) 5 173.88 (d, J = 7.3 Hz), 141.55, 138.38 (d, J = 9.0 Hz), 134.58,
134.50 (d, J = 97.7 Hz), 133.80 (d, J = 97.2 Hz), 132.06 (d, J = 2.5 Hz), 131.75 (d, J = 2.6 Hz),
130.92 (d, J = 8.5 Hz), 130.84 (d, J = 9.1 Hz), 129.02 (d, J = 11.4 Hz), 128.86 (d, J = 11.4 Hz),
128.74, 127.49, 126.59, 126.56, 121.29, 44.80 (d, J = 1.6 Hz), 32.70 (d, J = 69.8 Hz).

$1p NMR (162 MHz, DMSO-dg) & 27.92.

HRMS (ESI+): calculated m/z [M+H]" for [CsH20sPSH]" : 433.1022, found: 433.1021.

3-(diphenylphosphoryl)-2-(3-methoxyphenyl)propanoic acid (9la)

COOH 68.5 mg, 0.180 mmol, 90%;
e P(O)Ph, White solid;
Mp: 133 - 134 €;

'H NMR (400 MHz, DMSO-dg) & 12.53 (s, 1H), 7.86 — 7.76 (m,
2H), 7.76 — 7.66 (m, 2H), 7.60 — 7.43 (m, 4H), 7.45 — 7.36 (m, 2H), 7.17 — 7.08 (m, 1H), 6.82 —
6.69 (m, 3H), 3.88 — 3.73 (m, 1H), 3.68 (s, 3H), 3.18 (ddd, J = 15.1, 12.6, 8.1 Hz, 1H), 2.89 (ddd,
J=14.8,8.7,5.6Hz, 1H).
3C NMR (101 MHz, DMSO-dg) & 173.81 (d, J = 7.2 Hz), 159.56, 141.03 (d, J = 8.9 Hz), 134.57
(d, J =97.7 Hz), 133.75 (d, J = 97.0 Hz), 132.04 (d, J = 2.6 Hz), 131.77 (d, J = 2.7 Hz), 130.88 (d,
J = 9.0 Hz), 130.79 (d, J = 9.1 Hz), 129.87, 128.99 (d, J = 11.5 Hz), 128.79 (d, J = 11.4 Hz),
120.43, 113.88, 113.06, 55.38, 45.07 (d, J = 1.9 Hz), 32.71 (d, J = 70.0 Hz).

P NMR (162 MHz, DMSO-dg) & 27.93.
HRMS(ESI+): calculated m/z [M+H]" for [C2,H»04PH]" : 381.1250, found: 381.1243.

3-(diphenylphosphoryl)-2-(3-fluorophenyl)propanoic acid (9ma)

COOH 9.9 mg, 0.160 mmol, 80%;
F P(O)Ph, White solid;
Mp: 175 - 177 €;

'H NMR (400 MHz, DMSO-dg) § 12.66 (s, 1H), 7.86 — 7.78 (m,
2H), 7.73 — 7.66 (m, 2H), 7.59 — 7.43 (m, 4H), 7.43 — 7.34 (m, 2H), 7.28 — 7.17 (m, 1H), 7.09 —
7.00 (m, 2H), 7.02 — 6.92 (m, 1H), 3.95 — 3.83 (m, 1H), 3.17 (ddd, J = 15.3, 12.8, 7.3 Hz, 1H),
3.00 (ddd, J = 15.3, 8.7, 6.6 Hz, 1H).
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3C NMR (101 MHz, DMSO-ds) 5 173.58 (d, Jc.p = 8.6 Hz), 162.34 (d, Jc.r = 243.5 Hz), 141.95
(dd, Jop = 7.9 Hz, Jor = 7.9 Hz), 134.53 (d, Jc.p = 98.0 Hz), 133.66 (d, Jc.p = 97.3 Hz), 132.07 (d,
Jop = 2.7 Hz), 131.78 (d, Jcp = 2.8 Hz), 130.87 (d, Jcp = 9.7 Hz), 130.77 (d, Jc.p = 9.6 Hz),
130.60 (d, Jc.r = 8.4 Hz), 129.02 (d, Jc.p = 11.5 Hz), 128.75 (d, Jcp = 11.5 Hz), 124.64 (d, Jc.r =
2.6 Hz), 115.20 (d, Jc.r = 21.9 Hz), 114.39 (d, Jo.r = 20.9 Hz), 44.90, 32.39 (d, Jc.p = 70.4 Hz).
$1p NMR (162 MHz, DMSO-dg) & 27.72.

“F NMR (376 MHz, DMSO-dg) 5 -113.24.

HRMS (ESI+): calculated m/z [M+H]" for [C,,H1sFOsPH]" : 369.1050, found: 369.1045.

2-(3-chlorophenyl)-3-(diphenylphosphoryl)propanoic acid (9na)

COOH 63.9 mg, 0.166 mmol, 83%;
cl P(O)Ph, White solid;
Mp: 164 - 166 €;

'H NMR (400 MHz, DMSO-dg) & 12.67 (s, 1H), 7.88 — 7.77 (m,
2H), 7.73 — 7.64 (m, 2H), 7.59 — 7.42 (m, 4H), 7.42 — 7.34 (m, 2H), 7.25 (s, 1H), 7.23 — 7.12 (m,
3H), 3.94 — 3.83 (m, 1H), 3.16 (ddd, J = 15.4, 12.8, 7.1 Hz, 1H), 3.02 (ddd, J = 15.4, 8.6, 7.0 Hz,
1H).
3C NMR (101 MHz, DMSO-dg) & 173.57 (d, J = 9.1 Hz), 141.49 (d, J = 7.9 Hz), 134.55 (d, J =
98.0 Hz), 133.62 (d, J = 97.2 Hz), 133.33, 132.07 (d, J = 2.7 Hz), 131.76 (d, J = 2.7 Hz), 130.84
(d, J = 9.3 Hz), 130.76 (d, J = 9.5 Hz), 130.52, 129.02 (d, J = 11.5 Hz), 128.71 (d, J = 11.5 Hz),
128.32, 127.56, 127.26, 44.88 (d, J = 2.3 Hz), 32.33 (d, J = 70.4 Hz).
31p NMR (162 MHz, DMSO-dg) & 27.69.
HRMS (ESI+): calculated m/z [M+H]" for [C,,H1sCIOsPH]" : 385.0755, found: 385.0751.

2-(3-bromophenyl)-3-(diphenylphosphoryl)propanoic acid (90a)

COOH 73.0 mg, 0.170 mmol, 85%;
Br P(O)Ph, White solid;
Mp: 177 - 180 €;

'H NMR (400 MHz, DMSO-dg) & 12.69 (s, 1H), 7.86 — 7.78 (m,
2H), 7.72 — 7.64 (m, 2H), 7.60 — 7.29 (m, 8H), 7.20 (d, J = 7.5 Hz, 1H), 7.13 (t, J = 7.8 Hz, 1H),
3.93 -3.82 (m, 1H), 3.21 - 3.09 (m, 1H), 3.07 — 2.94 (m, 1H).
3C NMR (101 MHz, DMSO-dg) & 173.58 (d, J = 9.3 Hz), 141.74 (d, J = 7.9 Hz), 13456 (d, J =
96.8 Hz), 133.60 (d, J = 96.9 Hz), 132.07 (d, J = 2.2 Hz), 131.76 (d, J = 2.4 Hz), 131.16, 130.83
(d, J = 9.4 Hz), 130.83, 130.76 (d, J = 9.4 Hz), 130.46, 129.01 (d, J = 11.4 Hz), 128.71 (d, J =
11.6 Hz), 127.64, 122.00, 44.86 (d, J = 0.6 Hz), 32.34 (d, J = 70.2 Hz).
1P NMR (162 MHz, DMSO-de) & 27.66.

HRMS (ESI+): calculated m/z [M+H]" for [C,,H1sBrOsPH]" : 429.0250, found: 429.0245.

2-(3-cyanophenyl)-3-(diphenylphosphoryl)propanoic acid (9pa)

COOH 53.3 mg, 0.142 mmol, 71%;
NC P(O)Ph, White solid;
Mp: 175 - 177 €;

'H NMR (400 MHz, DMSO-dg) & 12.79 (s, 1H), 7.85 — 7.77 (m,
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2H), 7.67 — 7.60 (m, 3H), 7.59 — 7.49 (m, 5H), 7.46 — 7.40 (m, 1H), 7.39 — 7.31 (m, 3H), 4.05 —
3.93 (m, 1H), 3.21 — 3.08 (m, 2H).

3C NMR (101 MHz, DMSO-dg) & 173.49 (d, J = 10.7 Hz), 140.34 (d, J = 6.4 Hz), 134.55 (d, J =
98.3 Hz), 133.79, 133.50 (d, J = 97.0 Hz), 132.36, 132.11 (d, J = 2.7 Hz), 131.70 (d, J = 2.7 Hz),
131.31, 130.83 (d, J = 9.4 Hz), 130.70 (d, J = 9.4 Hz), 129.78, 129.06 (d, J = 11.5 Hz), 128.66 (d,
J =115 Hz), 118.99, 111.61, 44.80 (d, J = 2.2 Hz), 32.04 (d, J = 70.9 Hz).

¥1p NMR (162 MHz, CDCI3) § 34.15.

HRMS (ESI+): calculated m/z [M+H]" for [C»,H1sNOsPH]" : 376.1097, found: 376.1100.

3-(diphenylphosphoryl)-2-(o-tolyl)propanoic acid (9ga)

COOH 56.8 mg, 0.156 mmol, 78%;
P(O)Ph, White solid;
Mp: 160 - 163 €;

'H NMR (400 MHz, DMSO-ds) & 12.45 (s, 1H), 7.87 — 7.79 (m, 2H),
7.74 - 7.65 (m, 2H), 7.59 — 7.44 (m, 4H), 7.42 — 7.36 (m, 2H), 7.26 — 7.22 (m, 1H), 7.09 — 6.98 (m,
3H), 4.06 (ddd, J = 13.0, 7.6, 5.6 Hz, 1H), 3.20 (ddd, J = 15.2, 12.8, 7.6 Hz, 1H), 2.87 — 2.78 (m,
1H), 2.08 (s, 3H).
3C NMR (101 MHz, DMSO-dg) § 174.20 (d, J = 7.6 Hz), 138.28 (d, J = 8.2 Hz), 135.88, 134.51
(d, J = 97.3 Hz), 133.61 (d, J = 96.8 Hz), 132.08 (d, J = 2.7 Hz), 131.79 (d, J = 2.7 Hz), 130.89 (d,
J = 9.1 Hz), 130.80 (d, J = 9.3 Hz), 130.55, 129.04 (d, J = 11.4 Hz), 128.76 (d, J = 11.4 Hz),
127.40, 127.33, 126.56, 40.28 (d, J = 1.9 Hz), 32.84 (d, J = 69.9 Hz).
$1p NMR (162 MHz, DMSO-dg) & 28.06.
HRMS (ESI+): calculated m/z [M+H]" for [C»,H,,:03PH]" : 365.1301, found: 365.1302.

2-(2-chlorophenyl)-3-(diphenylphosphoryl)propanoic acid (9ra)

Cl COOH 66.8 mg, 0.174 mmol, 87%;
P(O)Ph, White solid;
Mp: 172 - 175 €;

'H NMR (400 MHz, DMSO-dg) & 12.70 (s, 1H), 7.85 — 7.79 (m, 2H),
7.72 - 7.65 (m, 2H), 7.59 — 7.43 (m, 4H), 7.41 — 7.36 (m, 3H), 7.29 — 7.26 (m, 1H), 7.22 — 7.14 (m,
2H), 4.40 — 4.28 (m, 1H), 3.26 — 3.12 (m, 1H), 3.00 — 2.87 (m, 1H).
3C NMR (101 MHz, DMSO-dg) & 173.29 (d, J = 8.5 Hz), 137.17 (d, J = 7.6 Hz), 134.44 (d, J =
98.0 Hz), 133.47 (d, J = 97.0 Hz), 133.14, 132.10 (d, J = 2.7 Hz), 131.79 (d, J = 2.6 Hz), 130.90
(d, J = 9.2 Hz), 130.80 (d, J = 9.6 Hz), 130.19, 129.70, 129.16, 129.05 (d, J = 11.5 Hz), 128.73 (d,
J=11.5Hz), 127.64, 41.55, 32.13 (d, J = 70.3 Hz).
P NMR (162 MHz, CDCI3) § 33.33.
HRMS(ESI+): calculated m/z [M+H]" for [C»H1sClIOsPH]" : 385.0755, found: 385.0750.

3-(diphenylphosphoryl)-2-(4-fluoro-3-phenoxyphenyl)propanoic acid (9sa)

COOH 71.8 mg, 0.156 mmol, 78%;
PhO P(O)Phy  White solid;
Mp: 175 - 176 €;

F 'H NMR (400 MHz, DMSO-dg) § 12.67 (s, 1H), 7.83 — 7.75 (m,
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2H), 7.71 - 7.64 (m, 2H), 7.58 — 7.46 (m, 4H), 7.43 — 7.35 (m, 4H), 7.20 — 7.05 (m, 3H), 6.99 (d, J
=7.9 Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 3.93 — 3.82 (m, 1H), 3.16 — 2.97 (m, 2H).

3C NMR (101 MHz, DMSO-dg) 6 173.78 (d, Jc.p = 10.2 Hz), 157.17, 153.09 (d, Jc.r = 246.7 Hz),
142.41 (d, Jcr = 11.7 Hz), 136.46 (dd, Jcp = 6.4 Hz, Jor = 3.6 Hz), 134.63 (d, Jc.p = 97.9 H2),
133.68 (d, Jep = 97.3 Hz), 132.04 (d, Je.p = 1.9 Hz), 131.73 (d, Jc.p = 2.7 Hz), 130.86 (d, Jc.p =
9.4 Hz), 130.70 (d, Jcp = 9.4 Hz), 130.40, 129.01 (d, Jc.p = 11.4 Hz), 128.72 (d, Jc.p = 11.4 H2),
125.66 (d, Jc.r = 7.2 Hz), 123.63, 122.27, 117.22 (d, Jor = 18.3 Hz), 117.04, 44.49, 32.57 (d, Jc.p
=70.7 Hz).

¥1p NMR (162 MHz, DMSO-dg) & 27.58.

YF NMR (376 MHz, DMSO-dg) & -133.05.

HRMS (ESI+): calculated m/z [M+H]" for [Co;H2FO,PH]" : 461.1313, found: 461.1311.

3-(diphenylphosphoryl)-2-mesitylpropanoic acid (9ta)

Me COOCH 41.6 mg, 0.106 mmol, 53%;
P(O)Ph,  White solid;
Mp: 151 - 153 €;
Me Me 'H NMR (400 MHz, DMSO-dg) & 12.51 (s, 1H), 7.87 — 7.78 (m,

2H), 7.62 — 7.48 (m, 5H), 7.46 — 7.40 (m, 1H), 7.32 (td, J = 7.7, 2.7 Hz, 2H), 6.60 (d, J = 18.0 Hz,
2H), 4.37 — 4.23 (m, 1H), 3.35 — 3.25 (m, 1H), 2.81 — 2.70 (m, 1H), 2.17 (s, 3H), 2.07 (d, J = 18.7
Hz, 6H).

B3C NMR (101 MHz, DMSO-dg) & 174.65 (d, J = 9.4 Hz), 136.88, 136.21, 135.81, 134.66 (d, J =
99.7 Hz), 134.20, 133.46 (d, J = 96.9 Hz), 132.02 (d, J = 1.8 Hz), 131.50 (d, J = 2.3 Hz), 130.77
(d, J = 9.8 Hz), 130.67 (d, J = 9.8 Hz), 130.28, 129.04 (d, J = 11.2 Hz), 128.61 (d, J = 11.2 Hz),
38.68, 30.80 (d, J = 71.7 Hz), 20.80, 20.69, 20.16.

B3C NMR (101 MHz, DMSO-dg) 5 174.65 (d, J = 9.2 Hz), 136.89, 136.22, 135.81, 134.68 (d, J =
96.6 Hz), 134.18 (d, J = 4.3 Hz), 133.46 (d, J = 97.2 Hz), 132.02 (d, J = 1.2 Hz), 131.50 (d, J =
2.2 Hz), 130.76 (d, J = 9.7 Hz), 130.67 (d, J = 9.7 Hz), 130.28, 129.04 (d, J = 11.4 Hz), 128.90,
128.61 (d, J = 11.3 Hz), 38.68, 30.80 (d, J = 72.0 Hz), 20.79, 20.68, 20.16.

¥1p NMR (162 MHz, DMSO-dg) & 29.12.

