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1. General Information

Reagents and Solvents: PE refers to petroleum ether b.p. 60 — 90 °C and EA refers to ethyl acetate.
All starting materials were commercially available and were used without further purification unless
otherwise stated.

Chromatography: Flash column chromatography was carried out using commercially available
200-300 mesh under pressure unless otherwise indicated. Gradient flash chromatography was
conducted eluting with PE/EA, they are listed as volume ratios.

Data collection: 'H, '3C and °F NMR spectra were collected on BRUKER AV-300 (300 MHz) or
BRUKER AV-400 (400 MHz) spectrometer using CDCl3 or DMSO-ds as solvent. Chemical shifts
of '"H NMR were recorded in parts per million (ppm, 8) relative to tetramethylsilane (8 = 0.00 ppm)
with the solvent resonance as an internal standard (CDCls: & = 7.26 ppm). Data are reported as
follows: chemical shift in ppm (3), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, brs
= broad singlet, m = multiplet), coupling constant (Hz), and integration. Chemical shifts of '*C NMR
were reported in ppm with the solvent as the internal standard (CDCl3: & = 77.16 ppm). High
Resolution Mass measurement was performed on Agilent Q-TOF 6520 mass spectrometer with
electron spray ionization (ESI) as the ion source. Melting point (m.p.) was measured on a
microscopic melting point apparatus. Optical rotations were measured on an automatic polarimeter
with [a]5 values reported in degrees; concentration (c) is in g/100 mL. The enantiomeric excess
(ee) was determined by HPLC analysis on Agilent 1260 Infinity 1l Prime using Daicel
CHIRALPAK® column OD-3, AD-H, IA-H. X-ray diffraction analyses were carried out on a
microcrystalline powder using a Rigaku Oxford Diffraction XtaLAB Synergy-S diffractometer
using Cu radiation (A = 1.54178 A)



2. Preparation of Substrates 1 and Substrates 2

Table S1. Substrates 1 and Substrates 2
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2.1 Experimental Procedures and Characterization Data of 1:

Substrates 1, were synthesized according to reported procedures!!2], characterization of unreported
1e was listed below:
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HCOONa (14.3 g, 210.0 mmol, 7.0 equiv), EtOH (80.0 mL), H,O (40.0 mL) was added to a dry
flask followed by S1 (30.0 mmol, 1.0 equiv). The reaction mixture was stirred at 70 °C for 12 h.
After concentrated under vacuum, the residue was added EA (100.0 mL), H,O (50.0 mL), the
aqueous layer was extracted with EA (50.0 mLx3). The combined organic layers were washed with
brine, dried over anhydrous Na;SO4 and then concentrated under reduced pressure to afford the
crude product S2.

A dry flask was charged with the crude product S2 dissloved in THF (50.0 mL) under argon
atmosphere, and cooled to 0 °C. Ethynylmagnesium bromide (180 mL, 90.0 mmol, 0.5 M in THF)
was added dropwise and the resulting mixture was stirred for 12 h at room temperature. The reaction
was quenched with sat. ag. NH4ClI solution and subsequently diluted with H,O (100 mL). The
aqueous phase was extracted with EA (50.0 mLx3). Then the combined organic layers were washed
by brine, dried over anhydrous Na;SO4 and concentrated under reduced pressure to afford the crude
product S3.

To the compound S3 was added DCM (40.0 mL), Et;N (4.1 mL, 30.0 mmol, 1.0 equiv), DMAP
(366.5 mg, 3.0 mmol, 0.1 equiv) and 1,1'-carbonyldiimidazole (4.9 g, 30.0 mmol, 1.0 equiv). The
mixture was stirred for 12 h at room temperature. After concentrated under vacuum, the residue was

purified by silica gel column chromatography to give products 1a-11.
2.2 General Procedure for Preparation of 2

Substrates 2 were synthesized according to reported proceduresl], characterization of unreported
2d, 2e, 2f, 2g, 2h, 2i, 2j, 21, 2n, 20 and 2p were listed below:
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To a solution of B-ketoester (15.0 mmol, 1.0 equiv) in acetic acid (10.0 mL) at room temperature
was added corresponding hydrazine hydrochloride (15.0 mmol, 1.0 equiv). The mixture was
continued to reflux until TLC indicated the completion of the reaction (8-24 h). The solvent was
removed and the residue was recrystallized from ethanol or purified by column chromatography on
silica gel to give the desired products 2.



2.3 Characterization of the Substrates

4-(4-(tert-butyl)phenyl)-4-ethynyl-1,3-dioxolan-2-one (1le)
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Purification by flash column chromatography (PE/EA = 8/1) to provide 1e (2.1 g, 30% yield); white
solid, m.p. 85— 87 °C, Ry= 0.4 (PE/EA = 5/1).

'H NMR (300 MHz, CDCl3) 8 7.52 — 7.44 (m, 4H), 4.76 (d, J = 8.5 Hz, 1H), 4.50 (d, J = 8.5 Hz,
1H), 2.99 (s, 1H), 1.32 (s, 9H) ppm.

13C NMR (75 MHz, CDCl3) & 153.7, 153.2, 133.5, 126.1, 125.1, 79.9, 79.2, 78.7, 77.2, 34.8, 31.2

HRMS (ESI) m/z Caled for [C1sHi605 + H]* 245.1172, found 245.1173.

3-(4-nitrophenyl)-1-phenyl-1H-pyrazol-5-ol (2d)
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Purification by flash column chromatography (DCM/EA = 100/1) to provide 2d (3.5 g, 83% yield),
light yellow solid, m.p. 180 — 181 °C, Ry= 0.3 (PE/EA = 4/1).

TH NMR (300 MHz, DMSO-ds) 8 12.13 (s, 1H), 8.30 — 8.26 (m, 2H), 8.14 — 8.10 (m, 2H), 7.89 —
7.85 (m, 2H), 7.56 — 7.50 (m, 2H), 7.37 — 7.32 (m, 1H), 6.24 (s, 1H) ppm.

13C NMR (75 MHz, DMSO-ds) & 154.7, 148.0, 147.0, 140.3, 139.0, 129.4, 126.7, 126.3, 124.4,
122.0, 86.6 ppm.

HRMS (ESI) m/z Calcd for [C1sH11N3O3+ H]* 282.0873, found 282.0873.

2-phenyl-5-(o-tolyl)-2,4-dihydro-3 H-pyrazol-3-one (2e)
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Purification by flash column chromatography (PE/EA = 5/1) to provide 2e (3.4 g, 90% yield), white
solid, m.p. 94 — 95 °C, Ry= 0.3 (PE/EA = 5/1).

'"H NMR (300 MHz, CDCls) 8 8.00 — 7.95 (m, 2H), 7.46 — 7.37 (m, 3H), 7.34 — 7.25 (m, 3H), 7.24
—7.18 (m, 1H), 3.87 (s, 2H), 2.71 (s, 3H) ppm.

13C NMR (75 MHz, CDCl3) 6 170.0, 155.9, 138.3, 137.9, 132.2, 130.0, 129.4, 128.9, 128.9, 126.2,
125.2,118.7,41.6, 23.4 ppm.

HRMS (ESI) m/z Calcd for [C16H14N20 + H]" 251.1179, found 251.1180.
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5-(3,4-dimethoxyphenyl)-2-phenyl-2,4-dihydro-3 H-pyrazol-3-one (2f)
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Purification by flash column chromatography (PE/EA = 5/1) to provide 2f (2.5 g, 56% yield), light
yellow solid, m.p. 126 — 128 °C, Ry= 0.3 (PE/EA = 4/1).

'H NMR (300 MHz, CDCl3) 7.98 — 7.94 (m, 2H), 7.46 — 7.40 (m, 3H), 7.26 — 7.19 (m, 1H), 7.14
(dd, J=8.3,2.0 Hz, 1H), 6.89 (d, J = 8.3 Hz, 1H), 3.97 (s, 3H), 3.93 (s, 3H), 3.82 (s, 2H) ppm.
13C NMR (75 MHz, CDCl3) 8 170.2, 154.5, 151.4, 149.4, 138.1, 128.9, 125.2, 123.8, 120.1, 119.1,
110.7, 107.6, 56.1, 56.0, 39.7 ppm.

HRMS (ESI) m/z Calcd for [C17H16N203 + H]* 297.1234, found 297.1239.

3-(furan-2-yl)-1-phenyl-1H-pyrazol-5-ol (2g)
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Purification by flash column chromatography (DCM/EA = 100/1) to provide 2g (3.1 g, 91% yield),
white solid, m.p. 175 — 177 °C, R;= 0.3 (PE/EA = 5/1).

"H NMR (400 MHz, DMSO-dy) 8 11.94 (s, 1H), 7.83 — 7.80 (m, 2H), 7.72 (d, J = 2.0 Hz, 1H), 7.51
—7.45 (m, 2H), 7.31 — 7.27 (m, 1H), 6.79 (d, J = 3.3 Hz, 1H), 6.57 (dd, /= 3.4, 1.8 Hz, 1H), 5.88
(s, 1H) ppm.

13C NMR (101 MHz, DMSO-ds) & 153.9, 149.1, 143.0, 142.9, 139.1, 129.4, 126.3, 121.7, 112.0,
106.7, 85.4 ppm.

HRMS (ESI) m/z Calcd for [C13H0N20, + H]* 227.0815, found 227.0816.

5-cyclopentyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2h)

N
N

Purification by flash column chromatography (PE/EA = 5/1) to provide 2h (2.7 g, 78% yield), white
solid, m.p. 119 — 121 °C, Ry= 0.3 (PE/EA = 5/1).

'TH NMR (300 MHz, CDCl3) 4 7.89 — 7.86 (m, 2H), 7.41 — 7.35 (m, 2H), 7.19 — 7.14 (m, 1H), 3.41
(s, 2H), 2.97 — 2.87 (m, 1H), 2.03 — 1.90 (m, 2H), 1.76 — 1.67 (m, 6H) ppm.

I3C NMR (75 MHz, CDCl3) § 170.7, 162.9, 138.2, 128.8, 124.9, 118.9, 41.5, 40.5, 30.7, 25.4 ppm.
HRMS (ESI) m/z Calcd for [C14H16N2O + H]™ 229.1335, found 229.1337.



2-phenyl-5-propyl-2,4-dihydro-3H-pyrazol-3-one (2i)
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Purification by flash column chromatography (PE/EA = 5/1) to provide 2i (2.3 g, 77% yield), white
solid, m.p. 108 — 110 °C, Rt = 0.3 (PE/EA = 5/1).

'H NMR (300 MHz, CDCl3) 6 7.87 (d, J = 8.1 Hz, 2H), 7.48 — 7.29 (m, 2H), 7.25 — 7.09 (m, 1H),
3.40 (s, 2H), 2.46 (t, J = 7.4 Hz, 2H), 1.67 (g, J = 7.8 Hz, 2H), 1.02 (t, J = 7.4 Hz, 3H).

13C NMR (75 MHz, CDCls) § 170.7, 160.1, 138.2, 129.0, 125.1, 119.0, 41.9, 33.3, 20.1, 13.9 ppm.
HRMS (ESI) m/z Calcd for [C12H14N20 + H]* 203.1179, found 203.1183.

5-benzyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2j)
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Purification by flash column chromatography (PE/EA = 5/1) to provide 2j (2.6 g, 70% yield), white
solid, m.p. 128 — 130 °C, Rf= 0.3 (PE/EA = 5/1).

'H NMR (300 MHz, CDCl3) 6 7.88 (d, J = 7.5 Hz, 2H), 7.44 — 7.34 (m, 3H), 7.34 — 7.26 (m, 3H),
7.26 —7.23 (m, 1H), 7.19 (t, J = 7.4 Hz, 1H), 3.82 (s, 2H), 3.32 (s, 2H).

13C NMR (75 MHz, CDCls) 5 170.5, 158.6, 138.1, 135.6, 129.1, 128.9, 128.8, 127.4, 125.1, 118.9,
41.1, 38.0 ppm.

HRMS (ESI) m/z Calcd for [C16H14N20 + H]* 251.1179, found 251.1180.

1-(4-fluorophenyl)-3-phenyl-1H-pyrazol-5-o0l (2])
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Purification by flash column chromatography (DCM/EA = 100/1) to provide 21 (3.3 g, 86% yield),
white solid, m.p. 153 — 155 °C, R,= 0.3 (PE/EA = 5/1).

'TH NMR (300 MHz, DMSO-ds) 8 11.95 (s, 1H), 7.93 — 7.85 (m, 4H), 7.47 — 7.42 (m, 2H), 7.39 —
7.31 (m, 3H), 6.08 (s, 1H) ppm.

3C NMR (75 MHz, DMSO-ds) 3 160.3 (d, 'Jcr = 242.8 Hz), 154.2, 150.2, 135.8, 133.9 (d, *Jc.r =
2.8 Hz), 129.0, 128.3, 125.6, 123.6 (d, *Jcr = 8.3 Hz), 116.1 (d, 2Jcr = 22.5 Hz), 85.5 ppm.

YF NMR (282 MHz, DMSO-ds) 4 -116.76 ppm.

HRMS (EST) m/z Calcd for [CisH11FN>O + H]* 255.0928, found 255.0933.



2-(4-ethylphenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (2n)
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Purification by flash column chromatography (PE/EA = 5/1) to provide 2n (3.0 g, 76% yield), white
solid, m.p. 98 — 100 °C, R,= 0.3 (PE/EA = 5/1).

'H NMR (300 MHz, CDCl3) 8 7.86 — 7.81 (m, 2H), 7.73 — 7.67 (m, 2H), 4(m, 3H), 7.24 — 7.20 (m,
2H), 3.70 (s, 2H), 2.64 (q, J= 7.6 Hz, 2H), 1.23 (t, J= 7.6 Hz, 3H) ppm.

13C NMR (75 MHz, CDCl3) 8 170.2, 154.5, 141.4, 135.9, 131.0, 130.6, 128.9, 128.30, 126.0, 119.2,
39.5,28.4, 15.7 ppm.

HRMS (ESI) m/z Calcd for [C17H16N2O + H]™ 265.1335, found 265.1336.

2-(4-nitrophenyl)-5-phenyl-2,4-dihydro-3 H-pyrazol-3-one (20)
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Purification by flash column chromatography (DCM/EA = 100/1) to provide 20 (2.27 g, 56% yield),
white solid, m.p. 110 — 112 °C, Ry= 0.4 (PE/EA = 5/1).

'TH NMR (300 MHz, CDCls) 4 7.97 (t, J = 2.1 Hz, 1H), 7.89 (dd, J = 8.5, 2.0 Hz, 1H), 7.71- 7.63
(m, 2H), 7.45 - 7.36 (m, 3H), 7.27 (t, J= 8.1 Hz, 1H), 7.13— 7.09 (m, 1H), 3.68 (s, 2H) ppm.

13C NMR (75 MHz, CDCl3) 8 170.2, 155.0, 139.2, 134.6, 131.0, 130.5, 130.0, 129.0, 126.1, 125.0,
118.6, 116.5, 39.6 ppm.

HRMS (ESI) m/z Calcd for [C1sH11CIN>O + H]" 271.0633, found 271.0638.

