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Experimental procedures and analytical data of cited compounds 

 

Experimental section 
 

General: 
1
H and 

13
C NMR spectra were recorded at room temperature with a Bruker Avance 

300 instrument operating at a frequency of 300 MHz for 
1
H and 75 MHz for 

13
C. In cases of 

ambiguous assignments, spectra were recorded with a Bruker Avance 500. 
1
H NMR spectra 

were recorded in CDCl3 and referenced to CHCl3 (δ = 7.26) as an internal standard. 
13

C NMR 

spectra were referenced to the CDCl3 (δ = 77.16 ppm) signal. Mass spectra were recorded 

using Varian Matt 44S and Finnigan-Matt TSQ-70 spectrometer. High-resolution mass data 

were obtained with a Kratos MS50TC instrument. Infrared spectra were recorded on a 

SHIMATZU-FTIR-8400S spectrometer and recorded in cm
−1

. Elemental analyses were 

carried out at the University of Stuttgart, Germany or at the Chemical Research Center of 

Budapest, Hungary. 

 

Tetramethyl-chloromethyleneketal 5 

 

To a solution of 5.15 mL (70.0 mmol, 2 equiv) of acetone and 2.80 mL (35.0 mmol, 1 equiv) 

of vinylidene dichloride in 175 mL of THF, cooled to 0 °C, were added 7.85 g (70.0 mmol, 2 

equiv) of potassium tert-butoxide. After 4 hours at room temperature, the mixture was 

concentrated to 30 mL. The solution was filtered over a pad of silica gel with 400 mL of 
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PE/EtOAc 3:1. After concentration, the orange oil was carefully heated under vacuum to 

collect, by sublimation, 400 mg (2.3 mmol, 7%) of 5 as a white solid. Rf = 0.82 (PE/EtOAc 

5:1). 
1
H NMR (300 MHz) δ = 4.95 (s, 1H), 1.50 (s, 6H), 1.41 (s, 6H) ppm. 

13
C NMR (75 

MHz) δ = 158.9, 112.6, 85.6, 81.8, 29.8, 28.1 ppm. MS (CI): m/z = 176.0. IR (neat):  2978, 

1666. HRMS (EI): Calcd for C8H13O2Cl; 176.0599. Found: 176.0602. mp 58 °C. 

 

5-Chloro-3-methylpent-4-yne-1,3-diol (12) 

 

To a solution of 6.2 mL (44.0 mmol, 4.4 equiv) of diisopropylamine in 50 mL of THF, cooled 

to 0 °C, were added 17.6 mL (44.0 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before the addition of 1.8 mL (22.0 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 0.86 mL (10.0 mmol, 1 equiv) of 

4-hydroxy-2-butanone was added. After one hour at room temperature, 50 mL of aqueous 

NH4Cl were poured in the reaction. The aqueous layer was extracted with 3 × 50 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 1.15 g (7.7 mmol, 77%) of 12 as a yellow 

oil. Rf = 0.17 (PE/EtOAc 3:2). 
1
H NMR (300 MHz) δ = 4.37 (s, 1H), 4.11 (m, 1H), 3.88 (m, 

1H), 3.23 (t, J = 4.6 Hz, 1H), 1.97 (m, 1H), 1.79 (dt, J = 11.7 Hz, J = 3.9 Hz, 1H), 1.50 (s, 

3H) ppm. 
13

C NMR (75 MHz) δ = 72.2, 69.5, 62.7, 60.6, 43.4, 30.6 ppm. MS (CI): m/z = 

148.0. IR (neat):  3294, 2986, 2957, 2930, 2228. HRMS (CI): Calcd for C6H10ClO2; 

149.0369. Found: 149.0370. 

 

(Z)-2-(Chloromethylene)-3-methyltetrahydrofuran-3-ol (13) from 12 

 

To a solution of 450 mg (3.0 mmol, 1 equiv) of 5-chloro-3-methylpent-4-yne-1,3-diol (12) in 

15 mL of THF, cooled to 0 °C, were added 340 mg (3.0 mmol, 1 equiv) of t-BuOK. After 

three hours, 10 mL of water were poured in the reaction and the pH was brought back to 7 by 

the addition of diluted sulfuric acid. The aqueous layer was extracted with 3 × 20 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 310 mg (2.1 mmol, 69%) of 13 as a 

yellowish oil. Rf = 0.33 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.27 (s, 1H), 4.33 (m, 1H), 

4.26 (m, 1H), 2.18 (m, 1H), 2.06 (m, 1H), 1.98 (s, 1H), 1.49 (s, 3H) ppm. 
13

C NMR (75 MHz) 

δ = 161.5, 88.0, 76.9, 69.2, 40.7, 25.4 ppm. MS (EI): m/z = 148.0. IR (neat):  3336, 2978, 

2928, 2905, 1672. HRMS (EI): Calcd for C6H9ClO2; 148.0286. Found: 148.0285. 

 

(Z)-2-(Chloromethylene)-3-methyltetrahydrofuran-3-ol (13) using the LDA procedure 

 

To a solution of 6.2 mL (44.0 mmol, 4.4 equiv) of diisopropylamine in 50 mL of THF, cooled 

to 0 °C, was added 17.6 mL (44.0 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before the addition of 1.8 mL (22.0 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 0.86 mL (10.0 mmol, 1 equiv) of 

4-hydroxy-2-butanone were added. After one hour at room temperature, 50 mL of aqueous 

NH4Cl were poured in the reaction. The aqueous layer was extracted with 3 × 50 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. The crude mixture was dissolved in 50 mL of THF and cooled to 0 °C before 

the addition of 1.12 g (10.0 mmol, 1 equiv) of t-BuOK. After one hour, 30 mL of water was 

poured into the reaction and the pH was brought back to 7 by the addition of diluted sulfuric 

acid. The aqueous layer was extracted with 3 × 30 mL of dichloromethane. The organic phase 

was dried over magnesium sulfate, filtered and concentrated. Purification over silica gel 

provided 1.15 g (6.6 mmol, 66%) of 13 as a yellow oil. 
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(Z)-2-(Chloromethylene)-3-methyltetrahydrofuran-3-ol (13) using the t-BuOK 

procedure 

 

To a solution of 2.96 mL (37.0 mmol, 3.7 equiv) of 1,1-dichloroethylene in 65 mL of THF, 

cooled to 0 °C, were added 8.30 g (74.0 mmol, 7.4 equiv) of t-BuOK. After 15 minutes, 

0.86 mL (10.0 mmol, 1 equiv) of 4-hydroxy-2-butanone were added to the reaction. After 

three hours, 30 mL of water was poured into the reaction and the pH was brought back to 7 by 

the addition of diluted sulfuric acid. The aqueous layer was extracted with 3 × 30 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 1.20 g (8.1 mmol, 81%) of 13 as a yellow 

oil. 

 

(Z)-2-(Chloromethylene)-3,5,5-trimethyltetrahydrofuran-3-ol (6) 

 

To a solution of 6.2 mL (44.0 mmol, 4.4 equiv) of diisopropylamine in 50 mL of THF, cooled 

to 0 °C, was added 17.6 mL (44.0 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before addition of 1.8 mL (22.0 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 1.25 mL (10.0 mmol, 1 equiv) of 

4-hydroxy-4-methyl-2-pentanone was added. After one hour, 50 mL of aqueous NH4Cl was 

poured into the reaction. The aqueous layer was extracted with 3 × 50 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. The crude mixture was dissolved in 50 mL of THF and cooled to 0 °C before 

the addition of 1.12 g (10.0 mmol, 1 equiv) of t-BuOK. After one hour, 30 mL of water was 

poured into the reaction and the pH was brought back to 7 by addition of diluted sulfuric acid. 