3-(diphenylphosphoryl)-2-methyl-2-phenylpropanoic acid (9ua)

COOH 53.9 mg, 0.148 mmol, 74%;
P(O)Ph, White solid;
Mp: 175 - 177 €;

'H NMR (400 MHz, DMSO-dg) & 12.58 (s, 1H), 7.85 — 7.74 (m, 4H),
7.57 - 7.35 (m, 8H), 7.27 — 7.19 (m, 2H), 7.20 — 7.11 (m, 1H), 3.29 — 3.12 (m, 2H), 1.55 (s, 3H).
3C NMR (101 MHz, DMSO-dg) & 176.17 (d, J = 6.0 Hz), 143.97 (d, J = 10.6 Hz), 136.59 (d, J =
98.0 Hz), 135.53 (d, J = 96.0 Hz), 131.69 (d, J = 2.6 Hz), 131.47 (d, J = 2.6 Hz), 130.75 (d, J =
9.2 Hz), 130.38 (d, J = 9.2 Hz), 128.96 (d, J = 11.4 Hz), 128.82 (d, J = 11.4 Hz), 128.58, 127.18,
126.19, 48.33 (d, J = 3.0 Hz), 38.55 (d, J = 70.4 Hz), 24.27 (d, J = 3.1 Hz).
P NMR (162 MHz, DMSO-dg) § 25.52.
HRMS (ESI+): calculated m/z [M+H]" for [C,H,,0:PH]" : 365.1301, found: 365.1296.

3-benzamido-2-((diphenylphosphoryl)methyl)-2-phenylpropanoic acid (9va)
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BzHN COOH 69.6 mg, 0.144 mmol, 72%;
P(O)Ph, White solid;

Mp: 166 - 168 <€;

'H NMR (400 MHz, DMSO-ds) 5 12.94 (s, 1H), 8.53 — 8.44 (m, 1H),
7.85—7.78 (m, 2H), 7.75 — 7.64 (m, 4H), 7.54 — 7.40 (m, 7H), 7.38 — 7.30 (m, 4H), 7.21 — 7.07 (m,
3H), 4.18 — 4.03 (m, 2H), 3.51 (dd, J = 15.5, 9.3 Hz, 1H), 3.46 — 3.34 (m, 1H).
3C NMR (101 MHz, DMSO-dg) & 174.89 (d, J = 7.2 Hz), 166.54, 141.02 (d, J = 9.2 Hz), 135.42
(d, J = 101.0 Hz), 134.92 (overlapped), 134.51 (d, J = 97.6 Hz), 131.83 (d, J = 1.7 Hz), 131.61 (d,
J=2.0Hz), 131.54, 130.69 (d, J = 9.6 Hz), 130.62 (d, J = 9.1 Hz), 128.91 (d, J = 11.6 Hz), 128.78
(d, J = 11.4 Hz), 128.68, 128.44, 127.45, 127.41, 126.87, 52.94 (d, J = 2.9 Hz), 45.17, 35.52 (d, J
=69.3 Hz).
$1p NMR (162 MHz, DMSO-dg) & 28.02.
HRMS (ESI+): calculated m/z [M+H]" for [CoH,sNOLPH]" : 484.1672, found: 484.1670

3-(diphenylphosphoryl)-2-phenylbutanoic acid (9wa)

COOH 36.4 mg, 0.100 mmol, 50%;
P(O)Ph, White solid;
Mp: 133 - 134 <€;
Me

'H NMR (400 MHz, DMSO-dg) & 12.54 (s, 1H), 7.96 — 7.44 (m,
8H), 7.35 — 7.10 (m, 5H), 6.97 — 6.89 (m, 2H), 3.80 (m, 1H), 3.58 — 3.46 (m, 1H), 1.11 (dd, J =
16.3, 7.0 Hz, 2.36H), 0.68 (dd, J = 16.5, 7.3 Hz, 0.59H).

BC NMR (101 MHz, DMSO-dg) 5 173.78 (d, J = 4.8 Hz), 173.62 (d, J = 14.2 Hz), 137.50 (d, J =
9.8 Hz), 136.52 (d, J = 4.4 Hz), 134.36 (d, J = 94.9 Hz), 134.00 (d, J = 94.3 Hz), 133.15 (d, J =
94.7 Hz), 133.09 (d, J = 93.6 Hz), 132.08 (d, J = 2.9 Hz), 131.95 (d, J = 2.5 Hz), 131.63 (d, J =
2.7 Hz), 131.60 (d, J = 8.8 Hz), 131.28 (d, J = 8.5 Hz), 130.79 (d, J = 8.6 Hz), 130.57 (d, J = 9.3
Hz), 129.50, 129.44, 129.36, 129.04 (d, J = 11.0 Hz), 128.99 (d, J = 11.2 Hz), 128.78 (d, J = 11.2
Hz), 128.76, 128.14 (d, J = 10.8 Hz), 128.08, 127.72, 127.55, 52.57, 50.58, 34.85 (d, J = 71.5 Hz),
33.21 (d, J = 69.5 Hz), 13.32 (d, J = 1.9 Hz), 12.51 (d, J = 2.0 Hz).

$1p NMR (162 MHz, DMSO-ds) & 34.62, 32.64.

HRMS (ESI+): calculated m/z [M+Na]" for [C,,H,;03sPNa]" : 387.1121, found: 365.1116.

3-(diphenylphosphoryl)-2-(naphthalen-2-yl)propanoic acid (9xa)
COOH 37.6 mg, 0.094 mmol, 47%;

P(O)Ph, White solid;
OO Mp: 202 - 204 €;

'H NMR (400 MHz, DMSO-dg) & 12.59 (s, 1H), 7.87 — 7.75 (m,
5H), 7.74 — 7.66 (m, 3H), 7.60 — 7.43 (m, 5H), 7.40 — 7.29 (m, 4H), 4.00 (ddd, J = 11.8, 7.9, 5.7
Hz, 1H), 3.31 (ddd, J = 15.2, 12.4, 8.0 Hz, 1H), 3.00 (ddd, J = 15.0, 9.0, 5.8 Hz, 1H).
B3C NMR (101 MHz, DMSO-dg) & 173.91 (d, J = 7.3 Hz), 137.06 (d, J = 8.8 Hz), 134.52 (d, J =
97.6 Hz), 133.74 (d, J = 97.2 Hz), 133.20, 132.53, 132.07 (d, J = 2.6 Hz), 131.65 (d, J = 2.7 Hz),
130.89 (d, J = 9.3 Hz), 129.03 (d, J = 11.4 Hz), 128.72 (d, J = 11.5 Hz), 128.43, 128.06, 127.80,
127.09, 126.56, 126.33, 126.28, 45.30 (d, J = 2.1 Hz), 32.66 (d, J = 70.2 Hz).
1P NMR (162 MHz, DMSO-dg) 5 27.89.
HRMS (ESI+): calculated m/z [M+H]" for [CsH,103PH]" : 401.1301, found: 401.1298.
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2-(benzo[b]thiophen-5-yI)-3-(diphenylphosphoryl)propanoic acid (9ya)
61.0 mg, 0.150 mmol, 75%;

White solid;
COOH Il\/lp: 110-112 <€;
H NMR (400 MHz, DMSO-dg) 6 12.52 (s, 1H), 7.83 (t, J =
/ P(O)Ph; 8.0 Hz, 3H), 7.75 — 7.63 (m, 4H), 7.61 — 7.46 (m, 3H), 7.43 —
7.29 (m, 4H), 7.21 (d, J = 8.3 Hz, 1H), 4.03 — 3.90 (m, 1H),
S 3.27 (ddd, J = 15.0, 12.6, 7.9 Hz, 1H), 2.96 (ddd, J = 15.0, 8.7,
6.1 Hz, 1H).

3C NMR (101 MHz, DMSO-dg) 5 174.10 (d, J = 7.7 Hz), 139.96, 138.42, 135.80 (d, J = 8.8 Hz),
134.53 (d, J = 97.6 Hz), 133.69 (d, J = 97.2 Hz), 132.06 (d, J = 2.5 Hz), 131.59 (d, J = 2.3 Hz),
130.81 (d, J = 9.3 Hz), 129.02 (d, J = 11.5 Hz), 128.66 (d, J = 11.5 Hz), 128.28, 124.62, 124.29,
123.31, 122.93, 45.05, 33.01 (d, J = 70.2 Hz).

31p NMR (162 MHz, DMSO-ds) & 27.92.

HRMS (ESI+): calculated m/z [M+H]" for [Co3H1403sPSH]" : 407.0865, found: 407.0864.

2-(1-(tert-butoxycarbonyl)-1H-indol-5-y1)-3-(diphenylphosphoryl)propanoic acid (9za)

COOH 52.8 mg, 0.108 mmol, 54%;
P(O)Ph, White solid;
4 Mp: 135 - 136 €;
N 'H NMR (400 MHz, DMSO-dg) 5 12.44 (s, 1H), 7.90 — 7.78 (m,
Boc 3H), 7.74 — 7.64 (m, 2H), 7.64 (d, J = 3.7 Hz, 1H), 7.59 — 7.48

(m, 3H), 7.47 — 7.32 (m, 4H), 7.17 (dd, J = 8.7, 1.8 Hz, 1H), 6.63 (d, J = 3.7 Hz, 1H), 3.91 (ddd, J
=11.7, 8.0, 5.5 Hz, 1H), 3.27 (ddd, J = 15.2, 12.2, 8.2 Hz, 1H), 2.99 — 2.85 (m, 1H), 1.62 (s, 9H).
3C NMR (101 MHz, DMSO-dg) & 174.18 (d, J = 7.0 Hz), 149.43, 134.54 (d, J = 97.1 Hz), 134.33,
134.08 (d, J = 1.4 Hz), 133.84 (d, J = 97.0 Hz), 132.02 (d, J = 2.2 Hz), 131.62 (d, J = 2.3 Hz),
130.85 (d, J = 9.4 Hz), 130.83 (d, J = 9.4 Hz), 130.69, 128.99 (d, J = 11.4 Hz), 128.69 (d, J = 11.4
Hz), 126.85, 124.49, 120.74, 115.01, 107.87, 84.20, 44.94 (d, J = 1.7 Hz), 33.15 (d, J = 70.2 Hz),
28.09.

$1p NMR (162 MHz, DMSO-dg) & 27.83.

HRMS (ESI+): calculated m/z [M+H]" for [CsH,sNOsPH]" : 490.1778, found: 490.1780.

3-(diphenylphosphoryl)-2-(thiophen-2-yl)propanoic acid (9aaa)

COOH 35.8 mg, 0.098 mmol, 49%;
S P(O)Ph, White solid;
\ [ Mp: 103- 104 <€;

'H NMR (400 MHz, DMSO-dg) & 12.62 (s, 1H), 7.83 — 7.68 (m,
4H), 7.57 — 7.36 (m, 6H), 7.30 (dd, J = 5.1, 0.9 Hz, 1H), 6.89 (d, J = 3.4 Hz, 1H), 6.81 (dd, J = 5.1,
3.5 Hz, 1H), 4.05 (m, 1H), 3.14 (m, 1H), 2.98 — 2.87 (m, 1H).
13C NMR (101 MHz, DMSO-dg) 8 173.07 (d, J = 6.3 Hz), 141.73 (d, J = 11.2 Hz), 134.29 (d, J =
98.0 Hz), 133.59 (d, J = 97.5 Hz), 132.12 (d, J = 2.6 Hz), 131.93 (d, J = 2.5 Hz), 130.89 (d, J =
8.5 Hz), 130.81 (d, J = 9.3 Hz), 129.03 (d, J = 11.4 Hz), 128.92 (d, J = 10.7 Hz), 127.07, 126.28,
125.64, 40.69 (d, J = 1.8 Hz), 33.70 (d, J = 69.6 Hz).
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¥1p NMR (162 MHz, DMSO-dg) & 27.35.
HRMS (ESI+): calculated m/z [M+Na]" for [C1oH1;03sPSNa]" : 379.0528, found: 357.0525.

3-(diphenylphosphoryl)-2-(furan-3-yl)-2-phenylpropanoic acid (9aba)

HOOC Ph 53.3 mg, 0.128 mmol, 64%;
P(O)Ph, White solid;
4 | Mp: 184 - 185 €;
O 'H NMR (400 MHz, DMSO-dg) & 12.79 (s, 1H), 7.67 (m, 2H), 7.63

—7.53 (m, 3H), 7.48 — 7.34 (m, 6H), 7.30 m, 2H), 7.17 (dd, J = 8.2, 6.7 Hz, 2H), 7.14 — 7.07 (m,
1H), 7.03 (t, J = 1.7 Hz, 1H), 5.82 (dd, J = 1.8, 0.7 Hz, 1H), 3.61 — 3.48 (m, 2H).

3C NMR (101 MHz, DMSO-dg) & 173.82 (d, J = 3.1 Hz), 142.86 (d, J = 10.8 Hz), 142.06, 141.92,
136.48 (d, J = 98.2 Hz), 134.92 (d, J = 98.5 Hz), 131.43 (d, J = 2.5 Hz), 131.02 (d, J = 2.1 Hz),
130.59 (d, J = 9.3 Hz), 130.35 (d, J = 9.1 Hz), 128.77 (d, J = 11.3 Hz), 128.35 (d, J = 11.6 Hz),
128.23, 127.77, 127.34, 126.59 (d, J = 5.6 Hz), 111.48, 50.99 (d, J = 3.3 Hz), 38.06 (d, J = 73.1
Hz).

31p NMR (162 MHz, DMSO-dg) & 25.15.

HRMS (ESI+): calculated m/z [M+H]" for [CsH,,0,PH]" : 417.1250, found: 417.1252.

3-(diphenylphosphoryl)-2-hydroxy-2-(4-(methoxycarbonyl)phenyl)propanoic acid (9aca)
HOOC OH 50.9 mg, 9.120 mmol, 60%;
P(O)Ph, White solid;

Mp: 190 — 191 (decomposed) <€;

'H NMR (400 MHz, DMSO-dg) & 13.07 (s, 1H), 7.84

(d, J = 8.5 Hz, 2H), 7.74 (m, 4H), 7.67 (d, J = 8.4 Hz,
2H), 7.55 — 7.35 (m, 6H), 6.05 (s, 1H), 3.81 (s, 1H), 3.43 (dd, J = 14.9, 12.6 Hz, 1H), 3.24 (dd, J =
15.1, 7.8 Hz, 1H).
B3C NMR (101 MHz, DMSO-dg) & 166.40, 148.97 (d, J = 9.9 Hz), 135.60 (d, J = 98.2 Hz), 135.25
(d, J = 100.4 Hz), 131.84 (d, J = 2.3 Hz), 131.45 (d, J = 2.2 Hz), 130.78 (d, J = 9.6 Hz), 130.57 (d,
J = 9.4 Hz), 129.20, 129.09, 128.93 (d, J = 11.5 Hz), 128.62 (d, J = 11.9 Hz), 126.27 (s), 76.63 (d,
J =5.6 Hz), 52.57, 39.10 (d, J = 76.8 Hz).
1D NMR (162 MHz, DMSO-dg) & 27.30.
HRMS (ESI+): calculated m/z [M+H]" for [Cy3H,106PH]" : 425.1149, found: 425.1150.

MeOOC

3-(diphenylphosphoryl)-2-hydroxy-2-(thiophen-3-yl)propanoic acid (9ada)

HOOC OH 32.02 mg, 0.086 mmol, 43%;
P(O)Ph, White solid;
4 | Mp: 210 — 211 (decomposed) €;
S 'H NMR (400 MHz, DMSO-dg) & 13.10 (s, 1H), 7.80 — 7.69 (m, 7H),

7.59 — 7.46 (m, 4H), 7.41 (m, 2H), 6.18 (s, 1H), 3.44 (dd, J = 15.1, 12.4 Hz, 1H), 3.29 (dd, J =
15.2, 8.1 Hz, 1H).

B3C NMR (101 MHz, DMSO-ds) & 173.90 (d, J = 5.4 Hz), 148.96 (d, J = 9.3 Hz), 135.51 (d, J =
98.5 Hz), 135.11 (d, J = 100.2 Hz), 132.23, 131.86 (d, J = 2.5 Hz), 131.46 (d, J = 2.5 Hz), 130.77
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(d, J = 9.6 Hz), 130.56 (d, J = 9.4 Hz), 128.93 (d, J = 11.5 Hz), 128.62 (d, J = 11.9 Hz), 127.01,
119.17, 76.60 (d, J = 5.6 Hz), 38.79 (d, J = 69.7 Hz).

1P NMR (162 MHz, DMSO-dg) & 27.43.

HRMS (ESI+): calculated m/z [M+H]" for [C1gH1;0,PSH]" : 373.0658, found: 373.0660.