2-(3,5-dimethylphenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (2p)

Purification by flash column chromatography (PE/EA = 5/1) to provide 2p (2.3 g, 58% yield), light
brown solid, m.p. 116 — 118 °C, R,= 0.3 (PE/EA = 5/1).

TH NMR (300 MHz, CDCl3) 8 7.75 — 7.72 (m, 2H), 7.57 (s, 2H), 7.45 — 7.40 (m, 3H), 6.84 (s, 1H),
3.75 (s, 2H), 2.35 (s, 6H) ppm.

13C NMR (75 MHz, CDCl3) & 170.3, 154.5, 138.6, 138.0, 131.0, 130.7, 128.9, 127.2, 126.0, 117.0,
39.6, 21.6 ppm.

HRMS (ESI) m/z Calcd for [C17H16N20 + H]" 265.1335, found 265.1336.



3. Reaction Optimization

Table S2. Screening of ligands?
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entry? L T (°C) Time (h) yield/%P er/%°¢
1 L1 40 12 54 53.5:46.5
2 L2 40 12 60 76.5:23.5
3 L3 40 12 20 50:50
4 L4 40 12 32 50:50
5 L5 40 12 84 96.5:3.5
6 L6 40 12 71 91.5:85
7 L7 40 12 43 58:42
8 L8 40 12 55 67.5:32.5
9 L9 40 12 58 56:44
10 L10 40 12 17 68:32
11 L11 40 12 37 63.5:36.5
11 L12 40 12 35 54:46
12 L13 40 12 30 53.5:46.5
13 L5 40 24 88 92.5:7.5

“Reaction conditions: la (0.15 mmol, 3.0 equiv), 2a (0.05 mmol, 1.0 equiv), Cu(OAc)2 (5.0 mol%), ligand (7.5
mol%), MeOH (0.5 mL), DABCO (0.5 equiv), 40 <C, Time (h), under argon. “Isolated yields. The er value was

determined by HPLC.



Table S3. Screening of Catalyst, Solvent and Base

Ph
OYO 0 [Cu] L5 ou_n O

0 + I I ‘N MeQO PAl'z
Ph . N=Ph  Base (0.5 equiv) / MeO PAr,
Il b N solvent, 40 °C, 12 h : O

Y

HOo— Ph Ph
1a 2a 3aa L5: Ar = 3,5-'Bu,-4-MeOCgH,
entry? [Cu] L Base solvent yield/%P er/%°
1 Cu(OAc)2 L5 DIPEA MeOH 65 92:8
2 Cu(OAc)2 L5 EtsN MeOH 20 90.5:9.5
3 Cu(OAC)2 L5 Cy2NMe MeOH 80 89.5:10.5
4 Cu(OAc): L5 DMAP MeOH 80 50:50
5 Cu(OAc): L5 DABCO MeOH 84 96.5:3.5
6 Cu(OAc): L5 Cs2CO3 MeOH 73 87:13
7 Cu(OAc): L5 KOAc MeOH 40 92:8
8 Cu(CHsCN)4PFs L5 DABCO MeOH 96 89.5:10.5
9 Cu(CH3CN)4BF4 L5 DABCO MeOH 70 92.5:7.5
10 Cu(OTf)w2-CsHs L5 DABCO MeOH 85 90:10
11 Cu(OTf)2 L5 DABCO MeOH 65 94:6
12 Cu(OAc)2 L5 DABCO EtOH 80 83.5:16.5
13 Cu(OAc) L5 DABCO iPrOH 61 80:20
14 Cu(OACc)2 L5 DABCO Toluene <20 50:50
15 Cu(OAcC)2 L5 DABCO DMF 20 78.5:21.5
16 Cu(OAcC)2 L5 DABCO THF 40 64:36
17 Cu(OAcC)2 L5 DABCO DCM trace 50:50
18¢ Cu(OAcC)2 L5 DABCO MeOH 88 80:20
19¢ Cu(OAcC)2 L5 DABCO MeOH -- --
20f Cu(OAcC)2 L5 DABCO MeOH 75 96:4
219 Cu(OAcC)2 L5 DABCO MeOH 47 96.5:3.5

aUnless otherwise stated, the reactions were performed with 1a (0.15 mmol, 3.0 equiv), 2a (0.05 mmol, 1.0 equiv),
[Cu] (5.0 mol%), L5 (7.5 mol%), solvent (0.5 mL), Base (0.025 mmol, 0.5 equiv), 40 <C, 12 h, under argon. ®Isolated
yields. ¢The er value was determined by HPLC. 9At 60 °C. eAt 25 °C. fWith 1.5 equivalent of 2a, 1.0 equivalent of
1a. 9With 1.5 equivalent of 1a, 1.0 equivalent of 2a.
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Table S4. Screening of reaction conditions

0=0 Ph
X 7 Cu(OAc),, L5 O N, MeO PAr,
° Ph * ﬁN—ph DABCO | N MeO. PAr,
| | npr”” N MeOH, T °C, Ho 2Ph Ypr O
1a 2i 3ai L5 : Ar = 3,5-Buy-4-MeOCgH,
DABCO _ _
entry? ) T (°C) Time (h) yield/%° er/%¢
(equiv)
1 0.5 40 12 -- --
2d 0.5 40 12 -- --
3d 0.5 40 24 7 79.5:20.5
4 0.5 50 12 10 79:21
5d 0.5 50 12 22 80:20
6d 0.5 50 24 39 78:22

aReaction conditions: 1a (0.15 mmol, 3.0 equiv), 2i (0.05 mmol, 1.0 equiv), Cu(OAc)2 (5.0
mol%), ligand (7.5 mol%), MeOH (0.5 mL), DABCO (0.5 equiv), T <C, Time (h), under argon.
blsolated yields. The er value was determined by HPLC. ¢ Cu(OAc)2 (10.0 mol%), L5 (15.0

mol%).
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Table S5. Screening of reaction conditions

Ph
Cu(OAc),, L - O _N
‘F /E«N —Ph DABCO, MeOH, T°C, 12 h %N
ho—h Bn
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L2:R=Bn
® I
MeO PAr, 0 PAr,
MeO. O PAr, o PAr,
I
L5: Ar = 3,5-Bu,-4-MeOCg¢H, L6 : Ar = 3,5-Buy-4-MeOCgH,
DABCO ) )
entry? L ) T (°C) Time (h) yield/%® er/%°
(equiv)
1 L1 0.5 40 12 8 56.5:43.5
2 L2 05 40 12 21 60.5:39.5
3 L3 0.5 40 12 10 55.5:44.5
4 L4 0.5 40 12 9 55.5:44.5
5 L6 05 40 12 6 50:50
6 L5 05 40 12 12 66.5:33.5
7 L5 1.0 40 12 17 67.5:32.5
8 L5 15 40 12 16 67.5:32.5
9 L5 2.0 40 12 7 67.5:32.5
10d L5 15 50 12 45 69.5:30.5
114 L5 15 50 24 53 64.5:35.5

@Reaction conditions: 1a (0.15 mmol, 3.0 equiv), 2j (0.05 mmol, 1.0 equiv), Cu(OAc)2 (5.0 mol%), ligand (7.5
mol%), MeOH (0.5 mL), DABCO, T <C, 12 h, under argon. °Isolated yields. °The er value was determined by
HPLC. ¢ Cu(OAc)2 (10.0 mol%), L5 (15.0 mol%).
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4. General Procedure for Copper-Catalyzed Asymmetric

Synthesis of Pyranopyrazoles

4.1 General Procedure

u(OAc), (5.0 mol%)

L5 (7. 5 mol%) > | Y MeO PAr,
DABCO (0.5 equiv) 4

MeO PAr,
MeOH (0.5 mL) . Ph O
40°C, 12 h HO— Ph

1a 2a 3aa L5: Ar=3,5-Buy-4-MeOCgH,
. J

To an oven-dried 10-mL schlenk tube equipped with a tefloncoated magnetic stir bar was added
Cu(OAc): (0.5 mg, 0.0025 mmol, 5.0 mol%), L5 (4.4 mg, 0.00375 mmol, 7.5 mol%), 2a (11.8 mg,
0.05 mmol, 1.0 equiv) and DABCO (2.8 mg, 0.025 mmol, 0.5 equiv). Then the schlenk tube was
evacuated and filled with argon for three times. After that, 1a (28.2 mg, 0.15 mmol, 3.0 equiv, if 1
is solid, it was added to the tube before evacuation) and MeOH (0.5 mL) were added under argon
atmosphere via a syringe. The reaction mixture was stirred at 40 °C for 12 h. After completion of
the reaction, the reaction mixture was concentrated in vacuum and the crude product was purified
by flash chromatography on silica gel (PE/EA, 20:1 to 7:1) to afford the desired product 3aa (16.0
mg) in 84% yield.
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4.2 Characterization of the Products

(R)-(1,3,4-triphenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3aa)

Purification by flash column chromatography (PE/EA = 7:1) generated 3aa (16.0 mg, 84% yield);
96.5:3.5 er; white solid; m.p. 168 — 170°C; Ry= 0.3 (PE/EA = 4/1); [a]s = -40 (c = 0.08, MeOH);
'H NMR (300 MHz, CDCl3) 8 7.89 — 7.85 (m, 2H), 7.49 — 7.43 (m, 2H), 7.34 — 7.20 (m, 7H), 7.18
—7.07 (m, 4H), 6.73 (d, J= 6.0 Hz, 1H), 4.97 (d, J= 6.1 Hz, 1H), 4.04 — 3.94 (m, 2H), 1.61 (t, /=
5.9 Hz, 1H) ppm.

13C NMR (75 MHz, CDCls) 148.9, 147.9, 145.9, 138.6, 138.1, 133.6, 129.2, 128.7, 128.6, 128.2,
128.1, 127.2, 127.0, 126.6, 121.1, 110.6, 98.1, 66.8, 45.7 ppm.

HRMS (ESI) m/z Calcd for [C2sH20N202 + H]* 381.1598, found 381.1601.

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 15.5 min (major), fr> = 21.2 min (minor).

VWD1A, Wavelength=254 nm

7
110 : -
120 =
100
% 804
60
101
209
o
T T — T T T T — T T — T T T R E— —T T
11.5 12 12,5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20 20.5 21 21.5 22 22.5
FtiEl [mind

RetTime[min] Type Width[min] Area[mAD*s] Height [mAU] Area%

14, 752 BB 2. 9667 4068. 2869 141. 4360 49, 3691
20,118 BB 3, h767 4172, 2593 110, 3030 50, 6309
VWDIA, Wavelength=254 nn
35 =
3259 °
3001 fx}:
275 I
2501 [
2254 | ¥
2001 [
’jE 1751 |‘ ‘I‘
1504 [
1254 [
|
g |
50 f’ 4 i
254
l;— SR J & /‘Lk
13 13.5 11 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20 20.5 21 21.5 22 22.5 23 23.5 24 21.5 25
B [mind

RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
15. 510 BB 2. 4417 9165. 2120 321. 2851 96. 3108
21. 187 MM m 0.5155 351. 0786 10. 9071 3. 6892
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(R)-(4-(4-fluorophenyl)-1,3-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl) methanol (3ba)

Ph
O _N

| ]l N

HO Qph
F

Purification by flash column chromatography (PE/EA = 7:1) generated 3ba (14.5 mg, 73% yield);
93.5:6.5 er; white solid; m.p. 178 — 180°C; Ry= 0.4 (PE/EA = 4/1); [a]y =-19 (¢ = 0.10, MeOH).
H NMR (300 MHz, CDCl3) 4 7.89 — 7.85 (m, 2H), 7.51 — 7.44 (m, 2H), 7.34 — 7.16 (m, 6H), 7.11
—6.98 (m, 4H), 6.76 (d, J= 6.0 Hz, 1H), 4.96 (d, J= 6.0 Hz, 1H), 4.02 — 3.94 (m, 2H), 1.55 (s, 1H)
ppm.

3C NMR (75 MHz, CDCl3) 8 161.5 (d, 'Jc.r = 245.0 Hz), 148.8, 147.7, 141.8 (d, *Jc.r = 3.2 Hz),
138.7, 138.1, 133.5, 129.2, 128.9 (d, *Jc.r = 8.0 Hz), 128.6, 128.3, 128.1, 126.6, 121.1, 115.4 (d,
2Je.r=21.1 Hz), 110.3, 98.2, 67.0, 45.2 ppm.

19F NMR (282 MHz, CDCl3) 6 -115.46 ppm.

HRMS (ESI) m/z Calcd for [C2sH19FN2O> + H]* 399.1503, found 399.1507.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254 nm, tr1 = 12.7 min (major), fr2 = 24.9 min (minor).

VWDIA, Wavelength=254 nm

56

mAU
i
24, 65

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 =24 25 2 27 28

B Tmind

RetTime[min] Type Width[min] Area[mAUk*s] Height[mAU] Area%

12. 665 BB 1. 6050 342. 3488 21.5177 49,9927
24. 657 BB 2.4317 342. 4485 10. 1431 50. 0073
VWDI1A, Wavelength=254 nm
1600 =
1400 i
12001
10004
Z 8004
6001
4001 @
200 %
9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 2 26 27 28

B E [min]

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%
12. 711 BB m 0. 2580 25852, 0827 1508. 28410 93. 5309
24, 888 MM m 0. 5165 1788. 0610 53. 6964 6. 4691
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(R)-(4-(4-chlorophenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ca)

Cl

Purification by flash column chromatography (PE/EA = 7:1) generated 3ca (14.7 mg, 71% yield);
92.6:7.4 er; whitesolid; m.p. 200 — 202 °C; Ry= 0.5 (PE/EA =4/1); [a]s =-30 (¢ = 0.12, MeOH).
'H NMR (300 MHz, CDCl3) 8 7.89 — 7.86 (m, 2H), 7.50 — 7.45 (m, 2H), 7.34 — 7.24 (m, 4H), 7.23
—7.17 (m, 4H), 7.12 — 7.09 (m, 2H), 6.77 (d, J = 6.1 Hz, 1H), 4.97 (d, /= 6.1 Hz, 1H), 3.98 (d, /=
4.8 Hz, 2H), 1.51 (t, J= 6.4 Hz, |H) ppm.

13C NMR (75 MHz, CDCI3) 8 148.8, 147.7, 144.4, 138.8, 138.0, 133.4, 132.8, 129.2, 128.8, 128.7,
128.6, 128.4, 128.2, 126.7, 121.1, 110.1, 97.9, 66.9, 45.3 ppm.

HRMS (ESI) m/z Calcd for [C2sH19CIN,O; + H]" 415.1208, found 415.1215;

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 12.7 min (major), fr> = 22.3 min (minor).

