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General Information 

All reactions were performed in flame dried glassware under argon with magnetic stirring under argon 

atmosphere using Schlenk techniques. Syringes used to transfer solvents and reagents were purged with argon 

prior to use. Starting materials were purchased from Sigma Aldrich, TCI, Acros, Alfa Aesar or Fluorochem and 

used without further purification. 

Solvents: 

THF was continuously refluxed and distilled from sodium benzophenone ketyl under nitrogen and stored over 4 

Å MS under argon atmosphere. 

CH2Cl2 was predried over CaCl2 and distilled from CaH2. 

Toluene was continuously refluxed and distilled over sodium. 

DMPU was predried over CaH2 (4 h) and distilled (bp = 247 °C). 

Solvents for reaction workups and column chromatography separations were distilled prior to use 

Purification: 

Thin layer chromatography (TLC) was performed using aluminum plates covered with SiO2 (Merck 60, F-254) 

and visualized either by UV detection or by staining with KMnO4 solution (1.5 g KMnO4, 10 g K2CO3, 1.25 mL 10% 

NaOH solution in 200 mL H2O). 

Flash column chromatography was performed using silica gel 60 (40 – 63 μm 230-400 mesh ASTM) from Merck. 

Analytical Data: 

NMR spectra were recorded on Varian VXR 400S, Bruker Avance III HD 400 MHz and Bruker AMX 600 

instruments. Chemical shifts (δ) are reported in parts per million (ppm) relative to the residual solvent peak of 

CHCl3 (δH = 7.26, δC = 77.0) or benzene (δH = 7.16, δC = 128.1) respectively. For the characterization of the 

observed signal multiplicities the following abbreviations were used: s (singlet), d (doublet), t (triplet), q 

(quartet), quint (quintet), sept (septet), m (multiplet), br (broad signal). 

Mass spectra and high resolution mass spectra (HRMS) were recorded on a Finnigan MAT 95Q (EI) or a Thermo 

Finnigan LTQ FT instrument (ESI). Electron impact ionization (EI) was conducted with an electron energy of 70 

eV. Electrospray ionization (ESI) was conducted with an IonMax ion-source equipped with an ESI head. It was 

performed with a voltage of 4 kV at the spray capillary tube, a heating filament temperature of 250 °C and a 

nitrogen flow of 25 units. 

Gas Chromatography (GC, GC/MS) was performed with machines of the types Hewlett-Packard 6890 or 5890 

Series II (Hewlett Packard, 5% phenylmethylpolysiloxane; column length: 15 m, diameter: 0.25 mm; film 

thickness: 0.25 µm). For the combination of gas chromatography with mass spectroscopic detection, a GC-MS 

from Hewlett Packard of type 6890/MSD 5973 was used. 

Chiral HPLC (cHPLC) was measured on a ShimazuHPLC Prominence with Daicel Chiracel columns.  
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Optical Rotation values were recorded on an Anton Paar MCP 500 polarimeter. The specific rotation is calculated 

as follows:  

𝛼𝜆
𝜑
=
𝛼 · 100

𝑐 · 𝑑
 

Thereby, the wavelength λ is reported in nm and the measuring temperature ϕ in °C. α represents the recorded 

optical rotation, c the concentration of the analyte in 10 mg/mL and d the length of the cuvette in dm. Thus, the 

specific rotation is given in 10−1·deg·cm2·g−1. Usage of the sodium D line (λ = 589 nm) is indicated by D instead of 

the wavelength in nm. The respective concentration as well as the solvent is reported at the relevant section of 

the experimental section. 

Infrared spectra (IR) were recorded from 4500 cm-1 to 650 cm-1 on a Perkin Elmer Spectrum BX-59343 

instrument. For detection a Smiths Detection Dura SamplIR II Diamond ATR sensor was used. The absorption 

bands (�̃�) are reported in wave numbers (cm-1). 

