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1. General Information

All solvents and reagents were purchased from commercial sources (Energy or
Meryer Chemicals etc.), they were analytically pure and used as received. Silica gel
GF2s4 and column chromatography silica gel for isolation (200-300 mesh) were both
purchased from Qingdao Broadchem Industrial Co., Ltd. Reaction progress was
monitored by thin-layer chromatography (TLC) on silica gel GF2s4 with ultraviolet
(UV2540m and UV3esum) detection. NMR spectra were measured either on a JMTC-500
(500 MHz) or a DPX Ascend 400 (400 MHz) spectrometer. The chemical shift values
were corrected to 7.26 ppm (‘H NMR) and 77.16 ppm (*C NMR) for CHCIL;. 'H
NMR splitting patterns are designated as singlet (s), double (d), triplet (t), quartet (q),
doublet of doublets (dd), multiplets (m), etc. All first-order splitting patterns were
assigned on the base of the appearance of the multiplet. Splitting patterns that could
not be easily interpreted are designated as multiplet (m). The identity of compounds
was confirmed with HRMS using a Thermo Scientific Q Exactive. The melting point
(m.p.) was corrected and recorded on the WRS-2A digital melting point instrument.
The specific rotation ([a]p') was corrected and recorded on the SGWzz-3 polarimeter.

The ee values were determined by HPLC LC-2030 Plus.



2. Synthesis and structural elucidation of new NHPyOx ligands

2.1 The synthesis of 3-bromo pyridine oxazolines
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To a Schlenk flask charged with the compound 3-Bromo-2-cyanopyridine (3.0 mmol)
and Zn(OAc): (0.6 mmol, 0.2 equiv.) was added anhydrous PhCI (9 mL). Then chiral
amino alcohol (3.6 mmol, 1.2 equiv.) was added. The reaction mixture was stirred at
140 ‘C (heating mantle) until the full consumption of the starting material was
detected by TLC. The mixture was quenched by the addition of a saturated aqueous
solution of NaHCO3 (5 mL) and separated, the water phase was extracted with EtOAc
(5§ mL x 3), and the combined organic phase was sequentially washed with water (5
mL X 2), dried over anhydrous sodium sulfate, and concentrated under vacuum.
Purification by silica gel column chromatography on silica gel (200-300 m) with
petroleum ether/EtOAc (3:1, v/v) as the eluent gave the compounds 3-Bromo-PyOx
L1-L8.
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2.2 Synthesis and characteristic data of 3-arylamido-pyridine oxazolines
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To a Schlenk tube charged with 3-Bromo-PyOx (0.2 mmol), K2COs3 (0.3 mmol, 1.5
equiv, 42 mg), Cul (0.05 mmol, 25 mol%, 9.5 mg), DMEDA (0.06 mmol, 30 mol%,
6.5 pL) and aryl formamide (0.4 mmol, 2.0 equiv) was added anhydrous
2-Methyl-2-butanol (0.8 mL, 0.25 M) under N> atmosphere. The reaction mixture was
stirred at 100° C (heating mantle) until the full consumption of the starting material
was detected by TLC. The mixture was quenched by the addition of H>O (5 mL) and
separated, the water phase was extracted with EtOAc (5 mL X 3), dried over
anhydrous sodium sulfate, and concentrated under vacuum. Purification by silica gel
column chromatography on silica gel (200-300 m) with petroleum ether/EtOAc (3:1,

v/v) as the eluent gave the compounds 3-arylamido pyridine oxazolines.

(5)-N-(2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)pyridin-3-yl)benzamide (CLS)
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White solid, 31.0 mg, 48% yield.

'H NMR (500 MHz, CDCL3) § 13.01 (s, 1H), 9.33 (dd, Ji = 8.6 Hz, J> = 1.5 Hz, 1H),
8.43 (dd, Ji = 4.5 Hz, J» = 1.5 Hz, 1H), 8.08 (dd, Ji = 8.4 Hz, J» = 1.3 Hz, 2H),
7.61-7.53 (m, 1H), 7.51-7.43 (m, 3H), 4.53-4.43 (m, 1H), 4.36-4.26 (m, 2H), 0.97 (s,
9H).

13C NMR (126 MHz, CDCl3) 8 167.0, 163.9, 143.6, 138.2, 134.7, 132.3, 131.7, 128.8,
127.9, 127.6, 126.7, 76.7, 68.2, 34.1, 26.1.

HRMS (ESI) [M+H]" caled for C19HaoN302: 324.1707, found: 324.1709.



2.3 Synthesis and characteristic data of 3-arylamino-pyridine oxazolines
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To a Schlenk tube charged with 3-Bromo-PyOx (0.2 mmol), Cs2CO3 (0.4 mmol, 2.0
equiv, 130 mg), Pd(OAc): (0.02 mmol, 10 mol%, 4.5 mg), Xantphos (0.024 mmol, 12
mol%, 13.9 mg) and arylamine (0.22 mmol, 1.2 equiv) was added anhydrous dioxane
(1.0 mL, 0.2 M) under N> atmosphere. The reaction mixture was stirred at 100° C until
the full consumption of the starting material was detected by TLC. The mixture was
quenched by the addition of H>O (5 mL) and separated, the water phase was extracted
with EtOAc (5 mL % 3), dried over anhydrous sodium sulfate, and concentrated under
vacuum. Purification by silica gel column chromatography on silica gel (200-300 m)
with petroleum ether/EtOAc (5:1, v/v) as the eluent gave the compounds 3-arylamine

pyridine oxazolines.
(8)-2-(4-ethyl-4,5-dihydrooxazol-2-yl)-N-phenylpyridin-3-amine (NL1)
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Yellow oil, 24.6 mg, 46% yield.

'H NMR (500 MHz, CDCls) § 10.52 (s, 1H), 8.11 (dd, /i = 4.3 Hz, J» = 1.5 Hz, 1H),
7.65 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.42-7.33 (m, 2H), 7.27-7.22 (m, 2H), 7.18
(dd, Ji = 8.6 Hz, J» = 4.4 Hz, 1H), 7.15-7.09 (m, 1H), 4.53 (dd, Ji = 9.6 Hz, J> = 8.3
Hz, 1H), 4.42-4.34 (m, 1H), 4.09 (t, J = 8.1 Hz, 1H), 1.77-1.66 (m, 2H), 1.06 (t, J =
7.4 Hz, 3H).

BC NMR (126 MHz, CDCls) 8 163.6, 143.0, 140.3, 138.6, 129.6, 128.8, 126.0, 123.8,
122.3,120.4, 71.3, 68.4, 29.1, 10.5.

HRMS (ESI) [M+H]" caled for C16H1sN3O: 268.1444, found: 268.1449.



(8)-2-(4-isopropyl-4,5-dihydrooxazol-2-yl)-N-phenylpyridin-3-amine (NL?2)
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Yellow oil, 35.4 mg, 63% yield.

'H NMR (500 MHz, CDCls) 5 10.60 (s, 1H), 8.09 (dd, Ji = 4.3 Hz, J> = 1.4 Hz, 1H),
7.65 (dd, /i = 8.6 Hz, J» = 1.4 Hz, 1H), 7.38-7.32 (m, 2H), 7.24-7.20 (m, 2H),
7.17-7.14 (m, 1H), 7.11-7.07 (m, 1H), 4.50-4.45 (m, 1H), 4.25-4.11 (m, 2H),
1.85-1.80 (m, 1H), 1.05 (d, J= 6.7 Hz, 3H), 0.96 (d, J = 6.8 Hz, 3H).

3C NMR (126 MHz, CDCl3) 8 163.6, 143.0, 140.4, 138.6, 129.6, 128.8, 125.9, 123.7,
122.0, 120.4, 73.1, 69.7, 33.4, 19.1, 18.9.

HRMS (ESI) [M+H]" caled for C17H20N30: 282.1601, found: 282.1606.

(8)-2-(4-isobutyl-4,5-dihydrooxazol-2-yl)-N-phenylpyridin-3-amine (NL3)
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Yellow oil, 38.4 mg, 65% yield.

'H NMR (500 MHz, CDCls) 5 10.49 (s, 1H), 8.07 (dd, /i = 4.2 Hz, J» = 1.4 Hz, 1H),
7.61 (dd, Ji = 8.8 Hz, J» = 1.5 Hz, 1H), 7.37-7.31 (m, 2H), 7.22-7.17 (m, 2H), 7.13
(dd, J, = 8.6 Hz, J» = 4.4 Hz, 1H), 7.11-7.04 (m, 1H), 4.52 (dd, Ji =9.5 Hz, /L = 7.8
Hz, 1H), 4.47-4.41 (m, 1H), 3.98 (t, J = 7.9 Hz, 1H), 1.91-1.79 (m, 1H), 1.69-1.64 (m,
1H), 1.46-1.41 (m, 1H), 0.98 (dd, Ji = 6.6 Hz, J> = 4.2 Hz, 6H).

3C NMR (126 MHz, CDCl3) 8 163.5, 142.9, 140.3, 138.6, 129.6, 128.8, 125.9, 123.7,
122.1,120.4, 72.1, 65.4, 45.6, 25.9, 23.0, 22.7.

HRMS (ESI) [M+H]" calcd for C1sH2N30: 296.1757, found: 296.1749.

2-((S)-4-((S)-sec-butyl)-4,5-dihydrooxazol-2-yl)-N-phenylpyridin-3-amine (NL4)



NHPh

Yellow oil, 44.3 mg, 75% yield.

'"H NMR (500 MHz, CDCl3) 8 10.60 (s, 1H), 8.12 (dd, J1 = 4.5 Hz, J>» = 1.4 Hz, 1H),
7.67 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.41-7.37 (m, 2H), 7.25 (d, J = 7.9 Hz, 2H),
7.21-7.11 (m, 2H), 4.49 (t, J = 8.3 Hz, 1H), 4.35-4.30 (m, 1H), 4.17 (t, J = 8.1 Hz,
1H), 1.72-1.69 (m, 2H), 1.35-1.26 (m, 1H), 0.99 (t, J = 7.3 Hz, 3H), 0.94 (t, J=5.5
Hz, 3H).

BC NMR (126 MHz, CDCls) 8 163.5, 142.9, 140.3, 138.6, 129.6, 128.8, 125.9, 123.7,
122.0, 120.3,71.7, 69.3, 39.5, 26.1, 15.0, 11.4.

HRMS (ESI) [M+H]" caled for C1sH22N30: 296.1757, found: 296.1760.
(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-phenylpyridin-3-amine (NLS5)
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Yellow solid, 42.5 mg, 72% yield.

'H NMR (400 MHz, CDCL) & 10.70 (s, 1H), 8.12 (dd, J: = 4.3Hz, J> = 1.4 Hz, 1H),
771 (dd, /i = 8.6 Hz, J» =1.4 Hz, 1H), 7.40-7.36 (m, 2H), 7.26-7.24 (m, 2H),
7.22-7.18 (m, 1H), 7.14-7.09 (m, 1H), 443 (dd, J; = 9.7 Hz, J» = 82 Hz, 1H),
4.30-4.20 (m, 2H), 1.00 (s, 9H).

3C NMR (126 MHz, CDCls): 6 169.2, 143.9, 140.1, 137.2, 130.4, 129.6, 127.2, 123.9,
122.4,121.9, 63.6, 60.0, 33.8, 27.1.

HRMS (ESI) [M+H]" caled for C1gH22N30: 296.1757, found: 296.1750.

(S)-N-phenyl-2-(4-phenyl-4,5-dihydrooxazol-2-yl) pyridin-3-amine (NL6)



Yellow oil, 36.6 mg, 58% yield.

'H NMR (500 MHz, CDCls) & 10.48 (s, 1H), 8.18 (dd, /i = 4.3 Hz, J» = 1.4 Hz, 1H),
7.68 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.44-7.32 (m, 7H), 7.28-7.20 (m, 3H),
7.17-7.11 (m, 1H), 5.59 (dd, Ji = 10.2 Hz, J> = 8.6 Hz, 1H), 4.88 (dd, /i = 10.2 Hz, .J»
=8.5 Hz, 1H), 4.33 (t, J= 8.5 Hz, 1H).

3C NMR (126 MHz, CDCl3) 8 165.0, 143.5, 142.1, 140.0, 138.7, 129.5, 128.9, 128.3,
127.8,126.7, 126.3, 124.1, 122.7, 120.5, 73.7, 70.4.

HRMS (ESI) [M+H]" caled for C20H1sN3O: 316.1444, found: 316.1449.
(8)-2-(4-benzyl-4,5-dihydrooxazol-2-yl)-N-phenylpyridin-3-amine (NL7)
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Yellow oil, 42.1 mg, 64% yield.

'"H NMR (500 MHz, CDCls) § 10.44 (s, 1H), 8.09 (dd, /i = 4.3 Hz, J» = 1.4 Hz, 1H),
7.65 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.39-7.33 (m, 2H), 7.32-7.24 (m, 5H),
7.21-7.15 (m, 3H), 7.12-7.09 (m, 1H), 4.72-4.66 (m, 1H), 4.47 (dd, Ji = 9.4 Hz, J» =
8.5 Hz, 1H), 4.18 (dd, Ji = 8.5 Hz, J» = 7.6 Hz, 1H), 3.10 (dd, Ji = 13.6 Hz, Jo = 7.1
Hz, 1H), 2.86 (dd, Ji = 13.6 Hz, J> = 7.4 Hz, 1H).

3C NMR (126 MHz, CDCl3) & 164.0, 143.1, 140.3, 138.7, 138.1, 129.6, 129.3,
128.72, 128.67, 126.7, 126.1, 123.8, 122.1, 120.7, 71.1, 68.4, 42.3.