VWDI1A, Wavelength=254 nm

22. 57

176

21.

o8

9 10 11 12 13 14 15 16 17 18 19 =20 =21 22 23 24 25 26 27
gtE] (mind

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
12. 111 MB m 0. 2448 199. 2687 31. 5237 50. 0570
21. 476 BB 2. 6967 498. 1320 13. 4622 19, 9430

VWDIA, Wavelength=254 nm
1100 <
10001
900
800
7004
600
5001
4001
3001 _

=
2001 &
o
1004 v
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
BflE) [min]

mAU

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
12. 669 BB 2. 8900 16841. 4311 1036. 8323 92. 6281
22,324 MM m 0. 4441 1340. 3446 46. 9442 7.3719
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(R)-(4-(4-bromophenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3da)

Ph
O _N

| ]l N
HO Qph
Br

Purification by flash column chromatography (PE/EA = 7:1) generated 3da (17.4 mg, 76% yield);
96:4 er; white solid; m.p. 200 — 202 °C; R;= 0.5 (PE/EA = 4/1); [a]s =-32 (¢ =0.11, MeOH).
'H NMR (300 MHz, CDCl3) 8 7.89 — 7.85 (m, 2H), 7.50 — 7.42 (m, 4H), 7.34 — 7.25 (m, 2H), 7.23
—7.10 (m, 6H), 6.77 (d, J= 6.1 Hz, 1H), 4.97 (d, J= 6.0 Hz, 1H), 4.03 — 3.95 (m, 2H), 1.53 (s, 1H)
ppm.

13C NMR (75 MHz, CDCl3) 8 148.8, 147.7, 144.9, 138.9, 138.0, 133.4, 131.7, 129.2, 129.0, 128.6,
128.4,128.2, 126.7, 121.1, 121.0, 110.0, 97.8, 66.8, 45.4 ppm.

HRMS (ESI) m/z Calcd for [C2sH19BrN2O, + H]* 459.0703, found 459.0703.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 13.1 min (major), fr> = 22.7 min (minor).

VWDI1A, Wavelength=254 nm

T
=

23. 423

mAU

1L 12 13 14 15 16 17 18 19 20 2 22 23 24 25 2 27 28
BtHl [min]

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%
13. 145 BB 1. 6000 236. 3607 13. 6068 19. 5151
23. 423 BB 2. 2567 240. 9896 7.3788 50. 4849

VWDI1A, Wavelength=254 nm

160 =
140+
120

1004

mAU

80

0 11 12 13 11 15 16 17 18 19 2 21 22 23 21 25 26 27 28
BF ) [min]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
13. 154 VB 1. 9005 2413. 6432 146. 7455 96, 1762
22.661 BB 1. 5583 95. 9635 2. 8475 3. 8238
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(R)-(4-(4-(tert-butyl)phenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ea)

Purification by flash column chromatography (PE/EA = 7:1) generated 3ea (17.9 mg, 82% yield);
93.5:6.5 er; white solid; m.p. 170 — 172°C; R;= 0.5 (PE/EA=4/1); [a]s =-126 (¢ = 0.09, MeOH).
H NMR (300 MHz, CDCl3) 8 7.87 (d, J= 7.7 Hz, 2H), 7.50 — 7.44 (m, 2H), 7.36 — 7.27 (m, 3H),
7.25 -7.05 (m, 7H), 6.77 (d, J = 6.2 Hz, 1H), 5.01 (d, J= 6.2 Hz, 1H), 4.00 (s, 2H), 1.46 (s, 1H),
1.32 (s, 9H) ppm.

13C NMR (75 MHz, CDCI3) 8 150.0, 149.0, 147.8, 142.9, 138.7, 138.2, 133.7, 129.2, 128.7, 128.2,
128.0, 126.9, 126.6, 125.6, 121.2, 110.6, 98.4, 67.0, 45.4, 34.5, 31.4 ppm.

HRMS (ESI) m/z Calcd for [C20H23N,O» +H]" 437.2224, found 437.2233.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr1 = 9.9 min (major), fr2 = 14.8 min (minor).

VWDIA, Wavelength=254 nm

100 ]
90 J
B0 .
T0 g
60 3
Z 504
o
304
20
10
O = = = - = = = = = 5 = = - - = =
8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14. 5 15 15.5 16
Bfa) [min]
RetTime[min] Type Width[min] Areal[mAU%s] Height[mAU] Area%
9,423 BB 1. 1850 1056. 8520 93. 9186 49. 1155
13. 955 BB 1. 9067 1081. 8533 57. 4899 50. 5845
VWDIA, Wavelength=254 nm
600 5
5507 3
5001
4501
4001
350
Z 3001
250
2001
1504 =
100 =
501 v
0 , , - , , - , - , , , , /*\ , -
8 85 9 9.5 10 105 1 IL.5 12 125 13 135 14 145 15 155 16
it fa] [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
9. 870 BB 1.7433 6602. 6736 571. 3523 93. 5170

14. 801 MM m 0.2784 457. 7264 25. 8668 6. 4830
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After recrystallization

VWDI1A, Wavelength=254 nm

o
=

900
800
7001 »
600
5001

mAL

400
3007
2007
1004

0

8 H.IE ‘:) 9.‘5 lIO 1(3:,5 lll 11‘.5 1‘2 12I.5 1'3 liil.ﬁ J.If1 M‘.ﬁ ll.:) 15l.5 llﬁ Lﬁl.ﬁ 1'7 lTI..:) I'H lﬁl.ﬁ llg l!-}l.ﬁ 2‘0
I 1E) [min)
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
9. 968 VB 1. 1931 10949. 4576 894. 4878 19. 9376

14. 773 BB 2. 2217 10976. 8018 587. 0876 50. 0624

VWDIA, Wavelength=254 nm

3251 =
300
2754
2501
205+
2004
1754
150
1254
1004
754
50

251

mAU

14,920

0

8 85 9 95 10 10.5 11 11.5 12 12.5 13 12.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20
B[R] [min]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
10. 067 VB 1. 2818 3885. 1032 310. 5558 99. 8275

14. 920 MM m 0. 2435 6. 7128 0. 4291 0. 1725
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(R)-(1,3-diphenyl-4-(p-tolyl)-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3fa)

Me

Purification by flash column chromatography (PE/EA = 7:1) generated 3fa (15.8 mg, 80% yield);
93.5:6.5 er; white solid; m.p. 178 — 180°C; Ry= 0.3 (PE/EA = 4/1); [a]y =-31 (¢ = 0.19, MeOH).
'H NMR (300 MHz, CDCl3) 6 7.91 — 7.86 (m, 2H), 7.52 — 7.40 (m, 2H), 7.33 — 7.26 (m, 1H), 7.25
—7.13 (m, 9H), 6.75 (d, J= 6.0 Hz, 1H), 4.98 (d, J = 6.1 Hz, 1H), 4.04 — 3.96 (m, 2H), 2.35 (s, 3H),
1.49 (s, 1H) ppm.

13C NMR (75 MHz, CDCl3)  148.8, 147.9, 143.0, 138.5, 138.2, 136.7, 133.6, 129.4, 129.1, 128.6,
128.2, 128.1, 127.0, 126.5, 121.1, 110.9, 98.0, 66.8, 45.5, 21.1 ppm.

HRMS (ESI) m/z Calcd for [C26H22N202 +H]" 395.1754, found 395.1753.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 13.3 min (major), fr> = 22.9 min (minor).

VWDI1A, Wavelength=254 nm

74 =

€L

23, 292

o 11 12 13 14 15 16 17 18 19 20 20 22 23 24 25 26 27

B Tmind
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
13. 380 BB 1.3100 105. 5845 6. 41815 50. 0562
23. 292 MB m 0. 4703 105. 3474 3. 4592 19. 9438

VWDI1A, Wavelength=254 nm
13007 s
12001
11001
10001
900
800
7001
6001
5007
4001
3001
2001

2

&

1001 X

10 I 12 13 14 15 16 17 18 19 20 21 22 23
g fE] [min]

mAL

20 25 26 27

RetTime[min] Type Width[min] Area[mAU%*s] Height[mAU] Area%
13. 253 BM m 0. 2452 19279. 9372 1214. 2337 93. 3534
22, 853 MM m 0. 4473 1372. 6903 47. 6134 6. 6466
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methyl (R)-4-(4-(hydroxymethyl)-1,3-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)benzoate
(3ga)

CO,Me

Purification by flash column chromatography (PE/EA = 5:1) generated 3ga (13.8 mg, 63% yield);
91.5:8.5 er; white solid; m.p. 158 — 160°C; Ry= 0.3 (PE/EA = 2/1); [a]y =-12 (c = 0.18, MeOH).
'H NMR (300 MHz, DMSO-d6) & 7.90 — 7.81 (m, 4H), 7.55 — 7.43 (m, 4H), 7.36 — 7.32 (m, 1H),
7.27 —7.14 (m, 3H), 7.10 — 7.06 (m, 2H), 6.95 (d, /= 6.0 Hz, 1H), 5.11 (d, /= 6.0 Hz, 1H), 5.02 (t,
J=15.2Hz, 1H), 4.02 (dd, /= 10.6, 5.4 Hz, 1H), 3.81 —3.74 (m, 4H) ppm.
13C NMR (75 MHz, DMSO-d6) & 166.5, 152.2, 148.7, 147.5, 138.5, 138.2, 134.2, 129.9, 129.7,
128.6, 128.4, 128.3, 128.1, 127.1, 121.1, 110.9, 99.7, 66.3, 52.6, 45.7 ppm.
HRMS (ESI) m/z Calcd for [C27H22N204 + H]* 439.1652, found 439.1658.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 30.1 min (major), fr> = 50.6 min (minor).

VIWD1A, Wavelength=254 nm

1304
120
1104
1004

90

50. 393

70
604
50

404

mAU

20
10

20 22 24 2 28 30 32 M 36 I8 40 42 41 46 48 50 a2
1) [min]

RetTime[min] Type Width[min] Area[mAU¥s] Height[mAU] Area%

29.972 BB 4. 2933 5864. 7889 128. 3078 19. 5311
50. 393 BB 6.2333 5975. 8192 73. 7777 50. 4689
VWD1A, Wavelength=254 nm
154 =
101
359
30
2 251
i 20
151
101 E
0

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 53 56
i (min]

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%
30. 075 BB 3. 4567 2077. 2602 14. 9618 91. 5409
50. h61 MM m 0. 9684 191. 9552 2. 4625 8. 4591

21



(R)-(4-(3-methoxyphenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ha)

Ph

O _N
| ] N
% __ Ph

HO
o

Purification by flash column chromatography (PE/EA = 7:1) generated 3ha (16.0 mg, 78% yield);
94.5:5.5 er; white solid; m.p. 158 — 160°C; Ry= 0.3 (PE/EA = 3/1); [a]s = -9 (c = 0.20, MeOH).
H NMR (300 MHz, CDCl3) 8 7.90 — 7.85 (m, 2H), 7.50 — 7.44 (m, 2H), 7.33 — 7.14 (m, 7H), 6.87
—6.78 (m, 3H), 6.76 (d, J= 6.1 Hz, 1H), 5.00 (d, J= 6.1 Hz, 1H), 4.00 (s, 2H), 3.75 (s, 3H), 1.50
(s, 1H) ppm.

13C NMR (75 MHz, CDCl3) § 159.9, 148.9, 147.9, 147.5, 138.7, 138.2, 133.6, 129.7, 129.2, 128.7,
128.3, 128.1, 126.6, 121.2, 119.4, 113.8, 111.9, 110.5, 98.0, 66.8, 55.3, 45.8 ppm.

HRMS (ESI) m/z Calcd for [C26H22N203 + H]* 411.1703, found 411.1707.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 18.1 min (major), fr> = 33.0 min (minor).

VWDIA, Wavelength=254 nm

mAU
B i s
R T O I IR- B =)
T S S M e S s M
54
32, 982

e

012315678 010111213 14151617 18 19 20 21 22 23 21 25 26 27 28 20 30 31 32 33 31 35 36
i) [min]

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%

18. 055 BB 1. 3050 112. 6098 4, 7276 50. 8457

32. 982 BB 2.0767 108. 8639 2.1619 49. 1543

VWDIA, WVavelength=254 nm
1107 3
100 ]
804

801

70

60

50

104

304
-

20 =

101 B

o - AN X

01 23456 78 910111213 14151617 18 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

e [min]

mAU

RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
18. 058 BB 2.1661 2467. 7480 104. 1300 94. 5634
32. 987 MM m 0. 6988 141. 8744 3.0720 5. 4366
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(R)-(4-(2-methoxyphenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ia)

(0]
| Il N

Ho—/ %— Ph
=0y

Purification by flash column chromatography (PE/EA = 5:1) generated 3ia (10.6 mg, 52% yield);
95:5 er; white solid; m.p. 162 — 164 °C; Ry= 0.4 (PE/EA = 2/1); [a] = - 8 (¢ = 0.15, MeOH).

'H NMR (300 MHz, CDCl3) 6 7.91 — 7.86 (m, 2H), 7.50 — 7.43 (m, 2H), 7.32 — 7.16 (m, 8H), 6.95
—6.90 (m, 2H), 6.68 (d, J= 6.1 Hz, 1H), 5.38 (d, /= 6.1 Hz, 1H), 4.34 (d, /= 10.9 Hz, 1H), 3.89
(d, J=10.9 Hz, 1H), 3.74 (s, 3H), 1.69 (s, IH) ppm.

13C NMR (75 MHz, CDCl3) 6 157.2, 148.8, 148.1, 138.8, 138.2, 133.8, 132.4, 129.5, 129.2, 128.7,
128.2, 128.1, 126.5, 121.2, 121.0, 112.3, 108.7, 97.8, 66.2, 55.5, 45.9 ppm.

HRMS (ESI) m/z Calcd for [C26H22N,O03 + H]" 411.1703, found 411.1706.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis
A=254nm, fr1 = 18.7 min (major), fr2 = 43.1 min (minor).

VWD1A, Wavelength=254 nm

Ph
1
N\

~

70

mAU
43, 209

104

10 12 14 18 I8 20 2 24 26 28 30 32 34 36 38 40 42 44 46 48
WflE) [min]

RetTime[min] Type Width[min] Area[mAUss] Height[mAU] Area%

18. 579 BB 2. 3183 1785, 2562 70. 7861 19. 9818
43. 209 BB 4.3933 1786. 5537 26. 0505 50. 0182
VWDIA, Wavelength=254 nm
4001 é
3504
3004
2501
',é; 2004
1504
1004 r
H04 :_';
0 ¥
10 1 l? 1 iI 1 Iﬁ 1 IH 2‘0 ll2 2'-1 2‘6 ZIE 3‘0 3‘2 3‘ 1 3‘6 3‘8’ 4‘[] 4’1‘2 -1‘ 1 4 Iﬁ 1“3
18] [min]
RetTime[min] Type Width[min] Area[mAU¥s] Height[mAU] Area%
18. 664 BM m 0. 3647 9289. 6270 393. 1760 94. 8778
43. 145 MM m 0.8974 501. 5263 8. 5491 5.1222
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(R)-(4-(naphthalen-2-yl)-1,3-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl) methanol (3ja)

Ph
O N

Purification by flash column chromatography (PE/EA = 7:1) generated 3ja (18.1 mg, 84% yield);
94.5:5.5 er; white solid; m.p. 176 — 178 °C; Ry= 0.3 (PE/EA = 4/1); [a]y = -24 (¢ = 0.20, MeOH).
'H NMR (300 MHz, CDCl;3) & 7.84 — 7.81 (m, 2H), 7.74 — 7.71 (m, 2H), 7.68 — 7.65 (m, 1H), 7.53
(d, /=19 Hz, 1H), 7.42 —7.35 (m, 5H), 7.25 - 7.19 (m, 1H), 7.14 — 7.07 (m, 1H), 7.03 — 6.95 (m,
4H), 6.69 (d, J= 6.0 Hz, 1H), 4.95 (d, /= 6.0 Hz, 1H), 4.09 — 4.00 (m, 2H), 1.57 (s, 1H) ppm.