The aqueous layer was extracted with 3 × 30 mL of dichloromethane. The organic phase was 

dried over magnesium sulfate, filtered and concentrated. Purification over silica gel provided 

720 mg (4.1 mmol, 41%) of 6 as a yellow oil. Rf = 0.44 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) 

δ = 5.20 (s, 1H), 2.17 (d, J = 13.3 Hz, 1H), 1.97 (d, J = 13.4 Hz, 1H), 1.92 (s, 1H), 1.51 (s, 

3H), 1.49 (s, 3H), 1.41 (s, 3H) ppm. 
13

C NMR (75 MHz) δ = 162.1, 87.6, 85.6, 78.8, 52.3, 

29.4, 28.4, 27.7 ppm. MS (EI): m/z = 176.1. IR (neat):  3377, 2976, 2935, 1666. HRMS (EI): 

Calcd for C8H13ClO2; 176.0599. Found: 176.0603. 

 

5-Hydroxy-5-methylhexan-3-one (17) 

 

To a solution of 6.2 mL (44.0 mmol, 1.1 equiv) of diisopropylamine in 110 mL of 

diethylether, cooled to 0 °C, was added 17.6 mL (44.0 mmol, 1.1 equiv, 2.5 M in hexane) of 

n-BuLi. After 30 minutes, the mixture was cooled to −78 °C before the dropwise addition of 

2.1 mL (40.0 mmol, 1 equiv) of 2-butanone in 10 mL of diethyl ether. After one hour, 3.6 mL 

(48.0 mmol, 1.2 equiv) of acetone was added dropwise. The mixture was stirred for three 

more hours. Then, 50 mL of aqueous NH4Cl was poured into the reaction and the system was 

brought back to room temperature. The aqueous layer was extracted with 2 × 40 mL of 

diethyl ether. The organic phase was dried over magnesium sulfate, filtered and concentrated. 

Purification over silica gel provided 1.20 g (9.2 mmol, 23%) of 17 as a colorless oil. Data 

matched with the literature [1]. Rf = 0.37 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.89 (s, 

1H), 2.58 (s, 2H), 2.43 (q, J = 7.3 Hz, 2H), 1.23 (s, 6H), 1.04 (t, J = 7.3 Hz, 3H) ppm. 
13

C 

NMR (75 MHz) δ = 213.7, 69.7, 52.7, 37.8, 29.4, 7.5 ppm. 
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Methyl 2-(2-ethyl-1,3-dioxolan-2-yl)acetate (63) 

 

In a 250 mL flask equipped with a Dean–Stark apparatus, 3.76 mL (30.0 mmol, 1 equiv) of 

methyl 3-oxopentanoate, 3.3 mL (60.0 mmol, 2 equiv) of ethylene glycol and 57 mg (0.01 

mmol, 0.01 equiv) of PTSA were dissolved in 150 mL of benzene. After 18 hours under 

reflux, the reaction was brought back to room temperature before the addition of 100 mL of 

aqueous Na2CO3. The organic phase was washed with 70 mL of water, dried over magnesium 

sulfate, filtered and concentrated to furnish 4.44 g (25.6 mmol, 85%) of methyl 2-(2-ethyl-

1,3-dioxolan-2-yl)acetate (63) as a colorless oil. Data matched with the literature [2]. Rf = 

0.60 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.97 (m, 4H), 3.68 (s, 3H), 2.65 (s, 2H), 1.81 

(q, J = 7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H) ppm. 
13

C NMR (75 MHz) δ = 170.2, 109.8, 65.3, 

51.9, 42.2, 30.7, 7.9 ppm. 

 

2-(2-Ethyl-1,3-dioxolan-2-yl)ethanol (64) 

 

To a solution of 1.20 g (31.6 mmol, 1.25 equiv) of LiAlH4 in 150 mL of diethyl ether, cooled 

to 0 °C, were added dropwise 4.40 g (25.3 mmol, 1 equiv) of methyl 2-(2-ethyl-1,3-dioxolan-

2-yl)acetate (63) in 40 mL of diethyl ether. After 18 hours at room temperature, 1.2 mL of 

water, 3.8 mL of aqueous NaOH and 16 g of Na2SO4 were added. After 10 minutes, the solid 

was filtered and washed with 20 mL of diethyl ether. After concentration, 3.48 g (23.8 mmol, 

94%) of 2-(2-ethyl-1,3-dioxolan-2-yl)ethanol (64) were obtained as a colorless oil. Data 

matched with the literature [2]. Rf = 0.22 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.98 (m, 

4H), 3.73 (q, J = 5.6 Hz, 2H), 2.83 (t, J = 5.6 Hz, 1H), 1.91 (t, J = 5.6 Hz, 2H), 1.66 (q, J = 

7.5 Hz, 2H), 0.90 (t, J = 7.5 Hz, 3H) ppm. 
13

C NMR (75 MHz) δ = 112.7, 65.0, 59.0, 37.7, 

30.0, 8.2 ppm. 

 

1-Hydroxypentan-3-one (18) 

 

To a suspension of 27.1 g of silica in 230 mL of dichloromethane was added 4.2 mL 

(4.7 mmol, 0.2 equiv, 10% in water) of oxalic acid. Once the aqueous layer vanished, 3.40 g 

(23.3 mmol, 1 equiv) of 2-(2-ethyl-1,3-dioxolan-2-yl)ethanol (64) in 7 mL of 

dichloromethane was added to the reaction. After 5 hours, 800 mg of NaHCO3 was added and 

the mixture was filtered. The solid was washed several times with diethyl ether. After 

concentration, 1.64 g (16.1 mmol, 69%) of 18 was obtained as a colorless oil. Data matched 

with the literature [2]. Rf = 0.22 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.85 (t, J = 5.5 Hz, 

2H), 2.67 (t, J = 5.4 Hz, 3H), 2.47 (q, J = 7.3 Hz, 2H), 1.06 (t, J = 7.3 Hz, 3H) ppm. 
13

C NMR 

(75 MHz) δ = 212.5, 58.0, 44.0, 36.6, 7.7 ppm. 

 

Methyl 2-(2-isopropyl-1,3-dioxolan-2-yl)acetate (65) 

 

In a 250 mL flask equipped with a Dean–Stark apparatus, 4.28 mL (30.0 mmol, 1 equiv) of 

methyl 4-methyl-3-oxopentanoate, 3.3 mL (60.0 mmol, 2 equiv) of ethylene glycol and 57 mg 

(0.01 mmol, 0.01 equiv) of PTSA were dissolved in 150 mL of benzene. After 18 hours under 

reflux, the reaction was brought back to room temperature before the addition of 100 mL of 

aqueous Na2CO3. The organic phase was washed with 70 mL of water, dried over magnesium 

sulfate, filtered and concentrated to furnish 4.23 g (22.7 mmol, 75%) of methyl 2-(2-

isopropyl-1,3-dioxolan-2-yl)acetate (65) as a colorless oil. Data matched with the literature 

[3]. R f= 0.69 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.97 (m, 4H), 3.66 (s, 3H), 2.66 (s, 

