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General information

'H NMR spectra were recorded on Bruker Avance 11l HD 600 or Avance 400 MHz spectrometer.
Chemical shifts are recorded in ppm relative to tetramethylsilane and with the solvent resonance
as the internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d =
doublet; t = triplet; g = quartet; dd = doublet of doublets; sept = septet; m = multiplet; br = broad
and etc), coupling constants (Hz), integration. *C NMR data were collected on Bruker Avance I11
HD 150 or Avance 100 MHz spectrometer. Chemical shifts are reported in ppm from the
tetramethylsilane with the solvent resonance as internal standard. Enantiomer excesses were
determined by chiral HPLC analysis on Chiralcel AS/ADH/IA/IC in comparison with the
authentic racemates. Chiral HPLC analysis recorded on Thermo scientific Dionex Ultimate 3000
and Agilent Technologies 1260 Infinity. Optical rotations were reported as follows: [a]p' (C:
g/100 mL, in solvent). Optical rotations recorded on Autopol Automatic Polarimeter. HRMS was
recorded on an ABI/Sciex QStar Mass Spectrometer (ESI). CH,Cl, and THF were purchased extra
dry solvents. Other solvents used for work-up and purification purposes were purchased in
technical grade quality and distilled by rotary evaporator before use. Single crystal X-ray
crystallography data were obtained on Supernova Atlas S2 CCD detector. The chiral 3-
substituted PPY-N-oxide catalysts Cla were prepared according to literature precedebts.!
Chiral 4-aryl-pyridine-N-oxides C2a-C2l, C3d were prepared by literature precedents.
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Substrate synthesis.
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General procedure A To a dry round bottomed flask equipped with a magnetic stir bar, added
Phenols S2 (1 equiv) in THF, then NaH (1.2 equiv) was added with nitrogen. The reaction was
stirring at 0 °C for 30 minutes. When the reaction completed, phosphoryl trichloride S1 (0.5 equiv)
was added to the mixture at 0 °C for 1 h with nitrogen, and then 24 h at room temperature.
Extracted with CHCI; and the organic phase was dried over MgSO,. The resulting crude residue
was purified via column chromatography on silica gel to afford the desired products diphenyl
phosphorochloridate S3.

General procedure B An appropriate diphenyl phosphorochloridate S3 (5.0 mmol) was added
dropwise to a suspension of sodium azide (7.5 mmol, 1.5 equiv) in acetonitrile (10 mL) at 0 °C
under argon. After stirring at 25 °C for 12 h, the reaction mixture was filtered, the solvent was
removed under reduced pressure at 25 °C and the reaction mixture was diluted with EtOAc (20
mL). The organic layer was washed with water (2 x 5 mL), 5% Na,CO; (2 x 5 mL), water (5 mL)
and brine (5 mL), dried over NaSQO,. The solvent was removed under reduced pressure. The crude
mixture was purified by silica gel column chromatography (PE/EtOAc = 10/1 to 5/1) to obtain the
desired products S4.

General procedure C A flame-dried Schlenk tube equipped with a magnetic stir bar was
successively charged with the diphenylphosphoryl azide S4 (0.50 mmol, 1.0 equiv), aliphatic
alcohol (0.2 mL), CuCl (0.05 mmol, 10 mol%) and Na,CO; (0.25 mmol, 0.5 equiv) in
cyclohexane (1.8 mL). The reaction mixture was stirred at the indicated temperature and time. The
reaction was monitored by TLC. After completion of the reaction, the reaction mixture was
allowed to cool to room temperature and diluted with EtOAc (25 mL). The crude reaction mixture
was washed with 1% HCIl aq (5 mL) and H,O (5 mL). The organic phase was dried over
anhydrous Na,SO, and concentrated under reduced pressure. The crude mixture was purified by
silica gel column chromatography (PE/EtOAc = 15/1 to 5/1) to obtain the desired products S5.

General procedure D To a dry round bottomed flask equipped with a magnetic stir bar, added
LDA (4.0 equiv) at -78 °C, S5 (1.0 equiv) dissolved in pure and dry THF was added in 60 min at -
78 °C. The resulting reaction mixture was stirred at -78 °C for another 60 min, then it was allowed
to warm up to rt and it was stirred at rt for 12 h. After the reaction was completed, quenched with
saturated aqueous NH,4CI solution, then extracted with CHCl;. The organic phase was separated
and the combined organic phase was dried over MgSQOy,, filtered and the solvent was removed.
The crude mixture was purified by silica gel column chromatography (PE/EtOAc = 10/1 to 4/1) to
obtain the desired products S6.
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Optimization study
OH
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Table S1. Base screening
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entry” base 3aa:4aa yiél;ia()"{o) ee (%)°
1 Et;:N 1.4:1 54 91
2 DIPEA 1.4:1 54 90
3 DBU 1.7:1 54 87
4 Na,CO; 1.4:1 55 92
5 K,COs 1.4:1 48 90
6 NaHCO; 1.4:1 52 89

“Unless otherwise noted, the reaction conditions are as follows: 1a (0.1 mmol), 2 (0.2 equiv),
catalyst (10 mol%), and base (1.0 equiv) in toluene (1.0 mL) at 10 °C for 10 min. "Isolated yield.

“Determined by chiral HPLC analysis.
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General procedure for the catalytic reactions

0 1HyC CHy
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1a-d 2a-m 3aa-3aq, 3ba-3ia C2a

General procedure E Chiral ArPNO C2a (5 mg) was added in 5 mL toluene. In a dry test tube,
chiral ArPNO C2a (24 pL, 0.0005 mmol, 0.05 mol%), substrate 1 (0.1 mmol), Na,CO3 (10.6 mg,
0.1 mmol, 1.0 eq) were added. Then, toluene (2.0 mL) and acy! chloride 2 (1.0 eq) were added and
the reaction was stirred at 0 °C for 2 h. The test tube was sealed with a screw rubber stopper.
Purification by flash column chromatography using gradient elution to give the title product 3.
The eluents were pure Pet and Pet/EtOAC, respectively.
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(5)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 3,3-dimethylbutanoate (3aa)
A<_./<O
0
OH
P-1OMe

OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3aa as a white solid (33.3 mg, 92% yield, 94% ee). The
eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢=0.51 (Pet/EtOAC, 2/1, v/v). m.p: 108.2-109.4 °C.

HPLC analysis: 94% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tr = 9.2 min (major), 10.9 min (minor).

[a]o? = -95.5 (c 0.47, CHCI,).

'H NMR (400 MHz, CDCly): & 10.96 (s, 1H), 7.94 (ddd, J = 12.4, 7.6, 1.6 Hz, 1H), 7.58 (t, J =
8.4 Hz, 1H), 7.41 (tt, J = 7.6, 1.6 Hz, 1H), 7.34 (tdd, J = 7.6, 2.8, 1.2 Hz, 1H), 7.18-7.15 (m, 1H),
7.07 (ddd, J = 14.8, 8.0, 2.0 Hz, 1H), 6.98-6.95 (m, 1H), 6.84-6.79 (m, 1H), 3.79 (d, J = 11.6 Hz,
3H), 2.46 (d, J = 14.4 Hz, 1H), 2.26 (d, J = 14.4 Hz, 1H), 1.05 (s, 9H).

3C NMR (100 MHz, CDCly): § 170.0, 163.3 (d, Jc.p = 5.0 Hz), 153.1 (d, Jc.p = 4.0 Hz), 135.2 (d,
Jep = 2.0 Hz), 134.3 (d, Jcp = 2.0 Hz), 133.0 (d, Jc.p = 5.0 Hz), 131.6 (d, Jc.p = 10.0 Hz), 125.7
(d, Jep = 11.0 Hz), 124.1 (d, Jcp = 8.0 Hz), 123.1 (d, Jc.p = 146.0 Hz), 119.7 (d, Jc.p = 13.0 Hz),
118.0 (d, Jo.p = 9.0 Hz), 110.5 (d, Jc.p = 133.0 Hz), 51.8 (d, Jc.p = 6.0 Hz), 46.9, 30.9, 29.7.

'p NMR (162 MHz, CDCly): & 37.6.

HRMS (ESI) m/z: [M+Na]" Calcd for CygH,3NaOsP* 385.1174, found 385.1169.

(S)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl propionate (3ab)

X

OH

Prepared according to general procedure E using chiral ArPNO C2a (24 puL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,COj3 (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the propionyl chloride 2b (8.7 uL, 0.1 mmol) was
added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient
elution to give the title product 3ab as a white solid (29.8 mg, 93% yield, 91% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.46 (Pet/EtOAC, 2/1, viv). m.p: 110.0-111.4 °C.

HPLC analysis: 91% ee (1A, 2-propanol/n-hexane = 10/90, flow rate = 0.5 mL/min; A = 256 nm)
tr = 21.9 min (major), 25.4 min (minor).
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[a]o? = -104.3 (c 0.51, CHCly).

'H NMR (400 MHz, CDCls): 5 10.96 (s, 1H), 7.94 (ddd, J = 12.0, 7.6, 1.6 Hz, 1H), 7. 61-7.57 (m,
1H), 7.44-7.39 (m, 1H), 7.35 (ddd, J = 7.6, 2.8, 0.8 Hz, 1H), 7.17 (ddd, J = 8.4, 5.6, 1.2 Hz, 1H),
7.06 (ddd, J = 14.8, 8.0, 2.0 Hz, 1H), 6.96 (ddd, J = 8.8, 5.6, 1.2 Hz, 1H), 6.82 (tdd, J = 7.6, 3.2,
1.2 Hz, 1H), 3.79 (d, J = 11.6 Hz, 3H), 2.63-2.41 (m, 2H), 1.12 (t, J = 7.6 Hz, 3H).