13C NMR (75 MHz, CDCl3) 6 149.0, 147.9, 143.0, 138.9, 138.2, 133.5, 133.2, 132.3, 129.2, 128.65,
128.60, 128.3, 128.1, 127.6, 126.6, 126.4, 126.2, 126.1, 124.9, 121.1, 110.5, 98.1, 66.9, 45.9 ppm.
HRMS (ESI) m/z Calcd for [C2o0H22N,0, + H]" 431.1754, found 431.1755.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis

A=254nm, fr1 = 17.9 min (major), fr> = 28.0 min (minor).
VWDI1A, Wavelength=254 nm

32. 57 I
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27. 57
25

22. 51
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104

7. 57

27. 866
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13 114 15 16 17 18 19 20 21 22 23 24 25 26 27 2% 29 30 31 32 33 34 35 36
B A [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

17. 872 BB 1.4033 735. 1699 30. 6124 19. 3183
27. 866 BB 3. 0567 755. 4938 18. 8499 50. 6817

VWD1A, Wavelength=254 nm

<
>¢28. 027

3 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
WA [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
17.945 VB 1. 9428 39730. 1694 1616. 21474 94. 5649
28,027 BM m 0. 6069 2283. 4829 58, 5627 5. 4351
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(R)-(1,3-diphenyl-4-(thiophen-2-yl)-1,4-dihydropyrano|2,3-c[pyrazol-4-yl)methanol (3ka)

Ph
'

N\
| ]I N

Ho—/ %—gPh
3
Z

Purification by flash column chromatography (PE/EA = 7:1) generated 3ka (16.0 mg, 83% yield);
94:6 er; white solid; m.p. 181 — 183°C; R;= 0.3 (PE/EA = 4/1) [a]y =-29 (¢ = 0.10, MeOH).

'H NMR (300 MHz, CDCl3) 8 7.89 — 7.85 (m, 2H), 7.50 — 7.45 (m, 2H), 7.34 — 7.23 (m, 7H), 6.95
(dd, J=5.2, 3.6 Hz, 1H), 6.78 (dd, J = 3.6, 1.2 Hz, 1H), 6.75 (d, J= 6.1 Hz, 1H), 5.09 (d, J= 6.0
Hz, 1H), 4.02 (dd, J = 10.7, 5.6 Hz, 1H), 3.93 (dd, J= 10.8, 7.0 Hz, 1H), 1.57 (t, J= 6.5 Hz, 1H)
ppm.

13C NMR (75 MHz, CDCI3) 8 151.3, 148.8, 147.4, 138.6, 138.0, 133.6, 129.1, 128.6, 128.3, 128.2,
126.8, 126.6, 125.2, 123.4,121.2, 110.3, 98.2, 67.6, 43.7 ppm.

HRMS (ESI) m/z Calcd for [C23H13N202S + H]" 387.1162, found 387.1166.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 17.4 min (major), fr> = 29.1 min (minor).

VWDIA, Wavelength=254 nm
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o
2e}

29. 252

24 25 26 27 28 29 30 31

15 llﬁ 1‘7 1‘8 1‘9 2‘0 2‘] 2‘2 23
ff 1) [min]

RetTime[min] Type Width[min] Area[mAU#s] Height[mAU] Area%
17. 6568 BB 1. 1633 68. 3105 3. 3406 19. 0382
29. 252 BB 1. 9867 71.0213 2. 0441 50. 9618

VWDI1A, Wavelength=254 nm

mAL
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T

Lo ~
104 \
O_JJJ K /Y\_
15 16 17 18 19 2 21 22 23 24 25 2 27 28 9 30 3l
i8] [min]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
17. 392 MB m 0.3223 708. 4939 33. 6975 94. 1717
29. 080 MM m 0. 4987 43. 8487 1. 2578 5. 8283
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(R)-(4-methyl-1,3-diphenyl-1,4-dihydropyrano(2,3-c]pyrazol-4-yl)methanol (3la)

Ph
O N

%N
HO—/ We Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3la (6.2 mg, 39% yield);
77:23 er; white solid; m.p. 113 — 115°C; Ry= 0.3 (PE/EA = 5/1); [a]s = -0.66 (c = 0.46, MeOH).
TH NMR (300 MHz, CDCl3)  7.82 — 7.78 (m, 2H), 7.55 — 7.51 (m, 2H), 7.46 — 7.38 (m, 5H), 7.30 —
7.27 (m, 1H), 6.69 (d, J= 6.1 Hz, 1H), 4.78 (d, J = 6.1 Hz, 1H), 3.57 (d, /= 10.8 Hz, 1H), 3.30 (d, /=
10.9 Hz, 1H), 1.64 (s, 1H), 1.20 (s, 3H) ppm.

13C NMR (75 MHz, CDCls) §149.8, 147.1, 139.5, 138.1, 134.6, 129.4, 129.1, 128.5, 128.3, 126.5,
121.2,110.9, 99.8, 70.5, 38.2, 26.6 ppm.

HRMS (ESI) m/z Calcd for [C20H1sN2O2+ H]" 319.1441 found 319.1445.

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 11.2 min (major), fr2 = 12.3 min (minor).

VWDIA, Wavelength=254 nm
120-
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7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14
) [min]

RetTime[min] Type Width[min] Areal[mAU*s] Height[mAU] Area%

11. 180 BV 1. 3117 1727. 6409 110. 1721 49. 9266
12. 335 VB 1. 3583 1732. 7215 99. 0716 50. 0734
VWDIA, Wavelength=254 nm
15 o
101 i
351
301
i
= 207 g
157 i
104
o
7.5 8 85 9 9.5 10 105 11 1.5 12 125 13  13.5 14
I8 [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
11. 168 BB 1. 0706 671. 7863 41. 8965 77.1435
12. 300 BB 0. 9867 199. 0402 11. 2617 22. 8565
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(R)-(3-(4-methoxyphenyl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ab)

OMe

Purification by flash column chromatography (PE/EA = 7:1) generated 3ab (12.9 mg, 63% yield);
95.9:4.1 er; white solid; m.p. 173 — 175°C; Ry= 0.3 (PE/EA = 4/1); [a]y =-15 (¢ = 0.16, MeOH).
'H NMR (400 MHz, CDCl3) 8 7.90 — 7.86 (m, 2H), 7.50 — 7.45 (m, 2H), 7.37 — 7.32 (m, 2H), 7.30
—7.24 (m, 4H), 7.05 - 7.01 (m, 2H), 6.77 (d, J= 6.0 Hz, 1H), 6.72 — 6.68 (m, 2H), 5.00 (d, /= 6.0
Hz, 1H), 4.07 — 4.01 (m, 2H), 3.76 (s, 3H), 1.58 (s, 1H) ppm.

13C NMR (75 MHz, CDCI3) 8 159.6, 148.6, 147.9, 146.0, 138.6, 138.2, 129.8, 129.1, 128.7, 127.2,
127.0, 126.5, 126.0, 121.1, 113.5, 110.6, 97.7, 66.7, 55.2, 45.8 ppm.

HRMS (ESI) m/z Caled for [C26H22N,O3 + H]" 411.1703, found 411.1703.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 ml/min, uv-vis A =
254nm, tr; = 18.8 min (major), fr> = 44.2 min (minor).

VYWD1A, Wave length=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
18. 844 BB 1. 4050 111.1344 4.5154 51. 8130
44. 186 MM m 0. 8318 103. 3567 1. 4549 48. 1870

VWDIA, Wavelength=254 nm
1309 bel
1201 5
1101
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90
801
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60
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101
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201 =
" v
11 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 34 35 36 37 38 39 40 41 42 43 41 45 46 47 48

Bf (i) [min]

mAL

RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
18. 833 BB 2. 3650 3045. 1098 122. 9860 95. 8511
44, 213 BM m 0. 7828 131. 8083 2.0003 4. 1489

27



(R)-(3-(4-chlorophenyl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ac)

Purification by flash column chromatography (PE/EA = 7:1) generated 3ac (15.4 mg, 74% yield);
96:4 er; white solid; m.p. 155 — 157°C; R;= 0.3 (PE/EA = 4/1); [a]s =-13 (c =0.15, MeOH).

'H NMR (300 MHz, CDCls)  7.87 (d, J = 7.5 Hz, 2H), 7.48 (t, J = 7.7 Hz, 2H), 7.37 — 7.24 (m,
6H), 7.17 — 7.12 (m, 2H), 7.05 — 7.00 (m, 2H),6.76 (d, J = 5.9 Hz, 1H), 4.99 (d, J = 6.0 Hz, 1H),
4.08 —3.95 (m, 2H), 1.51 (s, 1H) ppm;

13C NMR (75 MHz, CDCl3) 8 147.9, 147.5, 145.7, 138.5, 137.9, 134.1, 132.0, 129.8, 129.1, 128.8,
128.2, 127.1, 126.7, 121.1, 110.4, 98.2, 66.7, 45.6 ppm.

HRMS (ESI) m/z Calcd for [C2sH19CIN20, + H]™ 415.1208, found 415.1206.

HPLC: Daicel Chiralcel IA-H, n-hexane/isopropanol 50/50, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr1 = 9.4 min (major), fr2 = 14.7 min (minor).

VWD1A, Wavelength=254 nm
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8 85 9 95 10 10.5 11 115 12 12.5 13 13.56 14 145 15 155 16 16.5 17 17.5 18 18.5 10
B e [min]

RetTime[min]l Type Width[min] ArealmAU*s] Height[mAU] Area%
9.110 BB 0. 9967 739, 4417 63. 9524 49, 8039
14,105 BB 1.6233 745. 2653 30. 6685 50. 1961

VWDI1A, Wavelength=254 nm
600 (et

><>] 4. 697

8 85 9 0.5 10 105 11 1.5 12 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19
BfE] [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
9. 352 MB m 0. 1807 6612.9915 556. 1309 96. 1015
14, 697 MM m 0. 2970 268. 2675 14, 2278 3. 8985
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(R)-(3-(4-nitrophenyl)-1,4-diphenyl-1,4-dihydropyrano(2,3-c|pyrazol-4-yl)methanol (3ad)

Purification by flash column chromatography (PE/EA = 6:1) generated 3ad (11.3 mg, 53% yield);
94:6 er; white solid; m.p. 185 — 187°C; R;= 0.2 (PE/EA = 4/1); [a]s =-12 (c =0.13, MeOH).

H NMR (300 MHz, CDCI3) 8 8.00 — 7.97(m, 2H), 7.89 — 7.86 (m, 2H), 7.53 — 7.48 (m, 2H), 7.40
—7.25 (m, 8H), 6.77 (d, J= 6.0 Hz, 1H), 5.00 (d, /= 6.0 Hz, 1H), 4.10 (d, J = 10.8 Hz, 1H), 3.97
(d, J=10.7 Hz, 1H), 1.64 (s, 1H) ppm;

13C NMR (75 MHz, CDCl3) § 148.2, 147.3, 146.3, 145.6, 140.1, 138.5, 137.8, 129.3, 129.1, 129.0,
127.4,127.1, 123.3, 121.3, 110.4, 98.9, 66.9, 45.7 ppm.

HRMS (ESI) m/z Calcd for [C2sH19N304+ H] 426.1448, found 426.1446;

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 23.7 min (major), fr> = 46.7 min (minor).

VWDIA, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU¥s] Height[mAU] Area%
24. 098 BB 1. 6333 72. 2582 2. 2639 49. 7292
47,730 MM m 0. 7977 73.0452 1. 0889 50, 2708

VWDI1A, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAUxs] Height[mAU] Area%
23.671 BB 3. 0800 7140. 2924 203. 2191 94. 0172
46, 736 MM m 1.0778 454, 3765 5. 7075 5. 9828
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(R)-(1,4-diphenyl-3-(o-tolyl)-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ae)

Purification by flash column chromatography (PE/EA = 7:1) generated 3ae (13.7 mg, 70% yield);
93.5:6.5 er; white solid; m.p. 80 — 82°C; R;= 0.3 (PE/EA = 4/1); [a]s =2 (¢ =0.10, MeOH).
H NMR (300 MHz, CDCl3) 8 7.84 — 7.80 (m, 2H), 7.46 — 7.39 (m, 2H), 7.29 — 7.21 (m, 1H), 7.19
—7.13 (m, 4H), 7.07 — 7.00 (m, 2H), 6.97 — 6.93 (m, 2H), 6.89 (d, /= 6.1 Hz, 1H), 6.78 (dd, J=".5,
1.4 Hz, 1H), 4.99 (d, J = 6.1 Hz, 1H), 3.95 (dd, J = 10.6, 6.9 Hz, 1H), 3.87 (dd, J = 10.7, 6.0 Hz,
1H), 1.74 — 1.70 (m, 4H) ppm.
13C NMR (75 MHz, CDCl3) 8 149.1, 146.5, 144.3, 140.0, 138.2, 132.9, 130.2, 129.8, 129.1, 128.6,
128.2, 127.3, 126.7, 126.4, 125.0, 120.9, 109.2, 100.1, 67.0, 45.0, 19.3 ppm.
HRMS (ESI) m/z Calcd for [C26H22N202 + H]* 395.1754, found 395.1754.
HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 16.5 min (major), fr> = 18.5 min (minor).
19200 VWDIA, Wavelength=254 nm _
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19. 061

13 13,5 14 145 15 155 16 16.5 17 17.5 I8 18.5 19 19.5 20 20.5 21 20.5 22 22.5 23 23.5 24
B E [min]

RetTime[min] Type Width[min] Area[mAU#s] Height[mAU] Area%
17. 010 BB 2. 1553 184156. 5075 1094. 38841 50. 0159
19. 061 BV 1.5220 18422. 6329 965. 0296 19. 9541

YWDIA, Wavel ength=254 nm
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i e [min]
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>018. 545

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
16. 164 BM m 0.2472 41567. 0850 280. 1963 93. 2633
18. 545 MM m 0. 2695 329. 8956 18. 8249 6. 7367
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(R)-(3-(3,4-dimethoxyphenyl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol
(3ap)

OMe

OMe

Purification by flash column chromatography (PE/EA = 7:1) generated 3af (16.1 mg, 73% yield);
95:5 er; light yellow solid; m.p. 152 — 154°C; R;= 0.4 (PE/EA =2/1); [a]y =-23.3 (¢=0.42,
MeOH).

H NMR (300 MHz, CDCl3) 4 7.91 — 7.86 (m, 2H), 7.51 — 7.44 (m, 2H), 7.38 — 7.21 (m, 6H), 6.89
(dd, J= 8.3, 2.0 Hz, 1H), 6.73 — 6.70 (m, 2H), 6.60 (d, /= 2.0 Hz, 1H), 4.97 (d, J= 6.0 Hz, 1H),
4.07 (dd, J=10.7, 7.7 Hz, 1H), 4.00 (dd, J = 10.7, 5.5 Hz, 1H), 3.83 (s, 3H), 3.40 (s, 3H), 1.60 —
1.51 (m, 1H) ppm.

