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1. General Experimental Details: 

 

All reactions were carried out under an inert Ar atmosphere in oven-dried glassware 

with magnetic stirring. Unless otherwise noted, reactions were heated using an oil 

bath, and reaction temperatures refer to external bath temperatures. Flash column 

chromatography (FCC) was carried out with SiliaFlash P60, 60 Å silica gel. Reactions 

and column chromatography were monitored with EMD silica gel 60 F254 plates and 

visualized with potassium permanganate stain. 

 

Reagent grade 1,4-dioxane was dried over calcium hydride and distilled prior to use. 

1,2-Dichlorobenzene was distilled under reduce pressure and degassed using three 

freeze-pump-thaw cycles. All other reagents and solvents were used without further 

purification from commercial sources. Unless otherwise noted, melting points were 

obtained from material that solidified after chromatography. 

 

Instrumentation: FT-IR spectra were obtained on NaCl plates with a PerkinElmer 

Spectrum Vision spectrometer. Microwave reactions were performed with a Biotage® 

Initiator+ Microwave System. HRMS were recorded on a JEOL MS Route Magnetic 

Sector Instrument (EI) or a Waters Synapt HDMS TOF instrument (ESI). Unless 

otherwise noted, proton and carbon NMR spectra (1H NMR and 13C NMR) were 

recorded in deuterated chloroform (CDCl3) on a Bruker 700 MHz Avance III 

Spectrometer with s carbon-optimized cryoprobe or a Bruker 400 MHz DPX-400 

spectrometer. Multiplicities are abbreviated as follows: s = singlet, d = doublet, t = 

triplet, q = quartet, pent = pentet, sext = sextet, sept = septet, br = broad, m = multiplet. 

Melting points were determined with a Cole-Parmer instrument and are uncorrected. 
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2. Preparation of Pyrone Coupling Partners 

 

 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (22-S1) 

To a thick-walled reaction vessel were added a solution of 3-methoxyfuran-2,5-dione 

(1.98 g, 15.5 mmol, 1.5 eq) in t-amyl alcohol (100 mL), tris(acetonitrile)penta 

methylcyclopentadienylrhodium(III) hexafluoroantimonate (17 mg, 0.021 mmol, 

0.002 eq), Cu(OAc)2 (2.82 g, 15.5 mmol, 1.5 eq) and 1-phenyl-butyne (1.34 g, 10.3 

mmol, 1 eq). The headspace of the vessel was evacuated by brief exposure to vacuum, 

and the vessel was back-filled with Ar. The vessel was evacuated and back-filled with 

Ar two additional times. The tube was quickly sealed and heated to 120 oC for 16 h. 

The reaction mixture was cooled to rt and filtered through Celite with EtOAc to 

remove solids. The filtrate was concentrated. The residue was purified by FCC (5:1 

hexanes:EtOAc) to yield 5-ethyl-3-methoxy-6-phenyl-2H-pyran-2-one as a white 

solid (1.76 g, 74%).   

 

Data for 5-ethyl-3-methoxy-6-phenyl-2H-pyran-2-one: Rf: 0.37 (3:2 hexanes:EtOAc); 

mp: 111 – 115 oC; IR (thin film) 1726, 1639 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.43 

(t, J = 7.0 Hz, 2H), 7.38 (t, J = 7.7 Hz, 1H), 7.27 – 7.26 (m, 2H), 6.47 (s, 1H), 3.80 (s, 

3H), 2.47 (q, J = 7.7 Hz, 2H), 1.20 (t, J = 7.0 Hz, 3H); 13C NMR (176 MHz, CDCl3) δ 

154.3, 143.5, 136.5, 128.9, 128.8, 127.9, 117.3, 116.5, 56.1, 28.7, 24.1, 12.5; HRMS 

(ESI) m/z: [M + H]+ Calcd for C14H15O3 231.1021; Found 231.1015. 

 

To a solution of 5-ethyl-3-methoxy-6-phenyl-2H-pyran-2-one (1.67 g, 7.26 mmol, 1 

eq) in 1,2-dichloroethane (73 mL, 0.1 M) was added BBr3 (1 M in heptane, 11 mL, 

11.0 mmol, 1.5 eq) dropwise. The mixture was stirred at rt for 20 min. The reaction 

was quenched by addition of sat’d aqueous NaHCO3 (100 mL) and extracted with 

CH2Cl2 (4 x 30 mL). The combined organic layers were dried over Na2SO4, filtered, 

and concentrated. The residue was purified by FCC (5:1 hexanes:EtOAc) to yield 

22-S1 as a light yellow solid. 

 

Data for 22-S1: Rf: 0.43 (2:1 hexanes:EtOAc); mp: 113 – 115 oC; IR (thin film) 3309, 

1683, 1651 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.48 – 7.40 (m, 5H), 6.76 (s, 1H), 

6.24 (s, 1H), 2.46 (q, J = 7.7 Hz, 2H), 1.19 (t, J = 7.7 Hz, 3H); 13C NMR (176 MHz, 

CDCl3) δ 161.3, 148.7, 140.8, 132.2, 129.3, 128.6, 128.4, 118.8, 118.5, 23.4, 14.5; 

HRMS (ESI) m/z: [M + H]+ Calcd for C13H13O3 217.0865; Found 217.0868. 

 

S003



 

 

 

3-Hydroxy-5-methyl-6-phenyl-2H-pyran-2-one (22-S2) 

To a thick-walled reaction vessel were added a solution of 3-methoxyfuran-2,5-dione 

(3.84 g, 30.0 mmol, 1.5 eq) in t-amyl alcohol (200 mL), tris(acetonitrile)penta 

methylcyclopentadienylrhodium(III) hexafluoroantimonate (33 mg, 0.04 mmol, 0.004 

eq), Cu(OAc)2 (5.46 g, 30.0 mmol, 1.5 eq) and 1-phenyl-propyne (2.32 g, 20.0 mmol, 

1 eq). The headspace of the vessel was evacuated by brief exposure to vacuum, and 

the vessel was back-filled with Ar. The vessel was evacuated and back-filled with Ar 

two additional times. The tube was quickly sealed and heated to 120 oC for 16 h. The 

reaction mixture was cooled to rt and filtered through Celite with EtOAc to remove 

solids. The filtrate was dried over Na2SO4, filtered, and concentrated. The residue was 

purified by FCC (3:1 hexanes:EtOAc) to yield 3-methoxy-5-methyl-6-phenyl-2H- 

pyran-2-one as a white solid (1.56 g, 36%). Spectroscopic data for 

3-methoxy-5-methyl-6-phenyl-2H- pyran-2-one matched those previously reported.1 

 

To a solution of 3-methoxy-5-methyl-6-phenyl-2H-pyran-2-one (1.55 g, 5.5 mmol, 1 

eq) in 1,2-dichloroethane (72 mL, 0.1 M) was added BBr3 (1 M in heptane, 8.6 mL, 

8.6 mmol, 1.5 eq) dropwise. The mixture was stirred at rt for 20 min. The reaction 

was quenched by addition of sat’d aqueous NaHCO3 (100 mL) and extracted with 

CH2Cl2 (4 x 30 mL). The combined organic layers were dried over Na2SO4, filtered, 

and concentrated. The residue was purified by FCC (3:1 hexanes:EtOAc) to yield 22–

S2 as a white solid (1.37 g, 97%). 

 

Data for 22-S2: Rf: 0.54 (pure Et2O); mp: 134 – 138 oC; IR (thin film) 3326, 1684, 

1649, 1422, 1362 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.52 (d, J = 7.7 Hz, 2H), 7.44 

(t, J = 7.7 Hz, 2H), 7.41 (t, J = 7.7 Hz, 1H), 6.69 (s, 1H), 5.98 (s, 1H), 2.18 (s, 3H); 
13C NMR (176 MHz, CDCl3) δ 161.4, 148.6, 140.3, 132.3, 129.2, 128.6, 128.4, 120.1, 

112.7, 17.4; HRMS (ESI) m/z: [M + H]+ Calcd for C12H11O3 203.0708; Found 

203.0709. 

 

 

3-Hydroxy-4-isobutyl-2H-pyran-2-one (22-S3) 

To a thick-walled reaction vessel were added a solution of 4-bromo-3-hydroxy- 

2H-pyran-2-one (1.20 g, 6.3 mmol, 1 eq) in toluene (13 mL, 0.5M) and PdCl2(PPh3)2 

(22 mg, 0.0315 mmol, 0.005 eq). The mixture was stirred for 1 min, and triisobutyl 

aluminum (1.1 M in toluene, 6.8 mL, 7.5 mmol, 1.2 eq) was added dropwise. The 

tube was quickly sealed and heated to 100 oC for 4 h. The reaction was cooled to rt, 
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quenched with 5% citric acid (30 mL), and extracted with EtOAc (5 x 30 mL). The 

combined organic layers were dried over Na2SO4, filtered, and concentrated. The 

residue was purified by FCC (5:1 hexanes:EtOAc) to yield 22-S3 as a yellow solid 

(538.1 mg, 51 %). 

 

Data for 22-S3: Rf: 0.54 (5:3 hexanes:EtOAc); mp: 39 – 41 oC; IR (thin film) 3356, 

2960, 1756, 1695, 1674 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.09 (d, J = 4.9 Hz, 1H), 

6.32 (s, 1H), 6.09 (d, J = 4.9 Hz, 1H), 2.36 (d, J = 7.0 Hz, 2H), 1.93 (sept, J = 7.0 Hz, 

1H), 0.94 (d, J = 7.0 Hz, 6H); 13C NMR (176 MHz, CDCl3) δ 161.6, 140.7, 139.1, 

130.1, 110.5, 37.6, 27.9, 22.4; HRMS (ESI) m/z: [M + H]+ Calcd for C9H13O3 

169.0865; Found 169.0863. 

 

 

5-Ethyl-3-hydroxy-4-isobutyl-6-phenyl-2H-pyran-2-one (22-S4) 

To a solution of 5-ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (864 mg, 4.0 mmol, 1 

eq) in dimethylformamide (2 mL) was added the solution of N-bromosuccinimide 

(783 mg, 4.4 mmol, 1.1 eq) in dimethylformamide (2 mL) dropwise. The mixture was 

stirred at rt for 20 min. The reaction was quenched with brine (10 mL), and extracted 

with EtOAc (5 x 20 mL). The combined organic layers were washed with brine (5 x 

10 mL), dried over Na2SO4, filtered, and concentrated. The residue was purified by 

FCC (5:1 hexanes:EtOAc) to yield 4-bromo-5-ethyl-3-hydroxy-6-phenyl-2H-pyran- 

2-one as a yellow solid (1.03 g, 87%). 

 

Data for 4-bromo-5-ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one: Rf: 0.46 (2:1 hexanes: 

EtOAc); mp: 150 – 153 oC; IR (thin film) 3295, 1682, 1371 cm-1; 1H NMR (700 MHz, 

CDCl3) δ 7.47 – 7.45 (m, 5H), 6.65 (s, 1H), 2.59 (q, J = 7.0 Hz, 2H), 1.22 (t, J = 7.0 

Hz, 3H); 13C NMR (176 MHz, CDCl3) δ 158.6, 148.4, 139.7, 132.2, 129.8, 128.8, 

128.5, 119.4, 118.2, 24.0, 14.5; HRMS (ESI) m/z: [M + H]+ Calcd for C13H12O3Br 

294.9970; Found 294.9966. 

 

To a thick-walled reaction vessel were added a solution of 4-bromo-5-ethyl-3- 

hydroxy-6-phenyl-2H-pyran-2-one (456 mg, 1.55 mmol, 1 eq) in toluene (3.1 mL, 

0.5M) and PdCl2(PPh3)2 (11 mg, 0.015 mmol, 0.01 eq). The mixture was stirred for 1 

min, and triisobutyl aluminum (1.1 M in toluene, 1.7 mL, 1.85 mmol, 1.2 eq) was 

added dropwise. The tube was quickly sealed and heated to 100 oC for 16 h. The 

reaction was cooled to rt, quenched with 5% citric acid (20 mL), and extracted with 

EtOAc (5 x 20 mL). The combined organic layers were dried over Na2SO4, filtered, 

and concentrated. The residue was purified by FCC (5:1 hexanes:EtOAc) to yield 

22-S4 as a yellow solid (177 mg, 42 %). 
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Data for 22-S4: Rf: 0.40 (4:1 hexanes:EtOAc); mp: 74 - 78 oC; IR (thin film) 3336, 

2959, 1760, 1451 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.48 – 7.46 (m, 2H), 7.44 – 

7.42 (m, 3H), 6.05 (s, 1H), 2.49 (d, J = 7.0 Hz, 2H), 2.46 (q, J = 7.7 Hz, 2H), 2.02 

(sept, J = 7.0 Hz, 1H), 1.07 (t, J = 7.7 Hz, 3H), 1.0 (d, J = 7.0 Hz, 6H); 13C NMR (176 

MHz, CDCl3) δ 160.9, 148.5, 138.3, 133.1, 131.9, 129.2, 129.0, 128.4, 120.2, 34.7, 

28.5, 22.7, 20.6, 15.4; HRMS (ESI) m/z: [M + H]+ Calcd for C17H21O3 273.1491; 

Found 273.1502. 