HRMS (ESI) [M+H]" caled for C21H20N30: 330.1601, found: 330.16009.

(S)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(4-methoxyphenyl)pyridin-3-amin
e (NL8)
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Yellow oil, 34.5 mg, 53% yield.

'H NMR (500 MHz, CDCls) & 10.53 (s, 1H), 8.05 (dd, Ji = 4.3 Hz, J» = 1.4 Hz, 1H),
7.57 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.17-7.10 (m, 5H), 4.40-4.37 (m, 1H),
4.26-4.17 (m, 2H), 3.81 (s, 3H), 0.96 (s, 9H).

BC NMR (126 MHz, CDCls) 6 163.7, 156.7, 144.4, 137.9, 133.1, 128.0, 126.0, 125.1,
119.7,114.9, 76.5, 67.7, 55.6, 34.0, 26.0.

HRMS (ESI) [M+H]" caled for C19H24N302: 326.1863, found: 326.1869.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(p-tolyl)pyridin-3-amine (NL9)
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Yellow oil, 28.4 mg, 46% yield.

'H NMR (500 MHz, CDCls) 8 10.35 (s, 1H), 8.03 (dd, /i = 4.3 Hz, J» = 1.4 Hz, 1H),
7.40 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.20-7.07 (m, 3H), 6.96-6.84 (m, 2H), 4.39
(dd, Ji = 9.4 Hz, J» = 8.5 Hz, 1H), 4.28-4.14 (m, 2H), 2.34 (s, 3H), 0.95 (s, 9H).

3C NMR (126 MHz, CDCls) 8 163.6, 143.5, 138.2, 137.6, 133.5, 130.2, 128.4, 126.0,
122.4,120.1, 76.4, 67.7, 33.9, 26.0, 20.9.

HRMS (ESI) [M+H]" caled for C19H24N30: 310.1914, found: 310.1918.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(4-chlorophenyl)pyridin-3-amine
(NL10)



Cl

Yellow oil, 42.1 mg, 64% yield.

'H NMR (500 MHz, CDCls) & 10.25 (s, 1H), 7.92 (dd, Ji = 4.3 Hz, J» = 1.4 Hz, 1H),
7.54 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.31-7.25 (m, 2H), 7.19 (dd, Ji = 8.6 Hz, J> =
4.3 Hz, 1H), 7.16-7.10 (m, 2H), 3.98-3.90 (m, 2H), 3.69-3.63 (m, 1H), 1.03 (s, 9H).

BC NMR (126 MHz, CDCls) 8 169.1, 143.6, 138.8, 137.6, 130.7, 129.6, 128.8, 127.3,
123.5,121.8, 63.6, 60.1, 33.8, 27.1.

HRMS (ESI) [M+H]" caled for CisH21CIN3O: 330.1368, found: 330.1370.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(4-fluorophenyl)pyridin-3-amine
(NL11)
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Yellow oil, 45.1 mg, 72% yield.

'H NMR (400 MHz, CDCls) § 10.55 (s, 1H), 8.07 (dd, /i = 4.4 Hz, J» = 1.4 Hz, 1H),
7.48 (dd, Ji = 8.7 Hz, J» = 1.5 Hz, 1H), 7.36-7.29 (m, 1H), 7.19-7.12 (m, 2H), 7.05 (t,
J = 8.6 Hz, 2H), 4.39 (dd, Ji = 9.8 Hz, J> = 8.3 Hz, 1H), 4.27-4.16 (m, 2H), 0.96 (s,
9H).

13C NMR (126 MHz, CDCL) § 162.6, 159.5 (d, J = 242.7 Hz), 156.5, 145.7, 138.4,
136.0 (d, J = 2.6 Hz), 123.8 (d, J = 8.0 Hz), 116.3 (d, J = 22.5 Hz), 115.4, 109.2, 76.5,
69.3, 34.1, 26.0.



HRMS (ESI) [M+H]" caled for Ci1sH2:1FN30: 314.1663, found: 314.1658.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-NV-(4-(trifluoromethyl) phenyl)
pyridin-3-amine (NL12)
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Yellow oil, 41.5 mg, 57% yield.

'"H NMR (400 MHz, CDCls) § 11.02 (s, 1H), 8.20 (dd, /i = 4.4 Hz, J» = 1.4 Hz, 1H),
7.79 (dd, J, = 8.6 Hz, J» = 1.4 Hz, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.32-7.24 (m, 3H),
4.43 (dd, J; = 9.8 Hz, J» = 8.3Hz, 1H), 4.33-4.20 (m, 2H), 0.98 (s, 9H).

13C NMR (101 MHz, CDCIs) § 163.5, 144.0, 141.3, 139.9, 130.0, 126.9 (q, J = 3.7
Hz), 125.9,124.6, 124.3 (d, J=271.1 Hz), 124.2,119.4, 76.4, 67.9, 33.9, 26.0.

HRMS (ESI) [M+H]" calcd for Ci9H21F3N30: 364.1631, found: 364.1638.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(3-fluorophenyl)pyridin-3-amine
(NL13)
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Yellow oil, 38.8 mg, 62% yield.

'H NMR (500 MHz, CDCls) 5 10.83 (s, 1H), 8.15 (dd, Ji = 4.3 Hz, J» = 1.4 Hz, 1H),
7.74 (dd, Ji = 8.6 Hz, J» = 1.4 Hz, 1H), 7.29 (td, Ji = 8.3 Hz, J» = 6.6 Hz, 1H), 7.22
(dd, Ji = 8.6 Hz, J» = 4.3 Hz, 1H), 7.01-6.91 (m, 2H), 6.76 (dd, J = 8.3 Hz, J, = 2.4
Hz, 1H), 4.42 (dd, J1 = 10.0 Hz, J> = 8.4 Hz, 1H), 4.29-4.19 (m, 2H), 0.98 (s, 9H).



13C NMR (126 MHz, CDCL3) § 163.7 (d, J = 245.8 Hz), 163.5, 142.4 (d, J = 10.1 Hz),
142.1, 139.3, 130.7 (d, J = 9.8 Hz), 129.4, 126.0, 120.9, 116.5 (d, J = 2.9 Hz), 109.9
(d,J=21.3 Hz), 107.7 (d, J = 23.7 Hz), 76.4, 67.8, 33.9, 26.0.

HRMS (ESI) [M+H]" caled for CisHa1FN3O: 314.1663, found: 314.1660.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(2-fluorophenyl)pyridin-3-amine
(NL14)
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Yellow oil, 33.8 mg, 54% yield.

'"H NMR (400 MHz, CDCls) & 10.69 (s, 1H), 8.11 (dd, /i = 4.3 Hz, J» = 1.4 Hz, 1H),
7.56-7.53 (m, 1H), 7.41-7.37 (m, 1H), 7.19-6.98 (m, 4H), 4.39 (dd, Ji = 9.3 Hz, J» =
7.7 Hz, 1H), 4.26-4.17 (m, 2H), 0.95 (s, 9H).

13C NMR (101 MHz, CDCls) & 163.5, 155.5 (d, J = 245.9 Hz), 142.2, 139.0, 129.4,
128.5 (d, J= 11.8 Hz), 125.8, 124.3 (d, J= 3.8 Hz), 124.1 (d, J= 7.4 Hz), 122.2 (d, J
= 1.8 Hz), 120.4 (d, J= 1.2 Hz), 116.3 (d, J = 19.6 Hz), 76.4, 67.8, 33.9, 25.9.

HRMS (ESI) [M+H]" caled for CisHa1FN3O: 314.1663, found: 314.1669.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-V-(2,6-difluorophenyl)pyridin-3-ami
ne (NL15)
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Yellow oil, 42.9 mg, 65% yield.



'H NMR (500 MHz, CDCls) § 10.52 (s, 1H), 8.11 (d, J = 4.4 Hz, 1H), 7.19-7.07 (m,
2H), 6.98-6.94 (m, 3H), 4.41-4.37 (m, 1H), 4.27-4.18 (m, 2H), 0.94 (s, 9H).

13C NMR (126 MHz, CDCl) & 163.7, 157.78 (d, J = 249.2), 157.74 (d, J =
249.2),142.6, 139.0, 128.8, 125.2 (t, J = 9.6 Hz), 120.6 (d, J= 3.0 Hz), 117.2 (d, J =
15.7 Hz), 112.2 (d, J= 4.8 Hz), 112.0 (d, J = 4.7 Hz), 76.3, 67.8, 33.9, 25.8.

HRMS (ESI) [M+H]" caled for CisH20F2N30: 331.1496, found: 331.1490.

(8)-2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)-N-(4-fluorophenyl)-N-methylpyridin
-3-amine (NMeNL11)

F

NMe

o<,

‘tBu
Yellow oil, 24.9 mg, 38% yield.

'H NMR (500 MHz, CDCL) & 8.55-8.53 (m, 1H), 7.62-7.60 (m, 1H), 7.43-7.40 (m,
1H), 6.88-6.84 (m, 2H), 6.58-6.55 (m, 2H), 4.16-4.12 (m, 1H), 3.95-3.91 (m, 1H),
3.89-3.84 (m, 1H), 3.26 (s, 3H), 0.79 (s, 9H).

13C NMR (126 MHz, CDCL) & 161.4, 156.7 (d, J = 237.1 Hz), 146.2, 145.3 (d, J =
8.8 Hz), 144.9, 136.6, 129.1 (d, J= 9.1 Hz), 126.3, 116.3 (d, J= 7.7 Hz), 115.5 (d, J =
22.4 Hz), 76.6, 63.8, 40.9, 33.6, 26.0.

HRMS (ESI) [M+H]" calcd for Ci19H23FN3O: 328.1820 found: 328.1828.

(S)-N-(2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)pyridin-3-yl)pyridin-2-amine
(ZNL1)

\

NH
<
Va

N N™ gy



Yellow oil, 50.3 mg, 85% yield.

'H NMR (400 MHz, CDCL:) 5 11.85 (s, 1H), 9.34 (dd, J; = 8.7, Jo= 1.5 Hz, 1H), 8.30
— 8.28 (m, 1H), 8.22 (dd, J; = 4.4, J, = 1.5 Hz, 1H), 7.59 — 7.54 (m, 1H), 7.35 (dd, J;
=8.7, /o= 4.4 Hz, 1H), 6.84 (dd, J; = 5.0, J, = 0.9 Hz, 1H), 6.77 (d, J = 8.2 Hz, 1H),
4.53 - 437 (m, 1H), 4.33 —4.21 (m, 2H), 1.02 (s, 9H).

13C NMR (101 MHz, CDCL) § 164.0, 155.2, 147.7, 140.7, 140.3, 137.7, 129.7, 126.3,
1253, 116.2, 113.1, 76.5, 67.9, 34.1, 26.1.

HRMS (ESI) [M+H]" caled for C17H21N40: 297.1710 found: .297.1714

(S)-N-(2-(4-(tert-butyl)-4,5-dihydrooxazol-2-yl)pyridin-3-yl)pyrimidin-2-amine
(ZNL2)

N
— 0]
Yal
N N™ gy
Yellow oil, 52.9 mg, 89% yield.

'H NMR (400 MHz, CDCls) & 12.28 (s, 1H), 9.30 (dd, J; = 8.7, J> = 1.5 Hz, 1H), 8.48
(d, J=4.8 Hz, 2H), 8.28 (dd, J; = 4.4, J,=1.5 Hz, 1H), 7.38 (dd, J; = 8.7, J = 4.4 Hz,
1H), 6.78 (t, J = 4.8 Hz, 1H), 4.43 — 4.39 (m, 1H), 4.31 — 4.28 (m, 2H), 1.02 (s, 9H).
13C NMR (101 MHz, CDCls) § 163.3, 160.3, 158.0, 141.1, 139.4, 130.6, 126.02,
125.98, 113.6, 76.5, 68.0, 34.2, 26.0.

HRMS (ESI) [M+H]" caled for C16H20N50: 298.1662 found: .298.1665

(5)-2-(4-(zert-butyl)-4,5-dihydrooxazol-2-yl)- V-cyclohexylpyridin-3-amine
(ZNL3)



NH
G
YaY

N N™ gy

Yellow oil, 53.5 mg, 89% yield.

'H NMR (400 MHz, CDCLy) § 8.67 (s, 1H), 7.91 (dd, J; = 4.3, J> =1.4 Hz, 1H), 7.14
(dd, J; = 8.6, J> = 4.3 Hz, 1H), 7.02 (dd, J; = 8.8, J> = 1.4 Hz, 1H), 437 — 4.30 (m,
1H), 4.20 — 4.13 (m, 2H), 3.38 — 3.21 (m, 1H), 2.20 — 1.94 (m, 2H), 1.79 — 1.74(m,
2H), 1.62— 1.57 (m, 1H), 1.43 — 1.27 (m, SH), 0.94 (s, 9H).

13C NMR (101 MHz, CDCls) § 163.8, 145.3, 135.7, 127.2, 126.2, 118.1, 76.5, 67.4,
50.3, 34.0, 32.8, 32.7, 26.0, 25.9, 24.6, 24.4.

HRMS (ESI) [M+H]" caled for CisH23N30: 302.2227 found: 302.2235

(5)-4-(tert-butyl)-2-(3-(4-fluorophenoxy)pyridin-2-yl)-4,5-dihydrooxazole (OL11)

=

Br Cul (20 mol%), DMG (30 mol%)
— 0] 4-FPhOH (1.2 equiv), Cs,CO3 (2.0 equiv)

/ \ ] dioxane (0.2 M), 100 °C __
\ N N" /gy > / \Oj
\ N N

Yellow oil, 20.1 mg, 32% yield.