2-((diphenylphosphoryl)methyl)-3-methoxy-2-methyl-3-oxopropanoic acid (11aa)
58.9 mg, 0.170 mmol, 85%;

COOH _ _
/O%P(O)th White solid;
Mp: 114 - 116 €;

© 'H NMR (400 MHz, DMSO-dg) & 13.15 (s, 1H), 7.89 — 7.77 (m, 4H),
7.60 — 7.45 (m, 6H), 3.44 (s, 3H), 3.16 — 2.93 (m, 2H), 1.35 (s, 3H).
3C NMR (101 MHz, DMSO-dg) & 172.79 (d, J = 12.6 Hz), 171.34 (d, J = 6.3 Hz), 135.32 (d, J =
98.0 Hz), 134.91 (d, J = 98.1 Hz), 132.02 (d, J = 2.6 Hz), 131.97 (d, J = 2.6 Hz), 130.71 (d, J =
9.4 Hz), 130.65 (d, J = 9.3 Hz), 52.61, 51.29 (d, J = 2.5 Hz), 34.95 (d, J = 71.1 Hz), 21.09 (d, J =
2.7 Hz).
31p NMR (162 MHz, DMSO-ds) & 25.18.
HRMS (ESI+): calculated m/z [M+H]" for [C1gH1s0sPH]" : 347.1043, found: 347.1042

3-(tert-butoxy)-2-((diphenylphosphoryl)methyl)-2-methyl-3-oxopropanoic acid (11ba)
59.8 mg, 0.154 mmol, 77%;

COOH i )
O\[(\Q, P(O)Ph, White solid;
X S Mp: 121 - 124 <€;

'H NMR (400 MHz, CDCly) & 8.21 (s, 1H), 7.87 — 7.74 (m, 4H),
7.59 — 7.39 (m, 6H), 3.28 (dd, J = 15.5, 12.8 Hz, 1H), 2.93 (dd, J = 15.5, 7.0 Hz, 1H), 1.39 (s, 9H),
1.35 (s, 3H).
3C NMR (101 MHz, CDCls5) § 172.07, 171.47 (d, J = 12.8 Hz), 133.33 (d, J = 102.6 Hz), 132.64
(d, J =100.9 Hz), 131.93 (d, J = 2.8 Hz), 131.83 (d, J = 2.9 Hz), 130.95 (d, J = 9.6 Hz), 130.69 (d,
J=9.9 Hz), 128.71 (d, J = 11.6 Hz), 128.59 (d, J = 11.8 Hz), 82.41, 52.35 (d, J = 1.6 Hz), 35.09
(d, J = 72.1 Hz), 27.63, 21.74.
¥1p NMR (162 MHz, CDCly)  31.02.
HRMS (ESI+): calculated m/z [M+H]" for [CH,s0sPH]" : 389.1512, found: 389.1509.

2-(tert-butoxycarbonyl)-2-((diphenylphosphoryl)methyl)butanoic acid (11ca)
HOOC Et 57.1 mg, 0.142 mmol, 71%;

o\rek/ P(O)Ph, White solid;
X Mp: 123 - 124 €;

O 'H NMR (400 MHz, DMSO-dg) 5 12.84 (s, 1H), 7.82 (m, 4H),
7.51 (m, 6H), 3.01 —2.85 (m, 2H), 1.91 — 1.76 (m, 2H), 1.27 (s, 9H), 0.46 (t, J = 7.4 Hz, 3H).
B3C NMR (101 MHz, DMSO-dg) 5 171.93 (d, J = 10.3 Hz), 169.44 (d, J = 9.2 Hz), 135.54 (d, J =
97.6 Hz), 135.39 (d, J = 97.2 Hz), 131.95 (d, J = 2.3 Hz), 130.66 (d, J = 9.3 Hz), 130.64 (d, J =
9.2 Hz), 129.05 (d, J = 11.4 Hz), 129.01 (d, J = 11.4 Hz), 81.31, 56.64 (d, J = 1.4 Hz), 31.61 (d, J
=72.1 Hz), 27.75, 25.52 , 8.91.
Ip NMR (162 MHz, DMSO-dg) 5 24.37.
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HRMS (ESI+): calculated m/z [M+H]" for [C,H,;0sPH]" : 403.1669, found: 403.1662.

2-(tert-butoxycarbonyl)-2-((diphenylphosphoryl)methyl)hexanoic acid (11da)
67.1 mg, 0.156 mmol, 78%;

White solid;
"Bu COOH Mp: 95 -97 €;
fBuO\n)K, P(O)Phz 4 NMR (400 MHz, DMSO-dg) & 12.88 (s, 1H), 7.99 — 7.76 (m, 4H),
o 7.65—7.38 (m, 6H), 2.98 (d, J = 10.0 Hz, 2H), 1.97 — 1.57 (m, 2H),

1.33 (s, 9H), 0.88 — 0.63 (m, 4H), 0.54 (t, J = 6.8 Hz, 3H).
3C NMR (101 MHz, DMSO-dg) & 171.97 (d, J = 10.3 Hz), 169.44 (d, J = 9.4 Hz), 135.56 (d, J =
97.5 Hz), 135.38 (d, J = 97.1 Hz), 131.90 (d, J = 2.5 Hz), 130.71 (d, J = 9.2 Hz), 130.63 (d, J =
9.0 Hz), 129.03 (d, J = 11.4 Hz), 129.00 (d, J = 11.4 Hz), 81.24, 56.07, 32.30 (d, J = 33.2 Hz),
31.93 (d, J = 39.4 Hz), 27.80, 26.41, 22.51, 13.97.
31p NMR (162 MHz, DMSO-dg) & 24.34.

HRMS (ESI+): calculated m/z [M+H]" for [C24H30sPH]" : 431.1982, found: 431.1981.

2-((diphenylphosphoryl)methyl)-2-methyl-3-oxo-3-(tert-pentyloxy)propanoic acid (11ea)
HOOC Me 56.3 mg, 0.140 mmol, 70%;

O% P(O)Ph, White solid;
F( o Mp: 119 - 120 €;

'H NMR (400 MHz, DMSO-dg) & 12.82 (s, 1H), 7.80 (m, 4H),
7.51 (m, 6H), 2.98 (d, J = 10.1 Hz, 2H), 1.67 — 1.49 (m, 2H), 1.28 (d, J = 9.9 Hz, 6H), 1.20 (s, 3H),
0.74 (t, J = 7.4 Hz, 3H).
3C NMR (101 MHz, DMSO-dg) & 172.78 (d, J = 10.4 Hz), 169.97 (d, J = 8.5 Hz), 135.68 (d, J =
97.8 Hz), 135.56 (d, J = 97.3 Hz), 131.92 (d, J = 2.4 Hz), 130.63 (d, J = 9.1 Hz), 130.55 (d, J =
9.1 Hz), 129.07 (d, J = 11.4 Hz), 52.18 (d, J = 2.4 Hz), 34.96 (d, J = 71.7 Hz), 25.16 (d, J = 7.3
Hz), 20.88 (d, J = 2.9 Hz), 8.25
$1p NMR (162 MHz, DMSO-ds) & 24.97.
HRMS (ESI+): calculated m/z [M+H]" for [C»,H,;0sPH]" : 403.1669, found: 403.1667.

tert-butyl 3-((diphenylphosphoryl)methyl)-2-oxotetrahydro-2H-pyran-3-carboxylate (11fa)

67.1 mg, 0.162 mmol, 81%;

Semi-solid;

o 'H NMR (400 MHz, DMSO-dg) & 7.86 (m, 2H), 7.75 — 7.67 (m,

. 2H), 7.56 — 7.43 (m, 6H), 4.42 — 4.24 (m, 2H), 3.15 (dd, J = 15.4,

BuOOC “—P(O)Ph, 10.8 Hz, 1H), 2.97 (dd, J = 15.4, 8.1 Hz, 1H), 2.18 — 2.07 (m, 1H),
1.93 (dd, J = 13.4, 3.8 Hz, 1H), 1.83 (m, 1H), 1.77 — 1.65 (m, 1H),

O

1.35 (s, 9H).

3C NMR (101 MHz, DMSO-dg) & 170.05 (d, J = 14.1 Hz), 169.27 (d, J = 4.1 Hz), 135.49 (d, J =
99.7 Hz), 135.46 (d, J = 97.4 Hz), 132.13 (d, J = 2.6 Hz), 132.00 (d, J = 2.5 Hz), 130.67 (d, J =
9.6 Hz), 130.54 (d, J = 9.6 Hz), 129.29 (d, J = 11.6 Hz), 129.02 (d, J = 11.7 Hz), 83.00, 69.99,
52.70 (d, J = 2.8 Hz), 35.83 (d, J = 71.1 Hz), 29.93 (d, J = 2.8 Hz), 27.69, 20.85.

1P NMR (162 MHz, DMSO-dg) & 25.81.
HRMS (ESI+): calculated m/z [M+H]" for [C3H,;0sPH]" : 415.1669, found: 415.1669.

The application of the reaction
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a Gram-scale reaction
CO, (1 atm, closed)

NHBz e B_py _4CZIPN(0.1mol %) H HOOC NHBz
Ph b Ké(I:O3L(IE1I_:)5 equ)H%'\aF then filtration Ph P(O)Ph;
1a, 3.0 mmol 2a,36mmol e R 3aa, 1.04 g, 74%

An oven-dried Schlenk tube (100 mL) containing a stirring bar was charged with the enamide
la (3.0 mmol, 670 mg) and 4CzIPN (2.4 mg, 0.1 mol %). The Schlenk tube was then introduced
in a glovebox, where it was charged with H-P(O)Ph, 2a (728 mg, 3.6 mmol, 1.2 equiv.) and
K,CO;3; (622 mg, 4.5 mmol, 1.5 eq.). The tube was taken out of the glovebox and connected to a
vacuum line where it was evacuated and back-filled with CO, for 3 times. Then DMF (15 mL)
were added under CO, flow. Finally, the reaction mixture in sealed tube was placed at the center
of four 30 W blue LEDs and stirred at room temperature (25 <C). After 16 h, the mixture was
guenched with 67.5 mL H,O, then the mixture was transferred to a 200 mL beaker and 30 mL
ethyl acetate and 7.5 mL of HCI (2 N) were added in sequence. After that, white solid was
precipitated from the solution. The two phase solution was stirring for about 5 minutes at ice bath
conditions. After filtration and drying, the desired white solid product 1.04 g was obtained.

b Product transformations

HOOC NHBz 6 N H,SO, HOOC NH3 HSO;
- P(O)Ph, - Ph P(O)Ph,
3aa 12, 85%

A 10 mL flask was charged with 3aa (50 mg, 0.106 mmol, 1.0 eq.) and 6 N H,SO, (aqg.)
solution 5 mL. The reaction mixture was heated at 120 <C for 24 h. After cooling to room
temperature and standing for 12 h, the transparent acicular crystals were precipitated from the
reaction mixture, the crude product was obtained after filtration and washed with EA to remove
the benzoic acid to get the pure sulfate product (42 mg, yield: 85%).

2-amino-3-(diphenylphosphoryl)-2-phenylpropanoic acid sulfate (12)

HOOC NH; HSOZ 42.0 mg, 0.170 mmol, 85%;

P(O)Ph2 White SO“d;
Ph Mp: 177 - 179 <€;

'H NMR (400 MHz, DMSO-dg) & 9.21 (s, 3H), 7.92 — 7.86 (m, 2H), 7.74 — 7.68 (m, 2H), 7.66 —
7.61 (m, 1H), 7.60 — 7.50 (m, 5H), 7.48 — 7.42 (m, 2H), 7.35 — 7.28 (m, 3H), 3.73 (dd, J = 15.9,
10.0 Hz, 1H), 3.52 (dd, J = 15.8, 10.2 Hz, 1H).

B3C NMR (101 MHz, DMSO-dg) & 170.13 (d, J = 7.1 Hz), 135.44 (d, J = 8.9 Hz), 132.96 (d, J =
101.6 Hz), 132.87(d, J = 1.9 Hz), 132.53 (d, J = 2.1 Hz), 132.31 (d, J = 100.9 Hz), 130.91 (d, J =
9.9 Hz), 130.54 (d, J = 10.1 Hz), 129.62, 129.22 (d, J = 12.3 Hz), 129.10 (d, J = 12.1 Hz), 129.01,
126.14, 63.39 (d, J = 4.4 Hz), 33.87 (d, J = 65.3 Hz).

P NMR (162 MHz, DMSO-dg) & 31.72.

HRMS (ESI+): calculated m/z [M-H,SO,+H]" for [C1HoNOsPH]" : 366.1254, found: 366.1252.
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—_—
b P(O)OED, o~ PO)OH);

3ah 13, quantitative
(anologues of AP3)

A 10 mL flask was charged with 3ah (35 mg, 0.086 mmol, 1.0 equiv.) and 6 N HCI (ag.)
solution 6 mL. The reaction mixture was heated at 100 T for 12 h. After removing H,O under
heat conditions, the crude product was washed with EA to give 2-amino-2-phenylpropanoic acid
hydrochloride 13 (24.2 mg, quantitative yield) as white solid (hygroscopicity).

2-amino-2-phenyl-3-phosphonopropanoic acid hydrochloride (13)

HOOC NH%’ Cl- 24.2- mg, (:.).200 mmol, 100%;
Ph P(O)(OH), YVhIte solid;
H NMR (400 MHz, DMSO-dg) 5 9.17 (s, 3H), 7.60 — 7.52 (m,

2H), 7.50 — 7.34 (m, 3H), 2.82 (dd, J = 18.5, 15.4 Hz, 1H), 2.59 (t, J = 15.9 Hz, 1H).
3C NMR (101 MHz, DMSO-ds) & 170.53 (d, J = 6.7 Hz), 136.53 (d, J = 13.4 Hz), 129.53, 129.20,
126.27, 61.96 (d, J = 3.4 Hz), 32.50 (d, J = 130.1 Hz).

31p NMR (162 MHz, DMSO-dg) & 19.76.
HRMS (ESI-): calculated m/z [M-HCI-H] for [CoH{;NOsP] : 244.0380, found: 244.0381.

EDCI, HOBt e}
HOOC NHBz A~ DIPEA NHBz
oh P(O)Ph, + MeOOC NH,-HCl ——————————> HN P(O)Ph,
MeOOCJ Ph
3aa 14, 92%

A 10 mL flask was charged with 3aa (50 mg, 0.106 mmol, 1.0 equiv.), glycine methyl ester
hydrochloride (0.212 mmol, 2.0 equiv.), EDCI (46 mg, 0.24 mmol) and HOBt (32.4 mg, 0.24
mmol). 4 mL DMF was added and the mixture was stirred at 70 <C for 8 h. After quenching with
water, then reaction mixture was extracted with EA for 3 times. The combined organic phase was
concentrated in vacuum and the residue was purified by silica gel flash chromatography
(petroleum ether/AcOEt 2/1 ~ 1/1) to give the pure desired product 14 (52.7 mg, 92%) as white
solid.
methyl (2-benzamido-3-(diphenylphosphoryl)-2-phenylpropanoyl)glycinate (14)

0) /—COOMe 52.7 mg, 0.901 mmol, 92%;

BzHN NH White solid;
Mp: 201 - 202 €;
'H NMR (400 MHz, DMSO-dg)  9.06 (s, 1H), 8.35 (t, J = 5.6
Hz, 1H), 7.84 — 7.76 (m, 2H), 7.73 — 7.65 (m, 2H), 7.62 — 7.40
(m, 10H), 7.29 — 7.19 (m, 3H), 7.14 (t, J = 7.3 Hz, 2H), 7.11 — 7.06 (m, 1H), 3.94 (dd, J = 15.2,
8.8 Hz, 1H), 3.76 — 3.65 (m, 2H), 3.61 — 3.54 (m, 1H), 3.52 (s, 3H).
B3C NMR (101 MHz, DMSO-ds) & 171.37 (d, J = 6.9 Hz), 170.22, 165.25, 139.96 (d, J = 7.8 Hz),
135.05 (d, J = 98.8 Hz), 134.48, 133.41 (d, J = 99.1 Hz), 131.98 (d, J = 2.2 Hz), 131.89, 131.33 (d,
J=2.2Hz),130.72 (d, J = 9.3 Hz), 130.63 (d, J = 9.4 Hz), 128.92 (d, J = 11.5 Hz), 128.73, 128.45
(d, J=11.7 Hz), 127.92, 127.47, 127.36, 126.93, 63.24 (d, J = 4.9 Hz), 51.98, 41.82, 34.67 (d, J =
70.1 Hz).
1P NMR (162 MHz, DMSO-dg) 5 27.44.
HRMS (ESI+): calculated m/z [M+Na]" for [C3;:H,0N,0sPNa]" : 563.1706, found: 563.1702.

Ph,(O)P
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Ph

HOOC, NHBz TFAA o~
POPh, — = N
Ph o P(O)Ph
Ph 2
3aa 15, 80%

A dry reaction tube was charged with 3aa (117 mg, 0.25 mmol) under an N, atmosphere.
Then, trifluoroacetic anhydride (76 pL, 0.55 mmol, 2.2 eq.) and DCM (5 mL) were added and the
mixture was stirred at room temperature for 2 hours. The product were purified by silica gel
column chromatographic (petroleum ether/AcOEt 3/1 to 2/1) to give 4-((diphenylphosphoryl)
methyl)-2,4-diphenyloxazol-5(4H)-one (15) (90.3 mg, 80% yield) as white solid.

4-((diphenylphosphoryl)methyl)-2,4-diphenyloxazol-5(4H)-one (15)
90.3 mg, 0.160 mmol, 80%;

Ph
)\ White solid;
/2
NG Mp: 188 - 191 €;
0 'H NMR (400 MHz, DMSO-ds) 8 7.82 — 7.75 (m, 2H), 7.74 — 7.64 (m, 3H),

P(O)Ph2 760 - 7.46 (m, 10H), 7.45 — 7.35 (m, 5H), 3.90 (dd, J = 15.3, 5.5 Hz, 1H),
3.53 - 3.41 (m, 1H).
3C NMR (101 MHz, DMSO-dg) & 178.15 (d, J = 1.5 Hz), 161.31, 139.04 (d, J = 11.6 Hz), 135.11
(d, J = 98.8 Hz), 134.39 (d, J = 100.3 Hz), 133.67, 132.21 (d, J = 2.7 Hz), 131.59 (d, J = 2.9 Hz),
130.94 (d, J = 9.7 Hz), 130.42 (d, J = 9.5 Hz), 129.37, 129.22, 129.17 (d, J = 11.9 Hz), 129.06,
128.67 (d, J = 12.0 Hz), 128.26, 125.93, 125.53, 70.90 (d, J = 5.5 Hz), 39.09 (d, J = 69.4 Hz).
¥1p NMR (162 MHz, DMSO-ds) & 26.92.