C NMR (100 MHz, CDCly): & 172.3, 163.3 (d, Jc.p = 5.0 Hz), 153.2, 135.2 (d, Je.p = 2.0 H2),
134.4 (d, Je.p = 2.0 Hz), 132.9 (d, Jep = 5.0 Hz), 131.7 (d, Je.p = 10.0 Hz), 125.8 (d, Jc.p = 12.0
Hz), 124.2 (d, Jep = 9.0 Hz), 123.8, 119.8 (d, Je.r = 13.0 Hz), 118.0 (d, Je.r = 9.0 Hz), 110.5 (d,
Jop = 132.0 Hz), 51.8 (d, Jcp = 6.0 Hz), 27.3, 8.8.

3P NMR (162 MHz, CDCls): 5 49.0.

HRMS (ESI) m/z: [M+Na]" Calcd for CysH1;NaOsP* 343.0706, found 343.0705.

(S)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl isobutyrate (3ac)
ht
O
(@)
QE’ 'OMe

OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the isobutyryl chloride 2¢ (10.5 uL, 0.1 mmol) was
added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient
elution to give the title product 3ac as a white solid (31.7 mg, 95% yield, 94% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.45 (Pet/EtOAC, 2/1, v/v). m.p: 105.9-106.4 °C.

HPLC analysis: 94% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tr = 8.9 min (major), 10.4 min (minor).

[a]p? = -56.3 (C 0.45, CHCI,).

'H NMR (400 MHz, CDCl): § 10.92 (s, 1H), 7.93 (tdd, J = 12.4, 7.6, 1.6 Hz, 1H), 7.61-7.57 (m,
1H), 7.43-7.39 (m, 1H), 7.34 (tdd, J = 7.6, 2.8, 0.8 Hz, 1H), 7.15 (tdd, J = 8.0, 5.6, 0.8 Hz 1H),
7.08 (ddd, J = 14.8, 7.6, 2.0 Hz, 1H), 6.96 (tdd, J = 8.4, 5.6, 1.2 Hz, 1H), 6.85-6.80 (m, 1H), 3.78
(d, J = 11.6 Hz, 3H), 2.82-2.72 (m, 1H), 1.28 (d, J = 7.2 Hz, 3H), 1.12 (d, J = 7.2 Hz, 3H).

B3C NMR (150 MHz, CDCls): & 175.0, 163.3, 153.4 (d, Jc.p = 4.5 Hz), 135.2, 134.4, 133.1 (d, Jc.p
= 4.5 Hz), 131.6 (d, Jc.p = 10.5 Hz), 125.7 (d, Jc.p = 12.0 Hz), 124.0 (d, Jc.p = 7.5 Hz), 122.9 (d,
Jep = 145.5 Hz), 119.7 (d, Jc.p = 13.5 Hz), 118.0 (d, Jep = 9.0 Hz), 110.5 (d, Jc.p = 132.0 Hz),
51.8 (d, Jc.p = 6.0 Hz), 33.9, 19.0, 18.6.

'p NMR (162 MHz, CDCly): § 38.0.

HRMS (ESI) m/z: [M+Na]" Calcd for Cy;H1oNaOsP* 357.0862, found 357.0859.
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(S)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl pivalate (3ad)
<
O
(0]
QF’ 'OMe

OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the pivaloyl chloride 2d (12.3 pL, 0.1 mmol) was
added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient
elution to give the title product 3ad as a white solid (32.4 mg, 93% yield, 91% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.52 (Pet/EtOAC, 2/1, viv). m.p: 120.8-121.4 °C.

HPLC analysis: 91% ee (AS, 2-propanol/n-hexane = 20/80, flow rate = 0.8 mL/min; A =256 nm)
tr = 16.1 min (major), 9.2 min (minor).

[alo? = -76.2 (c 0.41, CHCI5).

'H NMR (400 MHz, CDCls): 5 10.82 (s, 1H), 7.86 (tdd, J = 12.8, 7.6, 1.6 Hz, 1H), 7.60 (t, J = 8.0
Hz 1H), 7.44-7.39 (m, 1H), 7.33 (tdd, J = 7.6, 2.8, 1.2 Hz, 1H), 7.13-7.07 (m, 2H), 6.96 (tdd, J =
8.4,5.6, 1.2 Hz, 1H), 6.86-6.81 (m, 1H), 3.76 (d, J = 11.6 Hz, 3H), 1.29 (s, 9H).

C NMR (150 MHz, CDCly): & 176.7, 163.3 (d, Jc.p = 6.0 Hz), 153.6 (d, Je.p = 3.0 Hz), 135.1,
134.5, 133.7 (d, Je.p = 7.5 Hz), 131.6 (d, Jc.p = 10.5 Hz), 125.7 (d, Je.p = 12.0 Hz), 124.0 (d, Jep
= 7.5 Hz), 122.6 (d, Je.p = 144.0 Hz), 119.6 (d, Je.p = 13.5 Hz), 118.1 (d, Jc.p = 9.0 Hz), 110.3 (d,
Jep = 133.5 Hz), 51.8 (d, Je.p = 6.0 Hz), 39.3, 27.1.

31p NMR (243 MHz, CDCl): § 33.4.

HRMS (ESI) m/z: [M+Na]" Calcd for CigH,;NaOsP* 371.1019, found 371.1017.

(S)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 3-methylbutanoate (3ae)
4<_<°
O
O
QF’ 'OMe

OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 3-methylbutanoyl chloride 2e (12.2 uL, 0.1 mmol)
was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient
elution to give the title product 3ae as a white solid (33.1 mg, 95% yield, 94% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.54 (Pet/EtOAC, 2/1, viv). m.p: 106.9-107.4 °C.
HPLC analysis: 94% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)

tr = 10.4 min (major), 12.1 min (minor).
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[a]o? = -123.3 (c 0.54, CHCly).

'H NMR (600 MHz, CDCly): & 10.94 (s, 1H), 7.94 (tdd, J = 12.6, 7.8, 1.8 Hz, 1H), 7.58 (td, J =
8.4, 1.8 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H), 7.34 (td, J = 7.2, 2.4 Hz, 1H), 7.16 (dd, J = 7.8, 5.4 Hz,
1H), 7.07 (ddd, J = 15.0, 7.8, 1.8 Hz, 1H), 6.96 (dd, J = 8.4, 5.4 Hz, 1H), 6.82 (td, J = 7.2, 3.0 Hz,
1H), 3.78 (d, J = 11.4 Hz, 3H), 2.43 (dd, J = 16.2, 7.2 Hz, 1H), 2.29 (dd, J = 15.6, 6.6 Hz, 1H),
2.12-2.05 (m, 1H), 1.00 (d, J = 6.6 Hz, 3H), 0.96 (d, J = 6.6 Hz, 3H).

C NMR (150 MHz, CDCly): & 170.8, 163.3 (d, Je.p = 6.0 Hz), 153.1 (d, Jo.p = 4.5 Hz), 135.2,
134.3,132.9 (d, Jop = 4.5 Hz), 131.6 (d, Jep = 10.5 Hz), 125.7 (d, Jop = 12.0 Hz), 124.1 (d, Jcp
= 9.0 Hz), 123.0 (d, Jc.p = 145.5 Hz), 119.7 (d, Jc.p = 13.5 Hz), 118.0 (d, Jc.p = 9.0 Hz), 110.5 (d,
Jop = 133.5 Hz), 51.8 (d, Jep = 4.5 Hz), 42.6, 25.4, 22.5.

3P NMR (243 MHz, CDCly): 5 37.6.

HRMS (ESI) m/z: [M+Na]" Calcd for CigH,;NaOsP™ 371.1019, found 371.1016.

(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 2,2-dimethylbutanoate (3af)

O
/%Lo Q OMe
C,PE OH
Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 2,2-dimethylbutanoyl chloride 2f (13.7 pL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using

gradient elution to give the title product 3af as a yellow solid (32.2 mg, 89% vyield, 91% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.60 (Pet/EtOAC, 2/1, v/v). m.p: 118.3-120.9 °C.

HPLC analysis: 91% ee (1A, 2-propanol/n-hexane = 10/90, flow rate = 0.6 mL/min; A = 256 nm)
tr = 14.8 min (major), 17.1 min (minor).

[a]p? = -67.5 (c 0.35, CHCI,).

'H NMR (400 MHz, CDCly): & 10.82 (s, 1H), 7.86 (ddd, J = 13.2, 8.0, 1.6 Hz, 1H), 7.59 (t, J =
8.0 Hz, 1H), 7.44-7.39 (m, 1H), 7.32 (tdd, J = 7.6, 2.8, 0.8 Hz, 1H), 7.15-7.07 (m, 2H), 6.97-6.94
(m, 1H), 6.86-6.81 (m, 1H), 3.76 (d, J = 11.6 Hz, 3H), 1.72-1.61 (m, 2H), 1.27 (s, 3H), 1.22 (s,
3H), 0.92 (t, J = 7.6 Hz, 3H).

3C NMR (100 MHz, CDCl3): 6 176.2, 163.3 (d, Jc.p = 5.0 Hz), 153.7 (d, Jc.p = 3.0 Hz), 135.1 (d,
Jep = 3.0 Hz), 134.4 (d, Jcp = 3.0 Hz), 133.8 (d, Jc.p = 6.0 Hz), 131.6 (d, Jc.p = 10.0 Hz), 125.6
(d, Jc.p = 12.0 Hz), 124.0 (d, Jc.p = 8.0 Hz), 122.5 (d, Jc.p = 145.0 Hz), 119.7 (d, Jc.p = 14.0 H2),
118.1 (d, Jc.p = 9.0 Hz), 110.4 (d, Jc.p = 132.0 Hz), 51.8 (d, Jc.p = 5.0 Hz), 43.1, 33.3, 24.4 (d, Jc.
p=17.0 Hz), 9.2.

P NMR (162 MHz, CDCly): § 39.4.