Melting points (m.p.) were measured using a Büchi B-540 apparatus and are uncorrected. 

Reactions were monitored by gas chromatography (GC and GC-MS) using an internal standard (undecane) or 

thin layer chromatography (TLC). Yields refer to isolated yields of compounds estimated to be >95% pure as 

determined by 1H NMR (25 °C) and capillary GC analysis.  

 

Determination of diastereomeric ratios: The selectivity of every reaction was evaluated via GC/MS of crude 

reaction mixtures prior to purification. Only a single diastereomer was detected in all the diastereoselective 

cases. For compound 5h, a dr of 50:50 was detected in the crude reaction mixture. After purification, the 

reported dr was determined via NMR. 

Limitations: “Some para-substituted electron-poor organozinc chlorides 2 led to the arylation of 4 in decreased 

diastereoselectivity (Scheme S1).  

Scheme S1. Arylation of 4 with electron-poor organozinc chlorides 2. 
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Extended Ligand Screening: The ligand effect on the arylation of the more challenging α-bromomenthone 11 

was determined in more detail (Table S1). Using N,N,N’,N’-cyclohexyl-1,2-diamine (L5), the bisoxazoline ligand 

L6, and the NHC-ligand L7 did not lead to significant enhancements of the diastereomeric ratio for product 12 

(entries 1-4). In contrast, 40 mol% of triphenylphosphine (L4) afforded 12 in 83% yield (dr=85:15, entry 5). 

Reducing the amount of PPh3 (L4) to 20 mol% led to similar results (entry 6). Various trialkyl- or 

triarylphosphines, such as L8-12 as additives gave the arylated menthone 12 in lower yields or decreased 

diastereoselectivity (entries 7-11).” 

Table S1. Extended ligand screening using the  α-bromomenthone 11. 

 
aCalibrated GC yield using undecane as internal standard. 
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Reaction of 1 with 4-anisylmagnesium bromide: The coupling of 4-anisylmagnesium bromide with 

α-bromolactone 1 mainly led to the formation of bromoanisole and extensive homocoupling (Scheme S2). The 

arylation product 3a was only formed in 3%. 

  

Scheme S2. Reaction of 1 with  4-anisylmagnesium bromide. 

  

Preparation of the α-Bromolactones 

(3S,4R)-3-Bromo-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-one (1a) 

 

D-Isoascorbic acid (11, 200 g, 1.14 mol, 1.00 equiv) was dissolved in water (1.5 L). The solution was cooled to 

0 °C and Na2CO3 (168 g, 1.59 mol, 1.40 equiv) was added in portions. The reaction mixture was allowed to warm 

to rt, stirred for 30 min and cooled to 0 °C again. Hydrogen peroxide (33% in water, 400 mL, 3.98 mol, 3.50 equiv) 

was added very slowly in small portions. The mixture was slowly heated to 55 °C and stirred for 40 min. After 

cooling to 0 °C, activated charcoal (25.0 g) was added, the mixture was heated to 70 °C for 1 h and the hot 

suspension was filtered over celite. The filtrate was acidified to pH = 1 with concentrated hydrochloric acid 

(ca. 170 mL) and the water was removed on a rotatory evaporator. The resulting residue was extracted by 

refluxing in EtOAc (6 x 900 mL). The combined organic layers were dried over Na2SO4, the solvents were 

evaporated and the residue containing the crude chiral dihydroxylactone (128 g, 1.09 mol, 96% yield) as a 

yellowish oil was used in the next step without further purification.1 

Hydrobromic acid (33% in glacial acetic acid, 420 mL) was cooled to 0 °C and added to the residue containing the 

dihydroxylactone. The mixture was allowed to warm to rt and was stirred for 2 h. Methanol (500 mL) was added 

over 3 h using a dropping funnel and the mixture was stirred at rt overnight. The volatiles were removed under 

reduced pressure and the resulting suspension was extracted with EtOAc (3 x 250 mL). The combined organic 