HRMS (ESI+): calculated m/z [M+H]" for [CsH,,NOsPH]" : 452.1410, found: 452.1406.

¢ Reaction with a chiral H-P(O) compound

P&/Ph CO, (1 atm, closed) P&/Ph

/ 5 (1 atm, close y

NHBz o\\P/O O>< 4CzIPN (2 mol %) o HOOC;Qg\\sz o><

Ph/& H % o/ > Cs,CO; (1.5 eq.),DMF Ph Y o
Blue LED, RT, 12 h

Ph Ph Ph Ph
1a, 0.2 mmol 2m, 0.24 mmol 3am, 75%, d.r. = 1:1.2
diastereoisomers could be separated
An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with enamide la (45
mg, 0.2 mmol), H-P(O) compound 2m (123 mg, 0.24 mmol) and 4CzIPN (3.2 mg, 2 mol%).
The Schlenk tube was then introduced in a glovebox, where it was charged with Cs,CO3 (98 mg,
0.3 mmol, 1.5 eq.). The tube was taken out of the glovebox and connected to a vacuum line where
it was evacuated and back-filled with CO, for 3 times. Then DMF (2 mL) was added under CO,
flow. Finally, the reaction mixture in sealed tube was placed at a distance of 2 ~ 3 cm from a 30 W
blue LED and stirred at room temperature (25 <C) for 12 h. Then, the mixture was quenched with
4.5 mL of H,O and 0.5 mL of 2N HCI (aqg.), extracted with ethyl acetate (EA) for at least 4 times,
then the organic phase concentrated in vacuo. The residue was purified by silica gel flash
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chromatography (0.67% AcOH in Petrolum ether/Ethyl acetate 2/1 ~ 1/1) to give the two
diastereoisomers.
2-benzamido-3-((3aR,8aR)-2,2-dimethyl-6-oxido-4,4,8,8-tetraphenyltetrahydro-[
1,3]dioxolo[4,5-e][1,3,2]dioxaphosphepin-6-yl)-2-phenylpropanoic acid (3am)
R¢=0.3 (PE / EA = 1:1 with 2% acetic acids)
53.1 mg, 0.068 mmol, 34%;
p: - ;
O)/

HOOC NH&Z O™, O 'H NMR (400 MHz, DMSO-dg) & 13.80 (s, 1H), 8.06 (s,
R O>< 1H), 7.58 — 7.47 (m, 7H), 7.41 — 7.26 (m, 20H), 7.22 —
O o 7.14 (m, 3H), 5.50 (d, J = 8.1 Hz, 1H), 4.89 (d, J = 8.1 Hz,

h

P 1H), 3.86 — 3.71 (m, 1H), 3.54 (dd, J = 19.6, 15.4 Hz, 1H),
Minor 1.08 (s, 3H), 0.30 (s, 3H).

B3C NMR (101 MHz, DMSO-dg) & 172.56 (d, J = 4.3 Hz), 165.54, 144.72 (d, J = 8.7 Hz), 144.58,
139.84 (d, J = 0.8 Hz), 139.68 (d, J = 9.6 Hz), 134.53, 131.85, 131.36, 130.03 (d, J = 10.0 Hz),
129.03, 128.78, 128.76, 128.70, 128.54, 128.50, 128.34, 128.16, 128.09, 127.98, 127.86, 127.60,
127.41, 126.94, 126.84, 126.08, 87.40 (d, J = 10.9 Hz), 86.28 (d, J = 7.9 Hz), 81.67 (d, J = 1.0 Hz),
79.44 (d, J = 2.7 Hz), 61.75 (d, J = 3.4 Hz), 32.92 (d, J = 148.7 Hz), 27.38, 25.82.
31p NMR (162 MHz, DMSO-ds) & 21.80.
HRMS (ESI+): calculated m/z [M+Na]" for [C4;7H4,2NOgPNa]* : 802.2540, found: 802.2532.

Ph Ph R¢=0.2 (PE / EA = 1:1 with 2% acetic acids)
NHBz O 0 63.4 mg, 0.082 mmol, 41%;
HOOC}\(?/\\P/ White solid;
Ph D0 Mp: 119 - 120 €;
PH Ph 'H NMR (400 MHz, DMSO-dg) 6 13.59 (s, 1H), 8.15 (s,
Mai 1H), 7.67 — 7.61 (m, 2H), 7.51 — 7.32 (m, 12H), 7.31 —
ajor

7.18 (m, 9H), 7.14 (m, 5.9, 2.8 Hz, 1H), 7.08 (m, 2H), 7.02
(m, 4H), 5.34 (d, J = 8.0 Hz, 1H), 4.98 (d, J = 8.0 Hz, 1H), 3.54 — 3.44 (m, 1H), 3.23 (dd, J = 19.8,
15.5 Hz, 1H), 0.78 (s, 3H), 0.30 (s, 3H).

3C NMR (101 MHz, DMSO-ds) 5 172.29 (d, J = 6.9 Hz), 165.23, 144.09 (d, J = 5.6 Hz), 143.83,
140.03 (d, J = 3.5 Hz), 139.42 (d, J = 9.8 Hz), 134.05, 132.15, 130.08, 128.98, 128.90, 128.85,
128.81, 128.76, 128.67, 128.23, 128.16, 128.09, 128.03, 127.72, 127.55, 127.45, 127.19, 126.69,
126.10, 113.75, 87.71 (d, J = 10.4 Hz), 87.02 (d, J = 8.8 Hz), 61.85 (d, J = 3.8 Hz), 33.29 (d, J =
147.4 Hz), 27.12, 26.17.

1P NMR (162 MHz, DMSO-ds) & 20.30.

HRMS (ESI+): calculated m/z [M+H]" for [C,7H,NOgPH]" : 780.2721, found: 780.2723.

d Reaction with other types of chiral H-P(O) compounds
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CO5 (1 atm, closed)

NHBz Q. 4CzIPN (2 mol %)  H' HOOC NHBz
+ _p—
o HP-R Cs,C0; (1569 = oS POR"
R DMF, Blue LED, RT, 12 h
1a (0.2 mmol) 2(1.2eq.) 3

Ph_"
o, ° O jN
N4 o\\P, j HOOC NHBz
H- b
(0] H phx
OO phJ\ 5a, 48%
2

phosphite derived from d|am|nophosphine oxides
(R)-BINOL
decompose back to (R)-BINOL?  hydrocarboxylation product
5a was obtained®
Supplementary Figure 2. Results of reaction with different types of H-P(O) compounds. a Phosphite derived
from (R)-Binol decomposed back to (R)-Binol and no desired product 3 was detected b hydrocarboxylation

product 5a was obtained in 48% yield and no desired product 3 was detected

e Reaction with more steric hindrance chiral H-P(O) compound derived from (4R, 5R)-Taddol*

CO, (1 atm, closed)

NHBz . 4CzIPN (2 mol %) H® HOOC NHBz
A H=P-R Cs,C0, (156q) > X _POR',
Ph R Ph
DMF, Blue LED, RT, 12 h
1a (0.2 mmol) 2(1.2eq.) 3

Me Me tButBU

O Me
O, O 7,

\ /

O,

/

a

Me Me
2-MP 3,5-DiMP 3,5-DitBP
49%, d.r.=1:1.7 26% 10%

Supplementary Figure 3. Increasing the steric hindrance of H-P(O) compounds. *The yields of the products
decreased significantly with the increasing of the steric hindrance. The reaction mixtures for 3,5-DiMP and

3,5-DitMP are too complicated and messy to figure out the correspoding d.r. value.

Mechanistic Studies

Trapping with TEMPO

CO, (1 atm, closed) .

NHBz 9 4CzIPN (0.1 mol % H~ HOOC NHBz
/J\ +  H-P-Ph ( 0 M, X _P()Ph
Ph F|>h K,CO3 (1.5 eq.) Ph 2

TEMPO (2.0 eq.)
1a (0.2 mmol) 2a(1.2eq.) DMF, Blue LED, RT, 12 h 3aa, N.D.

An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with the substrate
(45 mg, 0.2 mmol) and TEMPO (62 mg, 0.4 mmol). The Schlenk tube was then introduced in a
glovebox, where it was charged with H-P(O)Ph, (49 mg, 0.24 mmol, 1.2 eq.) and K,CO3 (41 mg,
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0.3 mmol, 1.5 eq.). The tube was taken out of the glovebox and connected to a vacuum line where
it was evacuated and back-filled with CO, for 3 times. Then DMF (2 mL) and 4CzIPN (32 pL, 0.1
mol %, 5 mg dissolved in 1 mL DMF) were added under CO, flow. Finally, the reaction mixture in
sealed tube was placed at a distance of 2 ~ 3 cm from a 30 W blue LED and stirred at room
temperature (25 <C) for 12 h.

Radical clock test

CO, (1 atm, closed)

Ph 0 4CZIPN (0.1 mol %)  H' oh
. (]
Ph +  H—P—Ph »—» HOOC F P(O)Ph,
I KoCO3 (1.5 eq.)
Ph " DMF, Blue LED, RT, 12 h Ph
16 (0.2 mmol) 2a (1.2 eq.) 17, 62%, Z/E = 2:1

An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with the substrate
16 (0.2 mmol). The Schlenk tube was then introduced in a glovebox, where it was charged with
H-P(O) compound 2a (49 mg, 0.24 mmol, 1.2 eq.) and K,CO3 (41 mg, 0.3 mmol, 1.5 eq.). The
tube was taken out of the glovebox and connected to a vacuum line where it was evacuated and
back-filled with CO, for 3 times. Then DMF (2 mL), 4CzIPN (32 pL, 0.1 mol %, 5 mg dissolved
in 1 mL DMF) were added under CO, flow. Finally, the reaction mixture in sealed tube was placed
at a distance of 2 ~ 3 cm from a 30 W blue LED and stirred at room temperature (25 <C) for 12 h.
Then, the mixture was quenched with 4.5 mL of H,O and 0.5 mL of 2N HCI (aqg.), extracted with
ethyl acetate (EA) for at least 5 times, then the organic phase was concentrated in vacuo. The
residue was purified by silica gel flash chromatography (PE/EA 2/1 ~ 1/1) to give 58 mg desired
product 17.

:"\2 p;al\c«hvcmm—ancvcvuzhvaﬂa (=N - B KUM= ooNCn
8 g ITTT OO OIS HOO000Q0 YT DYy O a
— Lo S e el ot o o S o Sl o S Sl S S o S S S o ol Vi WM MG MM 60 60 60 60 6 ol e el e
| A S e el ) e = —S ="/
Ph
HOOCY-&‘/\/P(O)PhQ 285% g3y ze 2323z ) 543
Vi el el il B IR ) oo
S ST N7 | N2 T Y J\ NP
17, 62%, ZIE = 2:1 /\\ \
| b oA
‘J \‘_/\\\ /\/I\k Y\ A Klﬂu\
== T IR T —— T T = -
g z T 8 % 3
3.80 345
1 (ppm) f1 (ppm)
\
.
N__ \/\A__L%
o (=3 ST
3 T ESq
13 12 11 10 9 2 1 0

Supplementary Figure 4. *H NMR Spectra of compound 17
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Isotope labelling with D,O

NHBz Q 4CzIPN (0.1 mol % H D NHBz
AN 7 WP 5o 15( D OOE))MF > X _P(O)Ph
Ph Bh 2C0;3 (1.5 eq.), D20, Ph 2

Nz, Blue LED, RT,12h 5 o4 D,0, 6a', 63% (32%-D)
10 eq. D,0, 6a', 66% (69%-D)
An oven-dried Schlenk tube (10 mL) containing a stirring bar was charged with the substrate
la (0.2 mmol). The Schlenk tube was then introduced in a glovebox, where it was charged with
H-P(O) compound 2a (49 mg, 0.24 mmol, 1.2 eq.) and K,CO3 (41 mg, 0.3 mmol, 1.5 eq.). The
tube was taken out of the glovebox and connected to a vacuum line where it was evacuated and
back-filled with N, for 3 times. Then DMF (2 mL), 4CzIPN (32 uL, 0.1 mol %, 5 mg dissolved in
1 mL DMF) and D,O (11 uL, 3 eq. or 36.7 uL, 10 eq.) were added under N, flow. Finally, the
reaction mixture in sealed tube was placed at a distance of 2 ~ 3 cm from a 30 W blue LED and
stirred at room temperature (25 <C) for 12 h. Then, the mixture was quenched with 5 mL of H,0,
extracted with Ethyl Acetate for at least 3times, then concentrated in vacuo. The residue was
purified by silica gel flash chromatography (Petroleum ether/AcOEt 2/1 ~ 1/1) to give the

1a (0.2 mmol) 2a (1.2 eq.)

BzHN D (32%)
f/\\\ L P(O)Ph;

P

=
- S
- -

L I

097{
1
/‘}

0.68-] }

)5 100 95 90 85 80 75 70 65 60 5.5;1 5.0) 45 40 35 30 25 20 15 10 05 0.0
(ppm

Supplementary Figure 5. *H NMR Spectra of compound 6a’ (3 eq. D,0)
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BzHN D{69%)

N

031

105 100 95 90 85 80 75 7.0 65 60 5 5,?1(4,5) 40 35 30 25 20 15 10 05 00 -05 -10
ppm

o

Supplementary Figure 6. *H NMR Spectra of compound 6a’ (10 eq. D,0)

Stern-Volmer emission quenching

Fluorescence spectra were collected on Fluorolog Horiba Jobin Yvon spectrofluorimeter.
Samples for the quenching experiments were prepared in a 4 mL quartz cuvette with a cap.
4CzIPN was irradiated at 440 nm and the emission intensity at about 540 nm was observed. In a
typical experiment, the emission spectrum of a 10™° M solution of 4CzIPN in DMF was collected.

(a) Stern-Volmer Plot with enamides 1a:

N-(1-phenylvinyl)benzamide la: A stock solution of 1a (27.9 mg, 0.125 mmol) in 25 mL of
DMF was prepared. Then, different amounts of this stock solution were added to 3.0 mL of
4CzIPN in DMF (10° M).

1.254

1.20

Enamide, y = 142x + 1
1.15 4 JJ\
Ph”™ "NHBz

1.104

1.05+

L ]
1.00 -——-r/

concentration 10°

Supplementary Figure 7. Stern-Volmer quenching plot of enamide 1a
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(b) Stern-Volmer Plot with 2a + K,COs3:

N-(1-phenylvinyl)benzamide 1a: A stock solution of 1a (27.9 mg, 0.125 mmol) and K,CO3;
100 mg in 25 mL of DMF was prepared. Then, different amounts of this stock solution were
added to 3.0 mL of 4CzIPN in DMF (10° M).

125+

1.20

Linamide + K CO,, y =225x + 1

1154

11

1.10 4

1.05 4

1.00

concentration 10°

Supplementary Figure 8. Stern-Volmer quenching plot of enamide 1a with K,CO3
(c) Stern-Volmer Plot with HP(O)Ph, 2a:
A stock solution of 2a (25.3 mg, 0.125 mmol) in 25 mL of DMF was prepared. Then,
different amounts of this stock solution were added to 3.0 mL of 4CzIPN in DMF (10” M).