HRMS (ESI) m/z: [M+Na]" Calcd for CyH,3NaOsP* 385.1175, found 385.1170.
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(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl cyclopropanecarboxylate (3ag)

(o}

V/‘LO Q, OMe

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the cyclopropanecarbonyl chloride 2g (9.1 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3ag as a white solid (29.9 mg, 90% yield, 86% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.63 (Pet/EtOAC, 2/1, v/v). m.p: 100.8-101.2 °C.

HPLC analysis: 86% ee (1A, 2-propanol/n-hexane = 10/90, flow rate = 0.6 mL/min; A = 256 nm)
tg = 22.0 min (major), 26.7 min (minor).

[a]o®® = -80.7 (c 0.44, CHCIs).

'H NMR (400 MHz, CDCly): & 10.95 (s, 1H), 7.94 (ddd, J = 12.4, 7.6, 2.0 Hz, 1H), 7.58 (t, J =
7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 7.34 (td, J = 7.6, 2.8 Hz, 1H), 7.18 (dd, J = 8.4, 6.0 Hz, 1H),
7.10 (ddd, J = 14.8, 8.0, 2.0 Hz, 1H), 6.97 (dd, J = 8.4, 5.6 Hz, 1H), 6.82 (td, J = 7.2, 2.8 Hz, 1H),
3.80 (d, J = 11.6 Hz, 3H), 1.88-1.81 (m, 1H), 1.13-1.07 (m, 1H), 1.05-0.98 (m, 1H), 0.95-0.86 (m,
2H).

13C NMR (100 MHz, CDCly): § 172.9, 163.4 (d, Je.p = 5.0 Hz), 153.2 (d, Je.p = 4.0 Hz),
135.1 (d, Jep = 2.0 Hz), 134.3 (d, Jep = 2.0 Hz), 133.0 (d, Jcp = 6.0 Hz), 131.6 (d, Jcp = 10.0
Hz), 125.8 (d, Je.p = 12.0 Hz), 124.2 (d, Jc.p = 8.0 Hz), 123.2 (d, Jc.r = 146.0 Hz), 119.7 (d,
Jep = 13.0 Hz), 118.1 (d, Jep = 10.0 Hz), 110.4 (d, Jc.p = 132.0 Hz), 51.8 (d, Jc.p = 5.0 Hz),
12.8,9.9 (d, Jc.r = 16.0 Hz).

¥1p NMR (243 MHz, CDCls): § 33.4.
HRMS (ESI) m/z: [M+Na]" Calcd for C;;H;,NaOsP* 355.0706, found 355.0705.

($)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl cyclopentanecarboxylate (3ah)

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the cyclopentanecarbonyl chloride 2h (12.2 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3ah as a white solid (33.8 mg, 94% yield, 96% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.60 (Pet/EtOAc, 2/1, v/v). m.p: 110.5-110.9 °C.

HPLC analysis: 96% ee (1A, 2-propanol/n-hexane = 10/90, flow rate = 0.6 mL/min; A = 256 nm)
tr = 17.1 min (major), 29.0 min (minor).
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[a]o? = -58.6 (c 0.31, CHCI5).

'H NMR (600 MHz, CDCl): § 10.92 (s, 1H), 7.93 (ddd, J = 12.6, 7.8, 1.8 Hz, 1H), 7. 58 (td, J =
8.4, 2.4 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.34 (td, J = 7.8, 3.0 Hz, 1H), 7.15 (dd, J = 8.4, 6.0 Hz,
1H), 7.09 (ddd, J = 15.0, 7.8, 1.8 Hz, 1H), 6.96 (dd, J = 8.4, 5.4 Hz, 1H), 6.82 (td, J = 7.8, 3.0 Hz,
1H), 3.78 (d, J = 12.0 Hz, 3H), 2.98-2.92 (m, 1H), 2.07-2.01 (m, 1H), 1.92-1.78 (m, 2H), 1.76-
1.66 (m, 3H), 1.64-1.58 (m, 2H).

C NMR (150 MHz, CDCly): & 174.7, 163.3 (d, Je.p = 5.4 Hz), 153.4 (d, Jo.p = 4.4 Hz), 135.1,
134.3,133.1 (d, Jc.p = 5.4 Hz), 131.6 (d, Jcp = 9.8 Hz), 125.7 (d, Je.p = 11.9 Hz), 124.0 (d, Jep =
8.7 Hz), 123.0 (d, Jep = 145.5 Hz), 119.7 (d, Je.p = 13.5 Hz), 118.0 (d, Je.p = 9.0 Hz), 110.5 (d,
Jo.p = 133.5 Hz), 51.8 (d, Jep = 6.0 Hz), 43.5, 30.1 (d, Jc.p = 8.4 Hz), 26.0.

3P NMR (162 MHz, CDCly): 5 38.0.

HRMS (ESI) m/z: [M+Na]" Calcd for CyH,;NaOsP™ 383.1019, found 383.1018.

(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl cyclohexanecarboxylate (3ai)

(0]

O/K ? Q ome
C,PE OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the cyclohexanecarbonyl chloride 2i (13.4 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3ai as a yellow solid (36.3 mg, 97% yield, 94% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.51 (Pet/EtOAC, 2/1, v/v). m.p: 108.8-109.8 °C.

HPLC analysis: 94% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tg = 10.3 min (major), 19.2 min (minor).

[a]p? = -63.7 (¢ 0.51, CHCI,).

'H NMR (600 MHz, CDCly): § 10.91 (s, 1H), 7.93-7.90 (m, 1H), 7.58 (t, J = 7.8 Hz, 1H), 7.41 (¢,
J=7.8Hz, 1H), 7.33 (td, J = 7.8, 3.0 Hz, 1H), 7.17-7.15 (m, 1H), 7.07 (ddd, J = 15.0, 7.8, 1.8 Hz,
1H), 6.96 (dd, J = 8.4, 5.4 Hz, 1H), 6.82 (td, J = 7.8, 3.0 Hz, 1H), 3.78 (d, J = 11.4 Hz, 3H), 2.49
(tt, J = 11.4, 3.6 Hz, 1H), 2.08 (dd, J = 12.6, 4.2 Hz, 1H), 1.80-1.72 (m, 3H), 1.66 (dt, J = 12.6, 4.2
Hz, 1H), 1.47 (tdd, J = 24.0, 12.0, 3.6 Hz, 1H), 1.41-1.20 (m, 4H).

B3C NMR (150 MHz, CDCls): & 173.9, 163.3 (d, Jo.p = 6.0 Hz), 153.4 (d, Jc.p = 4.5 Hz), 135.2,
134.4,133.1 (d, Jc.p = 6.0 Hz), 131.6 (d, Jc.p = 9.0 Hz), 125.6 (d, Jo.p = 12.0 Hz), 124.0 (d, Jcp =
9.0 Hz), 122.9 (d, Jc.p = 145.5 Hz), 119.7 (d, Jc.p = 13.5 Hz), 118.0 (d, Jcp = 10.5 Hz), 110.5 (d,
Jep = 133.5 Hz), 51.8 (d, Jo.p = 4.5 Hz), 42.9, 29.0, 28.7, 25.8, 25.5, 25.4.

P NMR (162 MHz, CDCly): § 38.1.

HRMS (ESI) m/z: [M+Na]" Calcd for C,H,3NaOsP* 397.1175, found 397.1181.
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(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl benzoate (3aj)

(o}

©/U\O Q OMe
ores

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05

mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1

mmol), were added in toluene (2 mL). Then, the benzoyl chloride 2j (11.6 uL, 0.1 mmol) was

added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient

elution to give the title product 3aj as a white solid (32.4 mg, 88% yield, 69% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.38 (Pet/EtOAC, 2/1, viv). m.p: 120.4-121.4 °C.

HPLC analysis: 69% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tr = 16.5 min (major), 22.5 min (minor).

[a]p? = -55.7 (¢ 0.42, CHCI,).

'H NMR (400 MHz, CDCly): § 10.67(s, 1H), 8.07-8.04 (m, 2H), 7.95 (ddd, J = 12.8, 7.6, 1.6
Hz, 1H), 7.68-7.60 (m, 2H), 7.49-7.45 (m, 2H), 7.40 (tdd, J = 7.6, 2.8, 1.2 Hz, 1H), 7.30-7.26
(m, 2H), 7.10 (ddd, J = 14.8, 8.0, 2.0 Hz, 1H), 6.78 (tdd, J = 7.6, 3.2, 1.2 Hz, 1H), 6.66 (ddd,
J=8.4,56,0.8 Hz, 1H), 3.70 (d, J = 11.6 Hz, 3H).

3C NMR (150 MHz, CDCly): § 164.5, 163.3 (d, Jc.r = 6.0 Hz), 153.1 (d, Jc.r = 4.5 Hz), 135.1,
134.5,134.0, 133.3 (d, Jcr = 6.0 Hz), 131.6 (d, Jcp = 10.5 Hz), 130.5, 128.5, 128.5, 126.1 (d,
Jep = 12.0 Hz), 124.4 (d, J.p = 9.0 Hz), 123.4 (d, Je.p = 145.5 Hz), 119.5 (d, Jc.p = 12.0 H2),
118.0 (d, Je.p = 10.5 Hz), 110.0 (d, Je.p = 132.0 Hz), 51.8 (d, Jc.p = 4.5 Hz).

¥1p NMR (162 MHz, CDCls): § 38.2.

HRMS (ESI) m/z: [M+Na]" Calcd for C,oH;7NaOsP* 391.0706, found 391.0707.

(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 4-fluorobenzoate (3ak)

(o}

J©/U\O O, OMe
F @bOH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,COj3 (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 4-fluorobenzoyl chloride 2k (11.8 uL, 0.1 mmol)
was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient

elution to give the title product 3ak as a white solid (35.1 mg, 91% yield, 74% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.63 (Pet/EtOAC, 2/1, viv). m.p: 147.3-148.5 °C.