13C NMR (75 MHz, CDCl3) § 149.0, 148.5, 148.3, 148.0, 146.3, 138.2, 138.1, 129.2, 128.9, 127.2,
127.0, 126.5, 126.2, 121.1, 116.4, 111.6, 110.9, 110.8, 97.5, 66.6, 55.8, 55.3, 45.9 ppm.

HRMS (ESI) m/z Calcd for [C27H24N204+ H] 441.1809, found 441.1817,

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 23.1 min (major), fr> = 53.0 min (minor).

VWDIA, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

22.897 BB 2. 8500 17712. 7831 4158. 3316 19. 8102
51. 182 BB 9. 0933 17826. 3807 141. 9982 50. 1598
VNDIA, Vavelength=254 nm
350 T
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Bl [min]

RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
23.123 BB 5. 1400 14292, 6895 359, 6775 95, 0755
53. 007 MM m 1. 3373 740. 2949 6. 5215 1. 9245
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(R)-(3-(furan-2-yl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ag)

Purification by flash column chromatography (PE/EA = 7:1) generated 3ag (10.7 mg, 58% yield);
95:5 er; white solid; m.p. 287 — 290°C; R;= 0.3 (PE/EA = 4/1); [a]s =-10 (c =0.18, MeOH).

'H NMR (300 MHz, DMSO-ds) & 7.80 — 7.76 (m, 2H), 7.53 — 7.48 (m, 3H), 7.36 — 7.30 (m, 2H),
7.28 —7.22 (m, 2H), 7.16 — 7.10 (m, 1H), 6.88 (d, J = 6.1 Hz, 1H), 6.34 (dd, /= 3.4, 1.8 Hz, 1H),
6.04 (d, J=3.3 Hz, 1H), 5.06 (d, J= 6.1 Hz, 1H), 4.89 (t, /= 5.4 Hz, 1H), 4.13 (dd, J = 10.5, 5.7
Hz, 1H), 4.03 (dd, /= 10.4, 5.3 Hz, 1H) ppm.

13C NMR (75 MHz, DMSO-ds) & 147.9, 147.8, 146.1, 143.0, 140.2, 138.1, 138.0, 129.9, 128.7,
127.7,127.2, 126.8, 121.3, 111.8, 111.7, 108.9, 98.9, 66.3, 45.6 ppm.

HRMS (ESI) m/z Calcd for [C23H13N203 + H]* 371.1390, found 371.1398.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis
A=254nm, fr1 = 14.9 min (major), fr2 = 44.0 min (minor).

VWD1A, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%k
15. 220 BB 2.0917 882. 1123 45, 7018 50. 0273
44. 488 BB 3. 5433 881. 1514 12,3223 49, 9727

VWDIA, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%
15. 286 BB 3. 0533 4561. 5390 250. 3312 94. 9967
45. 352 MM m 0.7792 240, 2495 4, 7250 5.0033
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(R)-(3-cyclopentyl-1,4-diphenyl-1,4-dihydropyranof2,3-c[pyrazol-4-yl)methanol(3ah)

Purification by flash column chromatography (PE/EA = 7:1) generated 3ah (13.1 mg, 70% yield);
83:17 er; white solid; m.p. 167-169 °C; Ry= 0.3 (PE/EA = 5/1); [a]y = -0.10 (¢=0.60, MeOH).

'H NMR (300 MHz, DMSO-ds) & 7.64 (d, J= 8.0 Hz, 2H), 7.40 — 7.35 (m, 2H), 7.29 — 7.07 (m, 6H),
6.81 (d, /= 6.0 Hz, 1H), 4.97 (d, J= 6.1 Hz, 1H), 4.93 (d, /= 5.2 Hz, 1H), 4.02 (dd, J = 10.6, 5.5
Hz, 1H), 3.87 (dd, /= 10.6, 5.0 Hz, 1H), 1.73 — 1.19 (m, 8H), 1.04 — 0.96 (m, 1H) ppm.

13C NMR (75 MHz, DMSO-ds) 8 153.8, 146.5, 146.2, 138.7, 138.6, 129.7, 128.5, 128.0, 126.7, 126.2,
120.3, 111.0, 100.1, 67.3, 44.8, 38.4, 32.7, 32.5, 25.6, 25.5 ppm.

HRMS (ESI) m/z Calcd for [C24H24N,02+ H]* 373.1911 found 373.1913.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 10.6 min (major), fr> = 13.1 min (minor).

VWDIA, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
10. 563 BV 1. 0637 10574. 0388 847. 3369 19. 9731
13. 084 BB 2. 2050 10585. 4286 646. 1215 50. 0269

VWDIA, Wavelength=254 nm

2000
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16004
1400
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Z1000A
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13. 088
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T T T T T T T T T T T T T
0 1 2 3 1 5 ] 7 8 9 10 11 12 13 11 15 16 17 18 19 20
i) [min)

RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
10. 565 By 0.9794 23150. 1487  1839. 1161 83. 1476
13. 088 BM m 0.2518 4692. 0784 288. 3827 16. 8524
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(R)-(1,4-diphenyl-3-propyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3ai)

HO— Ph "Pr

Purification by flash column chromatography (PE/EA = 7:1) generated 3ai (6.8 mg, 39% yield);
78:22 er; white solid; m.p. 100 — 102°C; Ry = 0.3 (PE/EA = 5/1); [a]? =-3.1 (c = 0.36, MeOH);
1H NMR (300 MHz, CDCl3) § 7.80 (dd, J = 8.0, 1.7 Hz, 2H), 7.46 (t, J = 7.9 Hz, 2H), 7.41 —7.20
(m, 6H), 6.77 (d, J = 6.1 Hz, 1H), 4.99 (d, J = 6.1 Hz, 1H), 4.23 — 4.03 (m, 2H), 2.36 — 2.13 (m,
2H), 1.97 (t, 1H), 1.60 — 1.22 (m, 2H), 0.81 (t, J = 7.3 Hz, 3H) ppm.

13C NMR (75 MHz, CDCl3) 6 150.2, 147.3, 144.7, 139.3, 138.4, 129.2, 128.7, 127.2, 127.0, 126.2,
120.9, 110.0, 97.6, 67.7, 45.4, 30.4, 21.7, 14.2 ppm.

HRMS (ESI) m/z Calcd for [C2oH22N20, + H]* 347.1754, found 347.1755.

HPLC: Daicel Chiralcel 1A-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr1 = 11.7 min (major), tro = 15.8 min (minor).

VWDI1A, Wavelength=254 nm

Py
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4004

15. 826

350
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2004
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T T T T T T T T T T T T T T T T T T T T T T
85 9 95 10 10,5 11 11.5 12 12,5 13 13.5 14 14.5 15 155 16 16.5 17 17.5 18 185 19
W) [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
11. 683 BB 1. 7300 4969. 0864 439. 9630 50. 0564
15. 826 BB 1. 8333 4957. 8914 334. 2199 49. 9436

VWD1A, Wavelength=254 nm
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A [min]

. 65§

15. 796

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
11. 658 BB 1. 7088 14276. 2819 1271.8721 78. 1433
15. 796 VM m 0.2227 3993. 0866 276. 1173 21. 8567
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(R)-(1-(tert-butyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3aj)

Purification by flash column chromatography (PE/EA = 7:1) generated 3aj (8.9 mg, 45% yield);
69.5:30.5 er; white solid; m.p. 114 - 116°C; Rt= 0.4 (PE/EA =5/1); [a]5 =+6.2 (c =0.36, MeOH);
IH NMR (300 MHz, CDCls) & 7.89 — 7.78 (m, 2H), 7.46 (t, J = 7.9 Hz, 2H), 7.37 — 7.17 (m, 9H),
7.08 —6.98 (m, 2H), 6.74 (d, J = 6.1 Hz, 1H), 4.90 (d, J = 6.1 Hz, 1H), 3.86 (d, J = 15.5 Hz, 1H),
3.78 (dd, J = 10.9, 7.3 Hz, 1H), 3.59 (dd, J = 11.1, 4.0 Hz, 1H), 3.34 (d, J = 15.6 Hz, 1H) ppm.
13C NMR (75 MHz, CDCl3) 6 148.3, 147.8, 144.3, 139.0, 138.6, 138.2, 129.1, 128.6, 128.5, 128 .4,
127.1,127.0, 126.5, 126.3, 120.8, 110.2, 97.9, 67.3, 45.2, 34.2 ppm.

HRMS (ESI) m/z Calcd for [CasH22N202 + H]* 395.1754, found 395.1754.

HPLC: Daicel Chiralcel 1A-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr1 = 16.1 min (major), tro = 17.3 min (minor).

VWD1A, Wavelength=254 nm

1. 264

2757
250
225
200
1759
= 150
1254
100

A

m

[y
50
251

T T T T T T T T T T T T T T
13 13.5 14 14.5 15 15.5 16 6.5 17 17.5 18 18.5 19 19.5 20

16.
Ff ] [min]

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%

15. 963 BV 1. 3664 4151. 7436 274. 4228 49, 7897
17. 268 VB 2. 6436 4186. 8189 257. 0382 50,2103
VWD1A, Wavelength=254 nm
1600 S
12001 /\
1000 ‘\ e
Z 800 \ =
6004 \
4004 } \ \
2004 _// \\\l‘
0
13 135 14 145 15 155 16 165 17 175 18 185 19 19.5 20
B i) [min

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
16. 107 BM m 0. 2358 23753. 4902 1532. 6621 69. 1367
17. 375 MM m 0. 2486 10603. 7855 652. 5210 30. 8633
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(R)-(1-(4-chlorophenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ak)

Cl

e

O _N
%N
HO—/ Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3ak (15.7 mg, 76% yield);
94.5:5.5 er; white solid; m.p. 163 — 165 °C; Ry= 0.3 (PE/EA = 4/1); [a]y =-14 (c = 0.18, MeOH).
'H NMR (300 MHz, CDCl3) 6 7.87 — 7.81 (m, 2H), 7.47 — 7.39 (m, 2H), 7.37 — 7.30 (m, 2H), 7.28
—7.22 (m, 4H), 7.20 — 7.14 (m, 2H), 7.11 — 7.06 (m, 2H), 6.77 (d, J= 6.1 Hz, 1H), 5.01 (d, /= 6.1
Hz, 1H), 4.02 — 3.96 (m, 2H), 1.51 (s, 1H) ppm.

13C NMR (75 MHz, CDCl3) 6 149.2, 147.8, 145.7, 138.6, 136.8, 133.3, 131.9, 129.2, 128.7, 128.6,
128.4,128.1, 127.2, 127.1, 122.0, 110.7, 98.5, 66.7, 45.7 ppm.

HRMS (ESI) m/z Caled for [C2sH19CIN,O, + H]™ 415.1208, found 415.1209;

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 19.2 min (major), fr> = 29.9 min (minor).

VWDIA, Wavelength=254 nm
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Bf i) [min]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
19. 061 BB 2. 3783 14463. 7596 576. 9515 19. 9646
29. 551 BB 4, 3767 14484, 2291 359. 8902 50. 0354

VWD1A, Wavelength=254 nm
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><-29. 863

WFE [min]
RetTime[min] Type Width[min] Area[mAUxs] Height[mAU] Area%
19. 227 BB 2. 8867 7503. 3521 299. 3719 94. 5432
29, 863 BB 2. 2650 433. 0735 10. 9581 5. 4568
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(R)-(1-(4-fluorophenyl)-3,4-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)methanol (3al)

Ho—/ Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3al (14.5mg, 73% yield);
93.5:6.5 er; white solid; m.p. 175 — 176 °C; Ry= 0.3 (PE/EA = 4/1); [a]y =-14 (¢ = 0.13, MeOH).
H NMR (300 MHz, CDCl3) 8 7.89 — 7.82 (m, 2H), 7.37 — 7.31 (m, 2H), 7.29 — 7.22 (m, 4H), 7.21
—7.14 (m, 4H), 7.11 — 7.07 (m, 2H), 6.77 (d, J= 6.1 Hz, 1H), 5.02 (d, J = 6.0 Hz, 1H), 4.08 — 3.99
(m, 2H), 1.44 (s, 1H) ppm.

3C NMR (101 MHz, CDCl3) 8 161.0 (d, 'Je.r = 246.9 Hz), 148.9, 147.7, 145.8, 138.6, 134.3 (d,
4Jcr=3.1Hz), 133.4,128.7, 128.6, 128.3, 128.1, 127.2, 127.1, 122.9 (d, *Jc.r = 8.3 Hz), 115.9 (d,
2Je.r=22.9 Hz) ppm, 110.7, 98.2, 66.8, 45.7 ppm.

F NMR (282 MHz, CDCl3)  -122.61 ppm.

HRMS (ESI) m/z Calcd for [C2sH19FN2O> + H]* 399.1503, found 399.1503.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 16.7 min (major), fr> = 25.9 min (minor).

VWD1A, Wavelength=254 nm
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BF] [min]
RetTime[min] Type Width[min] Areal[mAU%s] Height[mAU] Area%
17. 138 BB 1.9133 1254, 7775 61. 9588 50. 0078
26. b36 BB 2. 1367 1254, 3868 37. 8735 19, 9922
VWDIA, Vavelength=254 nm
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8] [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
16. 715 BB 2.9400 5560. 5531 259. 1004 93.5109
25,928 MM m 0.5185 385, B706 11. 4975 6. 4891
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(R)-(1-(4-methoxyphenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3am)

OMe

=

O _N
ELN
Ho—/ Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3am (15.1mg, 74% yield);
95:5 er; white solid; m.p. 125 — 127°C; R;= 0.4 (PE/EA = 4/1); [a]s = - 12 (¢ = 0.10, MeOH).

H NMR (300 MHz, CDCl3) $ 7.80 — 7.70 (m, 2H), 7.37 — 7.31 (m, 2H), 7.28 — 7.21 (m, 4H), 7.18
—7.13 (m, 2H), 7.12 — 7.08 (m, 2H), 7.02 — 6.97 (m, 2H), 6.74 (d, /= 6.0 Hz, 1H), 4.99 (d, /= 6.1
Hz, 1H), 4.06 — 3.98 (m, 2H), 3.85 (s, 3H), 1.47 (s, 1H) ppm.

BC NMR (75 MHz, CDCls) § 158.3, 148.3, 147.6, 146.0, 138.6, 133.7, 131.4, 128.7, 128.6, 128.14,
128.08, 127.2, 127.0, 123.0, 114.3, 110.6, 97.6, 66.8, 55.6, 45.8 ppm.

HRMS (ESI) m/z Caled for [C26H22N,O3 + H]" 411.1703, found 411.1707.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 18.9 min (major), fr> = 43.8 min (minor).