1254

1.20 4

—— HP(O)Ph, y = 163x + |

115+

1/l

1.10

1.05 4

L]
]
1004 ‘ : . - . - - . -

concentrations 107

Supplementary Figure 9. Stern-Volmer quenching plot of HP(O)Ph, 2a
(d) Stern-Volmer Plot with HP(O)Ph, 2a + K,COs:
A stock solution of 2a (25.3 mg, 0.125 mmol) and K,CO3;100mg in 25 mL of DMF was
prepared. Then, different amounts of this stock solution ere added to 3.0 mL of 4CzIPN in DMF
(10° M).
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1254

| ]
1.20
——1IP(O)Ph, 1K, CO,
115 y = 1237x+ 1, R = 0.9861

= 1104
1.05 4
1,00

T T T T T T T T | S |

2 o0 2 4 6 8 10 12 14 16 18

concentration 10°

Supplementary Figure 10. Stern-Volmer quenching plot of HP(O)Ph, 2a with K,CO4

()
1.25+
—— Lnamide, y — 112x + 1
v
——Enamide KCO3,y~225x | |
1.20
—TIP{O)Phy, ¥y — 163x 1 |
——LIP(O)Phy | K5COy, y ~ 1237x 1 1; K2~ 0.9861
1.15
Ze 1101
1.05 <
. /é
1.00
T T T T T T T T T 1

concentration 10”

Supplementary Figure 11. Summary of the Stern-Volmer quenching plots
The luminescence of 4CzIPN at Ans = 537 nm was quenched more significantly by
H-P(O)Ph; in the presence of K,COsthan by enamide la. Based on the luminescence quenching
studies, we proposed that a reductive quenching step was involved in the reaction.
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Supplementary Figure 14. *'P NMR spectra of 3aa
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Supplementary Figure 17. *'P NMR spectra of 3ba
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Supplementary Figure 18. *H NMR spectra of 3ca

S6'EE~
99'pE
80'79
£1'79
69'59
17921
98'L71
91’871
Wt
05’871
pS8TI
L9871
S0°621
L1621
SP'OET
S 0€1
0°I€l
TUIET
8PIET
6b'IEL
L6'TET
86'1€1
PPEEl
wrel

TWSEIN
0v'9€lL
0L9¢l
mo.ev_\
SO°I¥I
LY'EST—

cm.Nr—
PSTLl V

CbzHN COOH

P(O)Ph,

1791

98°LT1
91’871

W

om.ﬁ_w
PS8
L9'8TI
$0°621
LU6T1
sroerf
PS0ET
20°1€1
[N
SPIEL
6F°IE1
L6'IET
86'I€1 ﬁ
PrEEl

el
wsel]
089€1
oogr!
S6°0P1—
ot/

140 138 136 134 132 130 128 126
1 (ppm)

4

70 60 50 40 30 20 10 0 -10

80

170 160 150 140 130 120 110 100 90
1 (ppm)

180

230 220 210 200 190

Supplementary Figure 19. *C NMR spectra of 3ca

42



LS'ST—

CbzHN COOH

P(O)Ph,

-80  -100 -120 -140 -160 -180 -200 -220 -240

40  -60
f1 (ppm)

-20

120 100 80 60 40 20

140

Supplementary Figure 20. *'P NMR spectra of 3ca

(A
95°€ |
09'
19°¢
0P
€17
SI'H
LI
PI'L

9L

LI'L

SI'L

m—.j
07°L
171
L
Ly
£T'L
£T'LA
YLy
ST'LA
9L
8E°L
mv._sr
Lb'LA

8b'L]
6b'L)
05°L
1s°L]
15°L]
'L
£5°L]
£s'L]
ps'L]
ss'L]
5L
s
s
65°L

65°L

19°L

'L

WL

08°L
I18°L
£8°L
£8°L
£8°L
S8°L
'8
6rEr”

Fo
o
=20°€
F ™
— =TT
- o [ Y
o
r~
2 o
~
(=}
o™
~
m =]
~
(=)
T
~E Fs [~
38 — = 07
~c r0's €
=3 T o g
~ B 07 =
o foor [T
~ o
8
~
(=]
=] Lo
N e
Lo
[ e
o e
o | FLe0
I m\ e
(o]
o]
O, )
=z
I
Fe
L~

Supplementary Figure 21. *H NMR spectra of 3da

43



........................ 5o R
figssssuaddiEsSssAas8EES  dd g2 =
EEZSSSEUCOEOEEEEEA888RES  dd i =
] T et ~ N ]

o]
HN COOH
P(O)Ph,
142 140 138 136 134 132 130 128 126
1 (ppm)
L A

230 220 210 200 190 180 170 160 150 140 130 120f1 210 )100 90 80 70 60 50 40 30 20 10

ppm

. 13

Supplementary Figure 22. ~°C NMR spectra of 3da
g
5
|
o]
HN COOH
P(O)Ph,
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20 -30 -40

f1 (ppm)

Supplementary Figure 23. *'P NMR spectra of 3da

44



7.85 7.70 7.55 7.40 7.25 7.10 6.95 6.80
1 (ppm)

o
L
e
o
o

o}
HN COOH

=€l
=60
=101

=007
=909
Po°L
80°C
w07
=00°L

080

Supplementary Figure 24. '"H NMR spectra of 3ea

€0'PE~
£LPES

18's6
vmd./
8579
981
87971
6+971
19°L21
ST
SE'871
16'8711
906711
LI'6T1
SE0ET |
PrOET |
1L°0€ 1
18°0£1 1
TIEN
STIET
10261

£0°7€1
Q.SJW
19'€€1—
mN.mm_.*
£T9EI
SI0PI
LTOFI

SIT9I~
I
98°TLI

No.ﬂh—v

8T9TI
6¥°971
19°LT1
STSIL
SERTI
16’871 N

90°6T1—>

ezt
SE0EL
#H0ET
101
18°0€1
wwigr
STIEL
107€1
£0TE1
£9°TEL
19°¢E1
sTsel
£79€1

BIOFI~,
LTOPL

o}
HN COOH

-10

80 70 60 50 40 30 20 10

129 127 125
100 90

110
1 (ppm)
45

130 120

1 (ppm)
140

139 137 135 133 131
150

160

141
170

P(O)Ph,
; : : 180
Supplementary Figure 25. *C NMR spectra of 3ea

T

230 220 210 200 190




Lo'LT—

HN COOH

P(O)Ph,

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

f1 (ppm)

Supplementary Figure 26. **P NMR spectra of 3ea

=

P(O)Ph,

HN COOH

7.90 7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10
1 (ppm)

0T

=00'T

»sz.e
796’
2187
5§ L0T
LT
=760

“¥6'0

f1 (ppm)

Supplementary Figure 27. *H NMR spectra of 3fa

13

46



Le
ro
Lo
Lo
o~
)
9p°EE~ . «®
LTvE” =
[ =
LS9 | o 8
979 o ™
6£°971 =
SLLTT g M
€8T == =
6€'8TT Lo ]
£P'8TT
99'871 6€°971 [& & )
£0°62T SLLTTA - [

3 L o
90°621 E8TT o S
ST'621 6€'87T [P 3 FS
9E0ET £9°8T1 L =z
9¥°0€1 99'871 ‘ [ S lgs O
LL0ETH £0°671] s S
98°0€T 90'621 r E
0E'TET ST'6TT F mw £ 28 %
TETET 9E°0ET L8 £ o
0°TET 9P 0ET S g g™ 2
PO'TETH LLOET RERS - S
£5°TET W 98°0€T — T —_ s .2
9L TETE 0E°TET 18 —= e W
SLEET TETET] — T = >
9T'SET- 20°TET © = FS <
ST'9ET PO°ZET [ - b
SO°OET £5°TET - e S
TrovT S9°9€T R =] < @
0T0pT = I+ o m £5°97—

I © —
16°€9T— - Q
- o
LUy, = S
18°2LT o n

¢ e

& -

o L&

T2 &

o g

(oo}
< o
o~
z {

T LR

o~

(5} o

F oM

o

-100 120 -140 -160 -180 -200 -220 -240

-80

f1 (ppm)
47

Supplementary Figure 29. *'P NMR spectra of 3fa

40

-20

20

HN COOH
P(O)Ph,
120 100 80 60 40

140




s
69'F
we
€1
SIF
LIy
8I'F

STL
9L
9L
LIL
8T°L

61'L

oredt
0T
oTL
1L
wL
L
L
YL
9L
WL
8TL
BTL

A
0EL—
8L
8FL
oFL
0s'L
1s°L

I§°L —
sl
€51
et
PeL
rsL
st
9s'L
5L
LS'L
LSL
L
L

oL
9L
9L
LyL
L
89°L
8L
FLL ﬁ
oL
8L
wL
8L
P8L
L
8L
98'L
L¥L
LS8
€l

F3C

LrL
8I°L
BI°L
61°L

[

o)
HN COOH

P(O)Ph,

7.95 7.85 7.75 7.65 7.55 7.45 7.35 7.25 7.15 7.05
1 (ppm)

=11
=E0°1

00y
€07
60s
90y
107
80'7
=£0'1

—£9°0

12

13

14

15

16

Supplementary Figure 30. *H NMR spectra of 3ga

STEE
96°€€ |
99'79
0.9

96721

st

95°'ST1

0921

b9'STI
L9'sTI
9£°971
18°L21
80821
PESTI
8€'871
PP 8TI
90621
LI6T1
8€0€1
LY OST
8L0ET
88°0€1
6LIEI
6TIEI
sl
ISIE1
£8'I€1
20°z51
S0°Z€1
PIZEl
£8°7€17
8°ecl
Trsel
0191
8ELEL
%.ei
810p1
6L'E91—

69°TLI
pLTLY >

(0]
HN COOH

FiC

o~
=
9
-]
o

LEMLEME B S i e e

T

LI B B s s B i |

141 139 137 135 133 131 129 127 125 123 121

f1 (ppm)

70 60 50 40 30 20 10 0 -10

80

110 100 90
1 (ppm)

120

150 140 130

190 180 170 160

230 220 210 200

Supplementary Figure 31. *C NMR spectra of 3ga

48



—26.36

FsC

¢}
HN COOH
P(O)Ph,

140 120 100 80 60 40 20 0  -20 4}?( —f;() 80 -100 -120 -140 -160 -180 -200 -220 -240
ppm

Supplementary Figure 32. *'P NMR spectra of 3ga

-61.35

FsC

¢}
HN COOH
P(O)Ph,

10 o -10 -20 -30 -40 -50 -60 -70

-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

Supplementary Figure 33. *°F NMR spectra of 3ga

49



0O
HN COOH

o
=
Q.
2
o

7.90 7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10 7.00
1 (ppm)

=801
=10°1

10°1
v
€09

w0
L0°1
£€0°T

00°1

L6'0

10

12

13

14

15

16

f1 (ppm)

Supplementary Figure 34. *H NMR spectra of 3ha

S6'EE~.
99°pE

£9°79
8979
£9971

1Lz
90°871
wstn
£€°8T1
06'8T1
$0°6T1
SI°6T1
0P 0ET
6¥°0€1
woel
18°0€1
LI'IEL
61°TE1
8E°IE1
00°ZEL
0°TEl
P9TEI

No.mm—V
90°S€1
$0°9¢€1 \
8L'8E1
0T'or1
6T°0v1

68°6S1—

98°TLL
ol >

126

€971
ILLzL
90821 /
sl
A
06871 —

671/
r0'6T1
w._.a:\v

128

130

132

1 (ppm)

|
1
134

|
il
136

138

SLBEI— — E
0zorL
6701 -

{

140

0)Ph,

HN COOH

o
X
\_o

70 60 50 40 30 20 10 0 -10

80

130 120 110 100 90
1 (ppm)

160 150 140

170

190 180

230 220 210 200

3C NMR spectra of 3ha

Supplementary Figure 35.

50



9997 —

-80  -100 -120 -140 -160 -180 -200 -220 -240

40  -60
f1 (ppm)

-20

120 100 80 60 40 20

140

Supplementary Figure 36. *'P NMR spectra of 3ha

85'c
65'¢
Z9'¢
£9'¢
99'c
wm.mﬂ
£0r
el
LOP
60y

grey
0z'L

ZT i
eT'L
VL
521
9L
9L
LT
9b'L
8p'L
ay'L
8L
054
=0
5L
Z5L
N
L9'L
=9
Z9L
N
e
59
L9°L
08'L
Z9'L
za'L
£8'L
ea'L
594
98'L
208
208

o}

HN COOH

o~
=
o
Q
o
£
o

8180797877 767574737271
1 (ppm)

el
=00k

26’0

Supplementary Figure 37. *H NMR spectra of 3ia

51



oo S M-\ "oV A - AOSATA-O
L=y L I — T e B - T — o e BT i e e =T B o e e e B R e} @ -
el el ST SOOI H el e OSSOSO 0000 -0 e T L ]
L R e I I B I B I I I I I e B B ) -+
—— o e e e e e = DS L]
~ | — S
0
\1 0
HN COOH
)Q’P(oph
Ph JPha
1
.
i
| } Hiuul ’ ' i
230 220 210 200 1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
- 13 -
Supplementary Figure 38. °C NMR spectra of 3ia
I~
«©)
g
O |
@Yo
HN COOH
P(Q)Ph
PhXI ) 2
140 120 100 80 60 40 20 0 -20 -40 -60 -0 -100 120 -140 -160 -180 -200 -220 -240
1 (ppm)

Supplementary Figure 39. *'P NMR spectra of 3ia

52



P(O)Ph,

BzHN COOH

780 7.65 750 7.35 7.20 7.05 6.90
1 (ppm)

=00°¢

b (4!
=10°1

00
ch.n

=10
7609
90°C

E0T
ot

99°0

10

1

12

13

14

15

16

Supplementary Figure 40. *H NMR spectra of 3ja

607 —

£6'EE~
$ope”

PETY

6£°79
SE971
66'9T1
97°871
LESTL
$9°871
88°871
90°671
L1'6T1
SE0ET
ProEL
PLOET
£8°0€1
IIEr
PIIEL
P8°IEl
00°Z€1
0°TElL
89°T¢€1
L9°tEl

66'€€1~
pTSELf
(a3
98°9€1
9I'LEl
9T'LET

06'¥91—
W6°TL1
L6TLL &

BzHN COOH

P(O)Ph,

SE°9T1
66'9T1
9T'8T1
LE'STI
S9'8T1
88'8T1
90°6Z1
L6zt

SE0EL

PEOET

PLOET
N

v
PEIIEI~
00°ZEL
Na.um_\.
LyeEl~
66'EE1—

PTSEI—
TTIET~
98°9¢1

orLe1~
9TLEL

-10

0

T

10

20

230 220 210 200

T

T

70 60 50 40 30

80

180 170 160 150 140 130 120 110 100 90
1 (ppm)

190

Supplementary Figure 41. **C NMR spectra of 3ja

53



—26.88

BzHN COOH
P(O)Ph,

T T T T T T

190 180 170 160 150 140 130 120 110 100 90 ??( 7? 60 50 40 30 20 10
ppm

Supplementary Figure 42. *'P NMR spectra of 3ja

©

5] =] NN SBAST NS DSOS B OB WY =~
@ n 9D UGG MY N o0 L) e &G g Mg
— £ O s o U ul sl el 2 2 3 OO i)
| | \ N | =

HOOC NHBz
P(O)Ph;
~
0
|
1
— o b bl Tt I
& 2 EZBE%
S = Addan
14 13 12 1 10 9 7 5 3
f1 (ppm)

Supplementary Figure 43. "H NMR spectra of 3ka

54



T®aw NN o ® oo
Saat axIa-SSanan Swuw@ aa
ool % AT SO B P e e
oW N Am A A o Qaw -
il I R e e R R e o v @
S e | V7 N
HOOC NHBz
P(O)Ph,
~
(@]

LB B e e B B B B B e i e

1 (ppm)

T T T T T T

230 210 190 170 150 130

T T T T T T T T T T T

110 9 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Supplementary Figure 44. **C NMR spectra of 3ka

7
HOOC NHBz
P(O)Ph,
o
A(s)
27.10

140 120 100 80 60 40 20 0 -20 —%(1)( %;0 -80 -100 -120 -140 -160 -180 -200 -220 -240
ppm

Supplementary Figure 45. *'P NMR spectra of 3ka

55



-10

140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

150

56

3= e
SLL
9L
LV Fey
8L
S
Iy P .
b L ©
vl o
e - Fo 0E'vE
L o LU'gE
S o Z9'29
mmw ww © ED
5L pges N = 8z Lz}
o v LZ)
e i S 1z8zl
S5 2 Fe o 62871
95t - o pLBZ)
15t L - el w 60621
654 4. : L A4S
8oL - £ oo 73 zeezl
9L ol 1208}
79} it Fwo W 9r'0el
z9'L LLOEH
= Z 9808}
= e T 9Llel
(= - 6L'LEL
€8 E O 86'LE}
cg'z A B0ZEL
. —= & L0
98's — % 2wy = O® bgel
i § g
8g'L "0z S .
= S8°EEk
0re— F 660 L 80'sel
e > LO9EL~
] 95'8E}
- - £ PO'BEL
~ e 5 85621
Joo.mZ. m ZZopl
€41 A . ©
L | [ Q _
7 £ e
A —£ 011
mwww = Y P Lz
o Wi = W8 =
S En 9 7% e
tgel— L F 5L =W -+ ss0
S pa'L = ~ P
5 55L [~
~ 95'L ~
15t _ Lo
% P52 2
B65°L =L 007z
beL N L e
T
L~

P(O)Phs
180 170 160
Supplementary Figure 47. *C NMR spectra of 3la

BzHN COQH
230 220 210 200 190

Ph




—2745

BzHN COCH
P(O}Ph,
Ph
1:10 I 1é0 I 1[‘]0 ‘ Bb I GIO 4b I 2‘0 E] I -2‘0 -4‘0 ' -GIU I -8‘0 I-1E]O ‘ -1‘20 I -1‘40 ‘ -1‘80 I -1é0 ‘ -2‘00 I -2‘20 ‘ -2:10
1 (ppm)
Supplementary Figure 48. **P NMR spectra of 3la
3 z
BzHN COOH
P(O)Ph,
F
T T
2 2 2 z
SR SR S .
780 765 750 735 7.20 7.05 6.90
1 (ppm)

T i ARl by

~ 4 Og‘m= = =

~ * S5 S a

=] = o -~ — —

14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0 1 2
1 (ppm)

Supplementary Figure 49. *H NMR spectra of 3ma

57



S
o
Lo
ss'pe FR
sse
9791 L g
15291 —
OLFII l o
1611 - ©
wL =
0€°81 F8 ™
W8Tl —
9L'8T1 L3 o
6'8T1 — ©
0621 = w
60°621 r= )
0z'671 o
££°0€1 L g @
0EL 2 o
PLOET ww i =) >
+8°0€1 0€°821 [ | o
STIS1 2.:_/ Fuo P4
9L'8T1 5
1€'1€1 A ] -8 O
207z€1 wezi— o £ S
. 606217/ b 3
el 06Tl S 28 o
SI'ZEL £E°0E1 S - hred
1€°7€1 | e L~ 1 T o
0€°EEl 0E1" FoE [ 5
SL'EET [<g& =)
16'F€1 Fes B L3 2
T9°SEIN E % —— - LL
soself ; 2 T g >
IL'SEl 06°EE1— b m [+ =
£L'SEl e — i s 08
06°SE1 16PEL ) rwe C
Ne.w.:/ L ¥ I8}
» S9'SE1 it
05091~ sl : ] L g IS oL
76'791~ £L'SE1 Fo ——3 - (<5}
90591~ RIS Lo o =3
6r Ll - ] re Q
95°7L1 =
S g @
[
T @ i m
o) o
o
8 K
o
2 &
@ L ]
N
w L8
~N