2H), 2.08 (hept, J = 6.8 Hz, 1H), 0.94 (d, J = 6.9 Hz, 6H) ppm. 
13

C NMR (75 MHz) δ = 

170.5, 111.8, 65.6, 51.8, 40.1, 35.5, 17.1 ppm. 
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2-(2-Isopropyl-1,3-dioxolan-2-yl)ethanol (66) 

 

To a solution of 1.06 g (27.9 mmol, 1.25 equiv) of LiAlH4 in 130 mL of diethyl ether, cooled 

to 0 °C, was added dropwise 4.20 g (22.3 mmol, 1 equiv) of methyl 2-(2-isopropyl-1,3-

dioxolan-2-yl)acetate (65) in 30 mL of diethyl ether. After 18 hours at room temperature, 

1.2mL of water, 3.8 mL of aqueous NaOH and 16 g of Na2SO4 were respectively added. After 

10 minutes, the solid was filtered and washed with 20 mL of diethyl ether. After 

concentration, 3.50 g (21.8 mmol, 98%) of 2-(2-isopropyl-1,3-dioxolan-2-yl)ethanol (66) 

were obtained as a colorless oil. Data matched with the literature [2]. Rf = 0.28 (PE/EtOAc 

2:1). 
1
H NMR (300 MHz) δ = 4.00 (m, 4H), 3.74 (q, J = 5.5 Hz, 2H), 2.84 (t, J = 5.6 Hz, 1H), 

1.97 (m, 1H), 1.91 (m, 2H), 0.93 (d, J = 6.9 Hz, 6H) ppm. 
13

C NMR (75 MHz) δ = 114.8, 

65.2, 58.8, 34.4, 34.4, 17.3 ppm. 

 

1-Hydroxy-4-methylpentan-3-one (19) 

 

To a suspension of 27.0 g of silica in 230 mL of dichloromethane was added 4.2 mL 

(4.7 mmol, 0.2 equiv, 10% in water) of oxalic acid. Once the aqueous layer vanished, 3.70 g 

(23.1 mmol, 1 equiv) of 2-(2-isopropyl-1,3-dioxolan-2-yl)ethanol (66) in 7 mL of 

dichloromethane were added to the reaction. After 5 hours, 800 mg of NaHCO3 was added 

and the mixture was filtered. The solid was washed several times with diethyl ether. After 

concentration, 1.96 g (16.9 mmol, 73%) of 19 was obtained as a colorless oil. Data matched 

with the literature [2]. Rf = 0.22 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.84 (t, J = 5.4 Hz, 

2H), 2.81 (s, 1H), 2.71 (t, J = 5.4 Hz, 2H), 2.60 (hept, J = 6.9 Hz, 1H), 1.11 (d, J = 6.9 Hz, 

6H) ppm. 
13

C NMR (75 MHz) δ = 215.9, 58.1, 42.0, 41.4, 18.2 ppm. 

 

Ethyl 2-(2-phenyl-1,3-dioxolan-2-yl)acetate (67) 

 

In a 250 mL flask equipped with a Dean–Stark apparatus, 3.76 mL (30.0 mmol, 1 equiv) of 

ethyl 3-oxo-3-phenylpropanoate, 3.3 mL (60.0 mmol, 2 equiv) of ethylene glycol and 57 mg 

(0.01 mmol, 0.01 equiv) of PTSA were dissolved in 150 mL of benzene. After 18 hours under 

reflux, the reaction was brought back to room temperature before the addition of 100 mL of 

aqueous Na2CO3. The organic phase was washed with 70 mL of water, dried over magnesium 

sulfate, filtered and concentrated. Purification over silica gel provided 3.27 g (13.8 mmol, 

46%) of ethyl 2-(2-phenyl-1,3-dioxolan-2-yl)acetate (67) as a colorless oil. Data matched 

with the literature [4]. Rf = 0.63 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 7.50 (m, 2H), 7.34 

(m, 3H), 4.07 (m, 4H), 3.82 (m, 2H), 2.96 (s, 2H), 1.15 (t, J = 7.1 Hz, 3H) ppm. 
13

C NMR (75 

MHz) δ = 168.7, 141.5, 128.4, 128.2, 125.7, 108.0, 65.0, 60.6, 46.0, 14.2 ppm. 

 

2-(2-Phenyl-1,3-dioxolan-2-yl)ethanol (68) 

 

To a solution of 0.66 g (17.2 mmol, 1.25 equiv) of LiAlH4 in 80 mL of diethyl ether, cooled 

to 0 °C, were added dropwise 3.25 g (13.8 mmol, 1 equiv) of ethyl 2-(2-phenyl-1,3-dioxolan-

2-yl)acetate (67) in 20 mL of diethyl ether. After 18 hours at room temperature, 0.7 mL of 

water, 2.0 mL of aqueous NaOH and 9 g of Na2SO4 were added. After 10 minutes, the solid 

was filtered and washed with 20 mL of diethyl ether. After concentration, 2.54 g (13.1 mmol, 

95%) of 2-(2-phenyl-1,3-dioxolan-2-yl)ethanol (68) was obtained as a colorless oil. Data 

matched with the literature [5]. Rf = 0.30 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 7.45 (m, 

2H), 7.31 (m, 3H), 4.07 (m, 2H), 3.78 (m, 2H), 3.73 (q, J = 5.3 Hz, 2H), 2.87 (t, J = 5.7 Hz, 

1H), 2.17 (t, J = 5.3 Hz, 2H) ppm. 
13

C NMR (75 MHz) δ = 141.9, 128.4, 128.3, 125.6, 111.0, 

64.4, 58.7, 42.0 ppm. 
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3-Hydroxy-1-phenylpropan-1-one (20) 

 

To a suspension of 15.0 g of silica in 130 mL of dichloromethane was added 2.3 mL 

(2.6 mmol, 0.2 equiv, 10% in water) of oxalic acid. Once the aqueous layer had vanished, 

2.50 g (12.9 mmol, 1 equiv) of 2-(2-phenyl-1,3-dioxolan-2-yl)ethanol (68) in 4 mL of 

dichloromethane was added to the reaction. After 5 hours, 440 mg of NaHCO3 was added and 

the mixture was filtered. The solid was washed several times with diethyl ether. After 

concentration, 1.35 g (9.0 mmol, 70%) of 20 was obtained as a colorless oil. Data matched 

with the literature [6]. Rf = 0.22 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 7.96 (m, 2H), 7.58 

(m, 1H), 7.47 (m, 2H), 4.03 (t, J = 5.3 Hz, 2H), 3.23 (t, J = 5.7 Hz, 2H), 2.93 (s, 1 H) ppm. 
13

C NMR (75 MHz) δ = 200.6, 136.7, 133.7, 128.8, 128.2, 58.2, 40.5 ppm. 

 

5-Hydroxy-2,5-dimethylhexan-3-one (21) 

 

To a solution of 3.1 mL (22.0 mmol, 1.1 equiv) of diisopropylamine in 60 mL of diethyl 

ether, cooled to 0 °C, were added 8.8 mL (22.0 mmol, 1.1 equiv, 2.5 M in hexane) of n-BuLi. 