'H NMR (500 MHz, CDCls) & 8.43-8.42 (m, 1H), 7.32-7.26 (m, 2H), 6.99-6.84 (m,
4H), 4.29 (dd, J; = 10.1 Hz, J> = 8.5 Hz, 1H), 4.15-4.02 (m, 2H), 0.79 (s, 9H).

13C NMR (101 MHz, CDCls) & 160.0, 159.0 (d, J = 242.1 Hz), 153.0, 152.9 (d, J =
2.5 Hz), 144.9, 139.8, 128.2, 1263, 119.7 (d, J = 8.4 Hz), 116.5 (d, J = 23.4
Hz),77.0,68.7, 34.0, 25.9.

HRMS (ESI) [M+H]" caled for CisH20FN2O2: 315.1503, found: 315.1510.



2.4 Analysis of substituted PyOx ligands for asymmetric transformations

Well-explored ligands for metals-PyOx

"" B 3-substituted
M 4-substituted __3u
Li?;g)c;s [ | 5-subst?tuted \ '\{ \N .
6-substituted 6 tBu

inner: substances
outer: catalytic applications

Ei( Note
R _ o

N

1

3-substituted PyOx 29 related substances

1 reference on asymmetric transformation
4-substituted PyOx 411 related substances

3 references on asymmetric transformation
5-substituted PyOx 187 related substances

2 references on asymmetric transformation
6-substituted PyOx 1018 related substances

146 references on asymmetric transformation

10000 B Number of related substances e 1000

1018
1000

46
- 100
10

411
187
100 [
29 ]
1 l F
1 L] “I L} L] ‘ L] 1

3-substituted PyOx 4-substituted PyOx 5-substituted PyOx 6-substituted PyOx
Substituted PyOx

o

Scifinder search profiles of the non-ring fused PyOx ligands in asymmetric

transformations were listed below (accessed on 08/29/2022)



3. Asymmetric addition of arylboronic acid to N-Cbz-4-quinolone

O 0
0
NaH, THF
CO - oy L)
N r.t.
H 0
Cbz

A solution of quinolin-4(1H)-ones (2.90 g, 20 mmol, 1 eq) in THF (20 mL) was added
to a suspension of NaH (1.44 g, 60 mmol, 3 eq) in THF (15 mL) at room temperature,
and the resulting mixture was stirred for 15 min at 55 °C. Benzyl chloroformate (3.73
mL, 30 mmol, 1.5 eq) was then added to it dropwise, and the mixture was stirred for
48 h at room temperature. The reaction was quenched with water and extracted with
EtOAc. The organic layer was dried over Na;SOq, filtered, and concentrated under
vacuum. The residue was chromatographed on silica gel with petroleum ether/EtOAc

(5:1, v/v) to afford compound as a white solid (1.65 g, 59% yield).

'H NMR (400 MHz, CDCLs) & & 8.68 (d, J; = 9.0 Hz, 1H), 8.50 — 8.27 (m, 2H), 7.72 —
7.55 (m, 1H), 7.53 — 7.39 (m, 6H), 6.26 (d, J = 8.6 Hz, 1H), 5.47 (s, 2H).

The NMR data are in accordance with previously reported data (Org. Lett. 2022, 24, 5,
1228-1231.).

Unless otherwise mentioned, the other substituted N-Cbz-4-quinolone were

synthesized according to this procedure.

Ligand (6 mol%)

PA(TFA), (5 mol%) o
O NH4PFg (30 mol%)
BOH)2  H,0 (10 eq)
| + » ’,
N DCE, 70 °C,48 h N '/©
|
Cbz Cbz
1 2 3

General procedure

Step 1: To a Schlenk tube charged Pd(TFA). (1.7 mg, 5 mol%, 0.05 eq) and ligand (6
mol%, 0.06 eq) was added DCE (0.5 mL), The mixture was stirred at 70 ‘C (heating



mantle) for 2 h to afford the catalyst solution.

Step 2: To the above solution was added phenyl boronic acid (24.4 mg, 0.2 mmol,
2eq), NH4PFs (4.9 mg, 30 mol%, 0.3 eq), 1 (27.9 mg, 0.1 mmol, 1 eq) and H>O (18 uL,
10 eq). The wall of the tube was rinsed with DCE (0.5 mL) or some oil substrate was
dissolved in DCE (0.5 mL) (The volume of solvent is 1.0 mL). The tube was placed in
the modules of the reactor which was set at 70 ‘C (heating mantle) for 48 h, the
reaction mixture was cooled to room temperature, and the solvent was removed by
rotary evaporation. The residue was purified by column chromatography with

petroleum ether/EtOAc (5/1, v/v) to give the product.

3.1 Establishement of the optimal condition

3.1.1 Initial chiral ligands screening

Table S1. Initial Ligand evaluation

Ligand (6 mol%)

Pd(TFA), (5 mol%) o
O NH4PFg (30 mol%)
O e O
\ DCE, 70 °C, 48 h N "©
(Isz Cbz

0 O’>
N "By X/ B g Y

3 & N
N <::I N |:> N =N

H o\)*tBu
R1

L1

L2: R4= CF;, trace 53% yield, 72%ee L5: Ry=H, 15% yield, 80%ee
L3: R1=OMe, trace L6: R,=OMe, 8% vyield, 66% ee
L4: R4= CHas, trace L7: Ry= Cl, trace

Table S2. Evaluation of Ligand loading



o L5 (X mol%) 0o

soH,,  PA(TFA) (5 mol%)
| ©/ NH4PFg (30 mol%)
+ )
H20 (10 e "
Cbz PhCF3,70 °C,48 h bz

Entry Ligand / mol% Yield*/%  ee® %
1 5 28 0
2 6 15 80
3 7.5 15 46
4 10 22 64
5 12 42 77
6 15 48 77
7 20 28 87

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase.

3.1.2 Solvents screening

Table S3. Solvent effects

L5 (12 mol%)

PA(TFA), (5 mol%) o
Q NH,PF¢ (30 mol%)
B(OH) H-.O (10 eq)
| + > .
N solvent, 70°C, 48 h ,}1 //©
I
Cbz Cbz



Entry Solvent Yield?/ % ee®/ %
1 MeOH 56 87
2 EtOH 36 83
3 IPA 53 69
4 HFIP trace N.T.
5 Toluene 53 86
6 PhCl 46 84
7 DCB 28 27
8. PhCF; 67 92
9 DMB trace trace
10 Benzene 47 80
11 DMF 28 89
12 DMSO trace N.T.
13 DCE 42 77
14 THF trace N.T.
15 MeOH: PhCF5(1:1) 31 86
16 H0 11 85




17 PhNO:; 39 65

18 DMPU trace N.T.

19 DCE: H20O (1:1) 22.4 85

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase.

3.1.3 Arylboronic acid loading

Table S4. Stoichiometry of arylboronic acid

L5 (12 mol%)
Pd(TFA), (5 mol%) o

O NH,PFg (30 mol%)
B(OH), H-O (10 eq)
| + o > ‘4
N PhCF3, 70°C, 48 h N /©
CIIbz Cbz
Entry PhB(OH), / eq Yield?/ % ee®/%

1 1 34 &0

2 2 67 92

3 3 63 77

4 4 43 85

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase.

3.1.4 Ligands optimization based on LS

Table S5. Ligands optimization based on L5



Ligand (12 mol%) e}

B(OH), Pd(TFA), (5 mol%)
©/ | NH4PFg (30 mol%)
N H,0 (10 eq) N

> \ ”
Cbz  PhCF3 (0.1 M), 48 h, 70°C Cbz

NL5: 45% vyield,64% ee NL14: 84% yield, 80% ee
NL8: 31%yield,92% ee R NL15: 56% yield, 84% ee

NL10: 78% yield,82% ee

NLO: 53% yield,89% ee | O/>"”tBuOL11: trace, N.T.
SN
AN N NMeNL11: trace, N.T.
x> N

NL11: 95% yield,73% ee ZNL1: trace, N.T.
NL12: 59% vyield,59% ee X=N, 0O ZNL3: trace, N.T.
NL13:70% vyield, 80% ee CL5: trace, N.T.

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase. on a chiral stationary phase.

3.1.5 Other parameters optimization

Table S6. Temperature influence

0]

B(OH),
] . @
N

|
Cbz

____________________________

NL11 (12 mol%) :
Pd(TFA), (5 mol%) o : NL11

NH,PFg (30 mol%) : F 5
H20 (15 eq) H .
> ) : NH O :

PhCF3, T °C,48 h N ; :>””tBu:
Cbz ; “ N :

N

Entry T/C Yield®/ % ee®/ %
1 70 95 73
2 60 95 91
3 50 90 95

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were



determined by HPLC on a chiral stationary phase.

Table S7. Metal Screening

(6]
B(OH),
] . @f
N
Cbz

NL11 (12 mol%)

Metal (5 mol%) 0 ' E NL11
NH4PFg (30 mol%) '
H20 (15 eq) ©f‘j : \©\
) NH O
N7

PhCF3, 60 °C,48 h

Jony oy
Cbz ! z | N E

Entry Metal L2/mol% Yield?/ % ee®/ %
1 Pd(OAc): 12 78 87
2 PdCl, 12 trace --
3 (Ph3P)PdCl> 12 trace --
4 Cu(OAc)2'H20O 12 trace --
5 AgTFA 12 trace --
6 Pd(TFA)> 12 95 91
7 Pd(TFA)2 6 70 87
8 Pd(TFA)> 7.5 84 89
9 Pd(TFA). 10 89 86

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase.

Table S8. Screening of additives



NL11 (12 mol%) '
Pd(TFA), (5 mol%) o ! NL11

0 Additive (30 mol%) P F i
B(OH):2  H,0 (15eq) : '
| - > ) : NH 0/> :
N PhCF3, 60 °C, 48 h N © : A /e
| : :
Cbz Cbz E | ;

Entry Additive Additive/mol%  Yield®/ % ee®/ %
1 NH4BF4 30 59 77
2 NaSbFs 30 56 75
3 Ag,COs 30 56 93
4 B(C¢Fs)s 30 70 81
5 4-FPhNH; 30 11 93
6 NH4PFs+4-FPhNH> 30:12 78 89
"""" e
8 NH4PFs 10 84 95
9 NH4PFs 20 92 93
10 NH4PFe 30 95 91
11 NH4PFs 40 95 83
12 NH4PFs 50 78 90

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase.



Table S9. Stoichiometry of H2O

NL11 (12 mol%) :
Pd(TFA), (5 mol%) 0 ' NL11

' :

Q NH4PFg (30 mol%) ; '
B(OH)  H,O (W eq) ' '

| . > , ! NH O/> '
PhCF3,60 °C,48 h N7 : "B,

N : N :
Cbz : '

............................

Entry H>0/ eq Yield?/ % ee /%
1 0 84 92
2 5 95 89
3 10 95 91
5 20 95 92

a All reactions were run at 0.1 mmol scale. b Isolated yield and ee values were

determined by HPLC on a chiral stationary phase.

3.2 Substrate scope

Table S10. Substrate scope for asymmetric addition of arylboronic acids to

quinolones



Substrate Scope for Pd Catalyzed Hayashi-Miyaura Coupling
NL11 (12 mol%) O

o]
B(OH); Pd(TFA), (5 mol%) @
NH4PFg (30 mol%
+ @ | 4PFe { ) N “ay
r;l H,0 (10 eqg) |
Cbz PhCF; (0.1 M), 48 h, 60°C Cbz

% vyield; % ee

b =HO- KO R

N "’f
I
Chz

95%:; 91% 74% 54% 8?% 90%
59%; 31% 39% (61%P); 88%  78%; 94% 96%; 94% 59% (83%"); 96%
HO- K K HD FQr

F
12 13 14 15 16
78%; 96% 68%; 95% 43% ; 94% 54%; 67% 83%:; 86%
OMe .
e N8 RO
OMe
82% : 97% 76%; 96%  44% (68%P); 67% 32% (58%P); 71% 33% (78%°); 93%
0
‘_O 25 R=Ph F 27 R=Ph
93%; 94% 80%; 90%
‘ty 'ty
N R N R =4-F-
36% (eg%b) 90% 26, R = 4-F-Ph , 28, R = 4-F-Ph
Cbz  97%; 94% Cbz  44%; 92%
Challenging Substrates 29 R=Ph
54%; 71%
l_C[ 30, R = 4-F-Ph
g 49%: 87%
I
ébz 31. R = 4-tBu-Ph
trace 22%: 90% 58%: 61%

2 Unless otherwise mentioned, the yields refer to the isolated yield, and the ee values were determined by HPLC on a chiral phase.

b Yield brsm.



3.3 Asymmetric addition of aryboronic acid to chromone by NL11

PA(TFA), (5 mol%)
B(OH). O Ligand (6 mol%)

H,O (5 eq)
SERNCE -
0 DCE (0.2 M), 60°C 0 ‘0,
with NL11, % yield; %ee @

with LS5, % yield; %ee

F D=~ KO-+ KO-
32 33 34

55%:; 94% 44%: 95% 49%:; 92%
33%:; 97% P 13%; 97% P 33%; 94% P

;

51%, 96% 4%, 90% 8%, 94%
o 33%; 94% 22%; 95% 29%; 90%
;

45%, 95% 44%- 93% 64% 97%
o 31%; 98% P 24%: 97%° 41%: 95% P
W= FO—~ K % @
F o) "u
45%: 95% 0%;93% 6%, 95%
35%: 96% P 25%; 92% 17%:; 96% P

4. Procedure for the Synthesis of 10 on a 1-mmol-scale

o NL11 (12 mol%) 0
Pd(TFA); (5 mol%)
B(OH), NH,4PFg (30 mol%)
+ ’,
- N H,O (10eq) - N

|
Loz PhCF3 (0.1 M), 48 h, 60°C Cbz ©\F



Step 1: To a Schlenk tube charged Pd(TFA). (17 mg, 5 mol%) and NL11 (37 mg, 12
mol%) was added DCE (5.0 mL), The mixture was stirred at 60 ‘C (heating mantle)

for 2 h to afford the catalyst solution.