HPLC analysis: 74% ee (1A, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 7.7 min (major), 18.3 min (minor).
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[a]o? = -62.7 (c 0.53, CHCI,).

'H NMR (600 MHz, CDCl5):  10.68 (s, 1H), 8.05 (dd, J = 5.6, 3.6 Hz, 2H), 7.96 (dd, J = 8.4, 5.2
Hz, 1H), 7.66 (t, J = 5.2 Hz, 1H), 7.41 (td, J = 5.2, 1.6 Hz, 1H), 7.29-7.26 (m, 2H), 7.13 (t, J = 5.6
Hz, 2H), 7.05 (g, J = 5.2 Hz, 1H), 6.78 (id, J = 5.2, 2.0 Hz, 1H), 6.65 (dd, J = 5.6, 3.6 Hz, 1H),
3.72(d, J = 7.6 Hz, 3H).

13C NMR (150 MHz, CDCly): § 167.3, 165.6, 163.4, 163.2 (d, Jc.p = 5.3 Hz), 153.0 (d, Je.p = 4.1
Hz), 135.1, 134.5, 133.2 (d, Jc.p = 9.2 Hz), 1315 (d, Jep = 10.1 Hz), 126.1 (d, Jop = 11.9 Hz),
124.7 (d, Je.p = 3.0 Hz), 124.4 (d, Jc.p = 8.6 Hz), 123.3 (d, Jc.p = 147.6 Hz), 119.6 (d, Jc.p = 13.2
Hz), 117.9 (d, Jc.p = 9.2 Hz), 115.7 (d, Jep = 22.1 Hz), 110.0 (d, Je.r = 134.0 Hz), 51.8 (d, Jep =
5.6 Hz).

3P NMR (243 MHz, CDCly): 5 38.0.
F NMR (376 MHz, CDCls): 5 -104.01.

HRMS (ESI) m/z: [M+Na]" Calcd for C,oH:FNaOsP* 409.0612, found 409.0620.

(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 4-methoxybenzoate (3al)

(o}

©/k0 Q OMe
MeO @ PE OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 4-methoxybenzoyl chloride 2I (13.5 pL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3al as a white solid (32.6 mg, 82% vyield, 60% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.63 (Pet/EtOAC, 2/1, viv). m.p: 112.9-113.4 °C.

HPLC analysis: 60% ee (1A, 2-propanol/n-hexane = 25/75, flow rate = 0.8 mL/min; A = 256 nm)
tr = 11.0 min (major), 26.8 min (minor).

[a]p? = -107.7 (c 0.61, CHCIy).

'H NMR (600 MHz, CDCl5): § 10.70 (s, 1H), 8.00 (d, J = 9.0 Hz, 2H), 7.93 (ddd, J = 12.6, 7.2,
1.2 Hz, 1H), 7.66-7.63 (m, 1H), 7.38 (td, J = 7.8, 3.0 Hz, 1H), 7.30-7.27 (m, 2H), 7.10 (ddd, J =
15.0, 7.8, 1.8 Hz, 1H), 6.94 (d, J = 9.0 Hz, 2H), 6.78 (td, J = 7.8, 3.0 Hz, 1H), 6.69 (dd, J = 8.4,
5.4 Hz, 1H), 3.90 (s, 3H), 3.70 (d, J = 12.0 Hz, 3H).

B3C NMR (150 MHz, CDCl5): 6 164.2 (d, Jc.p = 10.1 Hz), 163.3 (d, Jc.p = 5.4 Hz), 153.2 (d, Jcp
= 3.3 Hz), 135.1, 134.4, 133.3 (d, Jc.p = 6.5 Hz), 132.7, 131.6 (d, Jo.p = 9.8 Hz), 125.9 (d, Jcp =
12.0 Hz), 124.5 (d, Je.p = 7.7 Hz), 123.4 (d, Jc.p = 145.5 Hz), 120.9, 119.5 (d, Jcp = 13.1 Hz),
117.9 (d, Jo.p = 9.8 Hz), 113.8, 110.6, 109.7, 55.6, 51.8 (d, Jc.p = 5.6 Hz).

P NMR (243 MHz, CDCly): § 38.4.

HRMS (ESI) m/z: [M+Na]" Calcd for C,;H1oNaOgP* 421.0811, found 421.0819.
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(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 2,2-diphenylacetate (3am)
Ph.__Ph

o o Q\ OMe

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 2,2-diphenylacetyl chloride 2m (23.0 mg, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3am as a white solid (41.7 mg, 91% vyield, 87% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.55 (Pet/EtOAC, 2/1, viv). m.p: 123.6-124.4 °C.

HPLC analysis: 87% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tr = 13.6 min (major), 28.4 min (minor).

[a]o? = -116.9 (c 0.58, CHCly).

'H NMR (400 MHz, CDCly): & 10.98 (s, 1H), 7.91 (ddd, J = 12.4, 7.6, 2.0 Hz, 1H), 7.54 (td, J =
8.0, 1.6 Hz, 1H), 7.44-7.42 (m, 2H), 7.36-7.23 (m, 10H), 7.12-7.06 (m, 2H), 6.89 (dd, J = 8.4, 5.6
Hz, 1H), 6.77 (td, J = 7.6, 2.8 Hz, 1H), 5.31 (s, 1H), 3.65 (d, J = 11.6 Hz, 3H).

3C NMR (150 MHz, CDCly): § 170.6, 163.2 (d, Jc.p = 5.6 Hz), 152.9 (d, Je.p = 4.1 Hz), 138.0 (d,
Jo.p=39.8 Hz), 135.2, 134.3, 133.1 (d, Jc.p = 5.6 Hz), 131.5 (d, Jc.p = 9.2 Hz), 128.8 (d, Jc.p = 8.9
Hz), 128.8, 127.6 (d, Jep = 4.2 Hz), 126.0 (d, Jep = 12.2 Hz), 123.6 (t, Jcp = 8.0 Hz), 122.7,
119.7 (d, Jep = 13.4 Hz), 118.1 (d, Jer = 9.8 Hz), 110.5 (d, Jc.p = 132.3 Hz), 56.4, 51.8 (d, Jc.p =
5.6 Hz).

¥1p NMR (243 MHz, CDCl): § 37.7.

HRMS (ESI) m/z: [M+Na]" Calcd for C,;H,3NaOsP* 481.1175, found 481.1172.

(8)-2-((2-hydroxyphenyl)(methoxy)phosphoryl)phenyl 2-phenylacetate (3an)

o
Ph\/u\o

Q OMe

s
Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1la (26.4 mg, 0.1 mmol), Na,COj3 (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the phenylacetyl choride 2n (13.2 uL, 0.1 mmol) was
added in mixture at 0 °C for 2 h. Purification by flash column chromatography using gradient

elution to give the title product 3an as a white solid (35.1 mg, 92% yield, 86% ee). The eluents
were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

Rf=0.52 (Pet/EtOAC, 2/1, v/v). m.p: 113.8-114.2°C.

HPLC analysis: 86% ee (IC, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 19.5 min (minor), 22.6 min (major).

[a]o? = -123.5 (¢ 0.52, CHClI5).
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'H NMR (600 MHz, CDCls): § 11.05 (s, 1H), 7.95 (ddd, J = 12.6, 7.8, 1.8 Hz, 1H), 7.57-7.54 (m,
1H), 7.45-7.42 (m, 1H), 7.36-7.30 (m, 3H), 7.29-7.27 (m, 3H), 7.12-7.06 (m, 2H), 7.00 (ddd, J =
8.4, 5.4, 1.2 Hz, 1H), 6.84 (tdd, J = 7.8, 3.0, 1.2 Hz, 1H), 3.87 (d, J = 16.2 Hz, 1H), 3.78 (d, J =
11.4 Hz, 3H), 3.72 (d, J = 11.4 Hz, 1H).

3C NMR (150 MHz, CDCl): & 169.4, 163.2 (d, Jc.p = 4.5 Hz), 153.1 (d, Jop = 4.5 Hz), 135.3,
134.4,133.1, 132.9 (d, Jop = 6.0 Hz), 131.7 (d, Je-p = 9.0 Hz), 129.2 (d, Jc.p = 135.0 Hz), 127.4,
125.9 (d, Je.p = 10.5 Hz), 124.0 (d, Je.p = 9.0 Hz), 1235, 122.6, 119.8 (d, Je.p = 13.5 Hz), 118.0
(d, Jop = 10.5 Hz), 110.5 (d, Je.p = 132.0 Hz), 51.8 (d, Je.p = 6.0 Hz), 40.7.

¥p NMR (243 MHz, CDCls): 6 37.5.
HRMS (ESI) m/z: [M+Na]" Calcd for C»;H:sNaOsP™ 405.0862, found 405.0864.

(8)-4-Bromo-2-((5-bromo-2-hydroxyphenyl)(methoxy)phosphoryl)phenyl 3,3-dimethyl
butanoate (3ba)

NG
0 Q oMme
¢,P OH
Br
Br

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1b (42.0 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3ba as a yellow solid (48.2 mg, 93% yield, 93% ee). The
eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.62 (Pet/EtOAC, 2/1, vIV). m.p: 95.6-96.4 °C.

HPLC analysis: 93% ee (IC, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 7.9 min (major), 6.2 min (minor).

[a]p? = -134.8 (c 0.62, CHCIy).

'H NMR (400 MHz, CDCly): & 10.83 (s, 1H), 8.07 (dd, J = 12.4, 2.4 Hz, 1H), 7.71 (dd, J = 8.8,
2.8 Hz, 1H), 7.49 (dd, J = 9.2, 2.4 Hz, 1H), 7.21 (dd, J = 14.8, 2.4 Hz, 1H), 7.09 (dd, J = 8.4, 6.0
Hz, 1H), 6.87 (dd, J = 8.8, 6.0 Hz, 1H), 3.82 (d, J = 11.6 Hz, 3H), 2.47 (d, J = 14.8 Hz, 1H), 2.31
(d, J = 14.4 Hz, 1H), 1.06 (s, 9H).