VWD1A, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

21. 107 BB 1. 9489 21985. 6198 773. 2803 19. 7012
43. 231 BB 5. 5200 22249. 9492 365, 7353 50. 2988
VWDI1A, Wavelength=254 nm
351 =
32. 59
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7. 51 E
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B [min]

RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
18. 948 BB 1. 8567 754. 1313 32,2198 95. 2075
43. 849 MM m 0.7275 37. 9610 0.6189 4. 7925
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(R)-(1-(4-ethylphenyl)-3,4-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)methanol (3an)

Et

=

O _N
%N
HO— Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3an (17.3 mg, 85% yield);
90.5:9.5 er; white solid; m.p. 193 — 195°C; Ry= 0.3 (PE/EA = 4/1); [a]y = -13 (¢ = 0.12, MeOH).
'H NMR (300 MHz, CDCl3)  7.79 — 7.74 (m, 2H), 7.37 — 7.31 (m, 3H), 7.29 — 7.21 (m, 6H), 7.19
—7.08 (m, 4H), 6.76 (d, J= 6.0 Hz, 1H), 5.00 (d, /= 6.1 Hz, 1H), 4.02 (s, 2H), 2.70 (q, /= 7.6 Hz,
2H), 1.44 (d, J= 6.5 Hz, 1H), 1.27 (t, J = 7.6 Hz, 3H) ppm.

13C NMR (75 MHz, CDCl3)  148.5, 147.7, 145.9, 142.9, 138.6, 135.8, 133.6, 128.7, 128.6, 128.5,
128.15, 128.05, 127.2, 127.0, 121.3, 110.6, 97.8, 66.8, 45.8, 28.5, 15.6 ppm.

HRMS (ESI) m/z Calcd for [C27H24N202 + H]* 409.1911, found 409.1914.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis
A=254nm, fr1 = 17.8 min (major), fr2 = 38.6 min (minor).

VWDIA, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAUxs] Height[mAU] Area%
17. 561 BB 1. 5817 532. 5001 26. 3548 50. 9138
39. 997 BB 3. 2767 513. 3860 8. 7404 49. 0862

VWDI1A, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height [mAU] Area%
17. 805 BB 1.8117 2627. 2920 120. 1274 90. 8228
38. 601 MM m 0. 7847 265. 4739 5. 1048 9.1772
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After recrystallization

VWDIA, Wavelength=254 nm

16 =
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z 8 2
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 48 50 52 54 56 58 60
Bt [min]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
16.519 BB 1.9467 422.6811 14,5961 49, 8821
35.834 MM m 1.0532 4246787 6.7441 50.1179

VWDI1A, Wavelength=254 nm
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frf ] [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
16. 104 BB 1.8017 343. 9449 11.9524 100. 0000
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(R)-(1-(3-chlorophenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ao)

ch

O _N
%N
Ho— Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3ao (15.7 mg, 76% yield);
93:7 er; light yellow solid; m.p. 147 — 149 °C; Ry = 0.3 (PE/EA = 5/1); [a]y = -15.2 (c = 0.42,
MeOH).

H NMR (300 MHz, CDCl3) & 7.95 (t, J = 2.1 Hz, 1H), 7.82 — 7.78 (m, 1H), 7.39 — 7.28 (m, 3H),
7.26 —7.20 (m, 5H), 7.18 — 7.12 (m, 2H), 7.09 — 7.05 (m, 2H), 6.74 (d, J= 6.1 Hz, 1H), 4.98 (d, J
= 6.1 Hz, 1H), 4.02 - 3.91 (m, 2H), 1.66 (t, J= 6.4 Hz, 1H) ppm.

13C NMR (75 MHz, CDCl3) 6 149.4, 148.0, 145.7, 139.2, 138.5, 134.9, 133.3, 130.2, 128.8, 128.6,
128.4,128.1, 127.2, 127.1, 126.4, 120.9, 118.7, 110.7, 98.8, 66.7, 45.6 ppm.

HRMS (ESI) m/z Calcd for [C2sH19CIN2O, + H]" 415.1208, found 415.1214.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 14.1 min (major), fr> = 19.4 min (minor).

VWDIA, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
11. 083 BB 2.0200 1116. 7507 74. 5550 19. 9688
19. 404 BB 2. 5067 1418. 5196 43. 6029 50. 0312

VWDIA, Wavelength=254 nm
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Bt i) [min]

RetTime[min] Type Width[min] Area[mAU¥s] Height[mAU] Area%
14. 084 BM m 0. 2975 15872. 7170 828. 4658 93. 0476
19. 420 MM m 0. 4955 1185. 9897 37. 8532 6. 9524
41



(R)-(1-(3,5-dimethylphenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ap)

Me

D(Me
O _N

| ]I N

Ho—/ Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3ap (18.0 mg, 88% yield);
94.5:5.5 er; white solid; m.p. 176 — 178 °C; Ry= 0.5 (PE/EA = 4/1); [a]y = -17 (¢ = 0.16, MeOH).
'H NMR (300 MHz, CDCl3) 8 7.48 (s, 2H), 7.36 — 7.31 (m, 2H), 7.27 — 7.21 (m, 5H), 7.19 — 7.13
(m, 2H), 7.10 — 7.07 (m, 2H), 6.96 (s, 1H), 6.77 (d, J= 6.0 Hz, 1H), 4.99 (d, /= 6.0 Hz, 1H), 4.03
—4.00 (m, 2H), 2.39 (s, 6H), 1.45 (t, J= 6.6 Hz, 1H) ppm.

13C NMR (75 MHz, CDCl;3)  148.6, 147.8, 146.0, 138.9, 138.7, 137.9, 133.6, 128.7, 128.6, 128.4,
128.2, 128.1, 127.2, 127.0, 119.2, 110.5, 97.9, 66.8, 45.7, 21.5 ppm.

HRMS (ESI) m/z Calcd for [C27H24N202 + H]* 409.1911, found 409.1907.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 10.7 min (major), fr> = 14.2 min (minor).

VWDIA, Wavelength=254 nm
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BfE [min]

RetTime[min]l] Type Width[min] Area[mAU*s] Height[mAU] Area%
10. T80 BB 1.3033 477. 0157 31,6721 50. 8175
14, 238 BB 1. 2817 461. 6676 24, 7096 19, 1825

YWD1A, Wavelength=254 nm
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RetTime[min] Type Width[min] Area[mAU%s] Height[mAU] Area%
10. 685 BM m 0.2136 11022. 1925 T76. 5131 94. 1317
14,171 MM m 0.2813 687. 1438 37. 5923 5. 8683
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(R)-(1,3,4-triphenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3aq)

>

O_N

%N
HOo—/ Ph Ph

Purification by flash column chromatography (PE/EA = 7:1) generated 3aq (12.5 mg, 65% yield);
88:12 er; white solid; m.p. 92 — 94°C; R = 0.4 (PE/EA = 5/1); [a]? =-25 (c = 0.7, MeOH);

'H NMR (300 MHz, CDCls) 8 7.36 — 7.27 (m, 2H), 7.26 — 7.10 (m, 6H), 7.08 — 7.00 (m, 2H), 6.67
(d, J=6.1 Hz, 1H), 4.92 (d, J = 6.1 Hz, 1H), 4.20 (tt, J = 10.5, 4.8 Hz, 1H), 4.03 — 3.91 (m, 2H),
2.14 -2.02 (m, 3H), 2.01 — 1.87 (m, 3H), 1.74 — 1.65 (m, 1H), 1.53 — 1.26 (m, 4H) ppm.

13C NMR (75 MHz, CDCls) 147.4, 146.5, 146.3, 138.4, 134.3, 128.7, 128.4, 128.0, 127.7, 127.1,
126.8, 110.7, 95.6, 66.9, 57.4, 45.9, 32.3, 31.9, 25.7, 25.3 ppm.

HRMS (ESI) m/z Calcd for [C2sH26N202 + H]* 387.2067, found 387.2067.

HPLC: Daicel Chiralcel 1A-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr1 = 10.8 min (major), tro = 13.9 min (minor).

VWD1A, Wavelength=254 nm
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B [min]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
10, 778 BV 1. 3546 6210. 6801 583. 7505 49. 7399
13. 898 VB 1.2379 6275. 6213 468. 5168 50. 2601
VWDIA, Wavelength=254 nm
400 =z
3501
3001
2501
Z 200
1501
100 5
o

T T T T T T T T T T T T T T T T
8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5 15 15.5 16
IFH) [min]

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%
10. 807 BB 1. 5661 4101. 0410 383. hhh7 88. 7103
13.971 MM m 0. 1992 521. 9156 40. 2809 11. 2897

43



5. Synthetic Applications

5.1. Procedure for 2.0 mmol Experiment

Cu(OAC), (5 mol%) o Ph

OYO o
o L5 (7.5 mol%) N,
Ph IQN—Ph —> | N
| | P <\ DABCO (O.? equiv) Z
MeOH, 40 °C, 16h Ph Ph
1a

HO
2a 3aa
6.0 mmol 2.0 mmol 593.4 mg, 78% yield, 93.5:6.5 er
1.130g 0.472¢g (541.7 mg, 71% yield, 99.5:0.5 er

after recrystallization)
To an oven-dried 100-mL schlenk tube equipped with a tefloncoated magnetic stir bar was added
Cu(OAc): (18.1 mg, 0.1 mmol, 5.0 mol%), LS (174.0 mg, 0.15 mmol, 7.5 mol%), 2a (0.472 g, 2.0
mmol, 1.0 equiv), DABCO (112.2 mg, 1.0 mmol, 0.5 equiv). Then the schlenk tube was evacuated
and filled with argon for three times. After that, 1a (1.130 g, 6.0 mmol, 3.0 equiv) and MeOH (20.0
mL) was added to the tube via a syringe under argon atmosphere. The reaction mixture was stirred
at 40 °C for 18 h. After completion of the reaction, the reaction mixture was concentrated in vacuum
and the crude product was purified by flash chromatography on silica gel (PE/EA, 20:1 to 5:1) to
afford the desired product 3aa (593.4 mg, 78% yield, 541.7 mg, 71% yield, 99.5:0.5 er after

recrystallization).

5.2. Transformations of 4-10

Synthesis of (R)-(1,3,4-triphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)methyl (4-
chlorophenyl)carbamate (4)

Fh
O.
o ofl I N
OGN, 4-Chlorophenyl Isocyanate HN—< 2
[ ]I N > %
/ o) 7 Ph
- EtsN, DCM, r.t. 12 h
Ho—/ Ph Ph
Cl
3aa 4

94% vyield, 99.5:0.5 er

To a solution of 3aa (77.0 mg, 0.2 mmol, 1.0 equiv) in DCM (2.0 mL) was added the 4-chlorophenyl
isocyanate (39.9 mg, 0.26 mmol, 1.3 equiv), EtsN (0.3 mL, 2.0 mmol, 10.0 equiv). The solution was
stirred at room temperature for 30 min. After removal of the solvent in vacuo, the resultant crude
product 4 was purified by flash column chromatography on silica gel using PE/EA 7:1, delivering
product 4 (100.2 mg, 94% yield, 99.5:0.5 er).
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Synthesis of (R)-4-((difluoromethoxy)methyl)-1,3,4-triphenyl-1,4-dihydropyrano/2,3-c[pyrazole
)

Ph
Ph O_N
O__N TMSCF,Br, KOAc [ |/‘N
| ]I N >
4 3
% DCM(O.STtL)i;ﬁO(OBmL)HFZCO A Ph
Ho—/Pn Ph L @
3aa 5

60% yield, 99.5:0.5 er

The product 5 was prepared according to the literature procedure!®. To a 10 mL plastic tube
equipped with a cap was added 3aa (77 mg, 0.2 mmol, 1.0 equiv) and KOAc (117.6 mg, 1.2 mmol,
6.0 equiv). Then DCM (0.3 mL) and H>O (0.3 mL) were added. The reaction mixture was stirred at
room temperature and TMSCF,Br (203 mg, 1.0 mmol, 3.0 equiv) was added. After 10 h, the reaction
mixture was treated with water (20 mL) and extracted with DCM (20.0 mL x3). The organic layer
was combined and dried over Na;SO4. After removal of the solvent in vacuo, the residue was
purified by flash column chromatography on silica gel using PE:EA (20:1) to afford 5 (51.6 mg, 60%
yield, 99.5:0.5 er).

Synthesis of (R)-(1,3,4-triphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)methyl 2-(4-(4-
chlorobenzoyl)phenoxy)-2-methylpropanoate (6)

N
Ph |,
O _N Fenofibric acid, %
R DMAP, EDCI  _ O—4 Ph Ph
/ = o
oA DCM, rt. 12 h o)
HO— Ph Ph

3aa
O
(0]

88% yield, 99:1 er

To a solution of 3aa (38.5 mg, 0.1 mmol, 1.0 equiv) in DCM (1.5 mL) was added the fenofibric acid
(48.0 mg, 0.15 mmol, 1.5 equiv), DMAP (1.3 mg, 0.01 mmol, 0.1 equiv), EDCI (48.0 mg, 0.25
mmol, 2.5 equiv). The solution was stirred at r.t. for 12h. The resultant crude product 6 was purified
by flash column chromatography on silica gel using PE:EA (15:1), delivering product 6 (59.8 mg,
88% yield, 99:1 er).
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Synthesis of 1,3,4-triphenyl-N-(6-(trifluoromethoxy)benzo[dfthiazol-2-yl)-1,4
dihydropyrano[2,3-c[pyrazole-4-carboxamide(7)

Ph Ph
OGN, Jones reagent OGN, Riluzole
[ ]I N > (| [ N >
y y HOBt,EDCI,
Ho—/ Pn Ph HooC Ph Ph  DIPEA, DCM
3aa 7

OCF,

7
61% yield, 99.3:0.7 er

To a solution of 3aa (79.0 mg, 0.2 mmol, 1.0 equiv) in acetone (2.0 mL), Jones reagent (77.0 uL,
1.0 mmol, 5.0 equiv) was added dropwise at 0 °C. The resulting solution was stirred at 0 °C till
almost full conversion of 3aa to 7° by TLC analysis. Then the reaction mixture was quenched by
isopropanol, and filtered through a plug of Celite. The filter cake was washed with acetone for 3
times. The mixture was then concentrated in vacuo and the crude residue was dissolved in EA (5.0
mL) and diluted with aqueous NaHCO3 and the aqueous phase was washed with EA (3 x 5.0 mL).
Concentrated aqueous HCI was added to the aqueous phase followed by extraction with EA (3 x
10.0 mL), the combined organic phases were dried over Na;SOys, filtered and concentrated in vacuo.
The crude product 7° was used next step directly without further purification.

The product 7 was prepared according to the literature procedure Pl. A mixture of compound 7’ (0.2
mmol, 1.0 equiv), EDCI (46.0 mg, 0.24 mmol, 1.2 equiv), HOBt (32.4 mg, 0.24 mmol, 1.2 equiv),
DIPEA (42.0 pL, 0.24 mmol, 1.2 equiv), Riluzole (56.2 mg, 0.24 mmol, 1.2 equiv) in DCM (1.5
mL) was stirred at room temperature for 24 h. When the reaction was complete, HoO was added.
The organic phase was separated and the aqueous phase was extracted with DCM for 3 times. The
combined organic phase was washed with brine, dried over Na;SOs, evaporated in vacuum and was
purified by chromatography on silica gel using PE:EA (10:1) to afford 7 (74.4 mg, 61% yield,
99.3:0.7 er).