After 30 minutes, the mixture was cooled to −78 °C before a dropwise addition of 2.2 mL 

(20.0 mmol, 1 equiv) of 3-methyl-2-butanone. After one hour, 1.8 mL (24.0 mmol, 1.2 equiv) 

of acetone were added dropwise. The mixture was stirred for three more hours. Then, 20 mL 

of aqueous NH4Cl was poured into the reaction and the system was brought back to room 

temperature. The aqueous layer was extracted with 2 × 20 mL of diethyl ether. The organic 

phase was dried over magnesium sulfate, filtered and concentrated. Purification over silica gel 

provided 1.97 g (13.7 mmol, 68%) of 21 as a colorless oil. Data matched with the literature 

[7]. Rf = 0.46 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 4.09 (s, 1H), 2.60 (s, 2H), 2.54 (hept, 

J = 6.9 Hz, 1H), 1.21 (s, 6H), 1.07 (d, J = 6.9 Hz, 6H) ppm. 
13

C NMR (75 MHz) δ = 217.2, 

69.7, 50.6, 42.2, 29.4, 17.8 ppm. 

 

1-(1-(Hydroxymethyl)cyclohexyl)ethanone (22) 

 

To a solution of 1.85 g (14.7 mmol, 1 equiv) of cyclohexylmethylketone in 2.3 mL 

(29.3 mmol, 2 equiv) of TFA was added 0.44 g (14.7 mmol, 1 equiv) of paraformaldehyde. 

The mixture was heated to 90 °C for 10 hours. The mixture was cooled to room temperature. 

Then, 15 mL of aqueous NaHCO3 was carefully added to the reaction. The aqueous layer was 

extracted with 3 × 10 mL of dichloromethane. The organic phase was dried over magnesium 

sulfate, filtered and concentrated. Purification over silica gel provided 280 mg (1.8 mmol, 

12%) of 22 as an orange oil. Data matched with the literature [8,9]. Rf = 0.27 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.66 (d, J = 4.1 Hz, 2H), 2.18 (s, 3H), 2.05 (broad, 1H), 1.90 (m, 

2H), 1.45 (m, 8H) ppm. 
13

C NMR (75 MHz) δ = 214.5, 67.3, 53.8, 29.8, 26.1, 26.0, 22.3 ppm. 

 

4-Hydroxy-3,3-dimethylbutan-2-one (23) 

 

To a solution of 5.4 mL (50.0 mmol, 1 equiv) of 3-methyl-2-butanone in 7.7 mL 

(100.0 mmol, 2 equiv) of TFA were added 1.50 g (50.0 mmol, 1 equiv) of paraformaldehyde. 

The mixture was heated to 90 °C for 10 hours. The mixture was cooled to room temperature. 

Then, 30 mL of aqueous NaHCO3 were carefully added in the reaction. The aqueous layer 

was extracted with 3 × 20 mL of dichloromethane. The organic phase was dried over 

magnesium sulfate, filtered and concentrated. Purification over silica gel provided 760 mg 

(6.5 mmol, 13%) of 23 as a yellow oil. Data matched with the literature [10]. Rf = 0.25 

(PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.53 (s, 2H), 2.49 (broad, 1H), 2.14 (s, 3H), 1.14 (s, 

6 H) ppm. 
13

C NMR (75 MHz) δ = 215.4, 69.5, 49.3, 25.7, 21.7 ppm. 
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3-(Hydroxymethyl)but-3-en-2-one (24) 

 

To a solution of 3.3 mL (40.0 mmol, 4.4 equiv) of but-3-ene-2-one and 3.0 mL (48.0 mmol, 

1.2 equiv, 37% in water) of formaldehyde in 20 mL of THF, cold to 0 °C, was added 450 mg 

(4.0 mmol, 0.1 equiv) of DABCO. The mixture was brought back to room temperature and 

stirred for 20 hours before the addition of 20 mL of brine. The aqueous layer was extracted 

with 3 × 20 mL of diethyl ether. The organic phase was dried over magnesium sulfate, filtered 

and concentrated. Purification over silica gel provided 1.72 g (17.2 mmol, 43%) of 3-

(hydroxymethyl)but-3-en-2-one 24 as a colorless oil. Data matched with the literature [11]. Rf 

= 0.16 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 6.10 (s, 1H), 6.03 (t, J = 1.4 Hz, 1H), 4.28 

(s, 2H), 2,70 (broad, 1H), 2.34 (s, 3H) ppm. 
13

C NMR (75 MHz) δ = 200.5, 147.3, 126.2, 

62.2, 26.0 ppm. 

 

(Z)-2-(Chloromethylene)-3-ethyl-5,5-dimethyltetrahydrofuran-3-ol (25) 

 

To a solution of 4.6 mL (32.6 mmol, 4.4 equiv) of diisopropylamine in 30 mL of THF, cooled 

to 0 °C, were added 13.1 mL (32.6 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before the addition of 1.3 mL (16.3 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 965 mg (7.4 mmol, 1 equiv) of 

hydroxyketone 17 were added. After one hour, 30 mL of aqueous NH4Cl were poured into the 

reaction. The aqueous layer was extracted with 3 × 20 mL of diethyl ether. The organic phase 

was dried over magnesium sulfate, filtered and concentrated. The crude mixture was 

dissolved in 30 mL of THF and cooled to 0 °C before the addition of 832 mg (7.4 mmol, 1 

equiv) of t-BuOK. After one hour, 20 mL of water was poured into the reaction and the pH 

was brought back to 7 by the addition of diluted sulfuric acid. The aqueous layer was 

extracted with 2 × 20 mL of dichloromethane. The organic phase was dried over magnesium 

sulfate, filtered and concentrated. Purification over silica gel provided 550 mg (2.9 mmol, 

39%) of 25 as a yellow oil. Rf = 0.57 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.16 (s, 1H), 

2.08 (d, J = 13.4 Hz, 1H), 1.97 (d, J = 13.4 Hz, 1H), 1.78 (m, 1H), 1,66 (m, 1H), 1.60 (s, 1H), 

1.52 (s, 3H), 1.43 (s, 3H), 0.99 (t, J = 7.4 Hz, 3H) ppm. 
13

C NMR (75 MHz) δ = 161.8, 87.9, 

85.6, 82.0, 49.3, 33.3, 29.4, 28.6, 8.9 ppm. MS (CI): m/z = 190.1. IR (neat):  3429, 2974, 

2937, 2881, 1666. HRMS (CI): Calcd for C9H16ClO2; 191.0839. Found: 191.0836. 

 

(Z)-2-(Chloromethylene)-3-ethyltetrahydrofuran-3-ol (26) 

 

To a solution of 1.0 mL (12.5 mmol, 2.5 equiv) of 1,1-dichloroethylene in 30 mL of THF, 

cooled to 0 °C, was added 2.81 g (25.0 mmol, 5 equiv) of t-BuOK. After 15 minutes, 510 mg 

(5.0 mmol, 1 equiv) of hydroxyketone 18 was added to the reaction. After one hour, 20 mL of 

water was poured in the reaction and the pH was brought back to 7 by the addition of diluted 

sulfuric acid. The aqueous layer was extracted with 2 × 30 mL of dichloromethane. The 

organic phase was dried over magnesium sulfate, filtered and concentrated. Purification over 

silica gel provided 650 mg (4.0 mmol, 80%) of 26 as a yellow oil. Rf = 0.48 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.22 (s, 1H), 4.29 (m, 2H), 2.10 (m, 2H), 1.79 (m, 1H), 1.69 (m, 

2H), 1.02 (t, J = 7.4 Hz, 3H) ppm. 
13

C NMR (75 MHz) δ = 161.0, 88.3, 80.1, 69.3, 37.8, 31.1, 

8.7 ppm. MS (CI): m/z = 162.0. IR (neat):  3387, 2968, 2934, 2905, 1674. HRMS (CI): 