layers were dried over Na2SO4, the solvents were evaporated and the residue was subjected to column 

chromatography purification (silica, i-hexane/EtOAc 6:4) to afford the α-bromo-β-hydroxylactone 12 as 

brownish oil (54.0 g, 300 mmol, 26% yield over two steps).2 

The α-bromo-β-hydroxylactone 12 (54.0 g, 300 mmol, 1.00 equiv) was dissolved in CH2Cl2 (500 mL) and cooled 

to 0 °C. Imidazole (26.6 g, 390 mmol, 1.30 equiv) and DMAP (367 mg, 3 mmol, 1 mol%) were added and TBSCl 
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(58.8 g, 390 mmol, 1.30 equiv) dissolved in CH2Cl2 (200 mL) was added dropwise over 30 min. The mixture was 

allowed to warm to rt and was stirred overnight, was washed with sat. aq. NaHCO3 (300 mL) and water (300 mL). 

The organic layer was dried over Na2SO4, the solvents were evaporated and the residue was subjected to column 

chromatography purification (silica, i-hexane/EtOAc 100:2.5) to afford the α-bromolactone 1a as colorless solid 

(52.0 g, 176 mmol, 59% yield, dr = 99:1, 99% ee).  

m.p.: 39 – 40 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 4.60 (dd, J = 9.7, 2.4 Hz, 1H, H-4), 4.51 (td, J = 4.3, 2.3 Hz, 1H, H-3), 4.19 (dd, 

J = 9.7, 2.2 Hz, 1H, H-4’), 4.04 (d, J = 2.5 Hz, 1H, H-2), 0.88 (s, 9H, H-7-9), 0.12 (d, J = 5.7 Hz, 6H, H-5-6). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 171.8 (C-1), 75.4 (C-3), 74.1 (C-4), 41.8 (C-2), 25.7 (C-7-9), 18.0 (C-10), -4.6 

(C-5/6), -4.8 (C-5/6). 

FT-IR (ATR, cm-1): 𝜈 = 2953, 2928, 2893, 2884, 2857, 1781, 1747, 1470, 1462, 1373, 1367, 1360, 1346, 1259, 

1251, 1231, 1193, 1170, 1103, 1057, 997, 987, 937, 906, 875, 838, 824, 807, 780, 765, 713, 671, 663. 

MS (EI, 70 eV): m/z (%) = 159 (12), 158 (12), 119 (13), 118 (32), 117 (100), 103 (10), 89 (23), 75 (30), 73 (24), 59 

(16), 57 (35), 45 (12), 41 (20). 

HR-MS (EI, 70 eV): [C6H10BrO3Si] = [M – C(CH3)3], calcd.: 236.9589; found: 236.9575. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 99.5:0.5; 1 mL·min-1; 209 nm; Rf(3S,4R) = 9.2 min; Rf(3R-4S) = 9.9 min. 

Optical Rotation: 𝛼𝐷
20 = −35.2° (c = 1.0, CHCl3). 

 

(3R,4S)-3-Bromo-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-one (1b) 

 

L-carnitine (13, 3.22 g, 20.0 mmol, 1.0 equiv) was dissolved in DMF (32 mL). The mixture was heated to 150 °C 

for 16 h, cooled to room temperature and DMF was evaporated under reduced pressure. Sat. aq. NH4Cl (10 mL) 

was added and extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with 10% aq. LiCl 

(25 mL) and brine (25 mL), dried over Na2SO4 and the volatiles were removed under reduced pressure. The 

residue was subjected to column chromatography purification (silica, i-hexane/EtOAc 7:3) to afford the chiral 

β-hydroxylactone (561 mg, 5.50 mmol, 28% yield). 