3C NMR (100 MHz, CDCly): & 169.5, 162.3 (d, Jc.p = 5.0 Hz), 152.0 (d, Jc.p = 4.0 Hz), 138.3,
137.5, 135.6 (d, Jc.p = 6.0 Hz), 133.5 (d, Jc.p = 11.0 Hz), 125.9 (d, Jc.p = 9.0 Hz), 124.7 (d, Jc.p =
145.0 Hz), 120.3 (d, Jc.p = 10.0 Hz), 119.2 (d, Jc.p = 15.0 Hz), 113.0, 111.6 (d, Jc.p = 17.0 Hz),
52.3 (d, Jc.p = 5.0 Hz), 47.0, 31.0, 29.6.

P NMR (243 MHz, CDCly): § 33.4.

HRMS (ESI) m/z: [M+Na]" Calcd for CyH,;Br,NaOsP™ 540.9386, found 540.9377.

S15



(S)-4-chloro-2-((5-chloro-2-hydroxyphenyl)(methoxy)phosphoryl)phenyl 3,3-
dimethylbutanoate (3ca)

S

? o ome
¢,P§ OH

Cl
Cl

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1c (33.2 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3ca as a yellow solid (40.0 mg, 93% yield, 91% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R¢ = 0.59 (Pet/EtOAC, 2/1, vIV). m.p: 92.6-93.2 °C.

HPLC analysis: 91% ee (IC, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 5.8 min (minor), 7.3 min (major).

[a]o? = -125.6 (c 0.60, CHClIy).

'H NMR (400 MHz, CDCls): & 10.80 (s, 1H), 7.92 (dd, J = 12.4, 2.4 Hz, 1H), 7.55 (dd, J = 8.8,
2.8 Hz, 1H), 7.36 (dd, J = 9.2, 2.8 Hz, 1H), 7.14 (dd, J = 8.8, 6.0 Hz, 1H), 7.06 (dd, J = 14.8, 2.4
Hz, 1H), 6.92 (dd, J = 9.2, 6.4 Hz, 1H), 3.82 (d, J = 11.6 Hz, 3H), 2.47 (d, J = 14.4 Hz, 1H), 2.31
(d, J = 14.4 Hz, 1H), 1.06 (s, 9H).

3C NMR (100 MHz, CDCly): & 169.6, 161.8 (d, Jc.p = 5.0 Hz), 151.4, 135.5 (d, Jc.p = 2.0
Hz), 134.5 (d, Jer = 3.0 Hz), 132.7 (d, Je.p = 6.0 Hz), 131.6 (d, Je.p = 15.0 Hz), 130.5 (d, Jc.p
= 11.0 Hz), 125.5 (d, Jep = 9.0 Hz), 124.9 (d, Jc.r = 21.0 Hz), 124.1 (d, Jep = 106.0 Hz),
119.8 (d, Je.p = 11.0 Hz), 111.7 (d, Jep = 133 Hz), 52.3 (d, Jc.r = 6.0 Hz), 47.0, 31.0, 29.6.

'P NMR (162 MHz, CDCls): & 33.7.
HRMS (ESI) m/z: [M+Na]" Calcd for CyoH,;Cl,NaOsP™ 453.0396, found 453.0398.

($)-2-((2-Hydroxy-5-methylphenyl)(methoxy)phosphoryl)-4-methylphenyl 3,3-dimethyl
butanoate (3da)

NG
0 0 ome
@f o~

Prepared according to general procedure E using chiral ArPNO C2a (24 pL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxy-5-methylphenyl)phosphinate 1c (29.2 mg, 0.1 mmol), Na,CO; (10.6
mg, 0.1 mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9
uL, 0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography
using gradient elution to give the title product 3ca as a white solid (36.3 mg, 93% vyield, 93% ee).
The eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.58 (Pet/EtOAC, 2/1, viv). m.p: 102.9-103.4 °C.
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HPLC analysis: 93% ee (IC, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tg = 12.3 min (major), 14.1 min (minor).

[a]p? = -112.5 (c 0.53, CHCI5).

'H NMR (600 MHz, CDCly): § 10.74 (s, 1H), 7.74 (dd, J = 13.2, 2.4 Hz, 1H), 7.37 (dd, J = 8.4,
2.4 Hz, 1H), 7.20 (dd, J = 8.4, 1.8 Hz, 1H), 7.04 (dd, J = 8.4, 6.0 Hz, 1H), 6.88-6.85 (m, 2H), 3.77
(d, J = 11.4 Hz, 3H), 2.44 (d, J = 15.0 Hz, 1H), 2.41 (s, 3H), 2.23 (d, J = 14.4 Hz, 1H), 2.17 (s,
3H), 1.05 (s, 9H).

C NMR (150 MHz, CDCly): § 170.2, 161.1 (d, Je.p = 5.3 Hz), 150.8 (d, Jo.p = 4.2 Hz), 136.1,
135.6 (d, Je.p = 11.3 Hz), 134.9, 133.2 (d, Jc.p = 5.3 Hz), 131.2 (d, Je.p = 9.9 Hz), 128.8 (d, Jcp =
13.2 Hz), 123.8 (d, Jep = 8.9 Hz), 122.7 (d, Jop = 144.5 Hz), 117.8 (d, Je.p = 10.5 Hz), 110.1 (d,
Jop = 132.3 Hz), 51.7 (d, Jep = 5.4 Hz), 46.9, 30.9, 29.7, 21.0, 20.5.

3P NMR (243 MHz, CDCly): § 37.9.

HRMS (ESI) m/z: [M+Na]" Calcd for C,;H,;NaOsP* 413.1488, found 413.1492.

(8)-2-((2-Hydroxy-5-methoxyphenyl)(methoxy)phosphoryl)-4-methoxyphenyl 3,3- dimethyl
butanoate (3ea)
S
1% O\\ OMe
¢,P' OH
MeO %3
MeO
Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxy-5-methoxyphenyl)phosphinate 1d (32.4 mg, 0.1 mmol), Na,CO;
(10.6 mg, 0.1 mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a
(14.9 uL, 0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by flash column

chromatography using gradient elution to give the title product 3da as a white solid (38.4 mg, 91%
yield, 90% ee). The eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.48 (Pet/EtOAC, 2/1, v/v). m.p: 108.4-110.2 °C.

HPLC analysis: 90% ee (IC, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 34.2 min (major), 19.2 min (minor).

[a]p? = -198.5 (c 0.47, CHCI5).

'H NMR (400 MHz, CDCl5): § 10.46 (s, 1H), 7.42 (dd, J = 13.6, 2.4 Hz, 1H), 7. 08-7.00 (m, 3H),
6.91 (dd, J = 9.2, 6.4 Hz, 1H), 6.59 (dd, J = 15.6, 2.8 Hz, 1H), 3.85 (s, 3H), 3.79 (d, J = 11.6 Hz,
3H), 3.66 (s, 3H), 2.43 (d, J = 14.8 Hz, 1H), 2.24 (d, J = 14.4 Hz, 1H), 1.05 (s, 9H).

B3C NMR (100 MHz, CDCly): 6 170.5, 157.4 (d, Jc.p = 5.0 Hz), 156.9 (d, Jc.p = 14.0 Hz), 152.5
(d, Je.p = 17.0 Hz), 146.2, 125.2 (d, Jc.p = 10.0 Hz), 124.3, 122.9, 122.5 (d, Jc.p = 2.0 Hz), 119.8
(d, Jep = 2.0 Hz), 119.1 (d, Jep = 11.0 Hz), 117.4 (d, Je.p = 6.0 Hz), 1145 (d, Jc.p = 11.0 Hz),
110.2 (d, Jep = 133.0 Hz), 56.0 (d, Jc.p = 2.0 Hz), 51.9, 51.9, 46.9, 30.8, 29.7.

P NMR (243 MHz, CDCly): & 36.8.

HRMS (ESI) m/z: [M+Na]" Calcd for C,;H,;NaO;P" 445.1387, found 445.1391.
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(S)-3-((4-Hydroxy-[1,1"-biphenyl]-3-yl)(methoxy)phosphoryl)-[1,1'-biphenyl]-4-yl 3,3- dimethyl
butanoate (3fa)

S L

(0]

® 9 ome
¢,P OH
Ph @

Ph

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(4-hydroxy-[1,1'-biphenyl]-3-yl)phosphinate 1e (41.6 mg, 0.1 mmol), Na,COs
(10.6 mg, 0.1 mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a
(14.9 pL, 0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by flash column

chromatography using gradient elution to give the title product 3ea as a white solid (46.3 mg, 90%
yield, 95% ee). The eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.56 (Pet/EtOAC, 2/1, v/v). m.p: 110.5-111.4 °C.

HPLC analysis: 95% ee (1A, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 8.6 min (major), 7.8 min (minor).

[a]o? = -309.4 (c 0.51, CHClIy).

'H NMR (600 MHz, CDCly): & 11.01 (s, 1H), 8.20 (dd, J = 12.6, 2.4 Hz, 1H), 7.79 (dd, J = 8.4,
1.8 Hz, 1H), 7.66 (dd, J = 9.0, 2.4 Hz, 1H), 7.60-7.59 (m, 2H), 7.47 (td, J = 7.8, 1.8 Hz, 2H), 7.42-
7.36 (m, 6H), 7.28 (tt, J = 6.6, 1.2 Hz, 1H), 7.26-7.24 (m, 1H), 7.07 (dd, J = 8.4, 5.4 Hz, 1H), 3.85
(d, J = 11.4 Hz, 3H), 2.48 (d, J = 14.4 Hz, 1H), 2.30 (d, J = 14.4 Hz, 1H), 1.06 (s, 9H).