Calcd for C7H12ClO2; 163.0526. Found: 163.0527. 
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(Z)-2-(Chloromethylene)-3-isopropyltetrahydrofuran-3-ol (27) 

 

To a solution of 1.0 mL (12.5 mmol, 2.5 equiv) of 1,1-dichloroethylene in 30 mL of THF, 

cooled to 0 °C, was added 2.81 g (25.0 mmol, 5 equiv) of t-BuOK. After 15 minutes, 580 mg 

(5.0 mmol, 1 equiv) of hydroxyketone 19 in 5 mL of THF was added to the reaction. After 

one hour, 20 mL of water was poured in the reaction and the pH was brought back to 7 by the 

addition of diluted sulfuric acid. The aqueous layer was extracted with 2 × 30 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 645 mg (3.7 mmol, 73%) of 27 as a yellow 

oil. Rf = 0.56 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.21 (s, 1H), 4.29 (m, 2H), 2.18 (m, 

1H), 1.95 (m, 2H), 1.64 (s, 1H), 1.07 (d, J = 6.8 Hz, 3H), 0.96 (d, J = 6.8 Hz, 3H) ppm. 
13

C 

NMR (75 MHz) δ = 160.6, 88.7, 83.3, 69.5, 34.8, 34.0, 18.5, 17.3 ppm. MS (CI): m/z = 176.1. 

IR (neat):  3381, 2980, 2962, 2951, 2939, 2918, 2876, 1668. HRMS (CI): Calcd for 

C8H14ClO2; 177.0682. Found: 177.0686. 

 

(Z)-2-(Chloromethylene)-3-phenyltetrahydrofuran-3-ol (28) using the t-BuOK 

procedure 

 

To a solution of 1.0 mL (12.5 mmol, 2.5 equiv) of 1,1-dichloroethylene in 30 mL of THF, 

cooled to 0 °C, was added 2.81 g (25.0 mmol, 5 equiv) of t-BuOK. After 15 minutes, 750 mg 

(5.0 mmol, 1 equiv) of hydroxyketone 20 in 5 mL of THF was added to the reaction. After 

one hour, 20 mL of water was poured into the reaction and the pH was brought back to 7 by 

the addition of diluted sulfuric acid. The aqueous layer was extracted with 2 × 30 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 400 mg (1.9 mmol, 38%) of 28 as an 

orange oil. Rf = 0.63 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 7.52 (d, J = 7.2 Hz, 2H), 7.33 

(m, 3H), 4.94 (s, 1H), 4.47 (m, 2H), 2.42 (m, 2H), 2.13 (s, 1H) ppm. 
13

C NMR (75 MHz) δ = 

162.6, 141.3, 128.4, 128.1, 125.9, 91.3, 81.6, 70.0, 43.5 ppm. MS (CI): m/z = 210.1. IR (neat): 

 3425, 3105, 3011, 2986, 2959, 2916, 1674. HRMS (CI): Calcd for C11H12ClO2; 211.0526. 

Found: 211.0521. 

 

(Z)-2-(Chloromethylene)-3-phenyltetrahydrofuran-3-ol (28) using LDA procedure 

 

To a solution of 1.7 mL (12.3 mmol, 4.4 equiv) of diisopropylamine in 15 mL of THF, cooled 

to 0 °C, was added 4.9 mL (12.3 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before the addition of 0.50 mL (6.2 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 420 mg (2.8 mmol, 1 equiv) of 

hydroxyketone 20 was added. After two hours, 15 mL of aqueous NH4Cl were poured in the 

reaction. The aqueous layer was extracted with 2 × 20 mL of diethyl ether. The organic phase 

was dried over magnesium sulfate, filtered and concentrated. The crude mixture was 

dissolved in 15 mL of THF and cooled to 0 °C before the addition of 314 mg (2.8 mmol, 1 

equiv) of t-BuOK. After one hour, 10 mL of water was poured into the reaction and the pH 

was brought back to 7 by the addition of diluted sulfuric acid. The aqueous layer was 

extracted with 2 × 15 mL of dichloromethane. The organic phase was dried over magnesium 

sulfate, filtered and concentrated. Purification over silica gel provided 277 mg (1.3 mmol, 

47%) of 28 as a yellow oil. 
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(Z)-2-(Chloromethylene)-3-isopropyl-5,5-dimethyltetrahydrofuran-3-ol (29) 

 

To a solution of 8.0 mL (57.1 mmol, 4.4 equiv) of diisopropylamine in 50 mL of THF, cooled 

to 0 °C, was added 23.0 mL (57.1 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before the addition of 2.3 mL (28.5 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 1.87 g (13.0 mmol, 1 equiv) of 

hydroxyketone 21 in 8 mL of THF was added. After one hour, 50 mL of aqueous NH4Cl was 

poured into the reaction. The aqueous layer was extracted with 3 × 30 mL of diethyl ether. 

The organic phase was dried over magnesium sulfate, filtered and concentrated. The crude 

mixture was dissolved in 60 mL of THF and cooled to 0 °C before the addition of 1.46 g 

(13.0 mmol, 1 equiv) of t-BuOK. After one hour, 20 mL of water was poured into the reaction 

and the pH was brought back to 7 by the addition of diluted sulfuric acid. The aqueous layer 

was extracted with 3 × 30 mL of dichloromethane. The organic phase was dried over 

magnesium sulfate, filtered and concentrated. Purification over silica gel provided 1.06 g (5.2 

mmol, 40%) of 29 as a white solid. Rf = 0.69 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.15 

(s, 1H), 2.00 (d, J = 13.5 Hz, 1H), 1.87 (d, J = 13.8 Hz, 1H), 1.87 (m, 1H), 1,66 (s, 1H), 1.50 

(s, 3H), 1.43 (s, 3H), 1.01 (d, J = 6.6 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H) ppm. 
13

C NMR (75 

MHz) δ = 161.4, 88.2, 85.6, 85.3, 45.0, 36.4, 29.1, 28.7, 18.7, 17.2 ppm. MS (CI): m/z = 

204.1. IR (neat):  3501, 2976, 2935, 2874, 1666. HRMS (CI): Calcd for C10H18ClO2; 

205.0995. Found: 205.0991. mp 59°C. 

 

(Z)-3-(Chloromethylene)-4-methyl-2-oxaspiro[4.5]decan-4-ol (30) 

 

To a solution of 0.32 mL (4.0 mmol, 2.5 equiv) of 1,1-dichloroethylene in 9 mL of THF, 

cooled to 0 °C, was added 900 mg (8.0 mmol, 5 equiv) of t-BuOK. After 15 minutes, 250 mg 

(1.6 mmol, 1 equiv) of hydroxyketone 22 in 2 mL of THF was added to the reaction. After 

one hour, 5 mL of water was poured into the reaction and the pH was brought back to 7 by the 

addition of diluted sulfuric acid. The aqueous layer was extracted with 30 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 145 mg (0.7 mmol, 42%) of 30 as a yellow 

oil. Rf = 0.66 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.25 (s, 1H), 4.18 (s, 2H), 1.71 (m, 

4H), 1.53 (s, 1H), 1.31 to 1.45 (m, 2H), 1.29 (s, 3H), 1.10 to 1.26 (m, 4H) ppm. 
13

C NMR (75 

MHz) δ = 162.0, 88.2, 80.2, 75.7, 48.3, 29.0, 27.1, 26.0, 23.1, 23.0, 20.4 ppm. MS (CI): m/z = 

216.1. IR (neat):  3421, 2918, 2854, 1672. HRMS (CI): Calcd for C11H18ClO2; 217.0995. 

Found: 217.0988. 