 

 

5-Ethyl-3-hydroxy-4-methyl-6-phenyl-2H-pyran-2-one (22-S5) 

To a thick-walled reaction vessel were added a solution of 4-bromo-5-ethyl-3- 

hydroxy-6-phenyl-2H-pyran-2-one (537 mg, 1.82 mmol, 1 eq) in toluene (3.64 mL, 

0.5M) and PdCl2(PPh3)2 (6.4 mg, 0.009 mmol, 0.005 eq). The mixture was stirred for 

1 min, and trimethyl aluminum (25 % w/w, 576 mg, 2.0 mmol, 1.1 eq) was added 

dropwise. The tube was quickly sealed and heated to 100 oC for 3 days. The reaction 

was cooled to rt, quenched with of 5% citric acid (50 mL), and extracted with EtOAc 

(5 x 30 mL). The combined organic layers were dried over Na2SO4, filtered, and 

concentrated. The residue was purified by FCC (10:1 hexanes:EtOAc) to yield 22-S5 

as a white solid (285 mg, 68 %). 

 

Data for 22-S5: Rf: 0.57 (3:1 hexanes:EtOAc); mp: 144 – 146 oC;  IR (thin film) 

3327, 1680, 1643 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.47 – 7.42 (m, 5H), 6.11 (s, 

1H), 2.46 (q, J = 7.0 Hz, 2H), 2.21 (s, 3H), 1.15 (t, J = 7.0 Hz, 3H); 13C NMR (176 

MHz, CDCl3) δ 160.5, 148.4, 138.1, 133.0, 129.3, 128.9, 128.5, 128.4, 120.0, 21.1, 

14.9, 11.7; HRMS (ESI) m/z: [M + H]+ Calcd for C14H15O3 231.1021; Found 

231.1017. 

 

 

3-Hydroxy-4-isobutyl-5-methyl-6-phenyl-2H-pyran-2-one (22-S6) 

To a solution of 3-hydroxy-5-methyl-6-phenyl-2H-pyran-2-one (1.36 g, 6.73 mmol, 1 

eq) in dimethylformamide (3.5 mL) was added a solution of N-bromosuccinimide 

(1.32 g, 7.4 mmol, 1.1 eq) in dimethylformamide (3.5 mL) dropwise. The mixture was 

stirred at rt for 20 min. The reaction was quenched with brine (10 mL), and extracted 

with EtOAc (5 x 20 mL). The combined organic layers were washed with brine (4 x 

10 mL), dried over Na2SO4, filtered, and concentrated. The residue was purified by 

FCC (5:1 hexanes:EtOAc) to yield 4-bromo-3-hydroxy-5-methyl-6-phenyl-2H-pyran- 
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2-one as a white solid (1.66 g, 88%). 

 

Data for 4-bromo-3-hydroxy-5-methyl-6-phenyl-2H-pyran-2-one: Rf: 0.29 (4:1 

hexanes:EtOAc); mp: 190 – 193 oC; IR (thin film) 3272, 3223, 1682, 1370 cm-1; 1H 

NMR (700 MHz, DMSO-d6) δ 10.92 (s, 1H), 7.55 – 7.49 (m, 5H), 2.15 (s, 1H); 13C 

NMR (176 MHz, DMSO-d6) δ 157.8, 147.0, 140.6, 132.8, 130.0, 129.4, 129.0, 119.9, 

113.3, 18.2; HRMS (ESI) m/z: [M + H]+ Calcd for C12H10O3Br 280.9813; Found 

280.9812. 

 

To a thick-walled reaction vessel were added a solution of 4-bromo-3-hydroxy-5- 

methyl-6-phenyl-2H-pyran-2-one (170 mg, 0.6 mmol, 1 eq) in toluene (1.2 mL, 0.5M) 

and PdCl2(PPh3)2 (4.3 mg, 0.006 mmol, 0.01 eq). The mixture was stirred for 1 min, 

and triisobutyl aluminum (1.1 M in toluene, 0.66 mL, 0.73 mmol, 1.2 eq) was added 

dropwise. The tube was quickly sealed and heated to 100 oC for 4 h. The reaction was 

cooled to rt, quenched with of 5% citric acid (20 mL), and extracted with EtOAc (5 x 

20 mL). The combined organic layers were dried over Na2SO4, filtered, and 

concentrated. The residue was purified by FCC (5:1 hexanes:EtOAc) to yield 22-S6 

as a white solid (83.5 mg, 54 %). 

 

Data for 22-S6: Rf: 0.49 (3:1 hexanes:EtOAc); mp: 142 – 144 oC; IR (thin film) 3318, 

2959, 1683, 1640 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.49 – 7.48 (m, 2H), 7.45 – 

7.39 (m, 3H), 6.03 (s, 1H), 2.50 (d, J = 7.0 Hz, 2H), 2.11 (s, 3H), 1.99 (sept, J = 7.0 

Hz, 1H), 1.01 (d, J = 7.0 Hz, 6H); 13C NMR (176 MHz, CDCl3) δ 161.0, 148.1, 137.9, 

133.0, 132.5, 129.2, 128.1, 128.3, 113.8, 35.2, 28.2, 22.7, 14.5; HRMS (ESI) m/z: [M 

+ H]+ Calcd for C16H19O3 259.1334; Found 259.1335. 
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3. Preparation of Nitroalkene Coupling Partners 

 

 

2-Nitropent-1-ene (23-S1) 

To a solution of NaOH (210 mg, 5.25 mmol, 1.05 eq) in water (2 mL) at 0 oC was 

added 1-nitrobutane (515 mg, 5.00 mmol, 1 eq) dropwise. The mixture was stirred at 

0 oC for 10 min, followed by rt for 1 h. The flask was cooled to 0 oC, and formalin (37% 

w/w, 426 mg, 5.25 mmol, 1.05 eq) was added dropwise. The mixture was stirred at 0 
oC for 2 h, followed by an additional 16 h at rt. The mixture was cooled to 0 oC, and 

acetic acid (315 mg, 5.5 mmol, 1.1 eq) was added dropwise. The mixture was warmed 

to rt, and extracted with Et2O (5 x 20 mL). The combined organic layers were washed 

with brine, dried over Na2SO4, filtered, and concentrated. 

 

To a solution of the crude material (545 mg, 4.1 mmol, 1 eq) from above in CH2Cl2 

(4.1 mL, 1 M) at 0 oC was added MsCl (559 mg, 4.9 mmol, 1.5 eq). The mixture was 

stirred at 0 oC for 10 min, upon which time Et3N (1.66 g, 16.4 mmol, 4 eq) was added 

dropwise. The mixture was stirred at 0 oC for 1 h, and then warmed to rt for 1 h. The 

mixture was quenched with 1 N HCl (30 mL), and extracted with EtOAc (3 x 30 mL). 

The combined organic layers were dried over Na2SO4, filtered, and concentrated. The 

residue was purified by FCC (10:1 hexanes:EtOAc) to yield 23-S1 as a yellow oil 

(113 mg, 24%). 

 

Data for 23-S1: Rf: 0.54 (5:1 hexanes:EtOAc); IR (thin film) 2966, 2931, 2878, 1722, 

1564, 1528, 1345 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.42 (d, J = 2.1 Hz, 1H), 5.53 

(s, 1H), 2.57 (dt, J = 7.7, 0.7 Hz, 2H), 1.57 (sext, J = 7.7 Hz, 2H), 0.98 (t, J = 7.7 Hz, 

3H); 13C NMR (176 MHz, CDCl3) δ 158.1, 117.0, 32.0, 20.4, 13.4; HRMS (ESI) m/z: 

[M + H]+ Calcd for C5H10NO2 116.0712; Found 116.0706. 

 

 

(E)-1-Nitrobut-1-ene (23-S2) 

To a solution of propionaldehyde (5.80 g, 100.0 mmol, 1 eq) in MeOH (50 mL) and 

nitro methane (24.4 g, 400.0 mmol, 4 eq) at 0 oC was added a solution of 1 N NaOH 

(250 mL) dropwise. The mixture was stirred at 0 oC for 2 h. The mixture was then 

added to a solution of 6 N HCl (60 mL) and stirred at 0 oC for 15 min. The mixture 

was warmed to rt, and extracted with EtOAc (4 x 60 mL). The combined organic 

layers were dried over Na2SO4, filtered and concentrated. The residue was purified by 

FCC (10:1 hexanes:EtOAc) to yield 23-S2 as an oil (4.36 g, 43%). 

 

Data for 23-S2: Rf: 0.6 (4:1 hexanes:EtOAc); IR (thin film) 2979, 2942, 2881, 1650, 
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1528, 1356 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.33 (pent, J = 7.0 Hz, 1H), 6.98 (d, J 

= 13.3 Hz, 1H), 2.32 (dpent, J = 7.0, 1.4 Hz, 2H), 1.14 (t, J = 7.0 Hz, 3H); 13C NMR 

(176 MHz, CDCl3) δ 144.1, 139.2, 21.9, 11.9; HRMS (ESI) m/z: [M + H]+ Calcd for 

C4H8NO2 102.0555; Found 102.0558. 

 

 

3,3-Dimethyl-1-nitrobut-1-ene (23-S3) 

To a solution of pivaldehyde (2.15 g, 25.0 mmol, 1 eq) in nitro methane (25 mL) was 

added ammonium acetate (962.5 mg, 12.5 mmol, 0.5 eq). The mixture was heated to 

reflux for 4.5 h. The mixture was cooled to rt, quenched with brine (100 mL), and 

extracted with EtOAc (4 x 30 mL). The combined organic layers were dried over 

Na2SO4, filtered and concentrated. The residue was purified by FCC (25:1 

hexanes:EtOAc) to yield 23-S3 as an oil (1.84 g, 57%). 

 

Data for 23-S3: Rf: 0.43 (25:1 hexanes:EtOAc); IR (thin film) 2968, 1644, 1530, 1351 

cm-1; 1H NMR (700 MHz, CDCl3) δ 7.25 (td, J =14.0, 1.4 Hz, 1H), 6.89 (dd, J =14.0, 

1.4 Hz, 1H), 1.15 – 1.14 (m, 9H); 13C NMR (176 MHz, CDCl3) δ 152.1, 137.2, 32.7, 

28.5; HRMS (ESI) m/z: [M + H]+ Calcd for C6H12NO2 130.0868; Found 130.0869. 

 

 

(E)-Triisopropyl((4-nitrobut-3-en-1-yl)oxy)silane (23-S4) 

To a solution of 3-((triisopropylsilyl) oxy)propanal (4.6 g, 20.0 mmol, 1 eq) in 

1-nitromethane (6.1 g, 100.0 mmol, 5 eq) was added Et3N (202 mg, 2.0 mmol, 0.1 eq) 

dropwise. The mixture was stirred at rt for 20 h. The reaction was quenched with 1 N 

HCl (20 mL), and extracted with EtOAc (4 x 30 mL). The combined organic layers 

were dried over Na2SO4, filtered and concentrated. 

 

To a solution of the crude material (1.4 g, 4.8 mmol, 1 eq) from above in Et2O (16 mL, 

0.3 M) was added N,N'-dicyclohexylcarbodiimide (1.09 g 5.28 mmol, 1.1 eq) and 

CuCl (143 mg, 1.44 mmol, 0.3 eq). The mixture was heated to reflux for 17 h. The 

reaction mixture was cooled to rt, and filtered through Celite with EtOAc. The filtrate 

was washed with 1 N HCl (2 x 30 mL), washed with brine (2 x 30 mL), dried over 

Na2SO4, filtered and concentrated. The residue was purified by FCC (40:1 

hexanes:EtOAc) to yield 23-S4 as an oil (484 mg, 37%, 3:1 E/Z mixture). 

 

Data for 23-S4: Rf: 0.54 (5:1 hexanes:EtOAc); IR (thin film) 2944, 2892, 2867, 1528, 

1463, 1352 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.34 (pent, J = 7.0 Hz, 1H) (E), 7.07 

(d, J = 13.3 Hz, 1H) (E), 6.99 (d, J = 8.4 Hz, 0.35H) (Z), 6.38 (q, J = 7.0 Hz, 0.35 H) 

(Z), 3.88 – 3.85 (m, 2.7 H) (E/Z), 2.98 (q, J = 6.3 Hz, 0.7H) (Z), 2.49 (q, J = 6.3 Hz, 

2H) (E), 1.14 – 1.08 (m, 4H) (E/Z), 1.05 (d, J = 7.0 Hz, 24 H) (E/Z); 13C NMR (176 
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MHz, CDCl3) (E) δ 140.7, 139.9, 61.1, 32.0, 18.0, 11.9; (Z) δ 139.9, 138,8, 61.3, 31.6, 

18.0, 11.9; HRMS (ESI) m/z: [M + Na]+ Calcd for C13H27NO3NaSi 296.1658; Found 

296.1667. 

 

 

(E)-3-Nitropent-2-ene (23-S5) 

To a solution of acetaldehyde (2.64 g, 60.0 mmol, 1 eq) in 1-nitropropane (9.35 g, 

105.0 mmol, 1.75 eq) at 0 oC was added 1N KOH in MeOH (6 mL) dropwise. The 

mixture was stirred at 0 oC for 2.5 h, upon which time a solution of 0.9 N H2SO4 in 

MeOH (4 mL) was added. The mixture was stirred at 0 oC for 10 min, and the solvent 

was removed under reduced pressure. The residue was dissolved in EtOAc (100 mL), 

washed sequentially with sat’d aqueous NaHCO3 (30 mL), water (30 mL), and brine 

(30 mL). The organic layer was dried over Na2SO4, filtered and concentrated. 

 

To a solution of the crude material (3.3 g, 24.8 mmol, 1 eq) from above in CH2Cl2 (31 

mL) was added Al2O3 (5.06 g, 49.6 mmol, 2 eq). The mixture was heated to 40 oC for 

20 h. The reaction mixture was cooled to rt, and filtered through Celite with CH2Cl2 

to remove solids. The filtrate was concentrated, and distilled (bp 50 – 60 oC, 7 torr) to 

yield 23-S5 as an oil (420 mg, 15 %).  