The β-hydroxylactone (561 mg, 5.50 mmol, 1.00 equiv) was dissolved in CH2Cl2 (11 mL), DMF (8 µL) and NEt3 

(0.92 mL, 6.60 mmol, 1.20 equiv) were added. The mixture was cooled to 0 °C. TBSCl (995 mg, 6.60 mmol, 

1.20 equiv) was added and allowed to warm to rt overnight. Sat. aq. NH4Cl (10 mL) was added, the layers were 

separated and the aqueous phase was extracted with CH2Cl2 (3 x 25 mL). The combined organic layers were 
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dried over Na2SO4 and the volatiles were removed under reduced pressure. The residue was subjected to column 

chromatography purification (silica, i-hexane/EtOAc 7:3) to afford the β-OTBS-substituted lactone 14 (1.18 g, 

5.47 mmol, 99% yield). 

Lactone 14 (1.18 g, 5.47 mmol, 1.00 equiv) was dissolved in CH2Cl2 (30 mL) and NEt3 (4.67 mL, 32.8 mmol, 6.00 

equiv) was added. The mixture was cooled to 0 °C and TMSOTf (3.0 mL, 16.4 mmol, 3.0 equiv) was added and 

stirring was continued for 30 min. N-Bromosuccinimide (1.49 g, 8.20 mmol, 1.50 equiv) was dissolved in CH2Cl2 

(15 mL) and the solution was added to the reaction mixture dropwise. Stirring was continued for 1 h, sat. aq. 

Na2CO3 (20 mL) and water (20 mL) was added, the layers were separated and the aqueous phase was extracted 

with CH2Cl2 (3 x 25 mL). The combined organic layers were dried over Na2SO4 and the volatiles were removed 

under reduced pressure. The residue was subjected to column chromatography purification (silica, 

i-hexane/EtOAc 100:3) to afford the α-bromolactone 1b as colorless solid (983 mg, 3.34 mmol, 61% yield, dr = 

99:1, 99% ee). 

The analytical data is identical to the (3S,4R)-enantiomer 1a. 

Optical Rotation: 𝛼𝐷
20 = +35.4° (c = 1.0, CHCl3). 

 

(2R,5R,6R)-5-Bromo-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (4a)3 

 

L-threonine (15, 20.0 g, 168 mmol, 1.00 equiv) and KBr (31.0 g, 260 mmol, 1.50 equiv) were dissolved in water 

(300 mL) and conc. H2SO4 (50 mL) was added. The solution was cooled to -12 °C  and NaNO2 (18.8 g, 272 mmol, 

1.60 equiv) dissolved in water (60 mL) was added dropwise over 2 h. The mixture was allowed to warm to rt, 

stirred overnight and extracted with EtOAc (3 x 200 mL). The combined organic layers were dried over Na2SO4 

and the volatiles were removed under reduced pressure. The crude viscous oil containing the α-bromo acid 

(22.0 g, 120 mmol) was dissolved in CH2Cl2 (150 mL), cooled to 0 °C, and NEt3 (36.8 mL, 264 mmol, 2.20 equiv) 

and TMSCl (33.5 mL, 264 mmol, 2.20 equiv) were added. The mixture was allowed to warm to rt and was stirred 

for 3 d. Pentane (100 mL) was added, the salts were removed by filtration and the filtrate was evaporated to 

dryness. Pentane (150 mL) was added again, the salts were removed by filtration and the filtrate was evaporated 

to dryness. The crude product 16 (32.8 g, 100 mmol, 60% yield over two steps) was clean enough for the 

following transformation. 