 

(Z)-2-(Chloromethylene)-3,4,4-trimethyltetrahydrofuran-3-ol (31) 

 

To a solution of 1.20 mL (15.0 mmol, 2.5 equiv) of 1,1-dichloroethylene in 40 mL of THF, 

cooled to 0 °C, was added 3.37 g (30.0 mmol, 5 equiv) of t-BuOK. After 15 minutes, 700 mg 

(6.0 mmol, 1 equiv) of hydroxyketone 23 in 2 mL of THF was added to the reaction. After 

one hour, 20 mL of water was poured in the reaction and the pH was brought back to 7 by the 

addition of diluted sulfuric acid. The aqueous layer was extracted with 30 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 820 mg (4.6 mmol, 77%) of 31 as a white 

solid. Rf = 0.62 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 5.27 (s, 1H), 4.11 (d, J = 8.0 Hz, 

1H), 3.88 (d, J = 8.1 Hz, 1H), 1.58 (s, 1H), 1.29 (s, 3H), 1.06 (s, 3H), 0.96 (s, 3H) ppm. 
13

C 

NMR (75 MHz) δ = 161.9, 88.5, 80.6, 79.7, 44.8, 22.1, 19.9, 17.7 ppm. MS (CI): m/z = 176.1. 

IR (neat):  3460, 2966, 2867, 1666. HRMS (CI): Calcd for C8H14ClO2; 177.0682. Found: 

177.0683. mp 64 °C. 
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(Z)-2-(Chloromethylene)-3-methyl-4-methylenetetrahydrofuran-3-ol (32) 

 

To a solution of 5.3 mL (37.4 mmol, 4.4 equiv) of diisopropylamine in 35 mL of THF, cooled 

to 0 °C, was added 15.0 mL (37.4 mmol, 4.4 equiv, 2.5 M in hexane) of n-BuLi. The mixture 

was cooled to −78 °C before the addition of 1.5 mL (18.7 mmol, 2.2 equiv) of 1,1-

dichloroethylene. The mixture was brought back to 0 °C and 850 mg (13.0 mmol, 1 equiv) of 

hydroxyketone 24 in 7 mL of THF was added. After one hour, 40 mL of aqueous NH4Cl was 

poured in the reaction. The aqueous layer was extracted with 2 × 30 mL of diethyl ether. The 

organic phase was dried over magnesium sulfate, filtered and concentrated. The crude mixture 

was dissolved in 40 mL of THF and cooled to −24 °C before the addition of 950 mg 

(8.5 mmol, 1 equiv) of t-BuOK. After one hour, 20 mL of water were poured in the reaction 

and the pH was brought back to 7 by the addition of diluted sulfuric acid. The aqueous layer 

was extracted with 2 × 30 mL of dichloromethane. The organic phase was dried over 

magnesium sulfate, filtered and concentrated. Purification over silica gel provided 835 mg 

(5.2 mmol, 61%) of 32 as a white solid. Rf = 0.52 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 

5.37 (s, 1H), 5.35 (t, J = 2.1 Hz, 1H), 5.13 (t, J = 1.6 Hz, 1H), 4.80 (m, 2H), 2,41 (s, 1H), 1.50 

(s, 3H) ppm. 
13

C NMR (75 MHz) δ = 161.5, 150.2, 107.1, 89.2, 76.2, 72.0, 27.4 ppm. MS 

(EI): m/z = 160.0. IR (neat):  3383, 3117, 2976, 2934, 2881, 1684, 1661. HRMS (EI): Calcd 

for C7H9ClO2; 160.0286. Found: 160.0288. mp 44 °C. 

 

2-(Chloromethyl)-3-methyltetrahydrofuran-2,3-diol (34) 

 

To a solution of 450 mg (3.0 mmol, 1 equiv) of chloromethylenefuran 13 in 15 mL of 

dichloromethane was added 1.3 mL (15.0 mmol, 5 equiv, 36% in water) of HCl. After 2 

minutes, the pH was brought back to 7 with aqueous Na2CO3 before the addition of 10 mL of 

water. The aqueous layer was extracted with 2 × 15 mL of dichloromethane. The organic 

phase was dried over magnesium sulfate, filtered and concentrated. Purification over silica gel 

provided 260 mg (1.6 mmol, 52%) of 34 (1:1 mixture) as a yellow oil. Rf = 0.24 (PE/EtOAc 

2:1). 
1
H NMR (300 MHz) δ = 4.22 (s, 1H), 4.00 (m, 3H), 3.79 (m, 3H), 3.63 (s, 2H), 3.48 (s, 

1H), 3.08 (s, 1H), 2.49 (s, 1H), 2.27 (m, 2H), 1.95 (m, 2H), 1.38 (s, 3H), 1.30 (s, 3H) ppm. 
13

C NMR (75 MHz) δ = 104.1, 101.6, 81.1, 78.9, 64.9, 64.5, 47.8, 47.5, 39.3, 39.0, 21.9, 21.4 

ppm. MS (CI): m/z = 166.0. IR (neat):  3391, 2984, 2945, 2901. HRMS (CI): Calcd for 

C6H10ClO2; 149.0369. Found: 149.0364. 

 

4a,8a-Bis(chloromethyl)-3a,7a-dimethyloctahydrodifuro[2,3-b:2',3'-e][1,4]dioxine (35) 

and (36) 

 

To a solution of 450 mg (3.0 mmol, 1 equiv) of chloromethylenefuran 13 in 15 mL of 

dichloromethane were added 57 mg (0.3 mmol, 0.1 equiv) of para-toluenesulfonic acid 

monohydrate. After 2 hours under reflux, the pH was brought back to 7 with aqueous Na2CO3 

before the addition of 30 mL of water. The aqueous layer was extracted with 2 × 30 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 52 mg (0.18 mmol, 11%) of the anti isomer 

35 as a white solid and 243 mg (0.82 mmol, 54%) of the syn isomer 36 as a white solid.  

 

For the anti isomer 35: Rf = 0.73 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 4.06 (m, 2H), 3.90 

(t, J = 8.0 Hz, 2H), 3.52 (d, J = 11.8 Hz, 2H), 3.44 (d, J = 11.8 Hz, 2H), 2.21 (m, 2H), 2.08 

(dd, J = 13.0 Hz, J = 5.4 Hz, 2H), 1.48 (s, 6 H) ppm. 
13

C NMR (75 MHz) δ = 103.9, 77.5, 

65.4, 48.1, 40.4, 20.9 ppm. MS (CI): m/z = 296.1. IR (neat):  2970, 2901. HRMS (CI): Calcd 

for C12H19Cl2O4; 297.0660. Found: 297.0661. mp 153 °C. 
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For the syn isomer 36: Rf = 0.66 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 4.16 (dd, J = 16.1 

Hz, J = 8.1 Hz, 2H), 3.95 (m, 2H), 3.63 (d, J = 12.0 Hz, 2H), 3.56 (d, J = 12.0 Hz, 2H), 2.64 

(m, 2H), 2.12 (m, 2H), 1.44 (s, 6H) ppm. 
13

C NMR (75 MHz) δ = 101.7, 79.8, 65.8, 47.4, 

39.1, 22.5 ppm. MS (CI): m/z = 296.1. IR (neat):  2964, 2905. HRMS (CI): Calcd for 

C12H19Cl2O4; 297.0660. Found: 297.0660. mp 92 °C. 
 