 

Data for 23-S5: Rf: 0.57 (4:1 hexanes:EtOAc); IR (thin film) 3527, 2980, 1551, 1520, 

1335 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.12 (q, J = 7.7 Hz, 1H), 2.60 (q, J = 7.7 Hz, 

2H), 1.87 (d, J = 7.7 Hz, 3H), 1.09 (t, J = 7.7 Hz, 3H); 13C NMR (176 MHz, CDCl3) δ 

153.9, 131.0, 19.6, 13.3, 12.3; HRMS (ESI) m/z: [M + H]+ Calcd for C5H10NO2 

116.0712; Found 116.0712. 

 

 

(E)-Ethyl 2-nitropent-2-enoate (23-S6) 

To propinaldehyde (870 mg, 15.0 mmol, 3 eq) at 0 oC was added amberlyst A-21 (250 

mg). The mixture was stirred at 0 oC for 5 min, upon which time ethyl nitroacetate 

(665 mg, 5.0 mmol, 1 eq) was added dropwise. The mixture was stirred at 0 oC for 2 h 

and then warmed to rt for 16h. The mixture was filtered through Celite with EtOAc to 

remove solids. The filtrate was concentrated, and the residue was purified by FCC 

(5:1 hexanes:EtOAc) to yield an alcohol product as oil (845 mg, 88%). 

 

To a solution of the crude alcohol above (611 mg, 3.2 mmol, 1 eq) in acetic anhydride 

(490 mg, 4.8 mmol, 1.2 eq) was added concentrated H2SO4 (0.003 mL). The reaction 

mixture was heated to 60 oC for 40 min. The mixture was diluted with benzene (3.2 
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mL), and Na2CO3 (339 mg, 3.2 mmol, 1 eq) was added. The mixture was maintained 

at 60 oC until the evolution of CO2 gas ceased. The mixture was cooled to rt, and the 

solvent was removed under reduced pressure. The residue was purified by FCC (20:1 

hexanes:EtOAc) to yield 23-S6 as an oil (204 mg, 37%). 

 

Data for 23-S6: Rf: 0.57 (5:1 hexanes:EtOAc); IR (thin film) 2982, 2942, 1736, 1540 

cm-1; 1H NMR (700 MHz, CDCl3) δ 7.21 (t, J = 7.7 Hz, 0.35H) (Z), 6.84 (t, J = 7.7 

Hz, 1H) (E), 4.34 (q, J = 7.0 Hz, 0.7H) (Z), 4.29 (q, J = 7.0 Hz, 2H) (E), 2.43 (pent, J 

= 7.7 Hz, 0.7H) (Z), 2.27 (pent, J = 7.7 Hz, 2H) (E), 1.33 (t, J = 7.0 Hz, 1.05H) (Z), 

1.30 (t, J = 7.0 Hz, 3H) (E), 1.14 (t, J = 7.7 Hz, 1.05H) (Z), 1.69 (t, J = 7.7 Hz, 3H) 

(E); 13C NMR (176 MHz, CDCl3) (E) δ 158.7, 144.5, 141.2, 62.7, 21.6, 14.0, 12.3; (Z) 

δ 159.8, 144.3, 144.1, 62.6, 21.4, 13.9, 12.5; HRMS (ESI) m/z: [M + H]+ Calcd for 

C7H12NO4 174.0766; Found 174.0760. 

 

 
2-Nitrohexa-1,5-diene (23-S7) 

To a solution of NaOH (210 mg, 5.25 mmol, 1.05 eq) in water (2 mL) at 0 oC was 

added 5-nitropent-1-ene (575 mg, 5.00 mmol, 1 eq) dropwise. The mixture was stirred 

at 0 oC for 10 min, followed by rt for 1 hour. The mixture was cooled to 0 oC, and 

formaline (37% w/w, 426 mg, 5.25 mmol, 1.05 eq) was added. The mixture was 

stirred at 0 oC for 2 h, followed by an additional 16 h at rt. The mixture was cooled to 

0 oC, and acetic acid (330 mg, 5.50 mmol, 1.1 eq) was added dropwise. The mixture 

was warmed to rt, and extracted with Et2O (4 x 30 mL). The combined organic layers 

were washed with brine, dried over Na2SO4, filtered and concentrated.  

 

To a solution of the crude material (290 mg, 2.0 mmol, 1 eq) from above in CH2Cl2 

(10 mL) at 0 oC was added MsCl (342 mg, 3.0 mmol, 1.5 eq). The mixture was stirred 

at 0 oC for 10 min, and upon which time Et3N (808 mg, 8.0 mmol, 4 eq) was added 

dropwise. The mixture was stirred at 0 oC for 1 hour, and rt for 1 hour. The mixture 

was warmed to rt, quenched with 1 N HCl (20 mL), and extracted with EtOAc (4 x 30 

mL). The combined organic layers were dried over Na2SO4, filtered and concentrated. 

The residue was purified by FCC (20:1 hexanes:EtOAc) to yield 23-S7 as an oil (128 

mg, 51%). 

 

Data for 23-S7: Rf: 0.69 (5:1 hexanes:EtOAc); IR (thin film) 2929, 1714, 1641, 1555, 

1526 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.46 (s, 1H), 5.79 (dddd, J = 16.8, 11.3, 7.0 

Hz, 1H), 5.56 (s, 1H), 5.09 – 5.05 (m, 2H), 2.71 (t, J = 7.7 Hz, 2H), 2.32 (q, J = 7.0 

Hz, 2H); 13C NMR (176 MHz, CDCl3) δ 157.3, 135.9, 117.7, 116.5, 32.1, 29.5; 

HRMS (ESI) m/z: [M + H]+ Calcd for C6H10NO2 128.0712; Found 128.0713. 
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4. Syntheses of Substituted Phenols 

 

General Procedure for Phenol Syntheses: 

 

To a thick-walled reaction vessel was added the pyrone, alkene, BHT (0.1 eq) and 

AlCl3 (0.1 eq). The vessel was flushed with Ar gas for 5 min. 1,2-Dichlorobenzene 

(0.5 M) was added, and tube was quickly sealed. The reaction mixture was heated to 

150 oC for 16 h unless otherwise noted. The reaction mixture was cooled to rt, and the 

mixture was directly purified by FCC without aqueous work up. 

 

 

2-Propylphenol (25) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and 2-nitropent-1-ene (23 mg, 

0.2 mmol, 1 eq) were subjected to the general procedure for 1 h. Purification by FCC 

(20:1 hexanes:EtOAc) yielded 25 as a yellow oil (22 mg, 81%). Spectroscopic data 

for 25 matched those previously reported.2 

 

 

3-Ethylphenol (26) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and 1-nitrobut-1-ene (20.2 mg, 

0.2 mmol, 1 eq) were subjected to the general procedure. Purification by FCC (10:1 

hexanes:EtOAc) yielded 26 as a colorless oil (19.8 mg, 81%). Spectroscopic data for 

26 matched those previously reported.3 

 

 

2-Ethylphenol (27) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and 2-nitrobut-1-ene (20.2 mg, 

0.2 mmol, 1 eq) were subjected to the general procedure for 3 h. Purification by FCC 

(15:1 hexanes:EtOAc) yielded 27 as a yellow oil (17.9 mg, 73%). Spectroscopic data 

for 27 matched those previously reported.4 
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3-Benzylphenol (28) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and (3-nitroallyl)benzene (32.6 

mg, 0.2 mmol, 1 eq) were subjected to the general procedure. Purification by FCC 

(10:1 hexanes:EtOAc) yielded 28 as a colorless oil (23.2 mg, 63%). Spectroscopic 

data for 28 matched those previously reported.5 

 

 

2-Benzylphenol (29) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and (2-nitroallyl)benzene (32.6 

mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 2 h. Purification by 

FCC (10:1 hexanes:EtOAc) yielded 29 as a yellow solid (27.5 mg, 74%). 

Spectroscopic data for 29 matched those previously reported.6 

 

 

3-(Tert-butyl)phenol (30) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and 3,3-dimethyl-1-nitrobut 

-1-ene (25.8 mg, 0.2 mmol, 1 eq) were subjected to the general procedure at 180 oC. 

Purification by FCC (10:1 hexanes:EtOAc) yielded 30 as a colorless oil (25.5 mg, 

85%). Spectroscopic data for 30 matched those previously reported.7 

 

 

3-(2-((Triisopropylsilyl)oxy)ethyl)phenol (31). 

3-Hydroxy-2H-pyran-2-one (67.2 mg, 0.6 mmol, 3 eq) and triisopropyl((4-nitrobut-3- 

en-1-yl)oxy)silane (54.6 mg, 0.2 mmol, 1 eq) were subjected to the general procedure. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 31 as a yellow oil (32.5 mg, 55%). 

 

Data for 31: Rf: 0.49 (5:1 hexanes:EtOAc); IR (thin film) 3344, 2943, 2892, 2866, 

1589, 1458 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.15 (t, J = 7.7 Hz, 1 H), 6.80 (d, J = 

7.7 Hz, 1 H), 6.71 (s, 1 H), 6.80 (d, J = 7.7 Hz, 1 H), 4.89 (s, 1 H), 3.87 (t, J = 7.7 Hz, 

2 H), 2.82 (t, J = 7.7 Hz, 2 H), 1.11 – 1.07 (m, 3 H), 1.05 (d, J = 7.0 Hz, 18 H); 13C 

NMR (176 MHz, CDCl3) δ 155.4, 141.1, 129.4, 121.7, 116.1, 113.0, 64.8, 39.6, 18.0, 
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12.0; HRMS (ESI) m/z: [M + Na]+ Calcd for C17H30O2SiNa 317.1913; Found 

317.1909. 

 

 

2-(But-3-en-1-yl)phenol (32) 

3-Hydroxy-2H-pyran-2-one (67.2 mg, 0.6 mmol, 3 eq) and 2-nitrohexa-1,5-diene 

(25.4 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 1 h. 

Purification by FCC (40:1 hexanes:EtOAc) yielded 32 as a colorless oil (18 mg, 61%). 

Spectroscopic data for 32 matched those previously reported.8 

 

 

Ethyl 3-hydroxybenzoate (33) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and ethyl 3-nitroacrylate (29.0 

mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 10 min. Purification 

by FCC (20:1 hexanes:EtOAc) yielded 33 as a white solid (14.6 mg of 33, 7.1 mg of 

the corresponding regioisomer, rr = 2:1, 65% yield). Spectroscopic data for 33 

matched those previously reported.9 

 

 

3-Ethyl-2-methylphenol (34) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and ethyl 3-nitroacrylate (23.0 

mg, 0.2 mmol, 1 eq) were subjected to the general procedure. Purification by FCC 

(10:1 hexanes:EtOAc) yielded 34 as a yellow solid (19.0 mg, 70%). Spectroscopic 

data for 34 matched those previously reported.10 

 

 

2-Ethyl-3-methylphenol (35).  

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and 3-nitropent-2-ene (23 mg, 

0.2 mmol, 1 eq) were subjected to the general procedure. Purification by FCC (20:1 

hexaness:EtOAc) yielded 35 as a yellow oil (30.2 mg, 55%). 

 

Data for 35: Rf: 0.48 (5:1 hexanes:EtOAc); IR (thin film) 3387, 2967, 1584, 1465 
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cm-1; 1H NMR (700 MHz, CDCl3) δ 6.96 (t, J = 7.7 Hz, 1 H), 6.75 (d, J = 7.7 Hz, 1 

H), 6.62 (d, J = 7.7 Hz, 1 H), 4.61 (s, 1 H), 2.66 (q, J = 7.7 Hz, 2 H), 2.31 (s, 3 H), 

1.15 (t, J = 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 153.3, 137.6, 128.7, 126.2, 

122.8, 112.9, 19.5, 19.3, 13.4; HRMS (ESI) m/z: [M + H]+ Calcd for C9H13O 

137.0966; Found 137.0972. 

 

 

2-Methyl-[1,1'-biphenyl]-3-ol (36) 

3-Hydroxy-2H-pyran-2-one (112 mg, 1 mmol, 5 eq) and (2-nitroprop-1-en-1-yl) 

benzene (32.6 mg, 0.2 mmol, 1 eq) were subjected to the general procedure at 160 oC 

for 2 days. Purification by FCC (10:1 hexanes:EtOAc) yielded 36 as a yellow oil 

(26.8 mg, 73%). Spectroscopic data for 36 matched those previously reported.11 

 

 

Ethyl 3-hydroxy-2-methylbenzoate (37) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and ethyl 3-nitrobut-2-enoate 

(31.8 mg, 0.2 mmol, 1 eq) were subjected to the general procedure at 160 oC. 

Purification by FCC (10:1 hexanes:EtOAc) yielded 37 as a yellow solid (20.9 mg, 

58%). Spectroscopic data for 37 matched those previously reported.12 

 

 

Ethyl 2-ethyl-3-hydroxybenzoate (38).  

3-Hydroxy-2H-pyran-2-one (67.2 mg, 0.6 mmol, 3 eq) and ethyl 3-nitropent-2-enoate 

(34.6 mg, 0.2 mmol, 1 eq) were subjected to the general procedure. Purification by 

FCC (20:1 hexanes:EtOAc) yielded 38 as a yellow solid (15.7 mg of 38, 8.4 mg of 39 

rr = 2:1, 63% yield). 