Step 2: To the above solution was added 4F-phenyl boronic acid (280 mg, 2.0 mmol),
NH4PFs (49 mg, 30 mol%), 1 (279 mg, 1 mmol) and H>O (180 uL, 10 eq). The wall of
the tube was rinsed with DCE (5.0 mL) or some oil substrate was dissolved in DCE
(0.5 mL) (The volume of solvent is 1.0 mL). The tube was placed in the modules of
the reactor which was set at 60 ‘C (heating mantle) for 48 h, the reaction mixture was
cooled to room temperature, and the solvent was removed by rotary evaporation. The
residue was purified by column chromatography with petroleum ether/EtOAc (5/1,

v/v) to give the product (325 mg, 87% yield).

5. Spectroscopic data for 2-phenyl-3,4-dihydroquinolines
(R)-benzyl 4-0x0-2-phenyl-3,4-dihydroquinoline-1(2H)-carboxylate (3)

0]

d'\lﬁ’q,
|
Cbz

Yellow solid (95% isolated yield, 33.9 mg, 0.1 mmol), mp: 149.0-151.7 “C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

"H NMR (400 MHz, CDCl3)  7.81 (dd, J; = 7.8 Hz, J>=1.7 Hz, 1H), 7.72 (d, J = 8.4
Hz, 1H), 7.38-7.25 (m, 6H), 7.14-7.06 (m, SH), 7.00-6.96 (m, 1H), 6.16 (dd, J; = 4.8
Hz, J>=3.2 Hz, 1H), 5.32 (d, /= 12.2 Hz, 1H), 5.24 (d, J = 12.3 Hz, 1H), 3.22-3.21
(m, 2H).



3C NMR (101 MHz, CDCl3) 8 192.8, 154.4, 141.6, 138.2, 135.7, 134.7, 128.8, 128.7,
128.6, 128.3,127.7,127.0, 126.7, 125.2, 124.5, 124.3, 68.6, 56.2, 42.4.

[o]p?'= +78.6° (¢ 0.1, MeOH).
HRMS (ESI) [M+H]" calcd for C23HaoNO3: 358.1438, found: 358.1429.

HPLC Conditions: IPA/Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =13.0 min, major =16.2 min; ee =91%.

11111

<
HRNE - lix
= 4w 8 £ k3
B¥E | #ENA = i R FERPl | fapns | ety wHs
T 13078 T 50163 50163

H
=

Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).

(R)- benzyl 4-0x0-2-(p-tolyl)-3,4-dihydroquinoline-1(2H)-carboxylate (4)

Yellow solid (95% isolated yield, 35.2 mg, 0.1 mmol), mp: 108.8-111.4 ‘C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(Eur. J. Org. Chem. 2011, 8, 1443—-1446.)

'H NMR (500 MHz, CDCl3) § 7.90 (dd, J; = 7.8 Hz, J> = 1.7 Hz, 1H), 7.80 (d, J = 8.5
Hz, 1H), 7.46-7.33 (m, 7H), 7.09-7.06 (m, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.21 (t, J =
4.0 Hz, 1H), 5.40 (d, J = 12.4 Hz, 1H), 5.33 (d, J = 12.4 Hz, 1H), 3.32-3.24 (m, 2H),
2.23 (s, 3H).



3C NMR (101 MHz, CDCl3) 8 192.9, 154.1, 141.4, 139.8, 135.7, 134.7, 128.9, 128.7,
128.4,127.1, 126.7, 126.6, 125.0, 124.4, 124.3, 122.7, 68.7, 53.8, 43.2, 29.8.

HRMS (ESI) [M+H]" caled for C24H22NO3: 372.1594, found: 372.1588 .
[a]p?!'=+51.6° (¢ 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =10.9 min, major =14.9 min; ee =91%.
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Annotation: Peak number ([#2]) Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (" #& ) and
Relative Area (%) (—@#s_),

(R)-benzyl 2-(4-methoxyphenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
(C))

Yellow solid (74% isolated yield, 28.6 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.



'H NMR (500 MHz, CDCls) § 7.90 (dd, J; = 7.7 Hz, J: = 1.7 Hz, 1H), 7.77 (d, J= 8.6
Hz, 1H), 7.46-7.35 (m, 6H), 7.11-7.07 (m, 3H), 6.72 (d, J = 8.7 Hz, 2H), 6.19 (t, J =
4.0 Hz, 1H), 5.40 (d, J = 12.2 Hz, 1H), 5.32 (d, J = 12.3 Hz, 1H), 3.70 (s, 3H), 3.27 (d,
J=4.0 Hz, 2H).

BC NMR (126 MHz, CDCl3) 8 193.2, 159.0, 154.4, 141.5, 135.7, 134.7, 130.1, 128.8,
128.6, 128.3,127.9, 126.9, 125.2, 124.6, 124.3, 114.1, 68.6, 55.8, 55.3, 42.6.

HRMS (ESI) [M+H]" caled for C24H22NO4: 388.1543, found: 388.1537 .
[a]p?®=+60.3° (¢ 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (20:90), 1.0 mL/min, Daicel Chiralpak IC column,

A= 220 nm, tr (min): minor =13.5 min, major =16.1 min; ee =54%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak (" #i2 ), Concentration (__#*& ) and

Relative Area (%) (s ),

(R)-benzyl
2-(4-(tert-butyl)phenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate (6)



White solid (87% isolated yield, 35.9 mg, 0.1 mmol), mp: 106.9-108.2 ‘C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (500 MHz, CDCls) 8 7.91 (dd, J; = 7.8 Hz, J=1.8 Hz, 1H), 7.85 (d, J = 8.5
Hz, 1H), 7.50-7.44 (m, 1H), 7.41-7.35 (m, SH), 7.23-7.21 (m, 2H), 7.11-7.07 (m, 3H),
6.21 (t, J= 4.1 Hz, 1H), 5.40 (d, J= 12.4 Hz, 1H), 5.32 (d, J= 12.4 Hz, 1H), 3.29 (d,
J=4.0 Hz, 2H), 1.22 (s, 9H).

BC NMR (126 MHz, CDCl3) 8 193.0, 154.5, 150.6, 141.8, 135.8, 135.1, 134.7, 128.8,
128.6, 128.3,127.0, 126.4, 125.7, 125.2, 124.5, 124.2, 68.6, 56.1, 42.6, 34.5, 31.3.

HRMS (ESI) [M+H]" caled for C27H2sNO3: 414.2064, found: 414.2056.
[a]p??>=+63.9° (¢ 0.1, CHCI3).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =9.2 min, major =12.3 min; ee = 90%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) ([ &= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).



(R)-benzyl 2-(4-(benzyloxy)

phenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate (7)

2

",
bz
OBn

White solid (59% isolated yield, 27.3 mg, 0.1 mmol), mp: 148.8-151.7 C, column

O—

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

Synthesized according to the general procedure and purified by flash chromatography
(10:1 petroleum ether /EtOAc) to afford a white solid.

'H NMR (500 MHz, CDCls) & 7.90 (dd, J; = 7.9 Hz, J> = 1.7 Hz, 1H), 7.77 (d, J= 8.4
Hz, 1H), 7.48-7.28 (m, 11H), 7.14-7.04 (m, 3H), 6.80 (d, J = 8.9 Hz, 2H), 6.19 (t, J =
4.0 Hz, 1H), 5.40 (d, J= 12.3 Hz, 1H), 5.32 (d, J = 12.4 Hz, 1H), 4.94 (s, 2H), 3.27 (d,
J=4.0 Hz, 2H).

BC NMR (126 MHz, CDCls) 8 193.1, 158.2, 154.4, 141.5, 136.8, 135.7, 134.7, 130.4,
128.8, 128.7, 128.6, 128.3, 128.2, 128.0, 127.6, 127.0, 125.2, 124.6, 124.3, 115.0,
70.0, 68.6, 55.8, 42.5.

HRMS (ESI) [M+H]" caled for C30H26NOx: 464.1856, found: 464.1849 .
[o]p®= + 47.2° (¢ 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =36.0 min, major =46.0 min; ee = 31%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& ), Area (mV*min)

(—m=&_T), Height (mV) (&= 1), Labeled peak (" #i ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).

(R)-benzyl 2-([1,1'-biphenyl]-4-yl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
®

Yellow solid (39% isolated yield, 16.9 mg and 11.6 mg substrate, 0.1 mmol), mp:
167.5-169.6 C, column chromatography purification using petroleum ether/EtOAc

(10:1, v/v) as eluents.

'H NMR (400 MHz, CDCL) § 7.92 (dd, J = 7.9 Hz, 1.7 Hz, 1H), 7.84 (d, J = 8.4 Hz,
1H), 7.49-7.35 (m, 11H), 7.32-7.31 (m, 1H), 7.30-7.24 (m, 2H), 7.09 (t, J = 7.5 Hz,
1H), 6.28 (t, J = 4.0 Hz, 1H), 5.42 (d, J = 12.3 Hz, 1H), 5.34 (d, J = 12.3 Hz, 1H),
3.40-3.33 (m, 2H).

3C NMR (101 MHz, CDCls) 8 192.8, 154.5, 141.7, 140.6, 140.4, 137.2, 135.7, 134.8,
128.9, 128.8, 128.7, 128.3, 127.6, 127.5, 127.2, 127.1, 125.2, 124.6, 124.4, 68.7, 56.2,
42.5.

HRMS (ESI) [M+H]" caled for C20H24NO3: 434.1751, found: 434.1724.
[a]p?’= +63.8° (¢ 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =19.6 min, major =26.5 min; ee = 88%.
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Annotation: Peak number ([#2]), Retention Time (min) (I ##8& ), Area (mV*min)

(m&_T), Height (mV) (C_&&_1), Labeled peak ( #i ), Concentration (_#& ) and

Relative Area (%) (—@#s_),

(R)-2 benzyl -(4-chlorophenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate (9)

Colorless oil (78% isolated yield, 30.4 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz, CDCls) & 7.89 (dd, J; = 7.8 Hz, J: = 1.7 Hz, 1H), 7.77 (d, J= 8.5
Hz, 1H), 7.48-7.44 (m, 1H), 7.41-7.36 (m, SH), 7.18-7.07 (m, 5H), 6.23-6.17 (m, 1H),
5.39 (d,J=12.2 Hz, 1H), 5.32 (d, J = 12.2 Hz, 1H), 3.29-3.27 (m, 2H).

3C NMR (101 MHz, CDCl3) 8 192.5, 154.4, 141.4, 136.8, 135.6, 134.9, 133.7, 129.0,
128.9, 128.7,128.4, 128.2, 127.1, 125.1, 124.6, 68.8, 55.9, 42 4.

[a]p'’=+95.3° (¢ 0.1, CHCIy).
HRMS (ESI) [M+H]" caled for C23H19CINO;: 392.1048, found: 392.1044 .

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =14.3 min, major =21.3 min; ee = 94%.
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Annotation: Peak number ([#21]) Retention Time (min) (I ##8& ), Area (mV*min)
(Um&_T), Height (mV) (C_&&_1), Labeled peak ( #i ), Concentration (_#*& ) and

Relative Area (%) (—@#s_),

(R)-2 benzyl -(4-fluorophenyl)-4-0xo0-3,4-dihydroquinoline-1(2H)-carboxylate
(10)

Colorless oil (96% isolated yield, 36.0 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

"H NMR (400 MHz, CDCL) & 7.90 (dd, J; = 7.8 Hz, J; = 1.7 Hz, 1H), 7.76 (d, J = 8.4
Hz, 1H), 7.48-7.44 (m, 1H), 7.41-7.35 (m, SH),7.19-7.08 (m, 3H), 6.92-6.86 (m, 2H),
6.22— 6.20 (m, 1H), 5.40 (d, J= 12.2 Hz, 1H), 5.33 (d, J = 12.2 Hz, 1H), 3.34-3.23 (m,
2H).

13C NMR (101 MHz, CDCLs) 8§ 192.7, 162.2 (d, J = 247.0 Hz), 154.4, 141.4, 135.6,
134.8, 134.0 (d, J = 3.3 Hz), 128.9, 128.7, 128.5 (d, J = 8.2 Hz), 128.4, 127.1, 125.1,
124.6, 124.5, 115.7 (d, J = 21.6 Hz), 68.8, 55.8, 42.6.

HRMS (ESI) [M+H]" caled for C23H19FNO3: 376.1344, found: 376.1339.



[o]p?=+ 66.9° (c 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =14.0 min, major =18.8 min; ee =94%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).

(R)-4
benzyl-oxo-2-(3-(trifluoromethyl)phenyl)-3,4-dihydroquinoline-1(2 H)-carboxylat
e(11)

Yellow oil (59% isolated yield, 25.1 mg and 8.1 mg substrate, 0.1 mmol), column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz, CDCl3) & 7.90 (dd, J; = 7.9 Hz, J> =1.7 Hz, 1H), 7.81 (d, J = 8.5
Hz, 1H), 7.52-7.45(m, 3H), 7.40-7.36 (m, SH), 7.34-7.29 (m, 2H), 7.13-7.08 (m, 1H),
6.27 (t, J = 4.4 Hz, 1H), 5.40 (d, J = 12.2 Hz, 1H), 5.33 (d, J = 12.2 Hz, 1H),
3.34-3.31 (m, 2H).