4a,8a-Bis(chloromethyl)-3a,7a-diethyloctahydrodifuro[2,3-b:2',3'-e][1,4]dioxine (37) 

 

To a solution of 590 mg (3.6 mmol, 1 equiv) of chloromethylenefuran 26 in 18 mL of 

dichloromethane, cooled to 0 °C, was added 69 mg (0.4 mmol, 0.1 equiv) of para-

toluenesulfonic acid monohydrate. After one hour, the pH was brought back to 7 with 

aqueous Na2CO3 before the addition of 25 mL of water. The aqueous layer was extracted with 

2 × 20 mL of dichloromethane. The organic phase was dried over magnesium sulfate, filtered 

and concentrated. Purification over silica gel provided 230 mg (0.7 mmol, 39%) of 37 as a 

white solid. Rf = 0.65 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 4.16 (q, J = 8.1 Hz, 2H), 3.94 

(m, 2H), 3.62 (d, J = 11.8 Hz, 2H), 3.56 (d, J = 11.8 Hz, 2H), 2.41 (m, 2H), 2.15 (m, 2H), 

1.67 (m, 4H), 1.07 (t, J = 7.3 Hz, 6H) ppm. 
13

C NMR (75 MHz) δ = 102.9, 82.0, 66.2, 47.9, 

37.2, 29.1, 8.5 ppm. MS (CI): m/z = 324.1. IR (neat):  2964, 2943, 2901. HRMS (CI): Calcd 

for C14H23Cl2O4; 325.0973. Found: 325.0977. mp 72 °C. 
 

4a,8a-Bis(chloromethyl)-3a,7a-diisopropyloctahydrodifuro[2,3-b:2',3'-e][1,4]dioxine (38) 

 

To a solution of 600 mg (3.4 mmol, 1 equiv) of chloromethylenefuran 27 in 17 mL of 

dichloromethane, cooled to 0 °C, was added 65 mg (0.3 mmol, 0.1 equiv) of para-

toluenesulfonic acid monohydrate. After one hour, the pH was brought back to 7 with 

aqueous Na2CO3 before the addition of 25 mL of water. The aqueous layer was extracted with 

2 × 20 mL of dichloromethane. The organic phase was dried over magnesium sulfate, filtered 

and concentrated. Purification over silica gel provided 120 mg (0.3 mmol, 20%) of 38 as a 

white solid. Rf = 0.73 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.99 (m, 2H), 3.87 (m, 2H), 

3.75 (d, J = 11.4 Hz, 2H), 3.69 (d, J = 11.7 Hz, 2H), 2.41 (m, 2H), 2.19 (m, 2H), 2.03 (hept, J 

= 6.6 Hz, 2H), 1.04 (d, J = 6.6 Hz, 6H), 1.00 (d, J = 6.6 Hz, 6H) ppm. 
13

C NMR (75 MHz) δ 

= 104.6, 83.7, 65.9, 48.4, 40.4, 34.7, 19.5, 18.7 ppm. MS (CI): m/z = 352.1. IR (neat):  2980, 

2899. HRMS (CI): Calcd for C16H27Cl2O4; 353.1286. Found: 353.1288. mp 90 °C. 
 

4a,8a-Bis(chloromethyl)-2,2,3a,6,6,7a-hexamethyloctahydrodifuro[2,3-b:2',3'-

e][1,4]dioxine (39) and (40); 3'-chloro-3a'-(chloromethyl)-3,5,5,5',5',6a'-

hexamethylhexahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-b]furan]-3-ol (41) 
 

To a solution of 370 mg (2.1 mmol, 1 equiv) of chloromethylenefuran 6 in 10 mL of 

dichloromethane, cooled to 0 °C, was added 40 mg (0.2 mmol, 0.1 equiv) of para-

toluenesulfonic acid monohydrate. After 2 hours, 80 mg (0.4 mmol, 0.2 equiv) of para-

toluenesulfonic acid monohydrate was added. The mixture was stirred for 3 hours and the pH 

was brought back to 7 with aqueous Na2CO3 before the addition of 10 mL of water. The 

aqueous layer was extracted with 2 × 10 mL of dichloromethane. The organic phase was dried 

over magnesium sulfate, filtered and concentrated. Purification over silica gel provided 

180 mg (0.5 mmol, 49%) of dioxanes 39 and 40 as a white solid (1:9 anti:syn mixture) and 

63 mg (0.18 mmol, 17%) of spirocyclic adduct 41 as a colorless oil. 

 

For syn dioxane 40: Rf = 0.78 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 3.59 (d, J = 12.0 Hz, 

2H), 3.52 (d, J = 11.9 Hz, 2H), 2.73 (d, J = 13.6 Hz, 2H), 1.92 (d, J = 13.6 Hz, 2H), 1.50 (s, 

6H), 1.47 (s, 6H), 1.29 (s, 6H) ppm. 
13

C NMR (75 MHz) δ = 102.9, 81.3, 79.6, 52.0, 48.1, 
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30.7, 30.2, 23.6 ppm. MS (CI): m/z = 352.1. IR (neat):  2988, 2966, 2939. HRMS (CI): 

Calcd for C16H27Cl2O4; 353.1286. Found: 353.1280. mp 92 °C. 

 

For spirocyclic adduct 41: Rf = 0.63 (PE/EtOAc 2:1). 
1
H NMR (300 MHz) δ = 4.35 (s, 1H), 

3.94 (d, J = 12.4 Hz, 1H), 3.63 (d, J = 12.4 Hz, 1H), 2.62 (s, 1H), 2.21 (d, J = 13.8 Hz, 1H), 

2.02 (d, J = 12.9 Hz, 1H), 1.95 (d, J = 13.5 Hz, 1H), 1.90 (d, J = 14.1 Hz, 1H), 1.67 (s, 3H), 

1.39 (s, 6H), 1.37 (s, 3H), 1.34 (s, 3H), 1.27 (s, 3H) ppm. 
13

C NMR (75 MHz) δ = 112.7, 94.9, 

93.0, 82.5, 79.9, 78.9, 67.1, 53.1, 51.8, 46.7, 31.8, 29.9, 29.6, 29.1, 24.7, 24.0 ppm. MS (CI): 

m/z = 352.1. IR (neat):  2976, 2933. HRMS (CI): Calcd for C16H27Cl2O4; 353.1286. Found: 

353.1274. 

 

4-Chloro-1-(chloromethyl)-3',8-diethyl-5',5',6,6-tetramethyl-5'H-2,7-

dioxaspiro[bicyclo[3.2.1]octane-3,2'-furan] (52) and 3'-chloro-3a'-(chloromethyl)-3,6a'-

diethyl-5,5,5',5'-tetramethylhexahydro-3H,3'H-spiro[furan-2,2'-furo[3,2-b]furan]-3-ol 

(53) 
 

To a solution of 490 mg (2.57 mmol, 1 equiv) of chloromethylenefuran 25 in 13 mL of 

dichloromethane, cooled to 0 °C, was added 49 mg (0.26 mmol, 0.1 equiv) of para-

toluenesulfonic acid monohydrate. After one hour, 98 mg (0.52 mmol, 0.2 equiv) of para-

toluenesulfonic acid monohydrate was added and the reaction was heated under reflux. The 

mixture was stirred for 3 hours and the pH was brought back to 7 with aqueous Na2CO3 

before the addition of 20 mL of water. The aqueous layer was extracted with 2 × 20 mL of 

dichloromethane. The organic phase was dried over magnesium sulfate, filtered and 

concentrated. Purification over silica gel provided 60 mg (0.17 mmol, 13%) of bridged adduct 

52 as a yellow oil and 200 mg (0.52 mmol, 41%) of spirocyclic adduct 53 as an orange solid. 