 

Data for 38: Rf: 0.27 (5:1 hexanes:EtOAc); mp: 67 – 69 oC. IR (thin film) 3406, 2978, 

2936, 1693, 1585, 1463, 1287 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.37 (d, J = 7.7 Hz, 

1 H), 7.10 (t, J = 7.7 Hz, 1 H), 6.92 (d, J = 7.7 Hz, 1 H), 5.26 (s, 1 H), 4.36 (q, J = 7.0 

Hz, 2 H), 2.92 (q, J = 7.7 Hz, 2 H), 1.39 (t, J = 7.0 Hz, 3 H), 1.23 (t, J = 7.7 Hz, 3 H); 
13C NMR (176 MHz, CDCl3) δ 168.3, 154.0, 132.0, 131.2, 126.4, 122.5, 118.5, 61.1, 

20.3, 14.3, 14.3; HRMS (EI) m/z: [M]+ Calcd for C11H14O3 194.0943; Found 

194.0938. 
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Ethyl 2-ethyl-6-hydroxybenzoate (39) 

3-Hydroxy-2H-pyran-2-one (89.6 mg, 0.8 mmol, 4 eq) and ethyl 3-nitrobut-2-enoate 

(34.6 mg, 0.2 mmol, 1 eq) were subjected to the general procedure. Purification by 

FCC (100:1 hexanes:EtOAc) yielded 39 as a colorless oil (6.3 mg, 16%). 

Spectroscopic data for 39 matched those previously reported.13 

 

 

2-Ethyl-6-isobutylphenol (40). 

3-Hydroxy-4-isobutyl-2H-pyran-2-one (67.2 mg, 0.4 mmol, 2 eq) and 2-nitrobut-1- 

ene (20.2 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 15 min. 

Purification by FCC (40:1 hexanes:EtOAc) yielded 40 as a yellow oil (23.6 mg, 66%).  

 

Data for 40: Rf: 0.57 (7:1 hexanes:EtOAc); IR (thin film) 3580, 2958, 2931, 2869, 

1457, 1188 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.01 (dd, J = 7.0, 1.4 Hz, 1 H), 6.95 

(dd, J = 7.0, 1.4 Hz, 1 H), 6.82 (t, J = 7.0 Hz, 1 H), 4.63 (s, 1 H), 2.64 (q, J = 7.7 Hz, 

2 H), 2.48 (d, J = 7.7 Hz, 2 H), 1.93 (sept, J = 7.0 Hz, 1 H), 1.25 (t, J = 7.7 Hz, 3 H), 

0.95 (d, J = 7.0 Hz, 6 H); 13C NMR (176 MHz, CDCl3) δ 151.5, 129.3, 128.8, 126.8, 

126.7, 120.2, 39.5, 28.9, 23.1, 22.7, 14.0; HRMS (EI) m/z: [M]+ Calcd for C12H18O 

178.1358; Found 178.1353. 

 

 

5-Benzyl-2-isobutylphenol (41). 

3-Hydroxy-4-isobutyl-2H-pyran-2-one (67.2 mg, 0.4 mmol, 2 eq) and (3-nitroallyl) 

benzene (27.2 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 4 h. 

Purification by FCC (40:1 hexanes:EtOAc) yielded 41 as a yellow oil (24.4 mg, 51%).  

 

Data for 41: Rf: 0.15 (5:1 hexanes: CH2Cl2); IR (thin film) 3534, 3431, 3027, 2954, 

2925, 2867, 1425 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.30 (t, J = 7.7 Hz, 2 H), 7.23 - 

7.20 (m, 3 H), 7.00 (d, J = 7.7 Hz, 1 H), 6.73 (dd, J = 7.7, 1.4 Hz, 1 H), 6.57 (d, J = 

1.4 Hz, 1 H), 4.58 (s, 1 H), 3.92 (s, 2 H), 2.45 (d, J = 7.0 Hz, 2 H), 1.92 (sept, J = 7.0 

Hz, 1 H), 0.94 (d, J = 7.0 Hz, 6 H); 13C NMR (176 MHz, CDCl3) δ 153.6, 141.1, 

140.4, 131.2, 129.0, 128.5, 126.1, 125.1, 121.1, 115.8, 41.5, 39.0, 28.9, 22.6; HRMS 

(EI) m/z: [M]+ Calcd for C17H20O 240.1514; Found 240.1513. 

 

S016



 

 

 

2-Methyl-5-ethylphenol (42) 

3-Hydroxy-4-methyl-2H-pyran-2-one (75.6 mg, 0.6 mmol, 3 eq) and 1-nitrobut-1-ene 

(20.2 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 3 h. 

Purification by FCC (15:1 hexanes:EtOAc) yielded 42 as a yellow oil (22.3 mg, 82%). 

Spectroscopic data for 42 matched those previously reported.14 

 

 

2-Ethyl-6-methylphenol (43) 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and 2-nitrobut-1-ene 

(20.2 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 15 min. 

Purification by FCC (30:1 hexanes:EtOAc) yielded 43 as a yellow oil (19.3 mg, 71%). 

Spectroscopic data for 43 matched those previously reported.15 

 

 

5-Benzyl-2-methylphenol (44). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and (3-nitroallyl) 

benzene (32.6 mg, 0.2 mmol, 1 eq) were subjected to the general procedure. 

Purification by FCC (40:1 hexanes:EtOAc) yielded 44 as a yellow solid (26.6 mg, 

67%). 

 

Data for 44: Rf: 0.48 (7:1 hexanes: EtOAc); mp: 34 – 35 oC; IR (thin film) 3565, 3027, 

2957, 2922, 1594, 1470, 1199 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.31 (t, J = 7.7 Hz, 

2 H), 7.23 – 7.20 (m, 3 H), 7.06 (d, J = 7.7 Hz, 1 H), 6.73 (d, J = 7.7 Hz, 1 H), 6.58 (s, 

1 H), 4.65 (d, J = 2.8 Hz, 1 H), 3.92 (s, 2 H), 2.23 (s, 3 H); 13C NMR (176 MHz, 

CDCl3) δ 153.8, 141.1, 140.5, 131.0, 129.0, 128.5, 126.1, 121.4, 121.3, 115.5, 41.5, 

15.4; HRMS (ESI) m/z: [M + H]+ Calcd for C14H15O 199.1123; Found 199.1116. 

 

 

2-Benzyl-6-methylphenol (45) 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and (2-nitroallyl) 

benzene (32.6 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 45 
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min. Purification by FCC (20:1 hexanes:EtOAc) yielded 45 as a white solid (31.7 mg, 

80%). Spectroscopic data for 45 matched those previously reported.16 

 

 

2-Methyl-5-propylphenol (46). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and 1-nitropent-1 

-ene (23 mg, 0.2 mmol, 1 eq) were subjected to the general procedure at 180 oC for 1 

hour. Purification by FCC (20:1 hexanes:EtOAc) yielded 46 as a yellow oil (23.2 mg, 

77%).  

 

Data for 46: Rf: 0.45 (5:1 hexanes: EtOAc); IR (thin film) 3392, 2959, 2929, 2871, 

1587, 1456, 1420, 1244 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.03 (d, J = 7.7 Hz, 1 H), 

6.69 (dd, J = 7.7, 1.4 Hz, 1 H), 6.62 (d, J = 1.4 Hz, 1 H), 4.69 (s, 1 H), 2.52 (t, J = 7.7 

Hz, 2 H), 2.23 (s, 3 H), 1.63 (sext, J = 7.7 Hz, 2 H), 0.95 (t, J = 7.7 Hz, 3 H); 13C 

NMR (176 MHz, CDCl3) δ 153.6, 142.1, 130.8, 120.9, 120.7, 115.0, 37.6, 24.5, 15.4, 

13.9; HRMS (EI) m/z: [M]+ Calcd for C10H14O 150.1045; Found 150.1051. 

 

 

5-(But-3-en-1-yl)-2-methylphenol (47). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and 1-nitrohexa-1,5- 

diene (25.4 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 6 h. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 47 as a yellow oil (19.8 mg, 61%). 

 

Data for 47: Rf: 0.43 (5:1 hexanes:EtOAc); IR (thin film) 3400, 2977, 2925, 2856, 

1640, 1587, 1419 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.03 (d, J = 7.0 Hz, 1 H), 6.69 

(d, J = 7.0 Hz, 1 H), 6.63 (s, 1 H), 5.86 (ddt, J = 16.8, 10.5, 6.3 Hz, 1 H), 5.47 (d, J = 

17.5 Hz, 1 H), 4.98 (d, J = 10.5 Hz, 1 H), 4.66 (s, 1 H), 2.64 (t, J = 7.7 Hz, 2 H), 2.35 

(q, J = 7.7 Hz, 2 H), 2.22 (s, 3 H); 13C NMR (176 MHz, CDCl3) δ 153.6, 141.2, 138.1, 

130.8, 120.9, 120.8, 115.0, 114.9, 35.5, 34.9, 15.4; HRMS (EI) m/z: [M]+ Calcd for 

C11H14O 162.1045; Found 162.1042. 

 

 

2-(But-3-en-1-yl)-6-methylphenol (48). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and 2-nitrohexa-1,5- 

diene (25.4 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 15 min. 
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Purification by FCC (50:1 hexanes:EtOAc) yielded 48 as a colorless oil (17.1 mg, 

53%). 

 

Data for 48: Rf: 0.57 (5:1 hexanes:EtOAc); IR (thin film) 3568, 2923, 2854, 1640, 

1594, 1468 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.99 (d, J = 7.7 Hz, 2 H), 6.79 (t, J = 

7.7 Hz, 1 H), 5.91 (ddt, J = 16.8, 13.3, 7.0 Hz, 1 H), 5.09 (dd, J = 17.5, 1.4 Hz, 1 H), 

5.05 (d, J = 10.5 Hz, 1 H), 4.63 (s, 1 H), 2.71 (t, J = 7.7 Hz, 2 H), 2.38 (q, J = 7.7 Hz, 

2 H), 2.26 (s, 3 H); 13C NMR (176 MHz, CDCl3) δ 151.8, 138.3, 128.7, 127.9, 127.2, 

123.0, 120.3, 115.2, 33.9, 29.8, 15.9; HRMS (EI) m/z: [M]+ Calcd for C11H14O 

162.1045; Found 162.1044. 

 

 

3-Ethyl-2,6-dimethylphenol (49). 

3-Hydroxy-4-methyl-2H-pyran-2-one (100 mg, 0.8 mmol, 2 eq) and 2-nitropent-2-ene 

(23 mg, 0.2 mmol, 1 eq) were subjected to the general procedure. Purification by FCC 

(10:1 hexanes:EtOAc) yielded 49 as a yellow oil (24.2 mg, 81%). 

 

Data for 49: Rf: 0.54 (5:1 hexanes: EtOAc); IR (thin film) 3427, 2960, 2927, 2869, 

1493 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.92 (d, J = 7.7 Hz, 1 H), 6.70 (d, J = 7.7 

Hz, 1 H), 4.62 (s, 1 H), 2.62 (q, J = 7.7 Hz, 2 H), 2.23 (s, 3 H), 2.21 (s, 3 H), 1.19 (t, J 

= 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 152.1, 141.7, 127.7, 121.1, 120.2, 

120.2, 26.6, 15.9, 15.0, 11.2; HRMS (EI) m/z: [M]+ Calcd for C10H14O 150.1045; 

Found 150.1049. 

 

 

2-Ethyl-3,6-dimethylphenol (50). 

3-Hydroxy-4-methyl-2H-pyran-2-one (100 mg, 0.8 mmol, 2 eq) and 3-nitropent-2-ene 

(23 mg, 0.2 mmol, 1 eq) were subjected to the general procedure. Purification by FCC 

(15:1 hexanes:EtOAc) yielded 50 as a yellow oil (22.5 mg, 75%). 

 

Data for 50: Rf: 0.48 (7:1 hexanes: EtOAc); IR (thin film) 3571, 2966, 2933, 2872, 

1464 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.87 (d, J = 7.7 Hz, 1 H), 6.67 (d, J = 7.7 

Hz, 1 H), 4.59 (s, 1 H), 2.66 (q, J = 7.7 Hz, 2 H), 2.28 (s, 3 H), 2.22 (s, 3 H), 1.15 (t, J 

= 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 151.7, 134.9, 128.0, 127.6, 122.1, 

120.4, 19.7, 19.2, 15.8, 13.4; HRMS (EI) m/z: [M]+ Calcd for C10H14O 150.1045; 

Found 150.1049. 
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2,4-Dimethyl-[1,1'-biphenyl]-3-ol (51) 

3-Hydroxy-4-methyl-2H-pyran-2-one (75.6 mg, 0.6 mmol, 2 eq) and 

(2-nitroprop-1-en-1-yl)benzene (32.6 mg, 0.2 mmol, 1 eq) were subjected to the 

general procedure. Purification by FCC (15:1 hexanes:EtOAc) yielded 51 as a solid 

(26.5 mg, 67%). Spectroscopic data for 51 matched those previously reported.11 

 

 

5-(Tert-butyl)-2-methylphenol (52) 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and 

3,3-dimethyl-1-nitrobut-1-ene (25.8 mg, 0.2 mmol, 1 eq) were subjected to the 

general procedure. Purification by FCC (10:1 hexanes:EtOAc) yielded 52 as yellow 

solid (25.0 mg, 76%). Spectroscopic data for 52 matched those previously reported.17 

 

 

Ethyl 3-hydroxy-4-methylbenzoate (53). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and ethyl 

3-nitroacrylate (29 mg, 0.2 mmol, 1 eq) were subjected to the general procedure for 

10 min. Purification by FCC (20:1 hexanes:EtOAc) yielded 53 as a yellow solid (22.9 

mg, 7.5 mg of the corresponding regioisomer, rr = 3:1, 84% yield). 