-80 -100 -120 -140 -160 -180 -200 -220 -240

-60
1 (ppm)
58

-40

-20

20

BzHN COOH
P(O)Ph,
100 80 60 40
Supplementary Figure 51. *'P NMR spectra of 3ma

120

140




= e
L= 15'¢
o G
o'
g s
J_ ory:
uar
(=1 SI°L
Fe oL
; s
o 8I'L
| @ 6L
- 0TL
L
| e we
- o
'L
o @ STL
L .Rlv m STL
; ) @
orL
o Y— .
| 3 L
= o we
© SKL
o 8L
L= += ;
T3 i ) o
IS
s 5 s
- 5L
W o L
L
L &N
L8'SII-— - v W MM
. %L
= L s
[P 8L
£ 6L
o - ¥
FegE ol 1
‘= Lo 8L i) L
o o) L —— »00%
F & — Ly o
_ = e Ay
3 e 80°C
[ w - — 9L
¥ F L8 —
L - =00°L
- m_ S
..nm LrL 0
- = _:.\.W = r—
-3 5 6L~ _ = ~
g i - FLOS
o Zs\ = L&
L g o wL - ~
; = oL r
o €L w
| o o) e P
. 4 =] St'L r~
15" )
£ N oy i5t N
- L8 [ £sL ~E
£5°L r
I = 5 : B
o g S5E1— % o iz R b= cq
S _ ol T~ -l s80
9 (@] 9s°L 0
- O, LSL F @
= 8S°L ~
- z 65°L [
m T 09°L [0
L o N 8L o
[44] m z&.% [~
PEL-L =80T 2
| o WL W 807 5
w - )
o

1 (ppm)
59

15 14 13 12 1 10
Supplementary Figure 53. *H NMR spectra of 3na

16




NSS 23R RAR2S S ITINISSE52R23% e~ o
N e i e e R e e E E E R R I A Qg
EEE S8 EEnonnnEEEEA 38888800 dgy 22
S S — —
BzHN COOH
P(O)Ph,
Cl 83
3
| il Y "
-
i I
141 139 137 135 133 131 129 127 125
1 (ppm)
1
1
;
.
| || i

T T T T T

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40

T

30 20 10 0 -10
# (ppm)
Supplementary Figure 54. **C NMR spectra of 3na
7
BzHN COOH
P(O)Ph,
cl
1';-0 1é0 160 éO f;U 4‘0 2‘0 (I) —éO -4‘0 —éO ~f;0 ~1b0 —1‘20 ~1l10 —1‘60 -1‘30 —2‘[}0 -2‘20 —2:10

f1 (ppm)

Supplementary Figure 55. *'P NMR spectra of 3na

60



Br'ey
z8'e
55°¢
Jaog
80P
oL
AN
Sl
EI
9LL
I
L
8l L
BLL
0Tk
eTL
bT L
STL
5TL
x4
1T
o
peL
GC LY
5¢L
12
BLL
82
ov'L
ov'L
v L
by L
S¥L
i
BY L
0G4
1S'L
=y
\S'L
e5'L
g5
PGS L
S5t
564
95'L
16
85t
B8S'L
854
Lg'L
\gL
z8'L
eg'L
peL
peL
58
9g'L
18
8lg’

BzHN COOH

P(O)Phy

T T T T “© T T T

79 78 77 76 75 74 73 72 711

1 (ppm)

N I

——

Br

\

Supplementary Figure 56. *H NMR spectra of 30a

)

Fpgl

007

10z
Lol
wfow
208
‘ooz

Foot

ro=t

ey pe

ZL'se

S5L0¥

85'Z9

£9'C9
LLLEL
CL'LZE
oty =t
Spech
arecl
0L'6Zh
oL'ezl
ZL'ech
LZ6zL
peoch
ePoch
eLoch
£8'0E)
66'0Ck
LZ'LEL
vl
aozel
aLzel
8LZeh
oz'zel
6lL'ceh
coeeh
ogrel

B6LGEL]

aoect
pL'ecl

Q0591
2Tl
62CLL

~
e

b

1

=

b

|
I,

P(O)Phy

BzHN COOH

Br

-10

100 9 80 70 60 50 40 30 20 10

110

180 170 160 150 140 130 120
1 (ppm)
Supplementary Figure 57. *C NMR spectra of 30a

180

230 220 210 200

61



-240

220

_ Wi
. miw
e N
: sl
i 05°e i
s e o]
60’y
z5'2
L ok
: €52
45 o'l
pLb e
19 P 55 L -
el's e h,ﬂ

-200

—

-180

-160

-140

—

SL'L a5/ Fot

Sh'L = _ F oo
ks g5 :
Lhe 8g'2 o
1) ]
e 092 _
. Vol z
Tl ve
Tl : -
)
bTL
9zl geef ™

©N h o —

: log
e - — Mz
. —\ & oozt
i ®©
&7 L
052
052 -
1GL
A}
25 o
PGS L -
pS L
554
95, FE
9g'L
2=y
85
BGL
09'L
LgL
z9L
=
z8'L _ﬁ
cgL
peL
(=
98'L
98t
006
£eel’

-120

-100

79 78 77 76 75 74 713 72 11
1 (ppm)
1
T
[
(=]
3

Supplementary Figure 59. *H NMR spectra of 3pa

-80

 fopr)
Supplementary Figure 58. **P NMR spectra of 30a

-40

Fooipo

S

-20

20

QLie— F

40

60

P(O)Ph,
P(O)Ph,

80

100

BzHN COOH
BzHN COOH

I 1é0
FsCO
16

Br
140

62



COO TOOFTENOOONONT SOOI —ONOODT DT WO
N~ ORI~ DANN-OMOORTONT - OTNNOT — @O TN
Ol OO TN 000 O0MOOHOOO-T —C o =S
M~~~ T TTOOOOONOMOOOOMOOMOOOOCOCNNNNANNONN NN~ NN ST
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr [ R RS R
[ v — — =
BzHN COOH
P(O)Ph,
F4CO
[N
i
‘\I
J l i W, |
L i Il

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

# (ppm)
Supplementary Figure 60. *C NMR spectra of 3pa

=
™
[12]
9
BzHN COOH
P(O)Ph,
F,CO
140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

1 (ppm)

Supplementary Figure 61. *'P NMR spectra of 3pa

63



0L°95—

P(O)Ph,

BzHN COOH

F3CO

-210

-110 -120 130 -140 -150 160 -170 -180 -190 -200

-100
1 (ppm)

40 50 60 70 80 90
Supplementary Figure 62. *°F NMR spectra of 3pa

-30

-20

-10

177
95°¢
65°€
£9°¢
ory
Iy
Py
STy
$6'9
L69
80°L
or'L
L
SI'L
LI'L
LI'L
61°L
1L
£TL
STL
8TL
9€°L
8E°L
ov'L
Sr'L
Ly'L
8v'L
6v'L
0S°L
IS'L
TS'L
£5°L
£5°L
ss'L]
LS'L]
65°L]
09°L
19
oL
oL

08°L
08°L
wL
£8°L
£8°L
S8'L
Ly'8

SPEl—

BzHN COOH

P(O)Ph,

wL
€S°L

£€8°L

507

L B St S B e B I B B i e B e e

795 780 765 750 735 7.20 7.05 6.90

f1 (ppm)

80

-1

10

1"

12

13

14

15

16

Supplementary Figure 63. *H NMR spectra of 3qa

64



B HE

68'8€,

S.%/
1€'68
56€
£L°65
¥6'6E
srop

179
il
85971
69971
LLLTY
08LTI
PRLTI
16471
17871
£9'8T1
PLRTI
96'671
SO0EL
0€0€l
0P 0€T
PROEI
LETEL
19'T€1-]
81°7€l
LTEET
99°€€]
LLPET
ﬁ.m«.;
8§'9€1
1S'P91—
6€'TLI

SPTLI

P(O)Ph,

BzHN COOH

85971

m@.oﬁV N
LLLTI
cx.nu_% -
P8LTT

16°LT1
1T8T1
£9'871
PL'8TL
96671
mc.cﬂ%
0E'0ET
or'ogl
F8 0Ll
LETEL
19'T€1L
LI'EET
99'e€l
ww.cml

130

1 (ppm)

135

70 60 50 40 30 20 10 0 -10 -20

80

1 (ppm)
Supplementary Figure 64. *C NMR spectra of 3ga

190 180 170 160 150 140 130 120 110 100 90

210 200

00°LT—

BzHN COOH

P(O)Ph,

40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
f1 (ppm)

-20

120 100 80 60 40 20

140

Supplementary Figure 65. *'P NMR spectra of 3qa

65



87'¢)
zee
0g'e
559
159
189
189
z8'9
£8'9
502
0L
glL
Bl L
0Tk
0Tk
VL
ez L
vT L
5TL
STL
zoL
zeL
peL
peL
er L
oL
S¥L
Sv L
o L]
or L]
ov L
1
syl
B L
052
054
1S'L
=y
26
e5'L
g5
PGS L
peL
554
)
9G'L
EE
Bg'L
894
VoL
8L L
BLL
08'L
=
LgL
=
£g'L

P(O)Ph;

BzHN COOCH

eg'L
AN

8l
Bl L]
ot
s
8ri
Er
By
054
054 ﬁ
LG LY
1541
5L
5L
S L
pG L
9507
804

ey
L

OMe

67 65

6.9

7.1
1 (ppm)

73

77

79

00}
0oL
R
e 00 [
; Il_nﬂllnnu m%;
|l||H/UM.MD.m
1002 | o
00z
- Fool | 7
Lo
Lo
= Feo o
Fa
Lo
Lo

Supplementary Figure 66. '"H NMR spectra of 3ra

9928y
9e'pe
vm.mm)ﬂw
0L'ze

5L'ze
pLLLL
voozl
18'9z)
LB9Z)
9Lz}
95 4Z)
L8zl
Le'8Z)
95871
FLBZE
rATAN
LPBZL
8208k
SrOSk
aroel
5508}
9z 1e)
8z 1ck
£8 L1
LB LT
LIEEk
B8LZEh
zezel
wowm%
0LPEL
69'GEL”

—

oLLGh—
NI
Z0'LLh
ZhLLL

-10

20 10

30

40

50

100 90 80 70 60

10
f1 (ppm)

Supplementary Figure 67. *C NMR spectra of 3ra
66

120

130

150 140

160

P(O)Ph,
0 190 180 170

BzHN COOH
OMe

230 220 210 200




—2849

BzHN COOH
P(O)Ph,
OMe
140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
1 (ppm)
: 31
Supplementary Figure 68. **P NMR spectra of 3ra
o B3Rl aASINREE 2028 ERER
— =T o ol ol o o ol o ol ol ol o o o ol o o ol ol ol ol el ol o I R I e e
| ==\
BzHN COOH
cl P(O)Ph,
790 7.75 760 745 730 7.15 7.00
1 (ppm)
‘
T | Fhirtg) g i 214
& g fzzs g 3
= - X T - —
16 15 14 13 12 1" 10 8 6 5 4 3 2 1 0
f1 (ppm)

Supplementary Figure 69. *H NMR spectra of 3sa

67



O =
N D R e L e I A
Ll e e R e e R R R R R R R R R R R R e R e e e e e K R o N e 4
HSEsIaannaannnnaaanadsyanaSaNddd I3
VT e —— <
BzHN COOH
cl P(O)Ph,

i

141 139 137 135 133 131 129 127 12
f1 (ppm)

T T T T T T T T T T

230 220 210 200 190 180 170 160 150 140 130 120 210 )100 9 8 70 60 50 40 30 20 10 0 -10
ppm

Supplementary Figure 70. *C NMR spectra of 3sa

—27.86

BzHN COOH
cl P(O)Ph,

T T T T T T T T T T T T T T T T T

140 120 100 80 60 40 20 0  -20 4%?( -(?o 80 -100 -120 -140 -160 -180 -200 -220 -240
ppm

Supplementary Figure 71. **P NMR spectra of 3sa

68



9r'E
05'E-L
s’/

(A8 2
Iy
It
8kt
:W.L
£5'L
€S'L
PSL
pS'L
SS'L
98" L
LS'L
LS'L
99°L
99°L
L9L
89°L
il

€T6—

6 el—

P(O)Ph,

HOOC NHBz
CF;

=l

=001

660

89°0

10

12

13

14

Supplementary Figure 72. *H NMR spectra of 3ta

6L'PE
8" S¢-
876€
81" 6€
69'6€
06'6€
o
woy
€50
S0'€9
0l
%8
85'871
06'871
£6'8T1
01671
yT6T1
1€0€T
I#0€T
19°0€1
TL0ET
60°TET
I I€l
EPIEI
6L'TET
STTEI
LTTET
6TTE1
LLTET
8peer
£S'PET
AT

8TS9I~
S6'ILT
€0'TLT

HOOC NHBz

P(O)Phy

1TLT1
06'871
£6'871
01" 621
vT 671
I€°0€T
I+ 0€1
19°0€1
1L°0€T
60°TEL
IV 1€14 F
€P' 1€
6L TIEL W
ETTEIE
LTTEL
6T TEL
LL'TEL \
8p" €€l
T5°s¢l

CF3

f1 (ppm)

110
f1 (ppm)

70 60 40 30 20 10 -10

80

90

130

150

170

190

210

230

Supplementary Figure 73. **C NMR spectra of 3ta

69



HOOC NHBz
P(O)Ph,

—28.90

CF;

140 120 100 80 60 40 20 0 -20 —%(1)( %;0 -80 -100 -120 -140 -160 -180 -200 -220 -240
ppm

Supplementary Figure 74. *'P NMR spectra of 3ta

—-60.88

HOOC NHBz
P(O)Ph,

CF3

35 -40 -45 -50 55 60 65 -70 -75 -80 -85 -90 -95 -100 -110 -120 -130 -140
f1 (ppm)

Supplementary Figure 75. **F NMR spectra of 3ta

70



P(O)Ph,

BzHN COOH
Me

=80°1

=00°1

101
0y
orl
wr
(Y44
we

0L

880

Supplementary Figure 76. *H NMR spectra of 3ua

e IT—

PO PE~
serse”

L¥'T9

A58
T6'9T1
89LTI
TE8T
0p'8zI
IS'8T1
PO'8TI
80621
61671
PS0ET
£9°0€1
0L°0E1
6TIEI
TETENY
18'1€1
POTELS
90'7€1-]
99'7€1
9pEEl
p1'SEr
E.mi
TI9¢€1

68'€9T—

PTTLI—

P(O)Ph,

HOOC NHBz
CH,

LETIA,
6971 _
89°LT1
ot
0p'8T1-L
871

80°6T1

61'6T1 ==
L
£9°0¢€1
0L 0T

6T 1E1
181l i
PO Tel
90Tl
99'7¢1
9p'eel
nm.mn—\

v
9'8T1 w -

f1 (ppm)

H

e

9 80 70 60 50 40 30 20 10 0O -10

100
f1 (ppm)

Supplementary Figure 77. **C NMR spectra of 3ua

190 180 170 160 150 140 130 120 110

210 200

71



wst—

P(O)Ph,

BzHN COOH
Me

0 40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
1 (ppm)

2

20

40

60

120 100

140

Supplementary Figure 78. *'P NMR spectra of 3ua

ﬁ - =90l

ﬁ =00°1

00°1
00°1

malint
ro'e
L 8

Voo.w
Moo.N

10T

-\J Foo't

P(O)Ph,

BzHN COOH

1"

13

15

1 (ppm)

Supplementary Figure 79. *H NMR spectra of 3va

72



FS
o
Fe
(=]
N
Lo
£6°E6~. 2o ®
1977
Lo
5 ©
>
-] @
8519 ‘5
uo) =
99°19 = w
PO'9LL 2 o
LT911 . w
0P [ o
YO'vTl
6'ST1 & Lo =
66'ST1 zé:/ F = L =z
LT\ =
€0°9Z1 04T b o (@)
60°971 POPTL P o re )
o1'LT1 9ILTl F~ 3 —
LEsTl i~ :
LESTL 8F8TI g rcg (=3
wv.wﬂ_;. 06821 F o = [es)
X £6'871 L~ — b
06871 10621 k E -8 m
£6'871 61671 < o2 5
. 0621 — %= =
10°62Ly STOE1 FTE = L 8 2
61°6Z1 6601 - [ & = = LL
0€°6T1 S0E1 g =
sl s = s 2
Ael g
6£°0E1 S._n_) Fo [
8P0€1 orienL Fe o =
85081 £TTEI\ F F® jom
PETEN E (5]
PPIEL L£781 ES o £
LYIET o — E¥ e -8 S 68'87—
6b'IEL et/ 3 e et
£TTEN iwser/ Fo L e o
pETEL 2 = >
LETEL o w
wTel Fe
19°€€1 =
IPPE £ L8
Ip'sel =~ -
w0est| — O L8
Wil o o &
s6191{ O =
woLr| O, Fe
79°0L1 w
=z o
L r
o o
r M
N

-80 -100 -120 -140 -160 -180 -200 -220 -240

-60
11 (ppm)
73

-40

-20

20

P(O)Ph,
120 100 80 60 40
Supplementary Figure 81. *'P NMR spectra of 3va

BzHN COOH

140




yT801-—

BzHN COOH

P(O)Ph,

-10

0

10

50 60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210
f1 (ppm)

-30  -40

-20

Supplementary Figure 82. *°F NMR spectra of 3va

e
8Y'E
IS'¢
w$e
SS°E
98°¢
8Ty
(1% 4
wr
ey

8I°L

0T'L
1L
£TL
L
£€°L
PE'L
SE°L
9E°L

9€°L
6€°L
0b'L
WL
6v°L
IS'L
IS'L
L]
£5°L]
vS'L

SS'L
95°L
$S'L
09°L
09°L
19°L
9L
£9°L
£9°L
vo'L
S9'L
99°L
8L
WL
£8°L
¥8'L
S8'L
S8'L
98'L
8L
68'L
06'L
L8

LrL ﬁ

61°L k

L€l

8I'L
6I'L
oTL
1L
Qﬂh/
6L
oL
wL
6L
1§°L
IS'L
T§'LE

pS'L
SS'L
9s'L

soif

L8L

P(O)Ph,

BzHN COOH
Cl

7.957.857.75 7.65 7.55 7.45 7.35 7.25 7.15 7.05

1 (ppm)

- =IS'1

=00°1

!