The TMS-protected compound 16 (32.8 g, 100 mmol, 1.0 equiv) and pivalaldehyde (8.44 g, 98.0 mmol, 0.98 

equiv) were dissolved in CH2Cl2 (220 mL) and the solution was cooled to -78 °C. TMSOTf (0.54 mL, 3 mol%) was 

added and stirring at -78 °C was continued overnight. Pyridine (0.8 mL, 10.0 mmol, 0.10 equiv) was added, the 

mixture was allowed to warm to rt and washed with sat. aq. NaHCO3 (30 mL). The organic layer was dried over 

Na2SO4 and the volatiles were removed under reduced pressure. The residue was subjected to column 
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chromatography purification (silica, i-hexane/EtOAc 9:1) to afford the chiral (R)-α-bromolactone 4a (6.87 g, 27.4 

mmol, 27% yield) as colorless solid. 

m.p.: 49 – 51 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 5.00 (s, 1H, H-5), 4.31 (d, J = 2.2 Hz, 1H, H-3), 3.88 (qd, J = 6.1, 2.2 Hz, 1H, 

H-2), 1.40 (d, J = 6.1 Hz, 3H, H-1), 1.01 (s, 9H, H-7-9). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 165.4 (C-4), 110.0 (C-5), 72.1 (C-2), 46.1 (C-3), 35.7 (C-6), 24.0 (C-7-9), 19.1 

(C-1). 

FT-IR (ATR, cm-1): 𝜈 = 2979, 2938, 2878, 1716, 1706, 1701, 1685, 1670, 1654, 1647, 1636, 1458, 1374, 1281, 

1168, 1126, 1084, 1028, 941, 853. 

cHPLC: Chiracel OJ-H; heptane:i-PrOH = 95:5; 1 mL·min-1; 230 nm; Rf(R*) = 7.4 min; Rf(S*) = 16.3 min. 

Optical Rotation: 𝛼𝐷
20 = −14.2° (c = 1.0, CHCl3). 

 

(2S,5S,6S)-5-Bromo-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (4b) 

The (S)-enantiomer was synthesized by using D-threonine as starting material. 

The analytical data is identical to the other (R)-enantiomer 4a. 

Optical Rotation: 𝛼𝐷
20 = +15.8° (c = 1.0, CHCl3). 
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Stereoselective Cobalt-Catalyzed Cross-Coupling Reactions of Arylzinc 

Reagents with α-Bromolactones 

Typical Procedure 1 (TP1) for the cobalt-catalyzed cross-couplings of arylzinc reagents with 

α-bromolactones: Synthesis of (3S,4S)-4-((tert-butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)-

dihydrofuran-2(3H)-one (3a) 

 

A dry and argon flushed Schlenk-tube, equipped with a magnetic stirring bar and a septum, was charged with 

magnesium turnings (291 mg, 12.0 mmol, 1.20 equiv), dry LiCl (508 mg, 12.0 mmol, 1.20 equiv) and dry THF (1 M 

solution relating to the aryl halide, 10 mL). 4-Bromoanisole (1.87 g, 10.0 mmol, 1.00 equiv) was added dropwise 

at 0 °C. The progress of the magnesium insertion was monitored by GC-analysis of reaction aliquots quenched 

with I2. Upon completion of the insertion (2 h), the concentration of the Grignard reagent was determined by 

titration4 of I2 in THF (c = 0.82 M).  

Solid ZnCl2 (681 mg, 5.00 mmol, 1.00 equiv) was placed in a dry and argon flushed Schlenk-tube equipped with 

a magnetic stirring bar and a septum and dried under vacuum at 250 °C for 5 min. After cooling to rt under 

vacuum, an argon atmosphere was applied and THF (1 M according to ZnCl2, 5 mL) was added. The Grignard 

reagent (6.1 mL, 5.00 mmol, 1.00 equiv) was added at 0 °C, the solution was allowed to warm to rt and stirred 

for 15 min. The concentration of 4-anisylzinc chloride was determined by titration4 of I2 (c = 0.43 M).  