 

Data for 53: Rf: 0.33 (5:1 hexanes: EtOAc); mp: 79 – 80 oC; IR (thin film) 3431, 2983, 

1698 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.63 (d, J = 1.4 Hz, 1 H), 7.52 (dd, J = 7.7, 

1.4 Hz, 1 H), 7.17 (d, J = 7.7 Hz, 1 H), 6.12 (brs, 1 H), 4.37 (q, J = 7.0 Hz, 2 H), 2.31 

(s, 3 H), 1.39 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 167.2, 154.2, 130.9, 

130.3, 129.1, 121.7, 115.8, 61.2, 16.2, 14.3; HRMS (ESI) m/z: [M + H]+ Calcd for 

C10H13O3 181.0865; Found 181.0870. 

 

 

3-Ethyl-6-isobutyl-2-methylphenol (54). 

3-Hydroxy-4-isobutyl-2H-pyran-2-one (50.4 mg, 0.3 mmol, 3 eq) and 2-nitropent-2- 

ene (11.5 mg, 0.1 mmol, 1 eq) were subjected to the general procedure. Purification 
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by FCC (15:1 hexanes:EtOAc) yielded 54 as a yellow oil (13.4 mg, 70%) 

 

Data for 54: Rf: 0.48 (7:1 hexanes:EtOAc); IR (thin film) 3575, 2959, 2931, 2869, 

1428 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.87 (d, J = 7.7 Hz, 1 H), 6.71 (d, J = 7.7 

Hz, 1 H), 4.63 (s, 1 H), 2.62 (q, J = 7.0 Hz, 2 H), 2.44 (d, J = 7.0 Hz, 2 H), 2.20 (s, 3 

H), 1.90 (sept, J = 7.0 Hz, 1 H), 1.19 (t, J = 7.0 Hz, 3 H), 0.95 (d, J = 7.0 Hz, 6 H); 
13C NMR (176 MHz, CDCl3) δ 151.8, 141.5, 128.0, 123.9, 121.2, 120.0, 39.6, 28.9, 

26.7, 22.7, 14.8, 11.3; HRMS (EI) m/z: [M]+ Calcd for C13H20O 192.1514; Found 

192.1523. 

 

 

2-Ethyl-6-isobutyl-3-methylphenol (55). 

3-Hydroxy-4-isobutyl-2H-pyran-2-one (50.4 mg, 0.3 mmol, 3 eq) and 3-nitropent-2- 

ene (11.5 mg, 0.1 mmol, 1 eq) were subjected to the general procedure. Purification 

by FCC (50:1 hexanes:EtOAc) yielded 55 as a yellow oil (13.5 mg, 70%). 

 

Data for 55: Rf: 0.52 (10:1 hexanes:EtOAc); IR (thin film) 3623, 3583, 2957, 2931, 

2867, 1460 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.82 (d, J = 7.0 Hz, 1 H), 6.69 (d, J = 

7.0 Hz, 1 H), 4.63 (s, 1 H), 2.66 (q, J = 7.0 Hz, 2 H), 2.43 (d, J = 7.0 Hz, 2 H), 2.29 (s, 

3 H), 1.90 (sept, J = 7.0 Hz, 1 H), 1.15 (t, J = 7.0 Hz, 3 H), 0.95 (d, J = 7.0 Hz, 6 H); 
13C NMR (176 MHz, CDCl3) δ 151.5, 134.9, 128.2, 127.9, 124.2, 121.9, 39.6, 29.0, 

22.7, 19.8, 19.3, 13.5; HRMS (EI) m/z: [M]+ Calcd for C13H20O 192.1514; Found 

192.1522. 

 

 

Ethyl 3-hydroxy-2,4-dimethylbenzoate (56). 

3-Hydroxy-4-methyl-2H-pyran-2-one (189 mg, 1.5 mmol, 1.5 eq) and ethyl 

3-nitrobut-2-enoate (159 mg, 1 mmol, 1 eq) were subjected to the general procedure. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 56 as a yellow solid (128.2 mg of 

56, 45.2 mg of the corresponding regioisomer, rr = 2.8:1, 89% yield). 

 

Data for 56: Rf: 0.42 (5:1 hexanes:EtOAc); mp: 35 – 37 oC; IR (thin film) 3473, 2980, 

2926, 1697 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.36 (d, J = 7.7 Hz, 1 H), 6.99 (d, J = 

7.7 Hz, 1 H), 5.26 (s, 1 H), 4.34 (q, J = 7.0 Hz, 2 H), 2.47 (s, 3 H), 2.27 (s, 3 H), 1.38 

(t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 168.3, 152.7, 129.5, 127.7, 127.6, 

124.8, 122.3, 60.9, 16.5, 14.3, 12.7; HRMS (ESI) m/z: [M + H]+ Calcd for C11H15O3 

195.1021; Found 195.1018. 
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Ethyl 2-ethyl-3-hydroxy-4-methylbenzoate (57). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and ethyl 

3-nitropent-2-enoate (34.6 mg, 0.2 mmol, 1 eq) were subjected to the general 

procedure. Purification by FCC (20:1 hexanes:EtOAc) yielded 57 as a yellow solid 

(28.5 mg of 57, 9.6 mg of 58, rr = 3:1, yield: 91%). 

 

Data for 57: Rf: 0.30 (5:1 hexanes:EtOAc); mp: 38 – 40 oC; IR (thin film) 3486, 2978, 

2936, 2875, 1699, 1271 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.34 (d, J = 7.7 Hz, 1 H), 

7.01 (d, J = 7.7 Hz, 1 H), 5.02 (s, 1 H), 4.34 (q, J = 7.0 Hz, 2 H), 2.95 (q, J = 7.0 Hz, 

2 H), 2.28 (s, 3 H), 1.38 (t, J = 7.0 Hz, 3 H), 1.23 (t, J = 7.0 Hz, 3 H); 13C NMR (176 

MHz, CDCl3) δ 168.1, 152.3, 130.6, 129.3, 127.8, 127.5, 122.4, 60.8, 20.4, 16.4, 14.3; 

HRMS (ESI) m/z: [M + H]+ Calcd for C12H17O3 209.1178; Found 209.1178. 

 

 

Ethyl 6-ethyl-2-hydroxy-3-methylbenzoate (58). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and ethyl 

2-nitropent-2-enoate (34.6 mg, 0.2 mmol, 1 eq) were subjected to the general 

procedure for 7 h. Purification by FCC (20:1 hexanes:EtOAc) yielded 58 as a yellow 

oil (15 mg, 36%),  

 

Data for 58: Rf: 0.75 (5:1 hexanes:EtOAc); IR (thin film) 2978, 2932, 1655, 1248 

cm-1; 1H NMR (700 MHz, CDCl3) δ 11.51 (d, J = 0.7 Hz, 1 H), 7.18 (d, J = 7.7 Hz, 1 

H), 6.65 (d, J = 7.7 Hz, 1 H), 4.44 (q, J = 7.0 Hz, 2 H), 2.91 (q, J = 7.0 Hz, 2 H), 2.22 

(s, 3 H), 1.44 (t, J = 7.0 Hz, 3 H), 1.20 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, 

CDCl3) δ 172.0, 160.9, 144.8, 135.1, 124.2, 120.9, 111.2, 61.6, 29.6, 16.4, 15.9, 14.0; 

HRMS (ESI) m/z: [M + H]+ Calcd for C12H17O3 209.1178; Found 209.1182. 

 

 

2-Methyl-5-(2-((triisopropylsilyl)oxy)ethyl)phenol (59). 

3-Hydroxy-4-methyl-2H-pyran-2-one (50.4 mg, 0.4 mmol, 2 eq) and triisopropyl((4- 

nitrobut-3- en-1-yl)oxy)silane (54.6 mg, 0.2 mmol, 1 eq) were subjected to the general 

procedure. Purification by FCC (20:1 hexanes:EtOAc) yielded 59 as a yellow oil 

(48.2 mg, 78%). 
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Data for 59: Rf: 0.56 (5:1 hexanes:EtOAc); IR (thin film) 3384, 2953, 2892, 2866, 

1462 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.03 (d, J = 7.7 Hz, 1 H), 6.71 (d, J = 7.7 

Hz, 1 H), 6.65 (s, 1 H), 4.76 (s, 1 H), 3.85 (t, J = 7.7 Hz, 2 H), 2.80 (t, J = 7.7 Hz, 2 

H), 2.22 (s, 3 H), 1.13 – 1.07 (m, 3 H), 1.06 (d, J = 6.3 Hz, 18 H); 13C NMR (176 

MHz, CDCl3) δ 153.6, 138.3, 130.8, 121.4, 121.3, 115.7, 65.0, 39.3, 18.0, 15.4, 12.0; 

HRMS (ESI) m/z: [M + Na]+ Calcd for C18H32O2SiNa 331.2069; Found 331.2066. 

 

 

2-(2-((Tert-butyldimethylsilyl)oxy)ethyl)-6-ethyl-[1,1'-biphenyl]-4-ol (60). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (21.6 mg, 0.1 mmol, 1 eq) and 

tert-butyldimethyl ((4-nitrobut-3-en-1-yl)oxy)silane (46.2 mg, 0.2 mmol, 2 eq) were 

subjected to the general procedure. Purification by FCC (20:1 hexanes:EtOAc) 

yielded 60 as a yellow solid (13.2 mg, 37%). 

 

Data for 60: Rf: 0.42 (5:1 hexanes:EtOAc); mp: 74 – 78 oC; IR (thin film) 3339, 2957, 

2929, 2857, 1609, 1456 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.39 (t, J = 7.0 Hz, 2 H), 

7.33 (t, J = 7.0 Hz, 1 H), 7.14 (d, J = 7.0 Hz, 2 H), 6.64 (d, J = 2.8 Hz, 2 H), 4.76 (s, 1 

H), 3.56 (t, J = 7.7 Hz, 2 H), 2.53 (t, J = 7.7 Hz, 2 H), 2.27 (q, J = 7.7 Hz, 2 H), 1.00 

(t, J = 7.7 Hz, 3 H), 0.81 (s, 9 H), -0.13 (s, 6 H); 13C NMR (176 MHz, CDCl3) δ 154.5, 

144.3, 139.9, 138.3, 134.3, 130.1, 128.2, 126.7, 114.0, 112.9, 64.1, 37.4, 26.9, 26.0, 

18.3, 15.4, -5.4; HRMS (ESI) m/z: [M + Na]+ Calcd for C22H32O2SiNa 379.2069; 

Found 379.2063. 

 

 

2,6-Diethyl-[1,1'-biphenyl]-4-ol (61). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (21.6 mg, 0.1 mmol, 1 eq) and 

1-nitrobut-1-ene (80.8 mg, 0.8 mmol, 8 eq) were subjected to the general procedure 

with hydroquinone (1.1 mg, 0.01 mmol, 0.1eq) added as an additional radical inhibitor. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 61 as a yellow solid (11.2 mg, 

50%). 

 

Data for 61: Rf: 0.36 (5:1 hexanes:EtOAc); mp: 99 – 101 oC; IR (thin film) 3357, 

2965, 2933, 2871, 1609, 1454 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.40 (dt, J = 7.7, 

1.4 Hz, 2 H), 7.34 (tt, J = 7.7, 1.4 Hz, 1 H), 7.16 (dd, J = 7.7, 1.4 Hz, 2 H), 6.64 (s, 2 

H), 4.78 (s, 2 H), 2.29 (q, J = 7.7 Hz, 4 H), 1.02 (t, J = 7.7 Hz, 6 H); 13C NMR (176 

MHz, CDCl3) δ 154.7, 144.1, 140.2, 133.7, 130.1, 128.0, 126.6, 112.3, 26.9, 15.4; 
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HRMS (EI) m/z: [M]+ Calcd for C16H18O 226.1358; Found 226.1365. 

 

 

2,5-Diethyl-[1,1'-biphenyl]-4-ol (62). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (43.2 mg, 0.2 mmol, 1 eq) and 

2-nitrobut-1-ene (60.6 mg, 0.6 mmol, 3 eq) were subjected to the general procedure at  

180 oC for 7 h. Purification by FCC (20:1 hexanes:EtOAc) yielded 62 as a yellow 

solid (22.5 mg, 50%). 

 

Data for 62: Rf: 0.39 (5:1 hexanes:EtOAc); mp: 65 – 67 oC; IR (thin film) 3400, 2965, 

2930, 2872, 1615, 1488 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.40 (t, J = 7.0 Hz, 2 H), 

7.34 – 7.31 (m, 3 H), 7.01 (s, 1 H), 6.74 (s, 1 H), 4.74 (s, 1 H), 2.66 (q, J = 7.7 Hz, 2 

H), 2.55 (q, J = 7.7 Hz, 2 H), 1.27 (t, J = 7.7 Hz, 3 H), 1.10 (t, J = 7.7 Hz, 3 H); 13C 

NMR (176 MHz, CDCl3) δ 152.7, 141.9, 140.5, 134.4, 130.9, 129.5, 128.0, 126.9, 

126.5, 115.0, 25.8, 22.6, 15.6, 14.1; HRMS (EI) m/z: [M]+ Calcd for C16H18O 

226.1358; Found 226.1369. 

 

 

5-Benzyl-2-ethyl-[1,1'-biphenyl]-4-ol (63). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (86.4 mg, 0.4 mmol, 2 eq) and 

(2-nitroallyl) benzene (32.6 mg, 0.2 mmol, 1 eq) were subjected to the general 

procedure for 6 h. Purification by FCC (10:1 hexanes:EtOAc) yielded 63 as a yellow 

solid (38.2 mg, 66%). 