00°s
10°1
007

5009
FL0T
10°¢

E =00°1

1 (ppm)

Supplementary Figure 83. *H NMR spectra of 3wa

74



£9°€E~
£E' e

LR

ETLTL
PY8TI

95871

SL8TI
80°671
07671
LS'6T1
PE0ET
0S°0€1
95'0€1
09°0€1
S90ET
6€'TET
£6'1€1

61Tl W
172€1
1$'7€1
1S'€€1

£L¢E1
:éi
17'sEl
TEP91~
PEOLT
OLL>

P(O)Ph,

HOOC. NHBz
(¢]]

LOTLTT
mu.hn—/

3;2
cm. ﬁ_%
SL'8T1
80'6271
0T 621 \
LS'6T1

P 0ET
0501
95" 0T
09'0€1
[
66 TET
£6'1€1
61 TEl ‘
1728l
R
ser!

131 128
1 (ppm)

134

137

110
f1 (ppm)

Supplementary Figure 84. **C NMR spectra of 3wa

70 60 40 30 20 10 -10

80

90

130

150

170

190

210

230

61°97—

P(O)Ph,

BzHN COOH
Cl

40 60 -80 -100 -120 -140 -160 -180 -200 -220 -240
1 (ppm)

-20

120 100 80 60 40 20

140

Supplementary Figure 85. *'P NMR spectra of 3wa

75



20 10 0 -10

30

oz [
IS¢
ps'E
S§°E Loy
85S¢
Loy
60 =2

1y ¥
£I'y .

! €61
%9 Lo 10077
14 VA

SI'L
i 00'PE~,
oL k3 Lye
9II'L .
s
LrL T o -
81 — F1o9 [ 1) o€zl
8L y— Lz
6rL s o 89°LT1
.wMM © (A% 741
7L e 3 9’871
wL I} L D 89871
32 4l b =101 o L0621
st st E @ 81°6T1
8eL i , 3 | s o LE6T1
orL s | o S €01
or'L M Fg = woel
Ly vEL E= L@ 69051
i orL o T 8L°0ET
oL oL L N 3 SO'IET

iy EN E N .

6%'LA SKL g - 00T L & [{e) LOIET
iy ok r3s =005 [ = O SEIEL
by ik L~ Rooz T @ 10°Z€1

152 05 Fa™ P08 | o 5 £0°ZE1
5L 151 F o~ 10T ()] 09°Z€1
L o Eo = 00'1 iT 8S°€El
£5°L €L F© L o £0°PET
oL £k Er~ > LTSEL

w..h LsL Fo a 19°S€1
vs'L wse] @ :
SS'L 6sL1 L~ e = 68'SEL
ss'L 091 \ Lo S ST9€1
LSL b Fo = 1€LE1
L5e ~ L= 5 OpLET
MM.M b —_ . 1€L€1~,
6L m MMMM“ == orLel-
0L
b . Fe nw L1
9L
oL N o
WL % ] %
8L = 4 +z60 ~
08'L (@) ()
] L - &0
w 9O i o
w] Q (o}
wi] O, O,
£8°L o)
gL Z 1) >
vl T T
o N
S8'L L mm
8L
Lr's
8€°E1 Lipe

70 60 50 40

80

100 90

110
11 (ppm)
76

140 130 120

150

160

170

Supplementary Figure 87. *C NMR spectra of 3xa

180

230 220 210 200 190




Lo'LT—

P(O)Ph,

BzHN COOH

-40  -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

1 (ppm)

Supplementary Figure 88. *'P NMR spectra of 3xa

680
1601
£6'01
607
n—.:
6111
171 ﬁ
£TT
1874
Wy
069
769
£6'9
S69
96'9
ST'L
91t
LrL
8T'L
61'L
€TL
vTL
vTL
STL
9T'L
v
WL
PrL
6v'L
ISL
(=
€5'L
St
95'L
LSL
65'L
192
T9'LA
1947
£9°L
P9
vo'L
99'L
L8]
L8]
68'L-
68'L]
06'L
06'L
6L
6L
96'L
86'L
08
PO's
6]
S8'6

——

MeOOC NHBz

-*Sﬁ
e
- TEr
N
~E
- Q
s
Fseoll =
et
~
- 00r o
F o

P(O)Ph,

Me

A

N oz
¥ LT
v RO

=

T 8I'T
™ we
S6°01

00y

—F

Pt

L0
0

s
-

10 05 00 -0!

1.5

40 35 30 25 20

50 45

1 (ppm)
Supplementary Figure 89. *H NMR spectra of 3ya

90 85 80 75 70 65 60 55

95

10.5

77



6611
6871
9’8
60'6E
8E'6E
65°6€
08'6E
o0
oy
wor
901
TSy
S5TS
LELY] ﬁ

—

Or'LY

LS'LY

09°L9
6PLTL ?
LTI
S9LTL
LLLTI
98'LTT
SERTL
LY'8TL
09'8T1

16'8T1
€0°6T1
rett
81°6T1L
PT6Tl
8T'6T1
i
PSOET
9L°0ET
98'0ET
96'0ET
SOTET
SIietr
LTIEL
LOTETA
60'TET-]
81°T€L
0zTzer
9€'TET
6P'TEL
9$'TET
S9TET
SPeel

IS'eel

19'¢€l
PTEL
8THEL
GL'LET
LTLEL

I8LET
PLET
SI'99T
$6'91
EE0LT
SPOLT
650LT
POOLT

MeOOC NHBz

P(O)Ph,

Me

130.5

1 (ppm)

T

190 180 170 160 150 140 130 120

100 9‘0 8‘0 70
1 (ppm)
Supplementary Figure 90. **C NMR spectra of 3ya

110

210 200

S8LE—

MeOOC NHBz

P(O)Ph,

240

Me

-80 -100 -120 -140 -160 -180 -200 -220

-40 -60
i1 (ppm)
Supplementary Figure 91. *'P NMR spectra of 3ya

-20

120 100 80 60 40 20

140

78



BzHN COOH

£9°eE)
PSPES
o ST0P
1L79
9L791|
Fe 8TFTI

20 10 0 -10

30

v9°sTI
vS9T1
85971
90°LT1
19°LT1
£6°LT1
81'871
67871
1S°871
99°871
01°671
17°671
£7°0€1
s°0En
89°0€1
8L°0E1
€I 1€l
ST'IEI
68°'I€1
90°ZET
80°ZEl
£S°TET
8S°TEI
95°€El
16°€E1
61°SEl
81°9¢1 86N
98°LET orect \
S6°LET g
semut
Pso1— e
08°TLI
ew.mr—V

—

—— = 0]
=001

3
S

12

- -l
7
1 (ppm)

%
a8
-

f1 (ppm)

|
L
s8=8

810 795 780 7.65 750 735 7.20 7.05

Supplementary Figure 92. *H NMR spectra of 3za

P(O)Ph,
1‘3
P(O)Ph,

3 ﬁ 080

14

BzHN COOH

40

126 124
100 9 80 70 60 50

128

110
1 (ppm)

79

136 134 132 130
1 (ppm)
150 140 130 120

160

138
170

Supplementary Figure 93. *C NMR spectra of 3za

180

230 220 210 200 190




—26.94

BzHN COOH

P(O)Ph2

T T T T T T T

T T

-60 -80 -100 -120 -140 -160 -180 -200 -220

140 120 100 80 60 40 20 0 -40
1 (ppm)

Supplementary Figure 94. *'P NMR spectra of 3za

v T o XLV O TNO—"OTONrO RLO T O~ - -
TIE EEENNOCEoUURITIIRRBLR RS IG -
w XL L o ol el o ol el Sl o e et el Sl o S Sl e T T e TR e B B B B e o) v~
- N R e\t
MeOOC NHAc
N P(O)Ph,
—
1 | 1
N i
Y i il iyt iy
-4 o e s *x o« *®
o 9 UL & A o
= — LR i — - o ial
05 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

Supplementary Figure 95. *H NMR spectra of 3aaa

80



v o = \D v ANV VIOCTOTTRXTRDONN O WNRN

MAN% 9®YT I AR CSYRSaREoSe = Qo o

== CEe® DU m=~Sococa®tBsa = O Dyt N

- R T R R R R e R R R R B R R B R R s - v ) C o

- e B L SRR S Bl QR B Bl ol Sl Sl JRM S S Hh SRR SR (D S0 ST Y. 3 el oo o
iyl i

S o S\ S | N2 |

MeOOC NHAc
N P(O)Ph,
| gpew eI2IEoSel 2
o REBE CEEEEAREE S
e el — . | |
|l |
1 (ppm)
230 ' 2“1 Q ' 15‘50 l 1%0 ' 150 I 1 :;0 l 1‘; 0 ' 9‘0 8‘0 7‘0 GIO Sb 46 3‘0 2‘0 1‘0 (‘) ‘;0
1 (ppm)
Supplementary Figure 96. *C NMR spectra of 3aaa
MeOOC NHAc =
N
s P(O)Ph,
y
1:10 150 160 8'0 60 4‘0 2IO 6 -2IO ‘ E;O -éO -'IIOO -1‘20 -1'40 —1'60 —1230 -260 —2‘20 -2‘40

40 -
1 (ppm)
Supplementary Figure 97. **P NMR spectra of 3aaa

81



10

10

20

30

S
Lo
o
)
o
Lo
1€1— 86T | mmm
Ba 76'6€
€I op B
FS < £E°0p
a (12
Fa %m SEES—
s 0519y
rsE e o 1)
09's = 99'8T1
Q.mW | o S LL'STI
po'E = FL62 [ o 00'671 €€
L9e” 90°1 Z] 6Tl 99'8T14
T6'E 00T L b o £S0€L LL'8TI
ve'e > 79'0¢€1 00671
96'€ @ =z I80€T nretl
32 [ < 06'0€1 £5°08T
bL - & 19151 29081
sviL Lo 7. €9TEN 18°0€1
St e 96'TEl 06'0€1 f
L = @ 86’11 191€1
L Lw ) ] =2
Kt et e LY'EET @vF:f
pSL WJ 6TVEl 96'TE1
ey Lo B oppEI 86'TEIL
o * LL 89'PEI LY'EET
g > L9'SET %.3,_/
oct] 8 5 S.:_/
L - PRLYI~ 89'PET-L
i o £ pL8YL EPSEI
ik ~ 2 LysEL—
I8L =10'1 m
8L . prio Lo =
A | E0T g 18691
P+ Boe | S EFILL
o I o (5] 0S'TLT )
6E'8 £ A
GE'8 Y ¥66'0 | 3
ors @) = =96'0 [ w O
or's (&1 o 860 Q5
05’8 < 2 o < o
89'8 = 2 =
69'8 zZ pd
w
8 . o
e 7\ . e 7\
= z= | = = z=

40

50

60

80 70

126
90

110
f1 (ppm)
82

130
1 (ppm)
Supplementary Figure 99. *C NMR spectra of 3aba

130

134

150

170

190

210

230




-220  -240

-200

(AN FO0E
€8T~ Eooe
8vZ"

PS'e
hm.mk
Lo'e~t

Loy
Pl
S0y

90t
£6'9
IGE)
569
95'9
FA)
BL°L1
Lz
£TL

vz L]
9z L)
0g'L
og'L
zeL
zeL
8L
62°L
oF'L
ZrL
SFL
L
SPL
or'L
L
o
L
05'L
z5'L
99'L
89°L
F& VUL
188

-180

-160

ElLel
BQ0L

-100 -120 -140
70 69
1 (ppm)

-80

Hg_.oo Z

Loe
mmm 3
86'8
mfo Z
Foory

-60
77 76 75 74 73 72 71

1 (oo
Supplementary Figure 100. **P NMR spectra of 3aba

-20

0§'ST—

P(O)Ph,

1(’)0
NHBz
COOH

-

(2N

MeOOC_ NHAc
S
=
1&0

140

Supplementary Figure 101. "H NMR spectra of 3ab
83




ﬁiﬁiv';—iv—iv—iv—idcirdrf}ri—idgdcia{a{a\'uia:iair-:dd:; ‘?!:g r‘;'?’
RS EEIaooomasssaasaaaaangdd F4 4
[ e SRS - N NN
NHBz
COOH
o>
1
Ik
| L | ’
|
l | Ll
"
230 220 210 200 1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)
. 13
Supplementary Figure 102. “°C NMR spectra of 3ab
w0
»
w0
o™
|
NHBz
COOH
o
140 120 100 80 60 40 20 0 -20 -40 -60 -0 -100 120 -140 -160 -180 -200 -220 -240
1 (ppm)

Supplementary Figure 103. P NMR spectra of 3ab

84



£0°T
PET
SS'E
65°€
¢
LOp
80°p
ory
uy
$6'9
L69
90°L
LOL
80°L
80°L
orL
orL
SIL
SIL
9L
LI'L
8I'L
SI'L
61'L
61'L
1711
£TL
€L
STLY
STLA
STL
€€°L]
SE'L
9¢°L ]
Le'L]
8E°L
65°L
ov'L
L
WL
L
oL
9L
Ly'L
8v'L
6v'L
6v'L
0S'L
0S°L
WL
'L
09°L
oL
£9°L
S9'L

99°L
69°L
6v'8
IS¢l

NHBz

COOH

o

=00

=00

=TI
=00°1

00°1
11
90°1
107

2109
w's
90°T

=160

1 (ppm)

7.75 7.65 7.55 7.45 7.35 7.25 7.15 7.05 6.95 6.85

10

1"

12

13

14

15

16

H NMR spectra of 3ac

Supplementary Figure 104.*

9II'IzT
Nv.-uv
8LEE
8Y've
1§79
$S°791
SPTI
96971
Ly'LTl
9s°LTI
99°LT1
98°LT1
96°LTI
ST8TI
SE8TI
79°8T1
L6'8TI
60°671
9°0¢1
IL0E1
01IEl
61°IEl
98°I€1
P9Il
9°eel
OL' €l
9I°SEl
PI9tl

09°LET
[ VAVEY §
LY'8E1
8S8E1
£1°0v1
worl

L9P91—
L8°TLL
Na.uh_ A

NHBz

£I0PI~,
wor

COOH

2

Wl

129 127 125

1 (ppm)

139 137 135 133 131

141

70 60 50 40 30 20 10 0 -10

80

110 100 90

1 (ppm)

130 120

170 160 150 140

180

230 220 210 200 190

Supplementary Figure 105. *C NMR spectra of 3ac

85



069T—

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

f1 (ppm)

Supplementary Figure 106. **P NMR spectra of 3ac

6t
FR3
95°¢
19°€ |
6L'E]
$6°¢
L6'E ]
66t
107
999
L9°9
699
699
£0°L
0L
90°L |
90°L
o1°L
91°L
91°L
LULo
S1°LY
61°L
0T'LY
Ly
£T'L
vt
STL]
ST'L
97'L]
8e'L
8t°L ]
or'L
L]
w'L]
StL]
e
i
8r'L ]
spL]
6t'L
0S°L
(5
IS'L
©L
£5°L
PSL

89°L
69'L
oL'L
0L'L
ILL
UL
wiL
£LL
LY'8
el

NHBz

A

00T
Mme.m
=,

COOH

999
L99
699
699

L

OMe

2

S0

78777675747372717069686.766
1 (ppm)

£0°e
Jg.—

»00°T
00T
“S0°E
006
907

=00°1

f1 (ppm)

10

15 14 13 12

16

Supplementary Figure 107. *H NMR spectra of 3ca

86



SR'EE-
LS'PE

£r'ss
mh.mmv.
1€°79
9879

98°¢1l
66°E11
SSFIL

L9FII
WL,
LUV
€971
95971

00°LZ1
65°LT1
19°L711
1€°871 4
L5871
P8°1E1
STTEL]
9£°7E1]
09°7€1
1L7en
pLEET]
£6°081 ]
worl |
95° 191
65191
90°791 1
60°791 |
291911