3C NMR (100 MHz, CDCly): & 170.1, 162.8 (d, Jc.r = 6.0 Hz), 152.2 (d, Je.p = 5.0 Hz), 139.8 (d,
Je.p = 46.0 Hz), 139.2 (d, Jep = 12.0 Hz), 134.1 (d, Je.p = 2.0 Hz), 133.2, 133.0 (d, Je.p = 3.0 H2),
131.7 (d, Jep = 5.0 Hz), 129.9 (d, Jc.p = 11.0 Hz), 129.1, 128.9, 128.1, 127.4, 127.2, 126.8, 124.4
(d, Je.p = 9.0 Hz), 124.0, 122.6, 118.5 (d, Jc.p = 10.0 Hz), 110.9 (d, Je.p = 132.0 Hz), 52.0 (d, Jc.p
= 5.0 Hz), 47.0, 31.0, 29.7.

¥1p NMR (243 MHz, CDCls): § 37.3.

HRMS (ESI) m/z: [M+Na]" Calcd for C;H3;NaOsP* 537.1081, found 537.1080.
(8)-2-(Ethoxy(2-hydroxyphenyl)phosphoryl)phenyl 3,3-dimethylbutanoate (3ga)

OH

S
® Q okt
Cf P

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl ethyl bis(2-hydroxyphenyl)phosphinate 1f (27.8 mg, 0.1 mmol), Na,CO3 (10.6 mg,
0.1 mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9 uL,
0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography
using gradient elution to give the title product 3fa as a white solid (35.0 mg, 93% vyield, 94% ee).
The eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.55 (Pet/EtOAC, 2/1, v/v). m.p: 108.8-110.6 °C.

HPLC analysis: 94% ee (1A, 2-propanol/n-hexane = 30/70, flow rate = 0.6 mL/min; A = 256 nm)
tr = 8.5 min (major), 9.9 min (minor).
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[alp”® = -77.9 (c 0.42, CHCIs).

'H NMR (400 MHz, CDCly):  11.03 (s, 1H), 7.96 (ddd, J = 12.4, 7.6, 1.6 Hz, 1H), 7.59-7.55 (m,
1H), 7.42-7.37 (m, 1H), 7.34 (tdd, J = 7.6, 2.8, 1.2 Hz, 1H), 7.15 (ddd, J = 8.0, 5.6, 0.8 Hz, 1H),
7.08 (ddd, J = 14.8, 7.6, 1.6 Hz, 1H), 6.95 (ddd, J = 8.4, 5.6, 0.8 Hz, 1H), 6.80 (tdd, J = 7.2, 2.8,
0.8 Hz, 1H), 4.31-4.21 (m, 1H), 4.09-3.99 (m, 1H), 2.46 (d, J = 14.4 Hz, 1H), 2.26 (d, J = 14.8 Hz,
1H), 1.38 (t, J = 6.8 Hz, 3H), 1.05 (s, 9H).

3C NMR (100 MHz, CDCly): § 169.9, 163.1 (d, Jc.r = 6.0 Hz), 153.1 (d, Je.p = 4.0 Hz), 135.0 (d,
Jep = 3.0 Hz), 134.1 (d, Jep = 2.0 Hz), 133.0 (d, Je.p = 5.0 Hz), 131.7 (d, Jep = 10.0 Hz), 125.6
(d, Jep = 12.0 Hz), 124.0 (d, Jc.p = 8.0 Hz), 123.5 (d, Je.p = 146.0 Hz), 119.6 (d, Jc.p = 13.0 H2),
117.9 (d, Jep = 9.0 Hz), 111.4 (d, Je.p = 133.0 H2), 61.7 (d, Je.p = 5.0 Hz), 46.9, 30.9, 29.7, 16.4
(d, Jep=17.0 HZ).

1P NMR (162 MHz, CDCls): § 35.5.

HRMS (ESI) m/z: [M+Na]* Calcd for C,H,sNaOsP* 399.1332, found 399.1339.

(8)-2-((2-Hydroxyphenyl)(propoxy)phosphoryl)phenyl 3,3-dimethylbutanoate (3ha)

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), propyl bis(2-hydroxyphenyl)phosphinate 1g (29.2 mg, 0.1 mmol), Na,CO; (10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9 uL, 0.1
mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography using
gradient elution to give the title product 3ga as a white solid (35.5 mg, 91% yield, 94% ee). The
eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

R = 0.57 (Pet/EtOAc, 2/1, viv). m.p: 102.9-103.4 °C.

HPLC analysis: 94% ee (1A, 2-propanol/n-hexane = 5/95, flow rate = 0.4 mL/min; A = 256 nm) tg
= 23.7 min (major), 28.4 min (minor).

[a]p? = -76.3 (¢ 0.52, CHCI,).

'H NMR (400 MHz, CDCly): & 11.03 (s, 1H), 7.96 (ddd, J = 12.0, 7.6, 1.6 Hz, 1H), 7.57 (t, J =
7.6 Hz, 1H), 7.39 (tt, J = 7.2, 1.6 Hz, 1H), 7.34 (tdd, J = 7.2, 2.8, 0.8 Hz, 1H), 7.16 (ddd, J = 8.4,
5.6, 1.2 Hz, 1H), 7.06 (ddd, J = 14.8, 8.0, 2.0 Hz, 1H), 6.97-6.94 (m, 1H), 6.82-6.78 (m, 1H),
4.20-4.12 (m, 1H), 3.93-3.86 (m, 1H), 2.45 (d, J = 14.4 Hz, 1H), 2.25 (d, J = 14.4 Hz, 1H), 1.79-
1.72 (m, 2H), 1.04 (s, 9H), 0.99 (t, J = 7.2 Hz, 3H).

3C NMR (100 MHz, CDCls): § 169.9, 163.1 (d, Jc.p = 5.0 Hz), 153.2 (d, Jc.p = 5.0 Hz), 135.0 (d,
Jep=3.0 Hz), 134.1 (d, Jc.p = 3.0 Hz), 132.9 (d, Jc.p= 4.0 Hz), 131.7 (d, Jc.p = 10.0 Hz), 125.6 (d,
Jep = 12.0 Hz), 124.0 (d, Jop = 8.0 Hz), 1235 (d, Jc.p = 146.0 Hz), 119.6 (d, Jc.p = 14.0 Hz),
117.9 (d, Jc.p = 10.0 Hz), 111.3 (d, Je.p = 132.0 Hz), 67.0 (d, Jc.p = 6.0 Hz), 46.9, 30.9, 29.7, 23.9
(d, Jep=7.0 HZ), 10.3.

P NMR (162 MHz, CDCly): § 35.3.

HRMS (ESI) m/z: [M+Na]" Calcd for C,;H,;NaOsP* 413.1488, found 413.1489.
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(8)-2-((2-hydroxyphenyl)(phenyl)phosphoryl)phenyl 3,3-dimethylbutanoate (3ia)

S
Q Q.ph
C,PE' OH
Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), bis(2-hydroxyphenyl)(phenyl)phosphine oxide 1h (31.0 mg, 0.1 mmol), Na,CO3 (10.6 mg,
0.1 mmol), were added in toluene (2 mL). Then, the 3,3-dimethylbutanoyl chloride 2a (14.9 uL,
0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by flash column chromatography

using gradient elution to give the title product 3ha as a white solid (34.3 mg, 84% vyield, 12% ee).
The eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.45 (Pet/EtOAC, 2/1, viv). m.p: 134.9-136.4 °C.

HPLC analysis: 12% ee (IC, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256 nm)
tr = 16.1 min (major), 23.2 min (minor).

[a]p? = -18.3 (¢ 0.42, CHCI,).

'H NMR (600 MHz, CDCly): & 11.19 (s, 1H), 7.74-7.71 (m, 2H), 7.62-7.57 (m, 2H), 7.50 (td, J =
7.8, 3.0 Hz 2H), 7.42-7.38 (m, 2H), 7.28-7.26 (m, 2H), 7.03 (ddd, J = 13.8, 7.8, 1.8 Hz 1H), 6.98
(dd, J = 8.4, 4.8 Hz 1H), 6.83 (td, J = 7.2, 2.4 Hz 1H), 1.93 (dd, J = 17.4, 14.4 Hz 2H), 0.95 (s,
9H).

3C NMR (100 MHz, CDCl3): § 169.6, 163.9 (d, Jc.p = 3.0 Hz), 153.0 (d, Jc.» = 1.0 Hz), 134.5 (d,
Jo-p= 2.0 Hz), 134.3 (d, Je.p = 2.0 Hz), 134.2 (d, Jc-p = 5.0 Hz), 132.6 (d, Jc.p = 3.0 Hz), 131.7 (d,
Jep = 107.0 Hz), 131.7 (d, Jop = 11.0 Hz), 131.4 (d, Jc.p = 10.0 Hz), 129.0 (d, Jep = 13.0 Hz),
125.7 (d, Je.p = 12.0 Hz), 124.3 (d, Jc.p = 7.0 Hz), 124.2 (d, Jc.p = 103.0 Hz), 119.2 (d, Jc.p = 13.0
Hz), 118.8 (d, Jc.p = 8.0 Hz), 110.9 (d, Jc.p = 106.0 Hz), 46.6, 30.6, 29.5.

'p NMR (162 MHz, CDCly): § 37.0.

HRMS (ESI) m/z: [M+Na]" Calcd for C,,H,5NaO,P* 431.1383, found 431.1388.

(methoxylphosphoryl)bis(2,1-phenylene) bis(3,3-dimethylbutanoate) (4aa)

(o}

tBu\/U\
? Q oMe tBu
R e}
ok

R¢ = 0.24 (Pet/EtOAc, 2/1, viv). m.p: 132.9-133.5 °C.