 

Data for 63: Rf: 0.39 (5:1 hexanes:EtOAc); mp: 93 – 97 oC; IR (thin film) 3534, 3027, 

2966, 2930, 1614, 1488 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.40 (dt, J = 7.0, 1.4 Hz, 

2 H), 7.34 (tt, J = 7.0, 1.4 Hz, 1 H), 7.32 – 7.29 (m, 6 H), 7.23 (tt, J = 7.7, 1.4 Hz, 1 

H), 7.03 (s, 1 H), 6.76 (s, 1 H), 4.73 (s, 1 H), 4.02(s, 2 H), 2.57 (q, J = 7.7 Hz, 2 H), 

1.12 (t, J = 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 153.1, 141.7, 141.4, 140.0, 

134.5, 132.6, 129.6, 128.7, 128.7, 128.0, 126.5, 126.4, 124.1, 115.7, 36.2, 25.9, 15.6; 

HRMS (EI) m/z: [M]+ Calcd for C21H20O 288.1514; Found 288.1526. 
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Ethyl 6-ethyl-4-hydroxy-[1,1'-biphenyl]-2-carboxylate (64). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (43.2 mg, 0.2 mmol, 1 eq) and 

1-nitropent-1-ene (58 mg, 0.4 mmol, 2 eq) were subjected to the general procedure. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 64 as a yellow solid (14.1 mg of 

64, 10.5 mg of the corresponding regioisomer, rr = 1.4:1, 46% yield). 

 

Data for 64: Rf: 0.33 (5:1 hexanes:EtOAc); mp: 101 – 103 oC; IR (thin film) 3386, 

2970, 2933, 1703, 1609 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.35 (tt, J = 7.0, 1.4 Hz, 

2 H), 7.32 (tt, J = 7.0, 1.4 Hz, 1 H), 7.17 (d, J = 2.7 Hz, 1 H), 7.16 (td, J = 7.0, 1.4 Hz, 

2 H), 6.93 (d, J = 2.8 Hz, 1 H), 5.32 (brs, 1 H), 3.95 (q, J = 7.0 Hz, 2 H), 2.38 (q, J = 

7.7 Hz, 2 H), 1.02 (t, J = 7.0 Hz, 3 H), 0.88 (t, J = 7.7 Hz, 3 H); 13C NMR (176 MHz, 

CDCl3) δ 168.7, 154.6, 145.2, 139.8, 133.8, 133.3, 129.5, 127.7, 126.7, 118.3, 113.6, 

60.9, 26.5, 15.3, 13.5; HRMS (ESI) m/z: [M + H]+ Calcd for C17H19O3 271.1334; 

Found 271.1322. 

 

 

2-Ethyl-6-methyl-[1,1'-biphenyl]-4-ol (65). 

3-Hydroxy-5-methyl-6-phenyl-2H-pyran-2-one (20.2 mg, 0.1 mmol, 1 eq) and 

1-nitrobut-1-ene (50.5 mg, 0.5 mmol, 5 eq) were subjected to the general procedure, 

except 2,6-di-tertbutyl phenol (10.3 mg, 0.05 mmol, 0.5 eq) was used as a radical 

inhibitor instead of BHT. Purification by FCC (20:1 hexanes:EtOAc) yielded 65 as a 

yellow solid (10.4 mg, 49%). 

 

Data for 65: Rf: 0.45 (5:1 hexanes:EtOAc); mp: 89 – 93 oC; IR (thin film) 3306, 2968, 

2926, 1593, 1460, 1299 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.40 (t, J = 7.7 Hz, 2 H), 

7.33 (t, J = 7.7 Hz, 1 H), 7.14 (d, J = 7.7 Hz, 2 H), 6.63 (d, J = 2.1 Hz, 1 H), 6.60 (d, J 

= 2.1 Hz, 1 H), 4.65 (s, 1 H), 2.30 (q, J = 7.7 Hz, 2 H), 1.97 (s, 3 H), 1.02 (t, J = 7.7 

Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 154.4, 144.0, 140.5, 137.9, 134.2, 129.9, 

128.3, 126.5, 113.9, 112.2, 26.8, 21.0, 15.4; HRMS (ESI) m/z: [M + H]+ Calcd for 

C15H17O 213.1279; Found 213.1274. 

 

 

5-Ethyl-2-methyl-[1,1'-biphenyl]-4-ol (66). 

3-Hydroxy-5-methyl-6-phenyl-2H-pyran-2-one (20.2 mg, 0.1 mmol, 1 eq) and 

2-nitrobut-1-ene (50.5 mg, 0.5 mmol, 5 eq) were subjected to the general procedure, 

except 2,6-di-tertbutyl phenol (10.3 mg, 0.05 mmol, 0.5 eq) was used as a radical 
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inhibitor instead of BHT. Purification by FCC (20:1 hexanes:EtOAc) yielded 66 as a 

yellow solid (9.5 mg, 45%). 

 

Data for 66: Rf: 0.40 (5:1 hexanes:EtOAc); mp: 56 – 56 oC; IR (thin film) 3406, 2965, 

2929, 1615 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.40 (t, J = 7.7 Hz, 2 H), 7.33 – 7.31 

(m, 3 H), 7.03 (s, 1 H), 6.70 (s, 1 H), 4.69 (s, 1 H), 2.65 (q, J = 7.7 Hz, 2 H), 2.22 (s, 3 

H), 1.26 (t, J = 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 152.4, 141.8, 134.7, 

134.1, 130.9, 129.5, 128.0, 127.1, 126.4, 116.8, 22.6, 20.1, 14.2; HRMS (ESI) m/z: 

[M + H]+ Calcd for C15H17O 213.1255; Found 213.1260. 

 

 

2-Methyl-6-propyl-[1,1'-biphenyl]-4-ol (67). 

3-Hydroxy-5-methyl-6-phenyl-2H-pyran-2-one (20.2 mg, 0.1 mmol, 1 eq) and 

1-nitropent-1-ene (58 mg, 0.5 mmol, 5 eq) were subjected to the general procedure, 

except 2,6-di-tertbutyl phenol (10.3 mg, 0.05 mmol 0.5 eq) was used as a radical 

inhibitor instead of BHT. Purification by FCC (20:1 hexanes:EtOAc) yielded 67 as a 

yellow solid (11.7 mg, 55%). 

 

Data for 67: Rf: 0.39 (5:1 hexanes:EtOAc); mp: 51 – 54 oC; IR (thin film) 3338, 2959, 

2929, 2870, 1608, 1592, 1455, 1307, 1151 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.40 (t, 

J = 7.7 Hz, 2 H), 7.33 (tt, J = 7.7, 1.4 Hz, 1 H), 7.13 (dd, J = 1.4, 7.7 Hz, 2 H), 6.62 (d, 

J = 2.8 Hz, 1 H), 6.61 (d, J = 2.1 Hz, 1 H), 4.77 (s, 1 H), 2.26 (t, J = 7.7 Hz, 2 H), 

1.97 (s, 3 H), 1.43 (sext, J = 7.7 Hz, 2 H), 0.77 (t, J = 7.7 Hz, 3 H); 13C NMR (176 

MHz, CDCl3) δ 154.2, 142.4, 140.6, 137.9, 134.5, 129.9, 128.2, 126.5, 114.0, 112.9, 

35.7, 24.2, 21.1, 14.1; HRMS (EI) m/z: [M]+ Calcd for C16H18O 226.1358; Found 

226.1354. 

 

 

2-Ethyl-6-propyl-[1,1'-biphenyl]-4-ol (68). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (21.6 mg, 0.1 mmol, 1 eq) and 

1-nitropent-1-ene (58 mg, 0.5 mmol, 5 eq) were subjected to the general procedure. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 68 as a yellow solid (13.2 mg, 

55%). 

 

Data for 68: Rf: 0.45 (5:1 hexanes:EtOAc); mp: 73 – 75 oC; IR (thin film) 3306, 2960, 

2929, 2869, 1593, 1455 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.41 – 7.37 (m, 2 H), 
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7.33 (tt, J = 6.4, 1.6 Hz, 1 H), 7.14 (tt, J = 6.4, 1.6 Hz, 2 H), 6.63 (d, J = 2.8 Hz, 1 H), 

6.61 (d, J = 2.8 Hz, 1 H), 4.68 (s, 1 H), 2.31 – 2.21 (m, 4 H), 1.42 (sext, J = 7.2 Hz, 2 

H), 1.01 (t, J = 7.6 Hz, 3 H), 0.76 (t, J = 7.2 Hz, 3 H); 13C NMR (100 MHz, CDCl3) δ 

154.5, 144.1, 142.5, 140.2, 134.0, 130.2, 128.0, 126.5, 112.9, 112.3, 35.8, 26.9, 24.2, 

15.3, 14.0; HRMS (ESI) m/z: [M + H]+ Calcd for C17H21O 241.1592; Found 

241.1599. 

 

 

Ethyl 4-hydroxy-6-methyl-[1,1'-biphenyl]-2-carboxylate (69). 

3-Hydroxy-5-methyl-6-phenyl-2H-pyran-2-one (40.4 mg, 0.2 mmol, 1 eq) and ethyl 

3-nitroacrylate (58 mg, 0.4 mmol, 2 eq) were subjected to the general procedure. 

Purification by FCC (20:1 hexanes:EtOAc) yielded 69 as a yellow solid (12 mg of 69, 

10 mg of the corresponding regioisomer , rr = 1.2:1, 43% yield).  

 

Data for 69: Rf: 0.24 (5:1 hexanes:EtOAc); mp: 117 – 121 oC; IR (thin film) 3386, 

2981, 2925, 1705, 1611, 1452, 1317 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.36 (t, J = 

7.7 Hz, 2 H), 7.31 (tt, J = 7.7, 1.4Hz, 1 H), 7.19 (d, J = 2.8 Hz, 1 H), 7.15 – 7.13 (m, 2 

H), 6.90 (d, J = 2.8 Hz, 1 H), 3.95 (q, J = 7.0 Hz, 2 H), 2.06 (s, 3 H), 0.88 (t, J = 7.0 

Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 168.7, 154.4, 140.2, 139.1, 134.4, 133.0, 

129.2, 127.9, 126.7, 120.0, 113.7, 60.9, 20.9, 13.5; HRMS (ESI) m/z: [M + Na]+ 

Calcd for C16H16O3Na 279.0997; Found 279.0992. 

 

 

Ethyl 6-ethyl-4-hydroxy-3-methyl-[1,1'-biphenyl]-2-carboxylate (70). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (86.4 mg, 0.4 mmol, 2 eq) and ethyl 

3-nitrobut-2-enoate (31.8 mg, 0.2 mmol, 1 eq) were subjected to the general 

procedure for 5 days. Purification by FCC (10:1 hexanes:EtOAc) yielded 70 as a 

yellow solid (21.6 mg, 38%). 

 

Data for 70: Rf: 0.42 (5:1 hexanes:EtOAc); mp: 91 – 95 oC; IR (thin film) 3396, 2968, 

1699, 1600, 1463, 1309 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.35 (t, J = 7.7 Hz, 2 H), 

7.30 (tt, J = 7.7, 1.4 Hz, 1 H), 7.21 (dd, J = 7.7, 1.4Hz, 2 H), 6.75 (s, 1 H), 5.29 (s, 1 

H), 3.93 (q, J = 7.0 Hz, 2 H), 2.34 (q, J = 7.7 Hz, 2 H), 2.20 (s, 3 H), 0.99 (t, J = 7.7 

Hz, 3 H), 0.90 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 169.7, 153.1, 141.5, 

138.9, 136.1, 131.2, 130.1, 127.8, 127.0, 117.9, 115.7, 61.0, 26.1, 15.4, 13.7, 12.5; 

HRMS (EI) m/z: [M]+ Calcd for C18H20O3 284.1413; Found 284.1399. 
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Ethyl 3,6-diethyl-4-hydroxy-[1,1'-biphenyl]-2-carboxylate (71). 

5-Ethyl-3-hydroxy-6-phenyl-2H-pyran-2-one (43.2 mg, 0.2 mmol, 1 eq) and ethyl 

3-nitropent-2-enoate (69.2 mg, 0.4 mmol, 2 eq) were subjected to the general 

procedure for 3 h. Purification by FCC (15:1 hexanes:EtOAc) yielded 71 as a yellow 

solid (26.3 mg, 44%). 

 

Data for 71: Rf: 0.33 (5:1 hexanes:EtOAc); mp: 94 – 97 oC; IR (thin film) 3399, 2969, 

2935, 2873, 1700, 1598, 1443, 1309 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.33 (t, J = 

7.0 Hz, 2 H), 7.31 – 7.30 (m, 1 H), 7.23 – 7.21 (m, 2 H), 6.75 (s, 1 H), 5.08 (s, 1 H), 

3.92 (q, J = 7.0 Hz, 2 H), 2.61 (q, J = 7.7 Hz, 2 H), 2.35 (q, J = 7.7 Hz, 2 H), 1.22 (t, J 

= 7.7 Hz, 3 H), 1.00 (t, J = 7.0 Hz, 3 H), 0.91 (t, J = 7.7 Hz, 3 H); 13C NMR (176 

MHz, CDCl3) δ 169.6, 152.8, 141.5, 138.9, 135.9, 131.2, 130.1, 127.7, 127.0, 124.2, 

116.0, 60.8, 26.1, 21.1, 15.3, 14.5, 13.7; HRMS (EI) m/z: [M]+ Calcd for C19H22O3 

298.1569; Found 298.1583. 

 

 

2,6-Diethyl-3-isobutyl-[1,1'-biphenyl]-4-ol (72). 

5-Ethyl-3-hydroxy-4-isobutyl-6-phenyl-2H-pyran- 2-one (27.2 mg, 0.1 mmol, 1 eq) 

and 1-nitrobut-1-ene (30.3 mg, 0.3 mmol, 3 eq) were subjected to the general 

procedure at 130 oC for 24 h. Purification by FCC (50:1 hexanes:EtOAc) yielded 72 

as a yellow solid (13.3 mg, 47%). 