3C NMR (126 MHz, CDCl3) § 192.2, 154.4, 142.4, 141.4, 135.5, 135.0, 130.2 (d, J =
32.6 Hz), 128.9, 128.4, 128.0 (d, J = 197.5 Hz), 127.2, 127.1, 125.8 (q, J = 3.7 Hz),
125.0, 124.7, 124.5, 122.9, 68.9, 56.1, 42 4.

HRMS (ESI) [M+H]" caled for C24H19F3NOs: 426.1312 , found: 426.1321.
[a]p?=+ 119.4° (¢ 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =13.2 min, major =21.3 min; ee =96%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak (" #i ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).

(R)-benzyl
2-(4-(methoxycarbonyl)phenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
(12)

|
Cbz ©\
COOMe

White solid (78% isolated yield, 32.4 mg, 0.1 mmol), mp: 163.0-165.2 ‘C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.



'H NMR (400 MHz, CDCls) & 7.87 (dd, J; = 8.5 Hz, J> = 2.0 Hz, 3H), 7.79 (d, J= 8.4
Hz, 1H), 7.48-7.43 (m, 1H), 7.41-7.32 (m, 5H), 7.27 (dd, J; = 7.2 Hz, J= 1.7 Hz, 2H),
7.11-7.06 (m, 1H), 6.27 (t, J = 4.0 Hz, 1H), 5.40 (d, J = 12.2 Hz, 1H), 5.33 (d, J =
12.2 Hz, 1H), 3.84 (s, 3H), 3.33 (d, J = 4.0 Hz, 2H).

BC NMR (101 MHz, CDCl3) 8 192.3, 166.6, 154.3, 143.3, 141.4, 135.5, 134.8, 130.0,
129.6, 128.9, 128.71, 128.66, 128.3, 127.1, 126.8, 125.0, 124.6, 124.5, 68.8, 56.2,
52.2,42.3.

HRMS (ESI) [M+H]" calcd for CasHa:NOs: 416.1493, found: 416.1489.
[0]p2= + 48.3° (¢ 0.1, MeOH).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =23.8 min, major =39.7 min; ee = 96%.
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Annotation: Peak number ([#21]), Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (" #& ) and

Relative Area (%) (—@#s_),

(R)- benzyl 4-0x0-2-(m-tolyl)-3,4-dihydroquinoline-1(2H)-carboxylate (13)



Colorless oil (68% isolated yield, 25.2 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz, CDCls) 6 7.95 (dd, J; = 7.8 Hz, J»= 1.7 Hz, 1H), 7.73-7.72 (m,
1H), 7.47-7.46 (m, 1H), 7.36-7.29 (m, 5H), 7.17-7.08(m, 3H), 6.93-6.89 (m, 2H), 6.26
(dd, Ji =6.4 Hz, J>= 1.9 Hz, 1H), 534 (d, J=12.3 Hz, 1H), 5.22 (d, /= 12.3 Hz, 1H),
3.31(dd, J; = 17.5 Hz, J> = 6.5 Hz, 1H), 3.11 (dd, J; = 17.5 Hz, J>=1.9 Hz, 1H), 2.34
(s, 3H)

3C NMR (101 MHz, CDCls) 8 194.3, 154.9, 142.8, 137.5, 137.2, 136.5, 135.4, 132.1,
129.5, 129.3, 128.9, 128.7, 127.6, 127.0, 126.8, 126.6, 125.5, 125.4, 69.3, 55.5, 43.5,
20.5.

HRMS (ESI) [M+H]" caled for C24H220NO3: 372.1594, found: 372.1590.
[a]p?*= +53.6° (¢ 0.1, CHCI3).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =9.3 min, major =10.9 min; ee = 95%.
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Annotation: Peak number ([#21]), Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (" #& ) and

Relative Area (%) (_@#s_).

(R)-2 benzyl -(3-fluorophenyl)-4-0xo0-3,4-dihydroquinoline-1(2H)-carboxylate
(14)

Colorless oil (43% isolated yield, 16.1 mg 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz, CDCls)  7.90 (dd, J; = 7.9 Hz, J> = 1.7 Hz, 1H), 7.80 (d, J = 8.4
Hz, 1H), 7.50-7.45 (m, 2H), 7.41-7.34 (m, SH), 7.21-7.08 (m, 3H), 6.97-6.86 (m, 2H),
621 (t, J = 3.9 Hz, 1H), 540 (d, J = 12.2 Hz, 1H), 5.33 (d, J = 12.2 Hz, 1H),
3.30-3.28 (m, 2H).

13C NMR (101 MHz, CDCL3) § 192.4, 163.1 (d, J = 246.9 Hz), 154.4, 141.4, 140.9 (d,
J = 6.6 Hz), 135.6, 134.9, 130.4 (d, J = 8.2 Hz), 128.9, 128.7, 128.4, 127.1, 125.0,
124.6, 122.31, 122.28, 114.8 (d, J=21.1 Hz), 114.1 (d, J = 22.6 Hz), 68.9, 56.0, 42.4.

HRMS (ESI) [M+H]" caled for C23H19FNO3: 376.1344, found: 376.1350.
[a]p?®=+ 65.2° (¢ 0.1, CHCly).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =14.0 min, major =17.8 min; ee =94%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%8H8 ), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ),

(R)- benzyl 4-0x0-2-(0-tolyl)-3,4-dihydroquinoline-1(2H)-carboxylate (15)

(0]
d’\b”’/
|
Cbz

White solid (54% isolated yield, 20.0 mg, 0.1 mmol), mp: 105.4-117.9 C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz,CDCl3) & 7.95 (dd, J; = 7.8 Hz, J> = 1.7 Hz, 1H), 7.73-7.72 (m,
1H), 7.47-7.46 (m, 1H), 7.36-7.29 (m, SH), 7.17-7.08 (m, 3H), 6.93-6.89 (m, 2H),
6.26 (dd, J; = 6.4 Hz, J= 1.9 Hz, 1H), 5.34 (d, J = 12.3 Hz, 1H), 5.22 (d, J= 12.3 Hz,
1H), 3.31 (dd, J; = 17.5 Hz, J> = 6.5 Hz, 1H), 3.11 (dd, J; = 17.5 Hz, J, = 1.9 Hz, 1H),
2.34 (s, 3H).

BC NMR (101 MHz, CDCls) 8 193.5, 154.1, 142.0, 136.8, 136.4, 135.7, 134.7, 131 .4,
128.8, 128.5, 128.2, 128.0, 126.9, 126.3, 126.1, 125.8, 124.8, 124.7, 68.6, 54.8, 42.8,
19.7.

HRMS (ESI) [M+H]" caled for C24H22NOs: 372.1594, found: 372.1589
[a]p?*= +42.8° (¢ 0.1, CHCI3).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak IC column,

A= 220 nm, tr (min): minor =15.4 min, major =16.1 min; ee = 67%.
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Annotation: Peak number ([#2]), Retention Time (min) (I ##8& ), Area (mV*min)

(m&_T), Height (mV) (C_&&_1), Labeled peak ( #i ), Concentration (_#& ) and

Relative Area (%) (—@#s_),

(R)-benzyl
2-(4-methoxy-3-methylphenyl)-4-oxo0-3,4-dihydroquinoline-1(2H)-carboxylate
(16)
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White solid (83% isolated yield, 33.3 mg, 0.1 mmol), mp: 184.3-186.7 C, column

chromatography purification using petroleum ether/EtOAc (3:1, v/v) as eluents.

'H NMR (500 MHz, CDCls)  7.90 (dd, J; = 7.9 Hz, J> = 1.7 Hz, 1H), 7.78 (d, J= 8.4
Hz, 1H), 7.46-7.35 (m, 6H), 7.07 (dd, J; = 7.4 Hz, J>=1.1 Hz, 1H), 6.96-6.92 (m, 2H),
6.61 (d, J=8.4 Hz, 1H), 6.16 (t, J= 4.0 Hz, 1H), 5.39 (d, /= 12.3 Hz, 1H), 5.34 (d, J
= 12.2 Hz, 1H), 3.71 (s, 3H), 3.26-3.25 (m, 2H), 2.08 (s, 3H).

BC NMR (126 MHz, CDCl3) 8 193.2, 157.2, 154.4, 141.6, 135.8, 134.6, 129.6, 129.2,
128.8, 128.6, 128.3, 127.0, 126.9, 125.2, 125.0, 124.5, 124.2, 109.7, 68.5, 55.8, 55.3,
42.5,16.4.

HRMS (ESI) [M+H]" calcd for CasH24NO4: 402.1700, found: 402.1689.



[0]p =+ 74.9° (¢ 0.1, CHCL).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =14.2 min, major =17.0 min; ee = 86%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)
(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).
(R)-benzyl
2-(3,5-dimethoxyphenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate (17)
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White solid (82% isolated yield, 34.2 mg, 0.1 mmol), mp:157.1-159.0 C, column

chromatography purification using petroleum ether/EtOAc (3:1, v/v) as eluents.

'H NMR (500 MHz, CDCl3) 6 7.90 (dd, J; = 7.8 Hz, J> = 1.7 Hz, 1H), 7.81 (d, J = 8.2
Hz, 1H), 7.49-7.45 (m, 1H), 7.42-7.35 (m, 5H), 7.11-7.08 (m, 1H), 6.30 (dd, J; = 2.2
Hz, J» =0.9 Hz, 2H), 6.24 (t, J = 2.3 Hz, 1H), 6.15 (t, J = 4.0 Hz, 1H), 5.38 (d, J =
12.3 Hz, 1H), 5.32 (d, J = 12.3 Hz, 1H), 3.64 (s, 6H), 3.27-3.26 (m, 2H).



3C NMR (126 MHz, CDCl3) 8 192.7, 161.0, 154.3, 141.7, 140.6, 135.7, 134.7, 128.8,
128.7, 128.6, 128.3, 127.1, 125.2, 124.45, 124.39, 105.2, 99.3, 68.6, 56.3, 55.3, 42.6.

HRMS (ESI) [M+H]" caled for C2sH24NOs: 418.1649, found: 418.1640.
[a]p?®= +48.3° (¢ 0.1, CHCIy).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =25.6 min, major =37.8 min; ee = 97%.
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Annotation: Peak number ([#2]), Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) (C_&& 1), Labeled peak ( #i& ), Concentration (" #& ) and
Relative Area (%) (—@#s_),

(R)-benzyl 2-(3,4-difluorophenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
(18)
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Colorless oil (76% isolated yield, 29.9 mg and 5.3 mg substrate, 0.1 mmol), column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.



'H NMR (400 MHz, CDCls) 8 7.90 (dd, J; = 7.9 Hz, J> =1.7 Hz, 1H), 7.76 (d, J = 8.4
Hz, 1H), 7.50-7.45 (m, 1H), 7.41-7.34 (m, 5H), 7.13-7.09 (m, 1H), 7.04-6.95 (m, 2H),
6.92-6.87 (m, 1H), 6.18-6.16 (m, 1H), 5.40 (d, J = 12.2 Hz, 1H), 5.33 (d, J= 12.2 Hz,
1H), 3.33-3.20 (m, 2H).

13C NMR (101 MHz, CDCL) § 192.0, 154.2, 151.3 (dd, J; = 71.2 Hz, J> = 12.7 Hz),
148.8 (dd, J; = 71.2 Hz, J> =12.6 Hz), 141.0, 135.3 (q, J = 16.0 Hz ), 134.8, 128.8,
128.7, 128.3, 127.0, 124.8, 124.6, 124.4, 122.7 (dd, J; = 6.5 Hz, J> =3.6 Hz), 117.5 (d,
J=17.4Hz), 116.1 (d, J= 18.2 Hz), 68.8, 55.5, 55.4, 42.2.

HRMS (ESI) [M+H]" caled for C23HisF2NOs: 394.1249, found: 394.1241.
[a]p?®=+ 73.0° (¢ 0.1, CHCly).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =14.6 min, major =21.6 min; ee = 96%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" ##H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i2 ), Concentration (__#*& ) and

Relative Area (%) (_m#s ).

(R)-benzyl 2-(2,4-dimethylphenyl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
19)
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White solid (44% isolated yield, 16.9 mg and 10.0 mg substrate, 0.1 mmol), mp:
67.6-68.7 C, column chromatography purification using petroleum ether/EtOAc

(10:1, v/v) as eluents.

'H NMR (500 MHz, CDCls) & 7.95 (dd, J; = 7.8 Hz, J> = 1.7 Hz, 1H), 7.73 (d, J = 8.4
Hz, 1H), 7.48-7.44 (m, 1H), 7.38-7.29 (m, 5H), 7.16-7.13 (m, 1H), 6.98 (d, J= 7.7 Hz,
1H), 6.88 (dd, J; = 7.6 Hz, J> =1.8 Hz, 1H), 6.67 (d, J = 1.8 Hz, 1H), 6.22 (dd, J; =
6.5 Hz, J= 1.9 Hz, 1H), 5.34 (d, J= 12.3 Hz, 1H), 5.22 (d, J= 12.3 Hz, 1H), 3.29 (dd,
Ji=17.5Hz, J> = 6.5 Hz, 1H), 3.11 (dd, J; = 17.5 Hz, J>=1.9 Hz, 1H), 2.29 (s, 3H),
2.08 (s, 3H).