'H NMR (400 MHz, CDCly): § 8.00 (ddd, J = 13.2, 7.6, 1.6 Hz 2H), 7.60-7.55 (m, 2H), 7.36 (tdd,
J=17.6,28, 1.2 Hz 2H), 7.12 (ddd, J = 8.0, 5.6, 0.8 Hz 2H), 3.67 (d, J = 11.6 Hz 3H), 2.15 (dd, J
= 34.8, 14.4 Hz 4H), 1.01 (s, 18H).

3C NMR (100 MHz, CDCls): § 170.0, 152.4 (d, Jc.p = 3.5 Hz), 134.1 (d, Jcp = 6.1 H2),
133.8 (d, Jcp = 2.1 Hz), 125.6 (d, Jc.p = 12.2 Hz), 123.9 (d, Jc.p = 140.1 Hz), 123.8 (d, Jc.p =
8.0 Hz), 51.7 (d, Jc.p = 5.7 Hz), 47.0, 30.7, 29.6.

P NMR (162 MHz, CDCly): § 25.0.

HRMS (ESI) m/z: [M+Na]" Calcd for C,sH33NaOgP* 483.1907, found 483.1908.
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(S)-3-(2-(Cyclohexylcarbamoyl)pyrrolidin-1-yl)-4-(3,5-di-tert-butylphenyl) pyridine 1-oxide
(c20)

tBu tBu
N N
L,
N™ HN
O

]

Light yellow solid, m. p. =111.2-113.5 <C.
R¢=0.21 (DCM/MeCH, 20/1, viv).

[a]p® = -31.0 (c = 0.50, CHCIy).

'H NMR (400 MHz, CDCPP) 6 8.07 (d, J = 1.6 Hz, 1H), 7.83 (dd, J = 6.4, 1.6 Hz, 1H), 7.41 (t, J =
2.0 Hz, 1H), 7.24 (d, J = 2.0 Hz, 2H), 7.07 (d, J = 6.4 Hz, 1H), 6.16 (d, J = 8.4 Hz, 1H), 3.87 (t, J
= 6.8 Hz, 1H), 3.56-3.68 (m, 1H), 3.07-3.19 (m, 1H), 2.74-2.87 (m, 1H), 2.17-2.27 (m, 1H), 1.79-
1.96 (m, 2H), 1.66-1.78 (m, 3H), 1.49-1.65 (m, 3H), 1.34 (s, 18H), 1.22-1.31 (m, 2H), 0.82-1.08
(m, 3H).

BC NMR (100 MHz, CDCly): & 170.6, 151.5, 144.7, 137.5, 131.2, 130.7, 128.8, 127.9, 122.6,
122.0, 63.1, 53.0, 47.9, 35.1, 33.18, 33.16, 31.6, 31.2, 25.5, 24.9, 24.82, 24.80.
HRMS (ESI) m/z: [M+H]* Calcd for CgoHauN3O," 478.3428; found 478.3426.
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Late-stage functionalization of drugs.”

O
OH o
OoM
BoMe O C2a(0.05mol%)_ \ OMe
OH
+ )]\ OH

cl R2 toluene, 0°C

Na,COs, 2 h
1a 20-q 3ao-3aq

©f %3 GOH

3ao 3ap
From Gemfibrozil From Isoxepac
85% vyield, 94% ee 88% yield, 90% ee

3aq
From Indometacin
89% vyield, 81% ee

#Reaction conditions unless specified otherwise: 1a (0.1 mmol), 20-2q (0.1 mmol), C2a (0.05 mol%), and Na,COs
(1.0 equiv) in toluene (1 mL) at 0 <C for 2 h. Isolated yields are reported. The ee values are determined by chiral
HPLC analysis.

(5)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl 5-(2,5-dimethylphenoxy)-2,2- dimethyl
pentanoate (3a0)

.

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO3 ( 10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 5-(2,5-dimethylphenoxy)-2,2-dimethylpentanoyl
chloride 20 (26.8 mg, 0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by flash
column chromatography using gradient elution to give the title product 3ao as a white solid (42.2
mg, 85% yield, 93% ee). The eluents were pure Pet and Pet/EtOACc (10/1, v/v), respectively.

= 0.45 (Pet/EtOAC, 2/1, vIv). m.p: 107.9-108.4 °C.

HPLC analysis: 93% ee (1A, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tr = 25.8 min (major), 23.4 min (minor).
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[a]o? = -176.3 (c 0.32, CHCly).

'H NMR (400 MHz, CDCly): § 10.83 (s, 1H), 7.87 (ddd, J = 13.2, 8.0, 2.0 Hz, 1H), 7.61-7.56 (m,
1H), 7.40 (tt, J = 7.2, 1.6 Hz, 1H), 7.34 (tdd, J = 7.6, 2.8, 1.2 Hz, 1H), 7.12-7.07 (m, 2H), 7.00-
6.94 (m, 2H), 6.85-6.81 (m, 1H), 6.66 (d, J = 7.6 Hz, 1H), 6.61 (br, 1H), 3.94-3.92 (m, 2H), 3.77
(d, J = 11.6 Hz, 3H), 2.30 (s, 3H), 2.15 (s, 3H), 1.83-1.77 (m, 4H), 1.34 (s, 3H), 1.29 (m, 3H).

3C NMR (150 MHz, CDCL): § 176.0, 163.3 (d, Je.p = 4.4 Hz), 157.0, 153.6 (d, Jop = 3.2 H2),
136.6, 135.2, 134.5, 133.8 (d, Je.p = 6.3 Hz), 131.6 (d, Je.p = 10.8 Hz), 130.4, 125.7 (d, Jop = 12.0
Hz), 124.0 (d, Jep = 7.8 Hz), 123.7, 122.5 (d, Je.p = 144.5 Hz), 120.8, 119.7 (d, Je.p = 13.2 Hz),
118.1 (d, Je.p = 9.6 Hz), 112.1, 110.4 (d, Je.p = 132.3 Hz), 67.9, 51.8 (d, Jc.p = 5.6 Hz), 42.7, 37.0,
25.0, 25.0 (d, Jo.p = 43.5 Hz), 21.5, 15.9.

3P NMR (162 MHz, CDCls): 5 39.2.

HRMS (ESI) m/z: [M+Na]" Calcd for C,gH33NaOgP™ 519.1907, found 519.1904.

(8)-2-((2-Hydroxyphenyl)(methoxy)phosphoryl)phenyl-2-(11-ox0-6,11-dihydrodibenzo
[b,e]oxepin-2-yl)acetate (3ap)

O,
m Lt
o) ? Q\_\OMG
CrP OH

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO3 ( 10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 2-(11-ox0-6,11-dihydrodibenzo[b,e]Joxepin-2-
yl)acetyl chloride 2p (28.6 mg, 0.1 mmol) was added in mixture at 0 °C for 2 h. Purification by
flash column chromatography using gradient elution to give the title product 3ap as a white solid
(45.2 mg, 88% vyield, 88% ee). The eluents were pure Pet and Pet/EtOAc (10/1, v/v), respectively.

R¢ = 0.46 (Pet/EtOAC, 2/1, viv). m.p: 112.9-114.4 °C.

HPLC analysis: 88% ee (AD-H, 2-propanol/n-hexane = 30/70, flow rate = 0.8 mL/min; A = 256
nm) tg = 33.1 min (major), 46.9 min (minor).

[a]p? = -121.3 (c 0.32, CHCI5).

'H NMR (600 MHz, CDCly): § 11.04 (s, 1H), 8.10 (d, J = 2.4 Hz, 1H), 7.95 (ddd, J = 12.6, 7.8,
1.8 Hz, 1H), 7.88 (dd, J = 7.8, 1.2 Hz, 1H), 7.58-7.54 (m, 2H), 7.48-7.44 (m, 2H), 7.41 (dd, J =
8.4, 2.4 Hz, 1H), 7.37-7.34 (m, 2H), 7.14 (dd, J = 8.4, 5.4 Hz, 1H), 7.09-7.01 (m, 3H), 6.86-6.83
(m, 1H), 5.17 (5, 2H), 3.90 (d, J = 16.8 Hz, 1H), 3.81 (d, J = 11.4 Hz, 3H), 3.75 (d, J = 16.8 Hz,
1H).

3C NMR (100 MHz, CDCl5): & 190.9, 169.4, 163.2 (d, Jc.p = 5.0 Hz), 160.7, 153.0 (d, Jc.p = 3.0
Hz), 140.6, 136.7, 135.6, 135.4 (d, Jc.p = 2.0 Hz), 134.4 (d, Jo.p = 2.0 Hz), 132.9 (d, Jc.p = 5.0 Hz),
132.9 (d, Jep = 4.0 Hz), 131.7 (d, Jc.p = 10.0 Hz), 129.5 (d, Jc.p = 20.0 Hz), 127.9, 126.9, 126.0
(d, Je.p = 12.0 Hz), 125.3, 124.0 (d, Jc.p = 9.0 Hz), 123.0 (d, Jc.p = 146.0 Hz), 121.2, 119.9 (d, Jc.
p = 14.0 Hz), 118.1 (d, Jc.p = 10.0 Hz), 110.5 (d, Jc.p = 133.0 Hz), 73.7, 51.9 (d, Jc.p = 5.0 Hz),
39.6.

'p NMR (162 MHz, CDCl;): & 37.5.