 

Data for 72: Rf: 0.48 (5:1 hexanes:EtOAc); mp: 55- 58 oC; IR (thin film) 3424, 2960, 

2931, 2869, 1600, 1463 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.39 (t, J = 7.7 Hz, 2 H), 

7.33 (t, J = 7.7 Hz, 1 H), 7.17 (dd, J = 7.7, 1.4Hz, 2 H), 6.59 (s, 1 H), 4.61 (s, 1 H), 

2.56 (d, J = 7.0 Hz, 2 H), 2.37 (q, J = 7.7 Hz, 2 H), 2.20 (q, J = 7.7 Hz, 2 H), 1.97 

(sept, J = 7.0 Hz, 1 H), 1.01 – 0.99 (m, 9 H), 0.87 (t, J = 7.7 Hz, 3 H); 13C NMR (176 

MHz, CDCl3) δ 153.2, 142.4, 141.2, 141.1, 134.3, 130.3, 127.9, 126.4, 122.9, 112.4, 

34.9, 29.5, 26.7, 23.6, 22.8, 15.3, 15.2; HRMS (EI) m/z: [M]+ Calcd for C20H26O 

282.1984; Found 282.1990. 
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2,5-Diethyl-3-isobutyl-[1,1'-biphenyl]-4-ol (73). 

5-Ethyl-3-hydroxy-4-isobutyl-6-phenyl-2H-pyran- 2-one (27.2 mg, 0.1 mmol, 1 eq) 

and 2-nitrobut-1-ene (30.3 mg, 0.3 mmol, 3 eq) were subjected to the general 

procedure at 130 oC. Purification by FCC (50:1 hexanes:EtOAc) yielded 73 as a 

yellow oil (18.4 mg, 65%). 

 

Data for 73: Rf: 0.72 (5:1 hexanes:EtOAc); IR (thin film) 3594, 2961, 2932, 2869, 

1458, 1196 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.38 (t, J = 7.0 Hz, 2 H), 7.32 (tt, J = 

7.0, 1.4 Hz, 1 H), 7.30 (dd, J = 7.0, 1.4 Hz, 2 H), 6.84 (s, 1 H), 4.67 (s, 1 H), 2.64 – 

2.56 (m, 6 H), 1.97 (sept, J = 7.0 Hz, 1 H), 1.26 (t, J = 7.7 Hz, 3 H), 1.02 (d, J = 7.0 

Hz, 6 H), 0.91 (t, J = 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 151.2, 143.2, 139.3, 

134.8, 129.7, 128.2, 127.8, 126.3, 125.8, 125.2, 35.3, 29.5, 22.9, 22.9, 15.5, 13.7; 

HRMS (EI) m/z: [M]+ Calcd for C20H26O 282.1984; Found 282.1974. 

 

 

5-Benzyl-2-ethyl-3-isobutyl-[1,1'-biphenyl]-4-ol (74). 

5-Ethyl-3-hydroxy-4-isobutyl-6-phenyl-2H-pyran- 2-one (27.2 mg, 0.1 mmol, 1 eq) 

and (3-nitroallyl)benzene (21.9 mg, 0.3 mmol, 3 eq) were subjected to the general 

procedure. Purification by FCC (50:1 hexanes:EtOAc) yielded 74 as a yellow oil 

(21.9 mg, 64%). 

 

Data for 74: Rf: 0.75 (6:1 hexanes:EtOAc); IR (thin film) 3548, 2957, 2929, 2868, 

1602, 1461 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.28 (t, J = 7.0 Hz, 2 H), 7.33 – 7.30 

(m, 5 H), 7.26 (d, J = 7.0 Hz, 2 H), 7.22 (t, J = 7.0 Hz, 1 H), 6.86 (s, 1 H), 4.62 (s, 1 

H), 3.99 (s, 2 H), 2.61 – 2.57 (m, 4 H), 1.95 (sept, J = 7.0 Hz, 1 H), 0.98 (d, J = 7.0 

Hz, 6 H), 0.92 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 151.7, 143.0, 140.2, 

139.7, 135.0, 130.2, 129.7, 128.8, 128.7, 127.8, 126.5, 126.3, 126.1, 123.3, 37.0, 35.2, 

29.5, 22.9, 22.8, 15.5; HRMS (EI) m/z: [M]+ Calcd for C25H28O 344.2140; Found 

344.2149. 
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Ethyl 6-ethyl-4-hydroxy-3,5-dimethyl-[1,1'-biphenyl]-2-carboxylate (75). 

5-Ethyl-3-hydroxy-4-methyl-6-phenyl-2H-pyran- 2-one (46 mg, 0.2 mmol, 2 eq) and 

ethyl 3-nitrobut-2-enoate (15.9 mg, 0.1 mmol, 1 eq) were subjected to the general 

procedure for 3 days. Purification by FCC (10:1 hexanes:EtOAc) yielded 75 as a 

yellow oil (15.8 mg, 53%). 

 

Data for 75: Rf: 0.36 (7:1 hexanes:EtOAc); IR (thin film) 3455, 2971, 2932, 1703, 

1443, 1289, 1202 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.33 (tt, J = 6.3, 1.4 Hz, 2 H), 

7.30 (tt, J = 6.3, 1.4 Hz, 1 H), 7.21 (dt, J = 6.3, 1.4 Hz, 2 H), 4.81 (s, 1 H), 3.88 (q, J = 

7.0 Hz, 2 H), 2.43 (q, J = 7.7 Hz, 2 H), 2.27 (s, 3 H), 2.21 (s, 3 H), 0.93 (t, J = 7.7 Hz, 

3 H), 0.89 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 169.5, 151.5, 139.8, 

139.8, 133.6, 131.4, 130.2, 127.6, 126.9, 122.7, 116.8, 60.7, 23.6, 14.6, 13.7, 13.0, 

12.0; HRMS (EI) m/z: [M]+ Calcd for C19H22O3 298.1569; Found 298.1574. 

 

 

Ethyl 3,6-diethyl-4-hydroxy-5-methyl-[1,1'-biphenyl]-2-carboxylate (76). 

5-Ethyl-3-hydroxy-4-methyl-6-phenyl-2H-pyran- 2-one (23 mg, 0.1 mmol, 1 eq) and 

ethyl 3-nitropent-2-enoate (86.5 mg, 0.5 mmol, 5 eq) were subjected to the general 

procedure for 2 days. Purification by FCC (20:1 hexanes:EtOAc) yielded 76 as a 

yellow oil (20.6 mg, 66%). 

 

Data for 76: Rf: 0.45 (5:1 hexanes:EtOAc); IR (thin film) 3480, 2970, 2934, 1705, 

1285, 1202 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.35 (t, J = 7.0 Hz, 2 H), 7.30 (t, J = 

7.0 Hz, 1 H), 7.24 (d, J = 7.0 Hz, 2 H), 5.07 (s, 1 H), 3.89 (q, J = 7.0 Hz, 2 H), 2.61 (q, 

J = 7.0 Hz, 2 H), 2.43 (q, J = 7.0 Hz, 2 H), 2.28 (s, 3 H), 1.23 (t, J = 7.0 Hz, 3 H), 

0.95 (t, J = 7.0 Hz, 3 H), 0.91 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 

169.7, 151.2, 139.8, 133.2, 131.4, 130.3, 127.6, 126.9, 123.3, 123.0, 60.7, 23.7, 21.6, 

14.6, 14.5, 13.7, 12.0; HRMS (ESI) m/z: [M + H]+ Calcd for C20H25O3 313.1804; 

Found 313.1802. 

 

 

Ethyl 6-ethyl-4-hydroxy-5-isobutyl-3-methyl-[1,1'-biphenyl]-2-carboxylate (77). 

5-Ethyl-3-hydroxy-4-isobutyl-6-phenyl-2H-pyran- 2-one (54.4 mg, 0.2 mmol, 1 eq) 

and ethyl 3-nitrobut-2-enoate (63.4 mg, 0.4 mmol, 2 eq) were subjected to the general 

procedure for 4 days. Purification by FCC (7:1 hexanes:EtOAc) yielded 77 as a 

yellow oil (48.1 mg, 71%). 
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Data for 77: Rf: 0.27 (7:1 hexanes:EtOAc); IR (thin film) 3478, 2958, 2932, 2869, 

1706, 1430, 1296, 1202 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.33 (t, J = 7.0 Hz, 2 H), 

7.30 (t, J = 7.0 Hz, 1 H), 7.23 (d, J = 7.0 Hz, 2 H), 4.82 (s, 1 H), 3.89 (q, J = 7.0 Hz, 2 

H), 2.58 (d, J = 7.7 Hz, 2 H), 2.45 (q, J = 7.7 Hz, 2 H), 2.20 (s, 3 H), 1.95 (sept, J = 

7.0 Hz, 1 H), 0.99 (d, J = 7.0 Hz, 6 H), 0.89 (t, J = 7.0 Hz, 3 H), 0.86 (t, J = 7.7 Hz, 3 

H); 13C NMR (176 MHz, CDCl3) δ 167.7, 151.6, 140.2, 139.8, 133.9, 131.5, 130.3, 

127.6, 126.9, 126.6, 116.9, 60.8, 35.3, 29.4, 23.1, 22.8, 15.3, 13.7, 13.0; HRMS (ESI) 

m/z: [M + H]+ Calcd for C22H29O3 341.2117; Found 341.2127. 

 

 

Ethyl 3,6-diethyl-4-hydroxy-5-isobutyl-[1,1'-biphenyl]-2-carboxylate (78). 

5-Ethyl-3-hydroxy-4-isobutyl-6-phenyl-2H-pyran- 2-one (27.2 mg, 0.1 mmol, 1 eq) 

and ethyl 3-nitropent-2-enoate (34.6 mg, 0.2 mmol, 2 eq) were subjected to the 

general procedure at 180 oC for 3 days. Purification by FCC (15:1 hexanes:EtOAc) 

yielded 78 as a yellow oil (11.3 mg, 32%). 

 

Data for 78: Rf: 0.45 (5:1 hexanes:EtOAc); IR (thin film) 3494, 2962, 2871, 1707, 

1465 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.33 (t, J = 7.0 Hz, 2 H), 7.29 (t, J = 7.0 Hz, 

1 H), 7.24 (d, J = 7.0 Hz, 2 H), 4.79 (s, 1 H), 3.87 (q, J = 7.0 Hz, 2 H), 2.61 – 2.57 (m, 

4 H), 2.45 (q, J = 7.7 Hz, 2 H), 1.95 (sept, J = 7.0 Hz, 1 H), 1.22 (t, J = 7.7 Hz, 3 H), 

1.00 (d, J = 7.0 Hz, 6 H), 0.90 (t, J = 7.0 Hz, 3 H), 0.86 (t, J = 7.7 Hz, 3 H); 13C NMR 

(176 MHz, CDCl3) δ 169.6, 151.2, 140.2, 139.8, 133.6, 131.5, 130.4, 127.5, 126.8, 

126.6, 123.1, 60.6, 35.4, 29.5, 23.1, 22.8, 21.6, 15.2, 14.4, 13.7; HRMS (EI) m/z: 

[M]+ Calcd for C23H30O3 354.2195; Found 354.2180. 

 

 

Ethyl 3-ethyl-4-hydroxy-5-isobutyl-6-methyl-[1,1'-biphenyl]-2-carboxylate (79). 

3-Hydroxy-4-isobutyl-5-methyl-6-phenyl-2H-pyran- 2-one (258 mg, 0.1 mmol, 1 eq) 

and ethyl 3-nitropent-2-enoate (346 mg, 0.2 mmol, 2 eq) were subjected to the general 

procedure at 180 oC. Purification by FCC (20:1 hexanes:EtOAc) yielded 79 as a 

yellow oil (249.3 mg, 70%). 

 

Data for 79: Rf: 0.48 (5:1 hexanes:EtOAc); mp: 84 – 89 oC; IR (thin film) 3494, 2956, 

2926, 2869, 1707, 1464, 1295, 1198 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.35 (t, J = 

7.0 Hz, 2 H), 7.30 (t, J = 7.0 Hz, 1 H), 7.22 (d, J = 7.0 Hz, 2 H), 5.03 (s, 1 H), 3.92 (q, 
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J = 7.0 Hz, 2 H), 2.63 (q, J = 7.0 Hz, 2 H), 2.60 (d, J = 7.7 Hz, 2 H), 2.03 (s, 3 H), 

1.94 (sept, J = 7.0 Hz, 1 H), 1.24 (t, J = 7.0 Hz, 3 H), 1.01 (d, J = 7.0 Hz, 6 H), 0.91 (t, 

J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 169.8, 151.0, 140.4, 133.9, 133.2, 

131.9, 130.1, 127.8, 127.6, 126.8, 123.4, 60.7, 36.0, 28.9, 22.8, 21.6, 17.4, 14.5, 13.7; 

HRMS (ESI) m/z: [M + H]+ Calcd for C22H29O3 341.2117; Found 341.2121. 
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5. Syntheses of Substituted Benzenes 

 

General Procedure for Triflate Formation 

 

To a solution of phenol (1 eq) in DCM (0.2 M) was added pyridine (1.5 eq) at 0 oC. 

After stirring for 5 mins, triflic anhydride (1.3 eq) was added dropwise. The mixture 

was stirred at 0 oC for 30 mins, then rt for 2 h. The mixture was quenched with 2N 

HCl and extracted with DCM (3 X). The combined organic layers were dried over 

Na2SO4, filtered and concentrated. The residue was purified by FCC.  