F

ﬁ

68°TLI-
v6'zLl)

98°€ll
66°€L1
SSPII
LovLL
weel
LLYTL
€79z
95971
00°LTI

>

/

OMe

MeO

140 137 134 131 128 125 122 119 116 113
f1 (ppm)

T T T T T T T T T T T T T T T T T T T T

230 220 210 200 190

-10

70 60 50 40 30 20 10

80

110 100 90
f1 (ppm)

130 120

170 160 150 140

180

Supplementary Figure 108. *C NMR spectra of 3ca

Po'LT—

OMe

MeO

-80  -100 -120 -140 -160 -180 -200 -220 -240

40  -60
f1 (ppm)

-20

120 100 80 60 40 20

140

Supplementary Figure 109. *'P NMR spectra of 3ca

87



cLe
9.'¢
ey
1244
BL'L
0L
LZ'L
LZ'L
LT'L
PTL
9z'L
8TL
gL
9g'L
9g'L
LEL
LEL
8e'L
8e'L
6EL
BE'L
oF'L
sl
LL
L7L
ZyL
evL
evL
57 L
=iy
9v'L
L
8L
BY'L
052
LG'L
LS'L
Z5'L
e5°L
PSL
G52
B9°L
0L'L
0L'L
LLL
LLL
Ll
PLL
SLL
LiL
08z
L8L
zZe'L
8L
G6'L
LB'L
LE'L

00’8
ar'g’

NHBz

9z’
8z 1
02’4

L'y
4
er'l

eri=

== ZopY

srL
Stz
or'L
s
B L
omhﬁ
51

P L
692
VL

VL]
zaL’

h

I
|
7T 76 75 74

f1 (ppm)

d

Wl
- =
o (e}
o Wil

80 79 78

|
|
T
o
o
o™

—
T

R

'l

COOH

o

Ph

Ph

=

HI

A i

0oL
ook

DN TOoOOoON
[ f==R=ryela]
OO ST~ <

Supplementary Figure 110. *H NMR spectra of 3ae

LLEEY
Zype
Z5'Z9

L5791k
PPzl
cL9Ck
Se'9zl
Z6'9Z1
9e'LZL
6eLCL
P ill
LT
99421
op'ezi
ag'ecl
L9zl
6Z'6ZL
[3=3-141
60 LEL
al'lel
L LEL
ag'lel
ap'Zel
6LEEL
Z6'eel
Z6'vel
rsech
oLech
9e'orl

wv.ovrlr

aLerl
8Lgpl
99'Ck L
69'ChL

8oL —
os'Zil
mm.N.CV.

NHBz

COOH

=
o

O "3
QF\,PN
-
o

um

u

|

-10

100 9 80 70 60 50 40 30 20 10

10
f1 (ppm)

Supplementary Figure 111. *C NMR spectra of 3ae

120

180 170 160 150 140

180

230 220 210 200

88



99'9Z—

NHBz

-30 40 50 60

-20

-10

20

30

ﬁo(ppm)
Supplementary Figure 112. *'P NMR spectra of 3ae

50

60

120 110 100 90

130

e
mo.mk
ILg-~4

Ly
L1884
1Ty
wry

6I°'Ly
07°L
17°L
WL
£T'LA
ST'LA
Loy
6T'L7]
Le'L ﬁ
6€°L]
1w'L]
vh'L]
9p°L]
0s°L]
7'
SR
L8°'L]
85°L]
65°L]
0]
19°L
WL
£9'L
Po'L
Po'L
99°L
L9'L
V8L
¥8'L
98'L
98'L
L8'L
68°L
ve's
ser!

61°L
[ rar
1L
Wi~k
€L
STL
L \
6EL
1 T.h/
L
A\
0L
wL
LE'L N
8L
65°L~

L
e
WL
9L
oL
oL

PEL

5 =
98°L =
53.\

NHBz

00

7.90 7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10

=Tl
=01

Joz

00T
we
€0y
00T
16°0

1

—£9°0

1"

13

15

Supplementary Figure 113. *H NMR spectra of 3af

89



NN'E EE N N e Y E I - S
EEE F3Igmadfonnnonnonosadadadagd  Jg
= B A e T — N
NHBz
COOH
pe -
P 2
: : 3t
Cl Cl
"
140 138 136 134 132 130 128 126
1 (ppm)
i

T T T T T T T T T T

230 220 210 200 190 180 170 160 150 140 130 120 210 )100 90 80 70 60 50 40 30 20 10 0 -10
ppm

Supplementary Figure 114. **C NMR spectra of 3af

—25.98

NHBz
COOH

Cl Cl

T T T T T T T T T

140 120 100 80 60 40 20 0  -20 4}?( —f;() 80 -100 -120 -140 -160 -180 -200 -220 -240
ppm

Supplementary Figure 115. **P NMR spectra of 3af

90



560
L6°0
86'0

LEL
052
052
LS'L
LS'L
LS'L
Z5'L
Zs'L
€52
e5°L
PS'L
L5L
L5L
LSL
694
08z
L8L
LeL
8L
ze'L
8L
e

e i

plE
gLe
BLE~
gee
9e m/
8¢
NERN
5l'g
5LE
BL€
le'e
gee
Z6°e
z6'c
£6E
PE'E
pe'e
g6'c
@m.mﬂ

P(O)(OEt),

BzHN COCH

rl0e

f1 (ppm)

T

40 39 38 37 36 35 34 33 32 31

= o0¢

== 0L
= 09}
- yroz
07

- %vﬁoe

Supplementary Figure 116. *H NMR spectra of 3ag

£zl
629l
proL)
Rk
£5'6e
pL681
5668

9l'oy
nw.ovN

PA R
ve'L9
Z9'L9
8919
€819
1819

mm.mmr
mm.mNr
68'LCLAL
€9'8ZL 7
L0621 Jr
60cel
99'vel
£eovl
Lyovl

8€G9L~
6LTLL
mw.m\.rV

BzHN COOH

P(O)(OEt),

10

80 70 60 40 30 20 10

90

110
f1 (ppm)

190 170 150 130
Supplementary Figure 117. **C NMR spectra of 3ag

210

230

91



8rac—

BzHN COOH

P(O)(OEY);

-40 -60 -80  -100 -120 -140 -160 -180 -200 -220 -240

-20

120 100 80 60 40 20

140

f1 (ppm)

Supplementary Figure 118. *'P NMR spectra of 3ag

Bl L
B L
052
052
=y
=
751
75
g5
peL
peL
150
150
150
85'L
L8'L
L8'L
z8L
z8L
gL
gL
cze’

BzHN COOH

P(O)OPr)

S8BT

£50~
5607 =
601
Wl
Pl
CIN
gL'l
gL}

L0€
80'¢
ZL'e
9g'¢

0g m/

Se'e

6E'Y
34 vk
Nm.wuw

1504

8T,
YN
veL—
BYL
6L
05'L

=

s
Z54]
5L
€5 L]
E.h;
=

65'L
Lg'L
1e'z]
9L
8L
gz’

(-

— Qo

oo,

e [ 7
Mmo.m

1.0

1.5

=00 [
=Bl

2.0

2.5

1 (ppm)

ook
ﬂoo 3

[Se T

40 335

45

660 [ ™
0wz | _

— R0y | E
I.Iu .mmoéw
- m?m

860

838281807978 7776757473
1 (ppm)

Supplementary Figure 119. *H NMR spectra of 3ah

92



o @ o [l el W s R
oy O OITOOO0OWOMN™N N~ T T D 0T 0 ~— O W0
o OO C O OGO~ © NN © OO MO oo
™~~~ 0 TTOONNNONN OO v N T MM
—— T T e ~~© © © © e NN NN
b= sESS a2 NSRSy
BzHN COOH
P(O)(O'Pr),
I [l
1
] | l I
- o " ; Il

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

Supplementary Figure 120. **C NMR spectra of 3ah

—2454

BzHN COOH
P(O)(Q'Pr),

100 8 60 40 20 0 20 40 60 -80 -100
f1 (ppm)

Supplementary Figure 121. *'P NMR spectra of 3ah

140 120 -120 -140 160 180 -200 -220 -240

93



6901
Lo

80

080

180

g0

B0 L
bl
L
gLl
7l
£zl
vz L
5Tl
8zl
izl
7l ﬁ
821
621
el
bl
!
Gl
o'
&'l
PEE
gee
L€
are
98¢
i8¢
gt
BEE
a8z .
0e L
el
e
pe s
g8l
98l
052
052
b5 2
1§52
152
754
7541
€54
€54
gL
iS4
BS54
08z
vez
\8s
284
g/
g
szgl

P(0)(©"Bu),

BzHN COOH

590,
[Ty
eL0
080
180
€80
L
gLl
Tl
5T
A
Lk
ac'k
BT'L
Pyl

( (ppm)’

3.0

I
L8¢
88
68'¢

35

[=R=E=EoR=1

4.0

74 7.3

75

1 (ppm)

77 76

78

€L0

10

14 13 12 11
Supplementary Figure 122. *H NMR spectra of 3ai

15

16

9.¢l
98¢l
zsel

mm.mvw.
6E6C

m.\..omM
80ze
pLze

-10

20 10

30

zzze]
az'zed
sloy’
£9'L9
8g'L9
00'59-
Bn&
L1399
vz ge’

12921
£eLZh
88 /Z)~E
B.mﬁm
80ZEk
95bEL
peOpL
LPOpk

92591~
ogzil
seziL A

BzHN COOH

100 9 80 70 60 50 40
94

110

150 140 130 120
1 (ppm)
Supplementary Figure 123. *C NMR spectra of 3ai

160

P(O)(Q"Bu),
0 210 200 190 180 170

230 220 210 200




—26.51

BzHN COCH
P(O)Q"Bu),

100 80 60 40 20 0 =20 -40 -60 -80  -100

140 120 -120 -140 160 180 -200 -220 -240

1 (ppm)
- 31 -
Supplementary Figure 124. °*P NMR spectra of 3ai
E DOOOOWOVMOTHNNOWOT N~ LT~ OW T OO~
o NOM~F~ODOWUEDWWNEE NN S i ] AN
~— QO == = P P = P P P P P P P P P P - A I ) oY ov v
\ A e 5
COOH
R N OOV MAOCINN
\ [T N S e U U N N N o S N N N
o] | e s
1
~— () ]
a (=] o o @ O
8483682818079 78777675747372
1 (ppm)
T B i iy i
o~ OO0~ MmO w
© ocoocoo @ @ o
o — e o = — o w W
16 15 14 13 12 " 10 9 6 5 4 3 2 1 0

8
f1 (ppm)

Supplementary Figure 125. "H NMR spectra of 3ak

95



oW W~ 03 - - @ Qo aa oo N OO Y meon
M~ - COCD OO OO (Y o o oo™y TOITTITT T OO
- @ T T T T @ 0 O O O O [ R N ol W N K o Ko Not]
[ —ee S s ~ S
COOH ¢
BzHN Os
N\
o]
1
|
.
i U L
230 220 210 200 1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)
- 13
Supplementary Figure 126. “°C NMR spectra of 3ak
w
~
COOH ©
BzHN o¢P,O |
AY
o]
l L
140 120 100 80 60 40 20 0 -20 -40 -60 -0 -100 120 -140 -160 -180 -200 -220 -240
1 (ppm)

Supplementary Figure 127. *'P NMR spectra of 3ak

96



SL0
6L°0 >
9wl
051
68T

]

P(O)(CH;),

BzHN COOMe

LI B S B p B T e e

7.64 7.60 7.56 7.52 7.48 7.44 7.40 7.36 7.32 7.28
1 (ppm)

T

=00

=$0°t

6£°¢
7€0T
31607
L0'1
00

Foor

10

1"

12

13

14

15

16

Supplementary Figure 128. "H NMR spectra of 3al

0191
R.w—%
'L
SP'81

9E'LE~
008

II'ES—

PsE9
om.mcv

£T8T1
1£°871
61°6T1 yA
I TEl

£5°LTI
pLLTI W

1T°8¢1
ST8EL

L9S91~
PSUILL
oe.—h_v

P(O)(CH3),

BzHN COOMe

£S°LTI
vh.hN—V
£T8TIT
1€°871
61°6T1 /

IWTEl—

ISEEl—

178¢€1
mu.wm_v.

20 10 -10

30

130 128 126

132

J
1 (ppm)

136 134

138

T

230 220 210 200 190

0

70 60 50 40

80

110 100 90
1 (ppm)

130 120

170 160 150 140

180

Supplementary Figure 129. *C NMR spectra of 3al

97



S8'LY—

BzHN COOMe

P(O)(CHs),

-40 -60 -80 -100 -120 -140 -160 -180 -200 -220 -240
1 (ppm)

-20

120 100 80 60 40 20

140

Supplementary Figure 130. *'P NMR spectra of 3al

¥8'7
871
9871
L84
6871
0671
161
LI'EY
61°E
Si.
TTE

pTE-L
97'¢”

6LE~,

I8¢
(£33
€8¢
S8t

174,
I+
€L
Lb'LA
8rL
0L
LA

umiﬁ

69°LY
7L
pLL]
05#

wL
8L

08 71—

COOH

P(O)Ph,

vsiL
9s'L

6L

Wi
oL
6LL~
Wi
ol

1 (ppm)

79 78 77 76 75 74 73 72 74

"

€01
=E0°L

o

0071

H_I_u.m rr~
007
Loy
€0°T
wT [«

f1 (ppm)

%vm.e

Supplementary Figure 131. "H NMR spectra of 9aa

98



6€°TE~,
80'€E”

60'st
:.mwv

8§°LT14
61'8T1
18°8714
8871
76'8T1
6'8T1
90°621
LLOEL
98°0€ 1
98051
S6°0E1
18 I€1-L
¥8°1€1
£0°7€1
90°7E14
1£°€€1
PO°PEL ]
STPEN
10°SE1
19°6E11
£L76£1
L8'ELI
ma.m:v

COOH

P(O)Ph,

.

8SLTIN
61871~
18821
¥8°871
76'871
$6°871
90°671
LLOET
98°0€1
98°0€1
S60ET
I8°I€1
P8IET
£0°TE1
90°Z€1
PO°PEL
STPEL
$9°6E1~,
£L°6517

138 136 134 132 130 128
f1 (ppm)

140

Il

A

230 220 210 200 190

-10

70 60 50 40 30 20 10

80

110 100 90
f1 (ppm)

130 120

170 160 150 140

180

Supplementary Figure 132. *C NMR spectra of 9aa

68°LT—

COOH

P(O)Ph,

-10 -20

0

170 160 150 140 130 120 110 80 70 60 50 40 30 20

180

T

-30 -40

10

f1 (ppm)

100 90

190

Supplementary Figure 133. *'P NMR spectra of 9aa

99



COOH

-10

20 10

30

P(O)Ph,

F o
101—
1576,
17¢€7
]
3 © 99'bp
Looe Q ety
- =001 | mlu
=S0°1 °
M\:.._ <
. 5
ol o [}
wix k= Q.
60'L
¥l B Lo »
o N < szt
4 ~ ]
e R M 6L°8T11 08T~ -
o @ @ < 06871 6LBTL
i @ T £6'871 06°821
[ <F 00T = S0°61 ma._a_w
€L ~& — 4007 | ~NE < 9£°671 mc.aﬂ_\
i e ST & ™ LL70E1 9£°621
o NS - S8y [ oo S80E1 LLOET—
i 807 | o <5} LB'OET S80ET
o @ S0°T W P6°0E1 | LYOET
wiy (@] ?_.,_n—.: F6'0ET
£L0 ~ Lo = ELIEIE OL'IEL
Sor P w S,nm_“, €L'IEL
it = - wwm]  ww
WL & < £EEEl $0'TEL
8L B +— £0'rEL 0EFEL
S 0€"PE1 | 00°S€1~
c 00°SE1 $9°9€1
L= S S9°9€1 L9l
— TL9EL SL'9EI
[} ot
oy SLOEL
Lo S 66°ELI~,
. A 90°pLI
< 960 o
[ Lg £
()
T O
= m
&
Fe
Fe

70 60 50 40

80

100 90

110
1 (ppm)
100

130 120

133 132 131 130 129 128

1 (ppm)
140

136 135 134
160 150

170

Supplementary Figure 135. *C NMR spectra of 9ba

180

230 220 210 200 190



Po'LT—

COOH

P(O)Ph,

T T

-20

-30 -40

70 60 50 40 30 20 10 0 -10

80
f1 (ppm)

150 140 130 120 110 100 90

170 160

180

190

Supplementary Figure 136. *'P NMR spectra of 9ba

STI
69T
0Lz

we
£LT
LT
SL'T
ov'e
we

I'e
Ly'e
6v'E
wr
vy
STy
9Ty
8Ty

Lre
6I'L
ST
LTLY
6T'L
£6°L7
SE'L
8°L]
L
L
L
9L
8L
9s'L
8SL
65'L
19
oL
99°L
89'L

oL'L
95°6

COOH

P(O)Ph,

‘Bu

7.80 7.70 7.60 7.50 7.40 7.30 7.20 7.10 7.00
1 (ppm)

006

Fror
o001

Foor

0T
ST
S0y
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