HRMS (ESI) m/z: [M+Na]" Calcd for C,gH,3NaO;P* 537.1074, found 537.1075.
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($)-2-((2-hydroxyphenyl)(methoxy)phosphoryl)phenyl  2-(1-(4-chlorobenzoyl)-5-methoxy-2-
methyl-1H-indol-3-yl)acetate (3aq)

O
o~
N (o]

\

® 9 ome
Crp OH
O\ 8

Prepared according to general procedure E using chiral ArPNO C2a (24 uL, 0.005 mmol, 0.05
mol%), methyl bis(2-hydroxyphenyl)phosphinate 1a (26.4 mg, 0.1 mmol), Na,CO3 ( 10.6 mg, 0.1
mmol), were added in toluene (2 mL). Then, the 2-(1-(4-chlorobenzoyl)-5-methoxy-2-methyl-1H-
indol-3-yl)acetyl chloride 2q (37.5 mg, 0.1 mmol) was added in mixture at 0 °C for 2 h.
Purification by flash column chromatography using gradient elution to give the title product 3aq
as a white solid (53.7 mg, 89% vyield, 80% ee). The eluents were pure Pet and Pet/EtOAc (10/1,
v/v), respectively.

R¢ = 0.46 (Pet/EtOAC, 2/1, v/v). m.p: 130.9-131.4 °C.

HPLC analysis: 80% ee (IA, 2-propanol/n-hexane = 20/80, flow rate = 0.6 mL/min; A = 256 nm)
tr = 34.5 min (major), 42.2 min (minor).

[a]o? = -66.1 (c 0.32, CHCI,).

'H NMR (400 MHz, CDCly): & 11.15 (s, 1H), 7.95 (ddd, J = 12.4, 7.6, 1.6 Hz, 1H), 7.66-7.62 (m,
2H), 7.58-7.54 (m, 1H), 7.49-7.42 (m, 3H), 7.36 (tdd, J = 7.6, 2.8, 1.2 Hz, 1H), 7.11-7.05 (m, 2H),
7.03-6.99 (m, 2H), 6.90 (d, J = 8.8 Hz, 1H), 6.85 (tdd, J = 7.2, 2.8, 0.8 Hz, 1H), 6.67 (d, J = 8.8,
2.4 Hz, 1H), 3.95 (d, J = 16.4 Hz, 1H), 3.83-3.79 (m, 6H), 3.75 (d, J = 16.4 Hz, 1H), 2.34 (s, 3H)

3C NMR (100 MHz, CDCl,): & 168.8, 168.5, 163.3 (d, Jc.p = 5.0 Hz), 156.3, 153.2 (d, Jc.p = 5.0
Hz), 139.4, 136.5, 135.4, 134.5, 134.0, 132.9 (d, Jc.p = 4.0 Hz), 131.7 (d, Jc.p = 10.0 Hz), 131.3,
131.0, 130.7, 129.3, 126.1 (d, Je.p = 12.0 Hz), 124.1 (d, Jc.p = 9.0 Hz), 123.0 (d, Jc.p = 146.0 Hz),
119.9 (d, Jcp = 13.0 Hz), 118.1 (d, Jo.p = 10.0 Hz), 115.1, 112.1, 111.8, 110.6 (d, Jc.» = 133.0 Hz),
101.3, 55.9, 51.9 (d, Jc.p = 5.0 Hz), 29.9 (d, Jc.p = 14.0 Hz), 13.5.

¥p NMR (162 MHz, CDCls): § 37.4.

HRMS (ESI) m/z: [M+Na]" Calcd for Cs,H,,CINaO-P* 626.1106, found 626.1115.
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X-ray data of (S)-3aa

Figure S1. X-Ray crystal structure of (S)-3aa (The crystal was obtained by slow evaporation of
(S)-3aa in a mixture of EtOAc/CH,CI,). (CCDC:2290776)

Q s ) %
© o ome ¥ /
N PR j ‘j\° [ &
U AR
(S)-3aa (S)-3aa

Table S2. Crystal data and structure refinement for (S)-3aa.

Identification code (S)-3aa

Empirical formula C19H2305P
Formula weight 362.34
Temperature/K 298.1(2)

Crystal system triclinic

Space group P1

alA 9.0660(2)

b/A 9.2370(2)

c/A 12.8726(2)

a/° 92.325(2)

/e 96.687(2)

v/° 115.494(2)
Volume/A? 961.45(4)

z 2

Peacglom’ 1.252

w/mm™ 1.482

F(000) 384.0

Crystal size/mm? 0.16 x<0.14 x0.12
Radiation Cu Ko (A=1.54184)
20 range for data collection/®6.95 to 142.484
Index ranges -11<h<11,-11<k<11,-15<1<15
Reflections collected 52356

Independent reflections 6625 [Rint = 0.0761, Rsjgma = 0.0300]
Data/restraints/parameters ~ 6625/514/512

Goodness-of-fit on F 1.117

Final R indexes [[>=26 (I)] R; =0.0640, wR, =0.1841

Final R indexes [all data] R; =0.0667, wR, = 0.1892

Largest diff. peak/hole / e A® 0.54/-0.33

Flack parameter -0.01(3)
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HRMS analysis

Figure S2. The mixture of C2a and acyl chloride 2a in toluene at 0 °C for 1 h.
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"H-NMR(400 MHZ, CDCIl;) Spectrum of 3aa
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'P-NMR(162 MHZ, CDCl;) Spectrum of 3aa
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BC-NMR(100 MHZ, CDCl;) Spectrum of 3a
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"H-NMR(400 MHZ, CDCl;) Spectrum of 3ac
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'P-NMR(162 MHZ, CDCl;) Spectrum of 3ac
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BC-NMR(150 MHZ, CDCl;) Spectrum of 3ad
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"H-NMR(600 MHZ, CDCI;) Spectrum of 3ae
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'P-NMR(243 MHZ, CDCl;) Spectrum of 3ae
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BC-NMR(100 MHZ, CDCl;) Spectrum of 3af
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'P-NMR(162 MHZ, CDCl;) Spectrum of 3ca
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BC-NMR(150 MHZ, CDCl;) Spectrum of 3da
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"H-NMR(400 MHZ, CDCIl;) Spectrum of 3ea
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3'P_-NMR(243 MHZ, CDCl;) Spectrum of 3ea
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BC-NMR(100 MHZ, CDCl;) Spectrum of 3fa
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"H-NMR(400 MHZ, CDCl;) Spectrum of 3ga
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3'P_-NMR(162 MHZ, CDCl;) Spectrum of 3ga
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'P-NMR(162 MHZ, CDCl;) Spectrum of 3ia
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BC-NMR(100 MHZ, CDCl;) Spectrum of 4aa
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"H-NMR(400 MHZ, CDCl;) Spectrum of C21
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"H-NMR(400 MHZ, CDCl;) Spectrum of 3ao
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'P-NMR(162 MHZ, CDCl;) Spectrum of 3ao
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5E+07

Lo

OE+07

Lo

5E+07

E1.

k1. 0E+07

L 5. 0E+06

k0. 0E+00

6€0° L1 —

e

*€0°T

o'l
0°€
60
0T
(3
1T
1T
60
o'l
60

L B - )

00’}

£1 (ppm)

S64



BC-NMR(100 MHZ, CDCl;) Spectrum of 3ap
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"H-NMR(400 MHZ, CDCl;) Spectrum of 3aq
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'P-NMR(162 MHZ, CDCl;) Spectrum of 3aq
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HPLC spectra of 3aa
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HPLC spectra of 3ab
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HPLC spectra of 3ac
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HPLC spectra of 3ad
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HPLC spectra of 3ae
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HPLC spectra of 3af
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HPLC spectra of 3ag
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HPLC spectra of 3ah
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HPLC spectra of 3ai
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HPLC spectra of 3aj
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HPLC spectra of 3ak
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HPLC spectra of 3al
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HPLC spectra of 3am
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HPLC spectra of 3an
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HPLC spectra of 3ba

(=R
5004
0
400 ? 9 ome
_ OH
=
E
E 3004
E Br BY
2 11 - B.305 \2-7.580
2 200
100
04 | - | -
_5{] - r T T T T T T T T 1
5.00 5.50 6.00 6,50 7.00 7.50 8.00 8.50 9.00 9.50
Peak Retention Time Area Height Area Height
min mAL*min maL i i
1 6.305 71.892 208872 4925 4938
2 7993 74.073 214 117 50.75 50.62
Total: 145.965 422.989 100.00 100.00
7004
S
500
® 0 ome
R OH
500
=
E
g 400 .
= \2-7.923
§ 300
=T
200
100
ol - 6.267
04 — : I
_50 o - - = - = - = - .
5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.46
Peak Retention Time fArea Height Area Height
min mAL*min mAL Y %
1 6.267 4180 12.489 3.66 3.55
2 7.923 110.413 339.323 9634 096.45
Total: 114.603 351.812 100.00 100.00

S82



HPLC spectra of 3ca
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HPLC spectra of 3da
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HPLC spectra of 3ea
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HPLC spectra of 3fa
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HPLC spectra of 3ga
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HPLC spectra of 3ha
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HPLC spectra of 3ia

160
MR
120 ? Q ph
_ R OH
=
s
8
= 504 y1-16.215
2
< 604 12 - 23,483
401
204
0 f\_ 1
L
-104} - = - - ]
0.0 50 10.0 15.0 20.0 26.0
Peak Retention Time Area Height frea Height
min mAL*min maL Yo %
1 16.215 46.191 75280 50.18 57.98
2 23.483 45.858 24.553 49.82 4202
Total: 92.049 129.833 100.00 100.00
10U =
160
O
v LI
? Q pn
120+ Crp‘ OH
=
g
§ 80
2
<L 504
40
11-18.123
204 W@A 12-23.202
04 T T
-10 - r T T T T T 1
0.0 5.0 10.0 15.0 200 26.0
Peak Retention Time Area Height Area Height
min mAL*min maAL Yo o
1 16.123 15.587 25708 55.90 63.67
2 23202 12 296 14 667 44 10 36.33
Total: 27.882 40.374 100.00 100.00

S89



HPLC spectra of 3ao
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HPLC spectra of 3ap
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HPLC spectra of 3aq
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