3C NMR (126 MHz, CDCl3) 8 193.6, 154.1, 142.1, 136.6, 135.7, 135.4, 134.6, 133.2,
131.3, 128.7, 128.6, 128.5, 128.2, 127.1, 126.7, 125.9, 124.8, 124.7, 68.5, 54.7, 42.8,
21.2,19.3.

HRMS (ESI) [M+H]" caled for C2sH24NO3: 386.1751, found: 386.1760.
[a]p*!'=+ 54.9° (¢ 0.1, CHCly).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =28.1min, major =29.4 min; ee = 67%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%8H8 ), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ),

(R)-benzyl 2-(naphthalen-1-yl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
(20)
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White solid (32% isolated yield, 13.0 mg and 12.6 mg substrate, 0.1 mmol), mp:
117.3-120.9 C, column chromatography purification using petroleum ether/EtOAc

(5:1, v/v) as eluents.

'H NMR (500 MHz, CDCls) & 8.23-8.21 (m, 1H), 7.97 (dd, J; = 7.8 Hz, J> = 1.7 Hz,
1H), 7.83-7.80 (m, 1H), 7.68 (d, J = 8.1 Hz, 1H), 7.53-7.49 (m, 3H), 7.40-7.31 (m,
6H), 7.19-7.08 (m, 3H), 6.90-6.89 (m, 1H), 5.41 (d, J = 12.4 Hz, 1H), 5.29 (d, J =
12.4 Hz, 1H), 3.50-3.31 (m, 2H).

3C NMR (126 MHz, CDCl3) 8 193.6, 154.3, 141.7, 135.8, 134.5, 134.1, 134.0, 131.1,
129.2, 129.1, 128.8, 128.5, 128.1, 126.84, 126.81, 126.0, 125.5, 125.0, 124.9, 124.8,
123.4, 68.6, 54.3, 43.2.

HRMS (ESI) [M+H]" caled for C27H21NOs: 407.1521 , found: 407.1529.
[a]p?=+76.5° (¢ 0.1, CHCly).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =16.5 min, major =17.7 min; ee = 71%.
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Annotation: Peak number ([#2]), Retention Time (min) (I ##8& ), Area (mV*min)

(m&_T), Height (mV) (C_&&_1), Labeled peak ( #i ), Concentration (_#& ) and

Relative Area (%) (—@#s_),

(R)-benzyl 2-(naphthalen-2-yl)-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
21
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White solid (33% isolated yield, 13.4 mg and 14.8 mg substrate, 0.1 mmol), mp:
140.8-143.8 °C, column chromatography purification using petroleum ether/EtOAc

(8:1, v/v) as eluents.

'H NMR (500 MHz, CDCls) & 7.89 (dd, J; = 7.9 Hz, J> = 1.7 Hz, 1H), 7.76 (d, J = 8.4
Hz, 1H), 7.48 -7.45 (m, 1H), 7.40-7.36 (m, 6H), 7.26 (s, 2H), 7.18-7.16 (m, 2H),
7.13-7.09 (m, 3H), 6.20 (dd, J; = 5.3 Hz, J> = 2.6 Hz, 1H), 5.39 (d, J = 12.1 Hz, 1H),
5.32(d, J=12.3 Hz, 1H), 3.29-3.27 (m, 2H).

BC NMR (126 MHz, CDCl3) 8 193.0, 154.5, 141.4, 135.7, 135.6, 134.7, 133.0, 132.6,
129.9, 128.7, 128.3, 128.2, 127.6, 127.0, 126.5, 125.7, 125.2, 124.8, 124.6,
124.5,123.3, 119.0, 68.7, 56.3, 42.3.

HRMS (ESI) [M+H]" caled for C27H21NO3: 407.1521, found: 407.1528.



[o]p?=+91.0° (c 0.1, CHCl:).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =17.5 min, major =22.1 min; ee = 93%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).

(R)-benzyl-4-0x0-2-(thiophen-3-yl)-3,4-dihydroquinoline-1(2H)-carboxylate (22)

White solid (36% isolated yield, 13.0 mg and 14.0 mg substrate, 0.1 mmol), mp:
91.1-91.5 C, column chromatography purification using petroleum ether/EtOAc

(10:1, v/v) as eluents.

'H NMR (400 MHz, CDCl3) § 7.92 (dd, J; = 7.9 Hz, J> = 1.7 Hz, 1H), 7.78 (d, J = 8.4
Hz, 1H), 7.48-7.37 (m, 6H), 7.17 (dd, J = 5.0 Hz, 2.9 Hz, 1H), 7.12-7.08 (m, 1H),
6.95-6.93 (m, 1H), 6.89 (dd, J; = 5.1 Hz, J> =1.4 Hz, 1H), 6.22-6.19 (m, 1H), 5.39 (d,
J=12.3 Hz, 1H), 5.33 (d, J = 12.3 Hz, 1H), 3.26-3.20 (m, 2H).



3C NMR (126 MHz, CDCl3) 8 192.9, 154.1, 141.4, 139.8, 135.7, 134.7, 128.9, 128.7,
128.4,127.1, 126.71, 126.66, 124.9, 124.4, 124.3, 122.7, 68.7, 53.8, 43.2.

HRMS (ESI) [M+H]" caled for C21HisNOsS: 364.1002, found: 364.0920.
[0]p2= + 50.5° (¢ 0.1, CHCls).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H
column, A= 220 nm, tr (min): minor =16.4 min, major =19.3 min; ee = 90%.
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Annotation: Peak number ([#2]) Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (" #& ) and
Relative Area (%) (—@#s_),
(R)-tert-butyl -4-ox0-2-phenyl-3,4-dihydroquinoline-1(2 H)-carboxylate (24)

0]

N
|
Boc

Yellow solid (22% isolated yield, 7.1 mg and 20.0 mg substrate, 0.1 mmol), mp:
122.6-125.2 °C, column chromatography purification using petroleum ether/EtOAc

(10:1, v/v) as eluents.



'H NMR (500 MHz, CHCL3) & 7.88 (dd, J; = 7.8 Hz, J> = 1.7 Hz, 1H), 7.77-7.75 (m,

1H), 7.46-7.42 (m, 1H), 7.23-7.14 (m, 5H), 7.06-7.03 (m, 1H), 6.16 (t, J = 4.0 Hz,

1H), 3.30-3.29 (m, 2H), 1.59 (s, 9H).

3C NMR (126 MHz, CHCl3) 8 193.3, 153.5, 142.2, 138.7, 134.4, 128.7, 127.6, 126.9,

126.7, 125.1, 124.7, 123.8, 82.7, 55.9, 42.5, 28.5.
HRMS (ESI) [M+H]" caled for C20H22N0O3:324.1592 , found: 324.1588.

[o]p%= + 79.4° (¢ 0.1, CHCls).

HPLC Conditions: 20% IPA/ Hexanes, 1.0 mL/min, Daicel Chiralpak IC column, A=

220 nm, tr (min): minor =6.0 min, major =6.5 min; ee =90%.
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Annotation: Peak number ([#21]) Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) (C_&& 1), Labeled peak ( #i ), Concentration (
Relative Area (%) (—@#s_),

#& ) and

(R)-benzyl-6-methoxy-4-0xo0-2-phenyl-3,4-dihydroquinoline-1(2H)-carboxylate

(25)
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Colorless oil (93% isolated yield, 36.0 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

"H NMR (500 MHz, CDCl3) 8 7.90 (dd, J1 = 7.9 Hz, J> =1.7 Hz, 1H), 7.77 (d, J = 8.5
Hz, 1H), 7.46-7.35 (m, 6H), 7.11-7.06 (m, 3H), 6.73-6.71 (m, 2H), 6.19 (t, J = 4.0 Hz,
1H), 5.40 (d, J=12.2 Hz, 1H), 5.32 (d, J = 12.3 Hz, 1H), 3.70 (s, 3H), 3.27 (d, /= 4.0
Hz, 2H).

3C NMR (126 MHz, CDCl3) 8 193.1, 159.0, 154.4, 141.5, 135.8, 134.7, 130.2, 128.9,
128.6, 128.3,127.9, 126.9, 125.2, 124.6, 124.3, 114.1, 68.6, 55.8, 55.3, 42.5.

HRMS (ESI) [M+H]" caled for C24H22NO4: 388.1543, found: 388.1550.

HPLC Conditions: 10% IPA/ Hexanes, 1.0 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =12.5 min, major =15.0 min; ee = 94%.
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Annotation: Peak number ([#21]), Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (" #& ) and

Relative Area (%) (—@#s_),

(R)-benzyl
2-(4-fluorophenyl)-6-methoxy-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
(26)



Colorless oil (97% isolated yield, 39.2 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc(10:1, v/v) as eluents.

'"H NMR (500 MHz, CDCLs) § 7.64 (d, J = 9.2 Hz, 1H), 7.39-7.32 (m, 6H), 7.15-7.12
(m, 2H), 7.03 (dd, J; = 9.2 Hz, J, =3.1 Hz, 1H), 6.90-6.86 (m, 2H), 6.18-6.17 (m, 1H),
5.38 (d,J=12.3 Hz, 1H), 5.31 (d, J = 12.3 Hz, 1H), 3.76 (s, 3H), 3.27-3.25 (m, 2H).

13C NMR (126 MHz, CDCls) & 192.7, 162.2 (d, J = 247.0 Hz), 156.3, 154.5, 135.7,
134.9, 134.1 (d, J = 3.4 Hz), 128.9, 128.7, 128.5 (d, J = 8.3 Hz), 128.3, 126.3, 125.9,
122.9, 115.7 (d, J= 21.4 Hz), 108.4, 68.6, 55.8, 55.7, 42.5.

HRMS (ESI) [M+H]" caled for C2¢HaiFNO4: 406.1449, found: 406.1440.
[o]p*=+ 78.1° (¢ 0.1, CHCl:).

EIPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H column, A= 220 nm, tr

(min): minor =14.1 min, major =17.9 min; ee = 94%.
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Annotation: Peak number ([#21]), Retention Time (min) (I ##8& ), Area (mV*min)

(=& 1), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (" #& ) and

Relative Area (%) (_@#s_).

(R)-benzyl 6-fluoro-4-oxo-2-phenyl-3,4-dihydroquinoline-1(2H)-carboxylate (27)

F C: :
N

I

Cbz

White solid (80% isolated yield, 30.0 mg, 0.1 mmol), mp: 148.8-151.7 C, column

chromatography purification using petroleum ether/EtOAc (5:1, v/v) as eluents.

'H NMR (500 MHz, CDCL;) & 7.84 (dd, J; = 9.4 Hz, J> = 4.5 Hz, 1H), 7.59 (dd, J; =
8.3 Hz, J>= 3.1 Hz, 1H), 7.44-7.41 (m, 5H), 7.30-7.18 (m, 6H), 6.29 (dd, J; = 5.5 Hz,
J» =22 Hz, 1H), 5.45 (d, J= 12.2 Hz, 1H), 5.38 (d, J = 12.3 Hz, 1H), 3.41-3.30 (m,
2H).

BC NMR (126 MHz, CDCl3) 8 192.0, 159.1 (d, J = 246.3 Hz), 154.4, 137.8, 137.7 (d,
J=2.6 Hz), 135.6, 128.9 (d, J = 2.5 Hz), 128.7, 128.3, 127.9, 126.82, 126.76, 126.7,
126.6, 121.9 (d, J=23.4 Hz), 112.6 (d, J=23.2 Hz), 68.8, 56.2, 42.2.

HRMS (ESI) [M+H]" caled for C23H19FNO3: 376.1344, found: 376.1350.
[a]p?’=+91.6° (¢ 0.1, CHCIy).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =15.6 min, major =20.5 min; ee = 90 %.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%8H8 ), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ),

(R)-benzyl
6-fluoro-2-(4-fluorophenyl)-4-0xo0-3,4-dihydroquinoline-1(2H)-carboxylate (28)

Colorless oil (44% isolated yield, 17.3 mg, 0.1 mmol), column chromatography

purification using petroleum ethe r: EtOAc (5:1, v/v) as eluents.

'H NMR (500 MHz, CDCl3) & 7.75 (dd, J; = 9.4 Hz, J>= 4.4 Hz, 1H), 7.55 (dd, J; =
8.3 Hz, J, =3.2 Hz, 1H), 7.42-7.36 (m, 5H), 7.18-7.09 (m, 3H), 6.93-6.87 (m, 2H),
6.21-6.20 (m, 1H), 5.39 (d, J = 12.3 Hz, 1H), 5.33 (d, J = 12.3 Hz, 1H), 3.29-2.28 (m,
2H).

13C NMR (126 MHz, CDCls) & 191.8, 162.3 (d, J = 247.2 Hz), 159.2 (d, J = 246.7
Hz), 154.3, 137.5, 135.5, 133.7 (d, J = 3.3 Hz), 128.9, 128.8, 128.5 (d, J = 8.4 Hz),
128.4, 126.8 (d, J= 7.2 Hz), 126.5 (d, J = 6.3 Hz), 122.1 (d, J = 23.5 Hz), 115.8 (d, J
=21.5Hz), 112.7 (d, J=23.1 Hz), 68.9, 55.7, 42.3.