Synthesis of 8, 9,10

(Et0),POCH,COOEt,
LiCl, DBu o
Ph oh CH3CN
o ' (o) N
N, TEMPO, BAIB B
| | N > /
Z DCM, rt. 8 h R
% \ CHOPh Ph
HO— Ph Ph @ 1) NH,OHHCI, NaOAc, O__N
3aa 8 EtOH, r.t, 2 h _ T /‘N
94% yield, 99:5:0.5 er 2) CDI, THF, 80°C, 3 h b
3)H,0,0°C, 1 h ,\{/

10
90% yield, 98.5:1.5 er
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Synthesis of (R)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole-4-carbaldehyde (8)

Ph
Ph O _N
ON-N | ]I N
\ TEMPO, BAIB /
| I N > >
A DCM, rt. 8 h N Oph
HO Ph Ph @H
3aa 8

94% vyield, 99.5:0.5 er

The product 8 was prepared according to the literature procedure [°. To a stirred solution of 3aa
(154.0 mg, 0.4 mmol, 1.0 equiv) in DCM (3.0 mL) was added TEMPO (12.8 mg, 0.08 mmol, 0.2
equiv), BAIB (312.0 mg, 0.96 mmol, 2.4 equiv). The reaction mixture was stirred for 8 h at room
temperature. After that, the reaction mixture was added H>O (20.0 mL) and extracted with DCM
(20.0 mL x 3). The combined organic layers were washed with saturated solution of NaHCO3 and
dried over Na;SOs4, and concentrated in vacuum. The crude product was purified by flash
chromatography on silica gel using PE:EA (30/1) to afford the desired product 8 (142.1 mg, 94%
yield, 99.5:0.5 er).

Synthesis of ethyl (S,E)-3-(1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)acrylate (9)

Ph
1
OGN, (EtO),POCH,COOE,
| ] N LiCl, DBU
SN\=0by, CH3CN
O
8 9

66% yield, 99.5:0.5 er
The product 9 was prepared according to the literature procedure 7). To a solution of
(EtO):P(O)CH2COzEt (41.0 pL, 0.2 mmol, 1.0 equiv) and LiCl (9.0 mg, 0.2 mmol, 1.0 equiv) in
CH;CN (0.5 mL) was added DBU (30.0 pL, 0.2 mmol, 1.0 equiv) and the reaction was stirred for 1
h at room temperature. Next, 8 (79.0 mg, 0.2 mmol, 1.0 equiv) in CH3CN (1.0 mL) was added
dropwise over 0.5 h at room temperature. After being stirred at room temperature overnight, the
mixture was evaporated under reduced pressure. The residue was purified through flash column
chromatography on silica gel using PE:EA (20:1 — 10:1) to give 9 (59.2 mg, 66% yield, 99.5:0.5 er)

Synthesis of (R)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole-4-carbonitrile (10)

Ph Ph
O<_N 1) NH,OH'HCI, NaOAc, O__N
| ]I N EtOH, rt. , 2 h _ | I~
SN=0bp, 2) CDI, THF, 80°C, 3 h o Y Ph
@H 3)H,0,0°C,1h N
8 10

90% yield, 98.5:1.5 er
The reaction to synthesis 10 was adapted a literature procedurel’l. Sodium acetate (44.8 mg, 0.56
mmol, 2.8 equiv) and NH,OH+*HCI (38.4 mg, 0.56 mmol, 2.8 equiv) were added to the solution of
8 (79.0 mg, 0.2 mmol, 1.0 equiv) in ethanol (1.5 mL). The mixture was stirred at room temperature
for 3 h and concentrated in vacuo. The residue was diluted with EA (10.0 mL), added H,O (10.0
mL), and extracted with EA (20.0 mL X 3). After that, the combined organic layers were washed

47



with brine, dried over Na SOs, filtered and concentrated in vacuo. The crude product was then
dissolved in anhydrous THF (1.5 mL) and treated with 1,1-carbonyldiimidazole (0.26 g, 1.6 mmol,
8.0 equiv) before refluxing for 2.5 h under argon. The reaction was then cooled to 0 °C and added
H>0 (1.0 mL) slowly. After that the resulting mixture was stirred for an additional hour. The reaction
was added H>O (20.0 mL), and extracted with EA (20.0 mL x 3). The combined organic layers were
washed with brine, dried over NaxSOs, filtered and concentrated in vacuo. The residue was purified
through flash column chromatography on silica gel using PE:EA (20:1) to give 10 (67.5 mg, 90%
yield, 98.5:1.5 er).
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5.3 Characterization of the products 4-11

(R)-(1,3,4-triphenyl-1,4-dihydropyrano([2,3-c[pyrazol-4-yl) methyl (4-chlorophenyl)carbamate
“)

/Ph
O

Y

0 N

wa%
0 Ph

4 (100.2 mg, 94% yield); 99.5:0.5 er; white solid; m.p. 182 — 185°C; R = 0.4 (PE/EA = 5/1); [a.]5
=-26.8 (¢ =0.07, MeOH).

'H NMR (400 MHz, CDCls) 6 7.88 — 7.86 (m, 2H), 7.49 — 7.45 (m, 2H), 7.40 — 7.24 (m, 7H), 7.20
—7.14 (m, 6H), 7.03-7.00 (m, 2H), 6.67 (d, J = 6.1 Hz, 1H), 5.79 (s, 1H), 4.95 (d, J = 6.1 Hz, 1H),
4.61 (s, 2H) ppm.

13C NMR (101 MHz, CDCl3) 5 152.8, 149.5, 146.7, 145.6, 138.1, 137.8, 136.3, 134.8, 129.2, 129.0,
128.9, 128.8, 128.3, 127.9, 127.9, 127.5, 127.1, 126.6, 121.2, 119.6, 109.3, 99.5, 68.8, 43.5 ppm.
HRMS (ESI) m/z Calcd for [C32H24CIN3O3 + H]* 534.1579, found 534.1582.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate =0.5 mL/min, uv-vis A =
254nm, tr1 = 30.8 min (major), trz = 36.8 min (minor).

Cl

VWD1A, Wavelength=254 nm

3 =
2. 754 i -
2.5 I =
2.2 [ g
| B
1.75 | l’\
| | \
z \ [
L |
1 ‘I ‘I J{ \
|
: [ |
0.75 [ |
0. 5 [ | pJ \‘
25 \ /
”"L; [ \ Jﬂ \
0. 25 - - : - - - - - - : - -
20 25 26 27 28 29 30 31 32 33 3 35 36 37 I/ 39 40

] [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

31. 146 BB 2.3100 121. 2637 3. 0844 50. 3519
37.221 BB 2. 9883 119. 5685 2. 3132 19, 6481
VWDLA, Wavelength=254 nn
101 ‘j'-
T
354 ‘I I‘
[
301 |
|
5 ‘I\ |
2 |
T ool
B
154 | |
|
10 [\ -
[ :
. .
21 25 26 27 28 29 30 3 32 33 34 35 3 a7 38 3 40
Bf 4] [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
30. 839 MB m 0.6012 1566. 7182 40. 2461 99. 5628
36. 814 MM m 0. 4759 6. 8795 0. 1697 0.4372
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(R)-4-((difluoromethoxy)methyl)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole (5)

HF,CO Ph

5 (51.6 mg, 60% yield); 99.5:0.5 er; white solid; m.p. 137 — 139°C; Ry= 0.4 (PE/EA = 20/1); [a]>
=-30.8 (c=0.12, MeOH).

TH NMR (300 MHz, CDCl3) 4 7.91 — 7.86 (m, 2H), 7.50 — 7.44 (m, 2H), 7.37 — 7.22 (m, 7H), 7.19
—7.13 (m, 2H), 7.02 — 6.98 (m, 2H), 6.73 (d, J= 6.1 Hz, 1H), 6.08 (t, /= 74.2 Hz, 1H), 5.06 (d, /=
6.1 Hz, 1H), 4.33 (d,J=9.5 Hz, 1H), 4.16 (d, /= 9.5 Hz, 1H).

13C NMR (75 MHz, CDCl3) 6 149.1, 146.9, 145.3, 138.2, 138.0, 133.6, 129.1, 128.7, 128.6, 128.2,
128.0, 127.3, 127.1, 126.5, 121.1, 115.8 (t, 'Jcr = 260.5 Hz), 109.6, 99.0, 66.8 (t, *Jc.r = 4.4 Hz),
43.0 ppm.

F NMR (282 MHz, CDCls)  -84.33 (dd, J = 156.8, 188.5 Hz, 2F)

HRMS (ESI) m/z Calcd for [C26H20F2N20, + H]" 431.1566, found 431.1569.

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 99/1, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 31.4 min (major), fr> = 36.3 min (minor).

VWDIA, Wavelength=254 nm

&
22;)9- f |\ h
20 / \ ff \\

\

| \ | \

\ J

\ \
/

1

NN

32 33 a1 35 36 37 38 39 40
B [min]

e

25 26 27 28

|
/

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

30. 516 BB 1. 3083 1356.9831  26.4640 19. 8647
34.978 BB 4. 9867 1364.3458  22.7205 50. 1353
VWDIA, Wavelength=254 nm
11 "
104 &
o / \
81 |
|
s o |
|
n |
31 / _
d J i

T T T T T T T T T T T T T T T
26 27 28 29 30 31 32 33 34 35 36 a7 38 39 40
Bt i) [min]

RetTime[min] Type Width[min] Area[mAUs] Height[mAU] Area%
31.432 MM m 0. 8376 H8T. 3216 10. 1834 99.6193
36. 345 MM m 0. 5597 2. 2448 0.0470 0. 3807
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(R)-(1,3,4-triphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)methyl 2-(4-(4-
chlorobenzoyl)phenoxy)-2-methylpropanoate (6)

Cl

6 (59.8 mg, 88% yield); 99:1 er; white solid; m.p. 79 — 81 °C; Ry= 0.5 (PE/EA = 10/1); [a]p = -
25.0 (¢ =0.07, MeOH).

TH NMR (300 MHz, CDCl;3) & 7.82 — 7.79 (m, 2H), 7.69 — 7.60 (m, 4H), 7.47 — 7.39 (m, 4H), 7.34
—7.26 (m, 3H), 7.25 —7.18 (m, 4H), 7.14 — 7.08 (m, 2H), 6.98 — 6.95 (m, 2H), 6.73 — 6.68 (m, 2H),
6.59 (d,J=6.1 Hz, 1H), 4.87 (d, /= 6.1 Hz, 1H), 4.70 (d,/J=10.6, 1H), 4.48 (d, /= 10.7, 1H), 1.53
(s, 6H) ppm.

I3C NMR (75 MHz, CDCl3) 6 194.1, 173.2, 159.6, 149.0, 147.0, 145.1, 138.4, 138.1, 138.0, 136.4,
133.4, 132.0, 131.2, 130.3, 129.1, 128.7, 128.6, 128.5, 128.2, 128.0, 127.2, 127.1, 126.6, 121.0,
117.3, 109.8, 98.6, 79.3, 68.6, 43.3, 25.4, 25.3 ppm.

HRMS (ESI) m/z Calcd for [C4,H33CIN2Os + K] 719.1710, found 719.1708.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 29.4 min (major), fr2> = 35.6 min (minor).

VWDIA, Wavelength=254 nm

. i

22 \
204 ‘l
181 |

ER | [

1 [ [\
S - ——

T T T T T T T T T T
21 25 26 27 28 29 30 31 32 33 M 35 38 39 10
B fu] [min

-

36

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

29. 876 BB 3.3133 971. 5544 25. 0814 50. 1198
36. 275 BB 3.1717 966. 9079 19. 9609 49. 8802
VNDIA, Wevelength=254 nn
304 I
I‘ I
25 | |
‘I |
2 |
15 ‘| ‘|
19} [
[ =
51 | \ =
/ \ &
[ I - e ad
21 2 ZZIL”; ‘7,'7 '),IR f;‘] Rlﬂ 3‘ 1 ‘§I7 ]iIR ]3‘1 ]il.'] .!IE‘- .!IF .§IP§ 9 10

W Cmin]
RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%

29. 422 MM m 0. 5866 1327. 7799 34. 9207 99. 0320
35. 581 MM m 0. 4932 12.9789 0.3115 0. 9680
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1,3,4-triphenyl-N-(6-(trifluoromethoxy)benzold|thiazol-2-yl)-1,4-dihydropyranof2,3-c[pyrazole-
4-carboxamide (7)

HN S
5\1_-
0
pr-N~ ~Cpn
0Z

7 (74.4 mg, 61% vyield, over 2 steps); 99.3:0.7 er; white solid; m.p. 106 — 108 °C; Rs = 0.3 (PE/EA
=10/1); [a]p = 20.8 (¢ = 0.07, MeOH).

'H NMR (300 MHz, CDCls) 6 9.18 (s, 1H), 7.89 — 7.85 (m, 2H), 7.66 — 7.63 (m, 2H), 7.54 — 7.47
(m, 2H), 7.38 — 7.35 (m, 1H), 7.33 — 7.24 (m, 8H), 7.23 — 7.13 (m, 3H), 6.79 (d, J = 6.0 Hz, 1H),
5.44 (d, J = 6.0 Hz, 1H) ppm.

13C NMR (75 MHz, CDCls3) 8 170.6, 158.1, 148.9, 147.0, 146.6, & 145.5 (q, 3Jc-r = 2.0 Hz), 141.5,
138.6, 137.6, 133.1, 132.3, 129.3, 128.7, 128.7, 128.5, 128.4, 128.2, 127.8, 127.2, 121.8, 121.5, 5
120.6 (q, YJcr = 255.6 Hz), 120.2, 114.2, 108.0, 96.0, 52.2 ppm.

F NMR (282 MHz, CDCls) & -58.04 ppm.

HRMS (ESI) m/z Calcd for [CasH2:F3sN4OsS + H]* 611.1359, found 611.1361.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr; = 49.2 min (minor), fr2 = 62.7 min (major).

VWD1A, Wavelength=254 nm

=]
63. 845

mAU
ra
=

<
I

15 46 47 48 49 50 51 52 53 51 55 56 57 58 59 60 6L 62 63 61 65 66 67 68 69 70
BTl [min]
RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%

50. 179 MM m 1. 5293 1086. 2012 10. 3573 19. 6247
63. 845 BB 9. 4267 4148. 0055 26. 3736 50. 3753
VHDIA, Wavelength=254 nm
11 ]
10 .
9 .&
B [
i [
o I
_— [
z [
3 |
: | \
! f \
] - [
-1 i /
s S S N
ii;s 16 47 48 49 50 51 42 53 b4 55 K6 57 68 A9 60 61 62 63 61 65 66 67 68 69 70
Wi [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
49, 214 MM m 0. 8756 9. 1160 0.1222 0. 7408
62. 717 MM m 1. 4320 1221. 4231 12. 5335 99, 2592
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(R)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole-4-carbaldehyde (8)

8 (142.1 mg, 94% vyield); 99.5:0.5 er; white solid; m.p. 130 — 132 °C; Rs = 0.4 (PE/EA = 20/1). [a]
»=-14.3 (c=0.22, MeOH).

'H NMR (300 MHz, CDCls) 6 9.74 (s, 1H), 7.89 — 7.85 (m, 2H), 7.49 — 7.43 (m, 2H), 7.38 — 7.28
(m, 6H), 7.26 — 7.13 (m, 5H), 6.69 (d, J = 6.1 Hz, 1H), 5.19 (d, J = 6.1 Hz, 1H) ppm.