 

For bridged adduct 52: Rf = 0.79 (PE/EtOAc 5:1). 
1
H NMR (300 MHz) δ = 5.60 (t, J = 1.7 Hz, 

1H), 4.32 (d, J = 11.9 Hz, 1H), 3.94 (d, J = 11.9 Hz, 1H), 3.52 (d, J = 11.9 Hz, 1H), 2.95 (m, 

1H), 2.43 (m, 1H), 2.03 (m, 2H), 1.86 (m, 2H), 1.39 (s, 3H), 1.36 (s, 3H), 1.32 (s, 3H), 1.25 

(s, 3H), 1.13 (m, 6H) ppm. 
13

C NMR (75 MHz) δ = 139.8, 132.5, 111.7, 107.4, 88.3, 82.0, 

59.7, 45.9, 44.1, 37.5, 31.1, 30.9, 28.9, 28.5, 26.6, 18.4, 17.9, 11.5 ppm. MS (CI): m/z = 

362.1. IR (neat):  2962, 2928, 2878, 1684. HRMS (CI): Calcd for C18H29Cl2O3; 363.1494. 

Found: 363.1503. 

 

For spirocyclic adduct 53: Rf = 0.70 (PE/EtOAc 5:1). 
1
H NMR (300 MHz) δ = 4.40 (s, 1H), 

3.96 (d, J = 12.4 Hz, 1H), 3.63 (d, J = 12.4 Hz, 1H), 2.77 (s, 1H), 2.21 (m, 2H), 1.78 to 2.05 

(m, 4H), 1.70 (m, 1H), 1.58 (m, 1H), 1.40 (s, 3H), 1.39 (s, 3H), 1.36 (s, 3H), 1.25 (s, 3H), 

1.02 (m, 6H) ppm. 
13

C NMR (75 MHz) δ = 113.9, 97.7, 93.2, 82.6, 81.0, 68.2, 50.4, 47.6, 

46.2, 30.6, 30.0, 29.8, 29.7, 29.2, 28.3, 9.0, 8.3 ppm. MS (CI): m/z = 380.2. IR (neat):  2964, 

2939, 2878. HRMS (CI): Calcd for C18H31Cl2O4; 381.1599. Found: 381.1588. mp 89 °C. 

 

(E)-3-(Chloro(3-isopropyl-5,5-dimethylfuran-2(5H)-ylidene)methyl)-5-(chloromethyl)-4-

isopropyl-2,2-dimethyl-2,3-dihydrofuran (54) 
 

To a solution of 610 mg (3.0 mmol, 1 equiv) of chloromethylenefuran 29 in 15 mL of 

dichloromethane, was added 57 mg (0.3 mmol, 0.1 equiv) of para-toluenesulfonic acid 

monohydrate. After 2 hours under reflux, 114 mg (0.6 mmol, 0.2 equiv) of para-

toluenesulfonic acid monohydrate was added. The mixture was stirred for 3 more hours under 

reflux and the pH was brought back to 7 with aqueous Na2CO3 before the addition of 20 mL 

of water. The aqueous layer was extracted with 2 × 20 mL of dichloromethane. The organic 
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phase was dried over magnesium sulfate, filtered and concentrated. Purification over silica gel 

provided 320 mg (0.9 mmol, 57%) of 54 as a yellow oil. Rf = 0.78 (PE/EtOAc 5:1). 
1
H NMR 

(300 MHz) δ = 6.00 (s, 1H), 4.23 (d, J = 11.7 Hz, 1H), 4.07 (d, J = 12.0 Hz, 1H), 3.92 (s, 1H), 

3.12 (hept, J = 6.6 Hz, 1H), 2.61 (hept, J = 6.9 Hz, 1H), 1.38 (s, 3H), 1.31 (s, 6H), 1.30 (s, 

3H), 1.13 (d, J = 5.7 Hz, 3H), 1.10 (m, 6H), 1.05 (d, J = 6.9 Hz, 3H) ppm. 
13

C NMR (75 

MHz) δ = 154.6, 146.1, 143.1, 137.3, 119.8, 105.3, 87.1, 85.4, 53.5, 37.0, 28.6, 27.4, 27.0, 

26.4, 26.3, 22.9, 22.7, 22.5, 22.1, 21.6 ppm. MS (CI): m/z = 372.2. IR (neat):  2961, 2930, 

2871, 1678, 1628, 1616. HRMS (CI): Calcd for C20H31Cl2O2; 373.1701. Found: 373.1695. 

 

4-((E)-Chloro(3-isopropyl-5,5-dimethylfuran-2(5H)-ylidene)methyl)-2-(chloromethyl)-3-

isopropyl-5,5-dimethyltetrahydrofuran-2-ol (55) 

 

To a solution of 210 mg (0.56 mmol, 1 equiv) of triene 54 in 5.6 mL of dichloromethane, was 

added 3 ml of THF and 0.24 mL (2.8 mmol, 5 equiv, 36% in water) of HCl. After 30 minutes, 

0.48 mL (5.6 mmol, 10 equiv, 36% in water) of HCl was added. After 30 minutes, 10 mL of 

water was poured into the mixture before neutralization with aqueous NaHCO3. The aqueous 

layer was extracted with 2 × 20 mL of dichloromethane. The organic phase was dried over 

magnesium sulfate, filtered and concentrated. Purification over silica gel provided 95 mg 

(0.24 mmol, 43%) of 55 as a yellow solid. 110 mg (0.29, 52%) of the starting material 54 

were also recovered. Rf = 0.60 (PE/EtOAc 5:1). 
1
H NMR (300 MHz) δ = 6.01 (d, J = 1.2 Hz, 

1H), 3.80 (d, J = 11.4 Hz, 1H), 3.73 (d, J = 11.1 Hz, 1H), 3.62 (d, J = 11.1 Hz, 1H), 3.13 

(heptd, J = 6.8 Hz, J = 1.0 Hz, 1H), 2.67 (d, J = 1.2 Hz, 1H), 2.47 (ddd, J = 11.4 Hz, J = 5.7 

Hz, J = 1.2 Hz, 1H), 1.95 (oct, J = 6.9 Hz, 1H), 1.40 (s, 3H), 1.31 (s, 3H), 1.30 (s, 3H), 1.21 

(s, 3H), 1.13 (d, J = 5.4 Hz, 3H), 1.11 (d, J = 5.4 Hz, 3H), 1.04 (d, J = 5.1 Hz, 3H), 1.01 (d, J 

= 5.4 Hz, 3H) ppm. 
13

C NMR (75 MHz) δ = 155.7, 143.1, 137.5, 104.0, 103.6, 87.1, 84.5, 

51.8, 51.8, 51.6, 31.3, 27.8, 27.4, 26.9, 26.5, 25.8, 22.9, 22.7, 20.2 ppm. MS (CI): m/z = 

390.2. IR (neat):  3400, 2966, 2926, 2872, 1628, 1616. HRMS (CI): Calcd for C20H31Cl2O2; 

373.1701. Found: 373.1703. mp 111 °C. 
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