HRMS (ESI) [M+H]" caled for C23HisF2NOs: 394.1249, found: 394.1240.
[a]p*!'=+93.1° (¢ 0.1, CHCly).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak OD-H

column, A= 220 nm, tr (min): minor =15.9 min, major =22.8 min; ee = 92%.
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Annotation: Peak number ([#21]), Retention Time (min) (I ##8& ), Area (mV*min)

(—m&_T), Height (mV) ([ &= 1), Labeled peak ( #i& ), Concentration (_ #& ) and

Relative Area (%) (_&&s )

(R)-benzyl 6-methyl-4-0xo0-2-phenyl-3,4-dihydroquinoline-1(2H)-carboxylate (29)

|
Cbz

White solid (54% isolated yield, 20.0 mg, 0.1 mmol), mp: 165.0-167.3 C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'"H NMR (500 MHz, CHCL3) § 7.68 (d, J = 2.4 Hz, 2H), 7.41-7.34 (m, SH), 7.27-7.25
(m, 1H), 7.23-7.16 (m, SH), 6.22 (t, J = 3.9 Hz, 1H), 5.39 (d, J = 12.3 Hz, 1H), 5.31
(d, J=12.3 Hz, 1H), 3.29-3.28 (m, 2H), 2.26 (s, 3H).

3C NMR (126 MHz, CHCl3) 8 193.2, 154.5, 139.2, 138.3, 135.8, 135.7, 134.1, 128.8,
128.7,128.6, 128.3, 127.7, 126.9, 126.7, 124.9, 124.5, 68.6, 56.2, 42.5, 20.7.

HRMS (ESI) [M+H]" caled for C24H22NO3: 372.1594, found: 372.1600.

[0]p¥= + 99.7° (¢ 0.1, CHCls).



HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak IC column,

A= 220 nm, tr (min): minor =34.7 min, major =36.2 min; ee = 71%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)
(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).

(R)-benzyl

2-(4-fluorophenyl)-6-methyl-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate (30)

White solid (49% isolated yield, 19.0 mg, 0.1 mmol), mp: 133.9-136.1 C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz, CHCL) § 7.69 (d, J = 2.3 Hz, 1H), 7.64 (d, J = 8.5 Hz, 1H),
7.40-7.35 (m, 5H), 7.28-7.25 (m, 1H), 7.17-7.13 (m, 2H), 6.90-6.87 (m, 2H), 6.20
~6.17 (m, 1H), 5.39 (d, J = 12.3 Hz, 1H), 5.31 (d, J= 12.3 Hz, 1H), 3.32-3.21 (m, 2H),
2.27 (s, 3H).



13C NMR (101 MHz, CHCl3) 8 192.9, 162.1 (d, J = 246.8 Hz), 154.4, 138.9, 135.8,
135.7, 134.3, 134.1 (d, J = 3.3 Hz), 128.8, 128.6, 128.5 (d, J = 8.2 Hz), 128.3, 126.9,
124.8, 124.5, 115.7 (d, J=21.6 Hz), 68.7, 55.7, 42.5, 20.7.

HRMS (ESI) [M+H]" calcd for C24H21FNO3: 390.1500, found: 390.1509.
[a]p*%=+101.6° (¢ 0.1, CHCI5).

HPLC Conditions: IPA/ Hexanes (20:80), 1.0 mL/min, Daicel Chiralpak IC column,

A= 220 nm, tr (min): minor =15.4 min, major =16.5 min; ee = 87%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%HA 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak (" #i ), Concentration (__#*& ) and

Relative Area (%) (s ),

(R)-benzyl
2-(4-(tert-butyl)phenyl)-6-methyl-4-0x0-3,4-dihydroquinoline-1(2H)-carboxylate
31



Yellow oil (58% isolated yield, 25.0 mg, 0.1 mmol), column chromatography

purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'H NMR (400 MHz, CHCls) § 7.73-7.70 (m, 2H), 7.41-7.34 (m, 6H), 7.22-7.20 (m,
2H), 7.11-7.09 (m, 2H), 6.18 (t, J = 4.0 Hz, 1H), 5.39 (d, J = 12.3 Hz, 1H), 5.29 (d, J
=12.3 Hz, 1H), 3.27 (d, J = 4.0 Hz, 2H), 2.28 (s, 3H), 1.22 (s, 9H).

BC NMR (101 MHz, CHCIs) 6 193.3, 154.5, 150.5, 139.4, 135.8, 135.7, 135.3, 133.9,
128.8, 128.6, 128.3, 126.9, 126.4, 125.7, 124.9, 124.4, 68.5, 56.1, 42.6, 34.5, 31.3,
20.7.

HRMS (ESI) [M+H]" caled for C2sH3oNOs: 428.2220, found: 428.2214.
[o]p*=+23.3° (¢ 0.1, CHCLy).

HPLC Conditions: IPA/ Hexanes (10:90), 1.0 mL/min, Daicel Chiralpak IC column,

A= 220 nm, tr (min): minor =13.7 min, major =17.3 min; ee = 61%.
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Annotation: Peak number ([#2]) Retention Time (min) (I ##8& ), Area (mV*min)

(=& _T), Height (mV) (C_&& 1), Labeled peak ( #i& ), Concentration (_ #& ) and

Relative Area (%) (—@#s_),

(R)-2-(4-chlorophenyl)-6-fluorochroman-4-one (32)



0 [ j
cl

Yellow solid (55% isolated yield, 30.3 mg and 5.3 mg substrate, 0.2 mmol), column
chromatography purification using petroleum ether/EtOAc (20:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

'H NMR (500 MHz, CDCl:) & 7.57 (dd, J; = 8.1, J> = 3.3 Hz, 1H), 7.44 - 7.38 (m,
4H), 7.26 - 7.22 (m, 1H), 7.04 (dd, J; =9.1, J>=4.1 Hz, 1H), 5.45 (dd, J; =13.2, > =
3.0 Hz, 1H), 3.02 (dd, J; = 16.8, J> =13.1 Hz, 1H), 2.89 (dd, J; = 17.1, J> = 3.0 Hz,
1H).

13C NMR (126 MHz, CDCl3) & 190.9, 157.7, 157.6 (d, J=243.1 Hz), 137.1, 134.9,
129.2, 127.6, 124.0 (d, J = 24.2 Hz), 121.5 (d, J = 7.0 Hz), 119.9 (d, J = 7.3 Hz),
112.2 (d, J=23.2 Hz), 79.2, 44 4.

mp: 119.3.4-120.5 C.

[a]p'%= +46° (¢ 0.1, CHCI3).

HRMS (ESI) [M+H]" caled for C1sHi1O2FCl: 277.0426, found: 277.0424.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,
A= 220 nm, tr (min): minor =10.3 min, major=12.4min. ee = 94%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& 1), Area (mV*min)
(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).
(R)-6-fluoro-2-(4-(trifluoromethyl)phenyl)chroman-4-one (33)

o]

4,
(0) ’/©\
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White solid (44% isolated yield, 27.3 mg, 0.2 mmol), mp: 121.4 - 125.7 "C, column

3

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

'H NMR (500 MHz, CDCls) § 7.70 (d, J = 8.1 Hz, 2H), 7.61 - 7.56 (m, 3H), 7.27 -
7.22 (m, 1H), 7.05 (dd, J; = 8.9, J = 4.2 Hz, 1H), 5.53 (dd, J; = 13.1, J;= 3.2 Hz, 1H),
3.02 (dd, J; = 17.1, J> = 13.1 Hz, 1H), 2.92 (dd, J; = 17.0, J> = 3.3 Hz, 1H).

13C NMR (126 MHz, CDCL:) 8 190.6, 157.7 (d, J = 242.7 Hz), 157.5, 142.5, 131.2 (d,



J=132.5Hz), 126.5, 126.1 (g, J = 4.0, 3.6 Hz), 124.1 (d, J = 24.3 Hz), 124.0 (d, J =

272.5 Hz), 121.5 (d, J = 7.0 Hz), 120.0 (d, J= 7.3 Hz), 112.3 (d, J = 23.1 Hz), 79.1,
44.5.

[a]p’=+47° (¢ 0.1, CHCI;).
HRMS (ESI) [M+H]" caled for C1sH1102F4: 311.0690, found: 311.0669.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =8.6 min, major=11.4 min. ee = 95%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" ##& 1), Area (mV*min)

(Cm=&__T), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).



(R)-6-fluoro-2-(p-tolyl)chroman-4-one (34)

White solid (49% isolated yield, 25.1 mg, 0.2 mmol), mp: 88.5 - 89.5 C, column
chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.
Synthesized according to the general procedure and purified by flash chromatography
(10:1 petroleum ether /EtOAc) to afford a yellow solid. (25.1 mg, 49% yield)

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

'"H NMR (500 MHz, CDCl3) & 7.56 (dd, J; = 8.3, J> = 3.2 Hz, 1H), 7.36 - 7.35 (m,
2H), 7.25 - 7.19 (m, 3H), 7.01 (dd, J: =9.1, J> = 4.0 Hz, 1H), 5.42 (dd, J; = 13.6, J> =
2.8 Hz, 1H), 3.07 (dd, J; = 16.9, J> = 13.4 Hz, 1H), 2.87 (dd, J; = 17.1, J> = 2.9 Hz,
1H), 2.38 (s, 3H).

3C NMR (126 MHz, CDCls) & 191.6, 158.0, 157.5 (d, J = 242.5 Hz), 139.0, 135.6,
129.7, 126.3, 123.8 (d, J = 24.3 Hz), 121.5 (d, J = 6.1 Hz), 120.0 (d, J = 7.3 Hz),
112.0 (d, J=23.8 Hz), 79.9, 44.3, 21.3.

[a]p''=+31° (¢ 0.1, CHCI).

HRMS (ESI) [M+H]" caled for C16H1402F: 257.0972, found: 257.0970.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,
A= 220 nm, tr (min): minor =8.7 min, major=10.4 min. ee = 92%.

my Max Intensity : 1,136,598
A 2200 Time 11825 Infen 0.127]

2000+

1000+

v w i
T 4« %
T T T T T T T T U T T T T T T a
500 825 850 a5 200 85 950 a5 1000 025 050 075 1100 1125 1150 117 i
< >
0 <& HRUE - iR
B= wawm A othE
s fRERE il =aE 15 *E REPR #apns hA=E5E s
T

8.786 13938321 1136766 x 49.638 48635

2 10. 468 14141602 1002919 x 50. 362 B0. 362
it 28079923 2138676 100. 000 100. ona

NL11:



Max Intensity - 2,885,833

my
RETEEA 2200m Time 8.058 Inten. 0843 A

5000+

<

ri3
T T T T T T i T T T T T T

200 825 850 875 9.00 925 950 975 10.00 10.25 10.50 10.75 11.00 1125 min

< >

O < S#RuE - Ex
BE way 4 EEERE

oS #REnA il =5 1Fie RE RES ft&ms #EahE s
T 8. 7718 1617541 142123 o 4.040 4,040
H 10372 35416725 2584586 | M 95860 95. 960
St 40034269 2526709 100, 000 100. 000
my Max Intensity : 3,157,135
ST Z200m] Time 8626 Inten T639 A
25004
i i
T T v
T T T T T T T T T y T T T T T %
8.00 8.25 850 8.75 .00 9.25 9.50 9.75 10.00 1025 10.50 1075 11.00 1125 11.50 1175 min
< >

0O < ZRNE - iEE
BE  aY & UL

L fERE il aE #Fic RE wEPL | {LA#S Hata i
T 5 816 1260542 109247 | M 2,717 Z. 717
H 10,422 45136444 3166632 M 57.283 G7.283
St 46396956 326EETE 100000 100. 000

Annotation: Peak number ([%#2]), Retention Time (min) (" #%#H8 1), Area (mV*min)

(Um=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).

(R)-6-chloro-2-(4-fluorophenyl)chroman-4-one (35)

0]
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!
F

Yellow solid (51% isolated yield, 28.2 mg, 0.2 mmol), mp: 91.3 — 93.4 ‘C, column
chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'"H NMR (400 MHz, CDCl3) 4 7.89 (d, J = 2.7 Hz, 1H), 7.49 — 7.39 (m, 6H), 7.02 (d,
J=8.8 Hz, 1H), 5.47 (dd, J; = 13.3, J>= 3.0 Hz, 1H), 3.08 (dd, J; = 17.0, J>=13.2 Hz,
1H), 2.91 (dd, J; = 17.0, J>=3.0 Hz, 1H).

BC NMR (101 MHz, CDCl3) 4 190.9, 160.1, 138.4, 136.1, 129.1, 129.0, 127.3, 126.5,
126.3, 121.8, 120.0, 79.9, 44.4.

[a]p'?= +53° (¢ 0.1, CHCl3).



HRMS (ESI) [M-H] caled for CisHoCIFO,: 275.0281, found: 275.0284.
HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =10.6 min, major=14.8 min. ee = 96%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" ##H& 1), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i2 ), Concentration (__#*& ) and

Relative Area (%) (_m#s ).

(R)-6-chloro-2-(p-tolyl)chroman-4-one (36)



Yellow solid (44% isolated yield, 23.9 mg, 0.2 mmol), mp: 73.2 C, column
chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'"H NMR (400 MHz, CDCls) 6 7.79 (d, J = 2.7 Hz, 1H), 7.40 — 7.30 (m, 1H), 7.27 (d,
J=28.1 Hz, 2H), 7.19 — 7.11 (m, 2H), 6.91 (d, J = 8.8 Hz, 1H), 5.35 (dd, J; = 13.2, J>
=2.9 Hz, 1H), 2.99 (dd, J; = 17.0, J> = 13.2 Hz, 1H), 2.79 (dd, J; = 17.0, J> = 2.9 Hz,
1H), 2.30 (s, 3H).

BC NMR (101 MHz, CDCl3) 4 191.1, 160.1, 139.0, 136.1, 135.4, 129.7, 127.2, 126.5,
126.3, 121.8, 120.0, 79.8, 44.2, 21.3.

[a]p''=+59° (c 0.1, CHCI).