 

General Procedure for Stille Couplings: 

 

To a thick-walled reaction vessel were added the triflate (1 eq), Pd(PPh3)4 (10 mol%), 

and DMF (0.1 M) under Ar. The stannane (1.3 eq) was added dropwise, and the tube 

was sealed and heated to 90 oC for 16 h unless otherwise noted. The reaction mixture 

was cooled to rt, EtOAc was added and the organic layer was washed with brine. The 

organic layer was dried over Na2SO4, filtered and concentrated. The residue was 

purified by FCC. 

 

General Procedure for Suzuki Couplings: 

 

To a thick-walled reaction vessel were added the triflate (1 eq), boronic ester or acid 

(1.5 eq), Pd(PPh3)4 (10 mol%), K2CO3 (3 eq) and 1, 4-dioxane/ water mixture (4:1, 

0.1 M). The headspace of the vessel was evacuated by brief exposure to vacuum, and 

the vessel was back-filled with Ar. The vessel was evacuated and back-filled with Ar 

two additional times. The tube was sealed and heated to 110 oC for 16 h unless 

otherwise noted. The reaction was cooled to rt, and solvent was removed under 

vacuum. The crude reaction mixture was dissolved in EtOAc, filtered through celite, 

dried over Na2SO4, filtered, and concentrated. The residue was purified by FCC. 
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2-Allyl-3-ethyl-1-isobutyl-4-methylbenzene (80). 

2-Ethyl-6-isobutyl-3-methylphenol (55) (80 mg, 0.417 mmol, 1 eq) was subjected to 

the general triflate formation procedure. Purification by FCC (100% Hexane) yielded 

2-Ethyl-6-isobutyl-3-methylphenyl trifluoromethanesulfonate (103.5 mg, 77%). 

 

2-Ethyl-6-isobutyl-3-methylphenyl trifluoromethanesulfonate (21 mg, 0.07 mmol, 1 

eq) and allyl tributylstannane (28 mg, 0.085 mmol, 1.2 eq) were subjected to the 

general Stille coupling procedure with a reaction time of 6 days. Purification by FCC 

(100% hexanes) yielded 80 as a colorless oil (8.8 mg, 63%). 

 

Data for 80: Rf: 0.59 (Pure hexanes); IR (thin film) 3079, 2956, 2928, 2868, 1636, 

1461 cm-1; 1H NMR (700 MHz, CDCl3) δ 6.96 (d, J = 7.7 Hz, 1 H), 6.89 (d, J = 7.7 

Hz, 1 H), 5.95 (ddt, J = 16.8, 10.5, 5.6 Hz, 1 H), 4.99 (dd, J = 9.8, 1.4 Hz, 1 H), 4.82 

(dd, J = 16.8, 1.4 Hz, 1 H), 3.43 (dt, J = 5.6, 2.1 Hz, 2 H), 2.64 (q, J = 7.7 Hz, 2 H), 

2.43 (d, J = 7.7 Hz, 2 H), 2.31 (s, 3 H), 1.85 (sept, J = 7.0 Hz, 1 H), 1.12 (t, J = 7.7 Hz, 

3 H), 1.92 (d, J = 7.0 Hz, 6 H); 13C NMR (176 MHz, CDCl3) δ 141.3, 138.1, 137.6, 

135.1, 133.6, 128.1, 127.8, 114.9, 42.6, 32.7, 29.5, 22.7, 22.7, 19.7, 14.3; HRMS (EI) 

m/z: [M]+ Calcd for C16H24 216.1878; Found 216.1884. 

 

 

3-(2-Ethyl-6-isobutyl-3-methylphenyl)but-3-en-1-ol (81). 

2-Ethyl-6-isobutyl-3-methylphenyl trifluoromethanesulfonate (21 mg, 0.07 mmol, 1 

eq) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-1-ol (18.3 mg, 0.09 

mmol, 1.3 eq) were subjected to the general Suzuki coupling procedure with a 

reaction time of 4 days. Purification by FCC (5:1 hexanes:EtOAc) yielded 81 as a 

colorless oil (8.6 mg, 54%). 

 

Data for 81: Rf: 0.38 (5:1 hexanes:EtOAc); IR (thin film) 3337, 2955, 2932, 2869, 

1637, 1466 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.02 (d, J = 7.7 Hz, 1 H), 6.95 (d, J = 

7.7 Hz, 1 H), 5.35 (dd, J = 2.8, 1.4 Hz, 1 H), 4.94 (d, J = 1.4 Hz, 1 H), 3.86 (app q, J 

= 6.3 Hz, 2 H), 2.68 – 2.62 (m, 1 H), 2.52 – 2.49 (m, 3 H), 2.43 (dd, J = 14.0, 7.0 Hz, 

1 H), 2.33 (dd, J = 14.0, 7.0 Hz, 1 H), 2.32 (s, 3 H), 1.88 (sept, J = 7.0 Hz, 1 H), 1.41 

(s, 1 H), 1.10 (t, J = 7.0 Hz, 3 H), 0.92 (d, J = 7.0 Hz, 3 H), 0.87 (d, J = 7.0 Hz, 3 H); 
13C NMR (176 MHz, CDCl3) δ 145.1, 142.0, 139.4, 136.2, 133.5, 128.8, 126.8, 115.0, 

60.5, 42.1, 41.3, 29.8, 23.8, 22.7, 22.6, 19.4, 15.1; HRMS (ESI) m/z: [M + Na]+ Calcd 
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for C17H26ONa 269.1881; Found 269.1875. 

 

 

Ethyl 3-allyl-2,4-dimethylbenzoate (82). 

Ethyl 3-hydroxy-2,4-dimethylbenzoate (56) (100 mg, 0.515 mmol, 1 eq) was 

subjected to the general triflate formation procedure. Purification by FCC (50:1 to 

10:1 hexanes:EtOAc) yielded Ethyl 2,4-dimethyl-3-(((trifluoromethyl)sulfonyl)oxy) 

benzoate (113.4 mg, 67%). 

 

Ethyl 2,4-dimethyl-3-(((trifluoromethyl)sulfonyl)oxy)benzoate (32.6 mg, 0.1 mmol, 1 

eq) and allyl tributylstannane (40 mg, 0.12 mmol, 1.2 eq) were subjected to the 

general Stille coupling procedure. Purification by FCC (50:1 hexanes:EtOAc) yielded 

82 as a yellow oil (19.2 mg, 88%). 

 

Data for 82: Rf: 0.74 (10:1 hexanes:EtOAc); IR (thin film) 3082, 2979, 2933, 1717, 

1264 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.57 (d, J = 7.7 Hz, 1 H), 7.05 (d, J = 7.7 

Hz, 1 H), 5.91 (ddt, J = 16.8, 9.8, 4.9 Hz, 1 H), 5.01 (dq, J = 10.5, 2.1 Hz, 1 H), 4.82 

(dq, J = 17.5, 2.1 Hz, 1 H), 4.35 (q, J = 7.0 Hz, 2 H), 3.45 (dt, J = 5.6, 2.1 Hz, 2 H), 

2.48(s, 3 H), 2.33(s, 3 H), 1.38 (t, J = 7.7 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 

168.9, 140.8, 137.6, 137.4, 134.8, 129.7, 127.8, 127.5, 115.2, 60.7, 33.5, 20.5, 16.5, 

14.4; HRMS (ESI) m/z: [M + H]+ Calcd for C14H19O2 219.1385; Found 219.1384. 

 

 

Ethyl 3-(4-hydroxybut-1-en-2-yl)-2,4-dimethylbenzoate (83). 

Ethyl 2,4-dimethyl-3-(((trifluoromethyl)sulfonyl)oxy)benzoate (32.6 mg, 0.1 mmol, 1 

eq) and 3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-3-en-1-ol (26 mg, 0.13 

mmol, 1.3 eq) were subjected to the general Suzuki coupling procedure. Purification 

by FCC (5:1 hexanes:EtOAc) yielded 83 as a yellow oil (20 mg, 81%) 

 

Data for 83: Rf: 0.34 (3:1 hexanes:EtOAc); IR (thin film) 3419, 2980, 2931, 1716, 

1591cm-1; 1H NMR (700 MHz, CDCl3) δ 7.64 (d, J = 7.7 Hz, 1 H), 7.08 (d, J = 7.7 Hz, 

1 H), 5.41 (q, J = 1.4 Hz, 1 H), 4.94 (d, J = 1.4 Hz, 1 H), 4.34 (q, J = 7.0 Hz, 2 H), 

3.82 – 3.76 (m, 2 H), 2.51 – 2.49 (m, 2 H), 2.47 (s, 3 H), 2.29 (s, 1 H), 1.57 (brs, 1 H), 

1.38 (t, J = 7.0 Hz, 3 H); 13C NMR (176 MHz, CDCl3) δ 168.4, 144.9, 143.5, 139.3, 

136.3, 128.8, 128.6, 127.3, 116.0, 60.7, 60.4, 40.3, 20.7, 17.9, 14.4; HRMS (ESI) m/z: 

[M + H]+ Calcd for C15H21O3 249.1491; Found 249.1497. 
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Ethyl 4-allyl-3,6-diethyl-5-methyl-[1,1'-biphenyl]-2-carboxylate (84). 

Ethyl 3,6-diethyl-4-hydroxy-5-methyl-[1,1'-biphenyl]-2-carboxylate (76) (127 mg, 

0.407 mmol, 1 eq) was subjected to the general triflate formation procedure. 

Purification by FCC (20:1 hexanes:EtOAc) yielded Ethyl 3,6-diethyl-5-methyl 

-4-(((trifluoromethyl)sulfonyl)oxy)-[1,1'-biphenyl]-2-carboxylate (173 mg, 96%). 

 

Ethyl 3,6-diethyl-5-methyl-4-(((trifluoromethyl)sulfonyl)oxy)-[1,1'-biphenyl]-2- 

carboxylate (44.4 mg, 0.1 mmol, 1 eq) and allyl tributylstannane (43 mg, 0.13 mmol, 

1.3 eq) were subjected to the general Stille couplings procedure. Purification by FCC 

(40:1 hexanes:Aceton) yielded 84 as a colorless oil (32 mg, 95%). 

 

Data for 84: Rf: 0.57 (10:1 hexanes:Aceton); IR (thin film) 3082, 2974, 2934, 2875, 

1726, 1274 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.34 (t, J = 7.0 Hz, 2 H), 7.30 (t, J = 

7.0 Hz, 1 H), 7.25 (d, J = 7.0 Hz, 2 H), 5.97 (ddt, J = 15.4, 9.8, 4.9 Hz, 1 H), 5.07 (d, 

J = 10.5 Hz, 1 H), 4.94 (d, J = 17.5 Hz, 1 H), 3.86 (q, J = 7.0 Hz, 2 H), 3.51 (d, J = 

3.5 Hz, 2 H), 2.61 (q, J = 7.0 Hz, 2 H), 2.44 (q, J = 7.0 Hz, 2 H), 2.31 (s, 3 H), 1.20 (t, 

J = 7.0 Hz, 3 H), 0.94 (t, J = 7.0 Hz, 3 H), 0.90 (t, J = 7.0 Hz, 3 H); 13C NMR (176 

MHz, CDCl3) δ 170.3, 139.9, 138.7, 137.1, 136.7, 136.1, 135.7, 135.6, 133.4, 129.9, 

127.5, 126.9, 115.5, 60.5, 33.5, 24.4, 23.8, 15.8, 15.7, 14.6, 13.7; HRMS (ESI) m/z: 

[M + H]+ Calcd for C23H29O2 337.2168; Found 337.2164. 

 

 

 

Ethyl 3,6-diethyl-4-(4-hydroxybut-1-en-2-yl)-5-methyl-[1,1'-biphenyl]-2- 

carboxylate (85). 

Ethyl 3,6-diethyl-5-methyl-4-(((trifluoromethyl)sulfonyl)oxy)-[1,1'-biphenyl]-2- 

carboxylate (23 mg, 0.052 mmol, 1 eq) and (4-hydroxybut-1-en-2-yl)boronic acid (12 

mg, 0.104 mmol, 2 eq) were subjected to the general Suzuki coupling procedure  

with microwave heating (110 oC) and reaction time of 20 h. Purification by FCC (5:1 

hexanes:EtOAc) yielded 85 as a yellow oil (11.9 mg, 63%). 

 

Data for 85: Rf: 0.12 (5:1 hexanes:EtOAc); IR (thin film) 3441, 2970, 2934, 2876, 

1723 cm-1; 1H NMR (700 MHz, CDCl3) δ 7.35 (t, J = 7.0 Hz, 2 H), 7.31 (tt, J = 7.0, 

1.4 Hz, 1 H), 7.27 – 7.26 (m, 2 H), 7.23 (dd, J = 7.7, 2.1 Hz, 1 H), 5.42 (d, J = 1.4 Hz, 

S036



 

 

1 H), 5.05 (d, J = 1.4 Hz, 1 H), 3.89 – 3.88 (m, 2 H), 3.87 – 3.82 (m, 2 H), 2.65 – 2.60 

(m, 1 H), 2.58 – 2.51 (m, 3 H), 2.43 (q, J =7.7 Hz, 2 H), 2.29 (s, 3 H), 1.49 (brs, 1 H), 

1.13 (t, J = 7.0 Hz, 3 H), 0.93 (t, J = 7.0 Hz, 3 H), 0.89 (t, J = 7.0 Hz, 3 H); 13C NMR 

(176 MHz, CDCl3) δ 170.1, 145.2, 142.0, 139.7, 138.7, 137.9, 134.6, 134.5, 133.0, 

129.9，129.8, 127.6, 127.6, 127.0, 115.5, 60.5, 60.5, 40.8, 24.5, 23.7, 16.7, 16.6, 14.3, 

13.7; HRMS (ESI) m/z: [M + H]+ Calcd for C24H31O3 367.2273; Found 367.2267. 
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