13C NMR (75 MHz, CDCl3) 5 196.8, 148.8, 147.3, 141.9, 138.3, 138.0, 133.3, 129.3, 128.4, 128.34,
128.27,127.8, 127.4, 127.0, 121.4, 106.3, 94.7, 55.5 ppm.

HRMS (ESI) m/z Calcd for [CasH1sN202 + H]* 379.1441, found 379.1443.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate =0.5 mL/min, uv-vis
A=254nm, tr; = 12.4 min (major), trz = 15.2 min (minor).

VWDIA, Wavelength=254 nm

18 ir3
. o™
b5
16 >
7
144
124
= 109
=
=
o
6-
4-
2
0 T T T T T T T T T T T T T T T T T T
9 9.5 10 10.5 11 1.5 12 125 13 13.5 14 14.5 15 155 16 16,5 17 17.5 I8

i) [min]

RetTime[min] Type Width[min] Area[mAU*s] Height[mAU] Area%
12. 536 BB 1. 5333 232. 9258 17. 2893 50. 0039
15. 532 BB 1.3517 232. 8891 13. 7644 49. 9961

VWDI1A, Wavelength=254 nm

mAL
=} — w .
\‘_“i
ffri_;
f#15. 244

T T T T T T T T L— — L — — T T T
9.5 10 10.5 11 1.5 12 12.5 13 13.5 14 14.5 15 155 16 16.5 17 17.5 18
A [mind

RetTime[min] Type Width[min] Area[mAUks] Height[mAU] Area%
12. 403 BB 1. 1467 103. 3213 7.8310 99. 5267
15. 244 MM m 0.1773 0.4913 0. 0347 0.4733
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Ethyl (S,E)-3-(1,3,4-triphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)acrylate(9)

Ph
O N

| ]l N

/% Ph
EtOOC @

9 (59.2 mg, 66% Yyield, over 2 steps); 99.5:0.5 er; white solid; m.p. 99 — 101 °C; R¢= 0.3 (PE/EA =
10/1); [a]y = -48.3 (¢ = 0.06, MeOH).

'H NMR (300 MHz, CDCls) 6 7.90 — 7.85 (m, 2H), 7.50 — 7.42 (m, 2H), 7.40 (d, J = 15.7 Hz, 1H),
7.35-7.22 (m, 6H), 7.22 — 7.10 (m, 5H), 6.66 (d, J = 6.1 Hz, 1H), 5.91 (d, J = 15.7 Hz, 1H), 5.02
(d, J=6.0 Hz, 1H), 4.21 — 4.05 (m, 2H), 1.21 (t, J = 7.1 Hz, 3H) ppm.

13C NMR (75 MHz, CDCls) 6 166.5, 150.7, 148.9, 146.3, 138.1, 136.9, 133.3, 129.2, 128.8, 128.4,
128.1, 128.0, 127.4, 127.2, 126.7, 123.2, 121.2, 109.6, 99.4, 60.5, 45.5, 14.2 ppm.

HRMS (ESI) m/z Calcd for [CagH24N203 + H]* 449.1860, found 449.1864.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate =0.5 mL/min, uv-vis A =
254nm, tr1 = 11.6 min (major), trz = 13.5 min (minor).

VWD1A, Wavelength=254 nm
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11.610 BM m 0.2105 7006. 8143 503. 0588 99. 1166
13. 459 MM m 0.2173 38. 9890 2. 8551 0. 5534
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(R)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole-4-carbonitrile (10)

Ph
O N,
| Jl N
/ Ph
N/

10 (67.5 mg, 90% vyield, over 2 steps); 98.5:1.5 er; white solid; m.p. 113 — 115 °C; Rf= 0.3 (PE/EA
= 20/1); [a]y=-42.1 (¢ = 0.15, MeOH).

'H NMR (300 MHz, CDCls) 6 7.88 — 7.83 (m, 2H), 7.52 — 7.39 (m, 2H), 7.44 — 7.39 (m, 4H), 7.37
—7.26 (m, 3H), 7.25 - 7.16 (m, 4H), 6.70 (d, J = 6.0 Hz, 1H), 5.19 (d, J = 6.0 Hz, 1H) ppm.

13C NMR (75 MHz, CDCls) 6 148.6, 146.1, 140.4, 138.2, 137.7, 131.8, 129.3, 129.0, 128.5, 128.4,
128.2,128.1, 127.2, 126.5, 121.5, 119.7, 106.2, 94.8, 40.6 ppm.

HRMS (ESI) m/z Calcd for [C2sH17N30 + H]* 376.1444, found 376.1453.

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, uv-vis A =
254nm, tr1 = 15.9 min (major), trz = 20.0 min (minor).

VWDIA, Wavelength=254 nm
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VWDIA, Wavelength=254 nm
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6. Crystal Structure of 3aa

Procedure for recrystallization of the compound 3aa: the hexane was slowly added into the solution
of product 3aa in dichloromethane, then the dichloromethane was evaporated from the mixed
solvent system at room temperature under dark and the crystals were obtained after a few days.

ORTERP plot of the crystal structure of 3aa, and thermal ellipsoid is set at 50%

probability.
Table S4 X-ray Crystallographic Data of 3aa

CCDC number 2054833
Bond precision C-C=10.0035 A Wavelength=1.54178
Cell a=9.8692 (3) b=10.1814 (4) c=19.2471 (7) alpha=90

beta=90 gamma=90
Temperature 170 K
Volume 1933.99 (12)
Space group P212121
Hall group P 2ac 2ab
Sum formula C25H20N>02
Mr 380.43
Dx, g cm-3 1.307
4 4
Mu (mm-1) 0.665
F000 800.0
F000’ 802.32
h, k, Imax 12,12,24
Nref 3941
Tmin, Tmax 0.628, 0.745
Tmin’ 0.899
Correction method # Reported T Limits: Tmin=0.628 Tmax=0.754
AbsCorr MULTI-SCAN
Data completeness 1.73/0.99
Theta(max) 74.690
R(reflections) 0.0373 (3721)
wR2(reflections) 0.0916 (3941)
S 1.059
Npar 266
Ellipsoid contour % probability levels | 50
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8. 'H and 1*C NMR Spectra of the Title Compounds

4-(4-(tert-butyl)phenyl)-4-ethynyl-1,3-dioxolan-2-one (le)
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5-(4-nitrophenyl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2d)

L0vZ'9 —

yS1EL
161€°L /
1wzeL
LWye L~
20S€°L \w —_—
1¥9¢°2 7]

689¢°2 -
182872
zL6v°L ]
1€05°2 |
6v2S'L ]
££vsL
1055°2
19562 ]
oLv8'L |
zsse'L |
6858°L |
6£98°L
89.8°L
288°L
2888°L
6260'8
svoL'8
20218
12218
oseL's
5552'8
5£92'8
£0L2'8

1982'8
ze6e8
Looe's

S0ELZL

OH

i

2!

(&)

TH NMR (DMSO-d8, 300 MHz)

Foo'L

%hm.c

1.5

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

11.0

125 12.0

3.0

1 (ppm)

06598 —

656°LZ1
61Lv'vZL
£82°9Z) ~
802°02Z) w
sev'ezh

2€0°6EL ~
0L2°0vL

020271 ~
026°L¥L

S69'VSL —

QN

3C NMR (DMSO-d6, 75 MHz)

1 (ppm)

59



2-phenyl-5-(o-tolyl)-2,4-dihydro-3 H-pyrazol-3-one (2e)
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5-(3,4-dimethoxyphenyl)-2-phenyl-2,4-dihydro-3 H-pyrazol-3-one (2f)
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5-(furan-2-yl)-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2g)
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4-cyclopentyl-1-phenyl-1,3-dihydro-2H-pyrrol-2-one (2h)
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2-phenyl-5-propyl-2,4-dihydro-3H-pyrazol-3-one (2i
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5-benzyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one (2j)
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2-(4- fluorophenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (21)
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19F NMR (DMSO-d6, 282 MHz)
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2-(4-ethylphenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (2n)
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1-(3-chlorophenyl)-4-phenyl-1,3-dihydro-2H-pyrrol-2-one (20)

€189°€ —

1£60°L
8201°L
z0zL'L
6S2L°L
8621°L 1
95122
8212
6662°L 1
£v9c°L |
269¢°L |
818€°L |
1S6€°L |
zLov'L
0ZLy'L
68LY° L
08zv°L
LEEY'L N
L9vY'L %
resy'LIf
8v€9°L |
127972 | ﬁ
vzso'L

0099°2 |
2699°L |
192972 ]
1589°2 ]
9269°L |
85022 |
1582 ]
6288°L ]
9v06°L
SLL6L
vv96°L
€LL6°L
2816'L

1 (ppm)

cl

TH NMR (CDCly, 300 MHz)

885°6€ —

88Y°9LL —
285°8LL —
L£0°SZL

590°9Z1 V
L16°8ZL ~\_

996°6Z1
V€S 0EL \

8.6'vSL —

00Z°0LL —

-10

69

1 (ppm)

110

120

130

140

cl

150

13C NMR (CDCl5, 75 MHz)
160

180 170

190




2-(3,5-dimethylphenyl)-5-phenyl-2,4-dihydro-3H-pyrazol-3-one (2p)
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(R)-(1,3,4-triphenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3aa)
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(R)-(4-(4-fluorophenyl)-1,3-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl) methanol (3ba)
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(R)-(4-(4-chlorophenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ca)
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(R)-(4-(4-bromophenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3da)
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(R)-(4-(4-(tert-butyl)phenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ea)
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(R)-(1,3-diphenyl-4-(p-tolyl)-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3fa)
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methyl (R)-4-(4-(hydroxymethyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)benzoate

(3ga)
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(R)-(4-(3-methoxyphenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ha)
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(R)-(4-(2-methoxyphenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ia)
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(R)-(4-(naphthalen-2-yl)-1,3-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl) methanol (3ja)
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(R)-(1,3-diphenyl-4-(thiophen-2-yl)-1,4-dihydropyrano|2,3-c[pyrazol-4-yl)methanol (3ka)

L8YVS°L
8LLS’L W
0Z6S°L

v668°C
£226°C
6v€6'C
1856°€
1166°C
€010 |
S1207
09v0'% |
1080°S
Z001'S
evl9
€292°9
8LLL'9
LSLL'9
1€82°9
9289
69£6'9
88Y6'0
L756°9
0996'9
L2eTL
98€Z°L
18V2°L
zIsz'L
0£9Z°L
S9.2°L
8082°L
8062°L |
9€0€°L
veoe'L |
SS1E°L
00g€°L |
Tree’L
£8€€°L
8LyvL
LESY"L |
0LLY LA
86.Lp°L

/I

1 (ppm)

66v°L -
6005°2 7
86v8°L
0858°L
£198°L
0998°L
v6L8'L
19882
6068°L

TH NMR (CDCl;, 300 MHz)

L19°€y —

609°L9 —

2€2'86 —

ZreoLL —

6LL°LZL
Sev'eCl
v8L'szl /
wn@.wN—./
0v8'9Z1

691°8Z1
vze'szl
Sv9'8Z1L
9€L°621 \

LSS°EEL
€v0°8EL \
185°8€1L
V9ELYL ~
9SL'8VL
292151

el

3CMMR (CDCly, 75 MHz)

L L

1 (ppm)
82

\
100

110

120

o
T
150 140 130

160

170

180

90



R-(4-methyl-1,3-diphenyl-1,4-dihydropyranof[2,3-c[pyrazol-4-yl)methanol (3la)
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(R)-(3-(4-methoxyphenyl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ab)
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(R)-(3-(4-chlorophenyl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ac)
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(R)-(3-(4-nitrophenyl)-1,4-diphenyl-1,4-dihydropyrano(2,3-c|pyrazol-4-yl)methanol (3ad)
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(R)-(1,4-diphenyl-3-(o-tolyl)-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ae)
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(R)-(4-(3,4-dimethoxyphenyl)-1,3-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol

(3ap)
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(R)-(3-(furan-2-yl)-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ag)
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(R)-(3-cyclopentyl-1,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl) methanol (3ah)
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(R)-(1,4-diphenyl-3-propyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3ai
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(R)-(1-(tert-butyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3aj)

0000°0- —

LSLE'E
699€°€
6595°€ |
164S°€
8209°¢ |
0919°¢ |
z9vLe
£0LL€
£z8L°¢ |
5908°€
£1e8°¢ |
1£88°€
¥268'7
9ZL6'Y
0922791
29v29 1
SLzo'L
92¥0°L
16¥0°L
zsoL'L
z1812
9981°Z 1
Zv6L L
90022 1
6¥02°L
ZLzL
0612°2
v122°L]
0g€z'2 |
16€T°L ﬁ
yove'L
S1SZ°L
0292Z°L
££82°L |
S162°L
L1£0€°L
z80¢°2 |
viieL
0£2€°2 |
662<"L
Z0vEL
95vE"L
605€°L
L9EY°L |
L2
LEOY'L
€28y’ L~

068v'L~
6508°2
1518°2
L2182
8128°L
yses'L
0zye'L
89Y8'L

Foot
ot
60
z0'L

H/mm._u
ooz
06

m\‘vo.w

Feoz

"H NMR (CDCly, 300 MHz)

£1 (ppm)

veTveE —

€9L'SY —

6€€°L9 —

098°L6 —

66L°0LL —

\.vm.ow_,
oou.wur
SLv'9zL
186'921
204221
vie'8ZL
181821
£65°8Z1
vrL6ZL
LwZ'8elL
8c9'8cl W
£66'8€1L
£rEPYL ~
187271\
sceeyl —

13C NMR (CDCl;, 75 MHz)

"

"

poe

"

Ly

e

T T T T T T T
160 150 140 130 120 110 100

T
170

1 (ppm)

92



(R)-(1-(4-chlorophenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ak)
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(R)-(1-(4-fluorophenyl)-3,4-diphenyl-1,4-dihydropyranof2,3-c[pyrazol-4-yl)methanol (3al)
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HO Ph Ph
T9F NMR (CDCly, 282 MHz)
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(R)-(1-(4-methoxyphenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3am)
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(R)-(1-(4-ethylphenyl)-3,4-diphenyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)methanol (3an)
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R-(1-(3-chlorophenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ao)
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(R)-(1-(3,5-dimethylphenyl)-3,4-diphenyl-1,4-dihydropyrano[2,3-c[pyrazol-4-yl)methanol (3ap)
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(R)-(1,3,4-triphenyl-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)methanol (3aq)
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henyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl) methyl (4-chlorophenyl)carbamate
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henyl-1,4-dihydropyrano(2,3-c[pyrazole (5)
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henyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl) methyl 2-(4-(4-

chlorobenzoyl)phenoxy)-2-methylpropanoate (6)
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1,3,4-triphenyl-N-(6-(trifluoromethoxy)benzold[thiazol-2-yl)-1,4-dihydropyrano[2,3-c[pyrazole-

4-carboxamide (7)
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18F NMR (CDCly_ 282 MHz)
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(R)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole-4-carbaldehyde (8)
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henyl-1,4-dihydropyrano(2,3-c[pyrazol-4-yl)acrylate (9)
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(R)-1,3,4-triphenyl-1,4-dihydropyrano[2,3-c[pyrazole-4-carbonitrile (10)
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