HRMS (ESI) [M-H] caled for Ci16H12ClO2: 271.0531, found: 271.0526.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =9.3 min, major=11.4 min. ee = 90%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #&H& 1), Area (mV*min)
(Cm=&__T), Height (mV) (&= 1), Labeled peak (" #i2 ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).
(R)-2-(4-(tert-butyl)phenyl)-6-chlorochroman-4-one (37)

0]

0 [ j
tBu

Yellow solid (48% isolated yield, 30.1 mg, 0.2 mmol), mp: 102.2 °C, column
chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

'"H NMR (400 MHz, CDCl3) 8 7.89 (d, J = 2.7 Hz, 1H), 7.55 — 7.34 (m, 5H), 7.01 (d,
J=8.9 Hz, 1H), 5.45 (dd, J; = 13.3, J>=2.9 Hz, 1H), 3.11 (dd, J; = 17.0, J>=13.3 Hz,
1H), 2.90 (dd, J; =17.0, J>= 2.9 Hz, 1H).

BC NMR (101 MHz, CDCl3) 4 191.1, 160.2, 152.3, 136.1, 135.3, 127.2, 126.5, 126.2,
126.0, 121.8, 120.0, 79.9, 44.2, 31 .4.

[a]p'*=+61° (¢ 0.1, CHCl3).

HRMS (ESI) [M-H] caled for C19Hi1sCl102: 313.1001, found: 313.1001.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =6.1 min, major=10.7 min. ee = 94%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #®H& ), Area (mV*min)

(Cm=&__T1), Height (mV) ([ &= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).

(R)-6-bromo-2-(4-chlorophenyl)chroman-4-one (38)

Br
o

Cl

Yellow solid (45% isolated yield, 30.2 mg, 0.2 mmol), mp: 117.9 - 119.9 C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.



The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

"H NMR (500 MHz, CDCl3) & 8.03 (d, J = 2.5 Hz, 1H), 7.59 (dd, J; = 8.9, J> = 2.5 Hz,
1H), 7.44 -7.39 (m, 4H), 6.96 (d, J= 8.6 Hz, 1H), 5.45 (dd, J;: = 13.1, J>=2.9 Hz, 1H),
3.03(dd, J; =17.1,J>=13.2 Hz, 1H), 2.91 - 2.87 (m, 1H).

BC NMR (126 MHz, CDCls) 4 190.4, 160.3, 139.1, 136.9, 135.0, 129.7, 129.3, 127.7,
122.28, 120.3, 114.7, 79.2, 44.3.

[a]p'%=+35° (¢ 0.1, CHCI3).

HRMS (ESI) [M+H]" caled for C15H1102BrCl: 336.9626, found: 336.9623.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,
A= 220 nm, tr (min): minor =12.0 min, major=14.4 min. ee = 95%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& ), Area (mV*min)

(Um=&__T), Height (mV) (&= 1), Labeled peak (" #i2 ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).
(R)-6-bromo-2-(4-(trifluoromethyl)phenyl)chroman-4-one (39)
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Yellow solid (44% isolated yield, 32.5 mg, 0.2 mmol), mp: 117.8 - 118.2 C, column

3

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

"H NMR (500 MHz, CDCl3) § 8.04 (d, /= 2.7 Hz, 1H), 7.71 (d, J = 8.1 Hz, 2H), 7.62
- 7.59 (m, 3H), 6.98 (d, /=9.0 Hz, 1H), 5.55 (dd, J; = 12.9, J>= 3.2 Hz, 1H), 3.04 (dd,
J1=16.9,J>=12.9 Hz, 1H), 2.96 - 2.92 (m, 1H).

13C NMR (126 MHz, CDCls) & 190.1, 160.2, 142.3, 139.2, 131.1 (t, J = 33.1 Hz),
129.8, 126.5, 126.1 (q, J = 3.7 Hz), 124.0 (d, J=271.9 Hz), 122.3, 120.3, 114.9, 79.1,
44 4.

[a]p'?=+65° (¢ 0.1, CHCl3).

HRMS (ESI) [M+H]" calcd for C1sH1102F3: 370.9889, found: 370.9888.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =10.2 min, major=13.5 min. ee = 93%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #&#& ), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).
(R)-6-bromo-2-(p-tolyl)chroman-4-one (40)
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Br:
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Yellow solid (64% isolated yield, 40.4 mg, 0.2 mmol), mp: 99.1 - 103.0 C, column



chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

'"H NMR (500 MHz, CDCls) 8 8.02 - 8.01 (m, 1H), 7.57 - 7.54 (m, 1H), 7.34 (d, J =
7.6 Hz, 2H), 7.23 (d, J = 7.8 Hz, 2H), 6.93 (d, J = 8.9 Hz, 1H), 5.42 (dd, J; = 13.0, J>
=2.7Hz, 1H), 3.07 (dd, J; = 17.0, J> = 13.2 Hz, 1H), 2.87 (dd, J; = 17.2, J>= 3.0 Hz,
1H), 2.37 (s, 1H).

BC NMR (126 MHz, CDCl3) 8 191.0, 160.6, 139.1, 138.9, 135.3, 129.7, 129.6, 126.3,
122.3,120.4, 114.4,79.8, 44.2, 21.3.

[a]p'?=+41° (¢ 0.1, CHCI3).

HRMS (ESI) [M+H]" caled for C16H140,Br: 317.0172, found: 317.0171.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,
A= 220 nm, tr (min): minor =9.7 min, major=12.2 min. ee = 97%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& ), Area (mV*min)
(Um=&__T), Height (mV) (&= 1), Labeled peak (" #i2 ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).
(R)-2-(4-chlorophenyl)-7-fluorochroman-4-one (41)

0]

F/©fojjm’©\
Cl

Yellow solid (45% isolated yield, 24.8 mg, 0.2 mmol), mp: 86.8 C, column
chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

'"H NMR (500 MHz, CDClz) & 7.94 (dd, J; = 8.8, J> = 6.7 Hz, 1H), 7.44 - 7.38 (m,
4H), 6.80 - 6.72 (m, 2H), 5.48 (dd, J; = 13.2, J> = 2.9 Hz, 1H), 3.02 (dd, J; = 17.0, J>
=13.1 Hz, 1H), 2.87 (dd, J; = 17.1, J>=2.9 Hz, 1H).

BC NMR (126 MHz, CDCl3) 6 190.2, 167.7 (d, J = 256.9 Hz), 163.0 (d, J = 13.4 Hz),
136.9, 134.9, 129.7 (d, J = 11.5 Hz), 129.2, 127.6, 117.9, 1104 (d, J = 22.8 Hz),
105.1 (d, J=25.0 Hz), 79.5, 44.3.

[a]p''=+35° (¢ 0.1, CHCI).

HRMS (ESI) [M+H]" caled for C1sH1102FCl: 277.0426, found: 277.0424.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =10.0 min, major=12.5 min. ee = 95%.
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(R)-7-fluoro-2-(4-(trifluoromethyl)phenyl)chroman-4-one (42)
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Yellow solid (50% isolated yield, 31.0 mg, 0.2 mmol), mp: 128.5 — 131.4 C, column

chromatography purification using petroleum ether/EtOAc (10:1, v/v) as eluents.



'H NMR (400 MHz, CDCl3) & 7.95 (dd, J; = 8.8, J> = 6.6 Hz, 1H), 7.45 (dd, J; = 8.7,

Jo=5.2 Hz, 2H), 7.13 (t, J = 8.6 Hz, 2H), 6.81 — 6.72 (m, 2H), 5.48 (dd, J; = 13.1, J;

=3.0 Hz, 1H), 3.05 (dd, J; = 16.9, J> = 13.1 Hz, 1H), 2.87 (dd, J; = 16.9, J; = 3.0 Hz,

1H).

13C NMR (101 MHz, CDCls) & 190.4, 169.0, 166.5, 163.1 (d, J= 13.5 Hz), 163.0 (d, J

=248.1 Hz), 134.3 (d,J=3.3 Hz), 129.8 (d, /= 11.4 Hz), 128.2 (d, /= 8.3 Hz), 118.0

(d,J=2.5Hz), 116.0 (d, J=21.6 Hz), 110.4 (d, J = 22.6 Hz), 105.0 (d, J = 24.5 Hz),

79.6, 44.4.

[o]p°= +49° (¢ 0.1, CHCls).

HRMS (ESI) [M+H]" calcd for C16H12F402: 311.0690, found: 311.0693.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =8.6 min, major=9.9 min. ee = 93%.
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Annotation: Peak number ([%#2]), Retention Time (min) (" #%H& ), Area (mV*min)

(Um=&__T), Height (mV) (&= 1), Labeled peak (" #i2 ), Concentration (__#*& ) and

Relative Area (%) (_m#s_).

(R)-7-fluoro-2-phenylchroman-4-one (43)

0]

Fm ©

Yellow oil (76% isolated yield, 36.8 mg, 0.2 mmol), column chromatography
purification using petroleum ether/EtOAc (10:1, v/v) as eluents.

The NMR data and HRMS data are in accordance with that of previous publications
(J Agric Food Chem. 2022, 70, 3409-3419. )

'"H NMR (500 MHz, CDClIs) 8 7.97 - 7.94 (m, 1H), 7.48 - 7.40 (m, 5H), 6.80 - 6.73
(m, 2H), 5.50 (dd, J; = 13.3, J>=3.0 Hz, 1H), 3.11 - 3.05 (m, 1H), 2.89 (dd, J; = 16.9,
J>=3.1 Hz, 1H).

3C NMR (126 MHz, CDCls) & 190.7, 167.7 (d, J = 256.0 Hz), 163.4, 163.3, 138.4,
129.7 (d, J = 11.8 Hz), 129.1 (d, J = 5.8 Hz), 126.3, 118.0, 110.2 (d, J = 22.9 Hz),
105.1 (d, J=24.3 Hz), 80.3, 44 4.

[a]p'%= +41° (¢ 0.1, CHCl3).

HRMS (ESI) [M+H]" caled for C1sH1202F: 243.0816, found: 243.0818.

HPLC Conditions: 10% IPA/ Hexanes, 0.9 mL/min, Daicel Chiralpak OD-H column,

A= 220 nm, tr (min): minor =9.1 min, major=12.1 min. ee = 95%.



my

Max Intensity : 1,767,044
00 R ZZonm Time 13735 Imen 0295 A
1000
v &
¢ i £ v
80 s g0 d's 10.0 105 1o 118 120 135 130 135 min
< >
O < ZRNE - ER
E= 2w | TS
e wmHAE i) aE R RE REPR &S ftata s
7 9129 21616085 1760z M 49,250 45,250
B 12,108 22268835 1212815 N 50, 741 50. 71
ST 43882521 3172650 100, 000 100, 000
NL11:
.
X K]
my Max Intensity : 2,366,829 *
HEMEE A 22000 Time G.945 Inten. 0515 w
2000 o
15004 [i
1
10003 I
3£
500 X
{*
- I " =
T T T T T T : T T T T
80 85 9.0 95 10.0 105 1.0 15 120 125 130 135 min
< >
o o ERNE - IR
BE ey A o
gs HHE =1 #FiC *E RS b fLSPns t&deE s
T 9127 1064267 54406 | ¥ 7,518 7,578
3 12.082 40066522 B IES o7, 422 57 422
=5 42060780 7451520 100 000 100000
m Max Intensity - 1,136,536
2000 TEIEEAZ20m Time 13765 Tnien. 0525
10004
y "
T L v
80 8’5 B o's 160 105, 110 115 120 135 130 135 min
< >
O ¢ ZRuE - Uk
B= aw @A {EhE
L3 HHE i aE iR RE REPR #Eapns ftatE s
T 5. 144 327407 26618 1 T804 1514
B 12,101 17715722 1136693 M %6186 56 186
=i 16047130 1166211 100,000 100, 0on

Annotation: Peak number ([%#2]), Retention Time (min) (" #&#& ), Area (mV*min)

(Cm=&__T1), Height (mV) (&= 1), Labeled peak ( #i ), Concentration (__#*& ) and

Relative Area (%) (s ).



6. Density functional theory (DFT) of NL11

Q @ NL11 @ OoL11 @ NMeNL11
O\)r\j"’Ph CS_< 3 CS_< 3 CS_< ]

| 1By ""tBu "By
Cbz
3 ¢ DFT for NL11
o S 3 nj
NL11, 95% yield v 3
91% ee 2 * .., W
OL11, trace " M o, s P 4
NMeNL11, trace a—{r‘&- ‘,\"\J 3 - | 9 I {rﬁ
boo' b4 P o %5,
J, > ? ) J

Figure 1 Control Experiments, X-ray, and DFT for Ligand NL11

Consistent with our previous observation, these modifications were detrimental,
showing the indispensability of the NH segment for the current transformation. This
may be due to the flexibility from the ring-opening of the carboline ring. The presence
of NH-functionality could counterbalance this by forming an intramolecular
H-bonding with oxazoline to further rigidify the ligand structure for improving
catalytic performance. Density functional theory (DFT) calculation (Gaussian 16
software at the B3LYP-D3 level.) was carried out to show the potential hydrogen
bonding between NH and oxazoline segment (Figure 3). The appended aromatic unit
of NHPyOx may also possess a n-m stacking interaction with the substrates.

All calculations were performed using Gaussian 16 software with the density
functional theory (DFT). Structure optimization was carried out at the B3LYP-D3
level of theory with the 6-311G(d,p) basis set for C, N, O, F and H. The vibrational

frequencies were also computed at the same level.

#1  NLII 1 opt
G =-1037.325473
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7. NMR spectra
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