A dry and argon-flushed 20 mL Schlenk-tube, equipped with a stirring bar and a septum, was charged with CoCl2 

(6.5 mg, 0.050 mmol, 10 mol%). The solid was flame dried under high vacuum for 5 min. After cooling to rt, PPh3 

(13 mg, 0.050 mmol, 10 mol%) and the α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was added. The 

mixture was dissolved in THF (1 mL) and cooled to -20 °C. 4-Anisylzinc chloride (1.4 mL, 0.600 mmol, 1.20 equiv) 

was added and the mixture was allowed to warm to rt overnight. The reaction was monitored by GC-analysis 

(C11H24 was used as an internal standard) and TLC. Upon complete consumption of the starting material 

(conversion 100%), sat. aq. NH4Cl (5 mL) and ethyl acetate (5 mL) were added, the phases were separated and 

the aqueous phase was extracted with ethyl acetate (3 x 20 mL). The combined organic layers were dried over 

Na2SO4, the solvents were evaporated and the residue was subjected to column chromatography purification 

on silica using i-hexane/ethyl acetate (9:1) as an eluent to afford 3a as colorless solid (131 mg, 0.406 mmol, 81% 

yield, dr = 99:1, 99% ee). 

m.p.: 56 – 58 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.16 – 7.02 (m, 2H), 6.97 – 6.73 (m, 2H), 4.44 (dd, J = 5.9, 2.4 Hz, 2H), 4.11 

– 3.97 (m, 1H), 3.80 (s, 3H), 3.64 (d, J = 6.1 Hz, 1H), 0.83 (s, 9H), -0.07 (s, 3H), -0.12 (s, 3H). 
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13C-NMR (101 MHz, CDCl3, ppm): δ = 175.8, 159.4, 129.5, 126.6, 114.6, 76.3, 72.6, 55.4, 55.0, 25.7, 

18.0, -4.8, -4.9. 

FT-IR (ATR, cm-1): 𝜈 = 2997, 2953, 2930, 2856, 1785, 1613, 1515, 1473, 1465, 1345, 1249, 1221, 1177, 1144, 

1122, 1109, 1091, 1072, 1023, 1011, 942, 915, 838, 826, 816, 778, 675. 

MS (EI, 70 eV): m/z (%) = 237 (13), 190 (26), 162 (20), 133 (68), 121 (40), 117 (14), 89 (10), 77 (11), 75 (100), 45 

(10), 44 (11), 43 (66). 

HR-MS (EI, 70 eV): [C17H26O4Si], calcd.: 322.1600; found: 322.1607. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 227 nm; Rf(S*) = 13.3 min; Rf(R*) = 16.8 min. 

Optical Rotation: 𝛼𝐷
20 = −36.6° (c = 1.0, CHCl3). 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-(trifluoromethoxy)phenyl)dihydrofuran-2(3H)-one (3b) 

 

According to TP1, α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was treated with 

4-trifluoromethoxyphenylzinc chloride 2b (0.600 mmol, 1.20 equiv). The crude product was purified by column 

chromatography on silica using i-hexane/ethyl acetate (9:1) as an eluent to afford 3b as colorless solid (63% 

yield, dr = 99:1, 99% ee, 119 mg, 0.316 mmol). 

m.p.: 57 – 58 °C.  

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.25 (d, J = 2.2 Hz, 4H), 4.56 – 4.31 (m, 2H), 4.21 – 3.97 (m, 1H), 3.79 – 3.57 

(m, 1H), 0.82 (s, 9H), -0.08 (s, 3H), -0.15 (s, 3H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 174.7, 149.0, 133.4, 130.1, 121.7, 120.8 (q, J = 257.5 Hz), 76.2, 72.4, 54.9, 

25.6, 18.0, -4.9. 

FT-IR (ATR, cm-1): 𝜈 = 2956, 2932, 2860, 1786, 1510, 1472, 1464, 1390, 1254, 1214, 1154, 1126, 1070, 1028, 

1004, 922, 836, 778, 674. 

MS (EI, 70 eV): m/z (%) = 290 (31), 244 (38), 216 (18), 188 (14), 187 (97), 174 (31), 118 (14), 117 (100), 101 (11), 

89 (11), 75 (84), 73 (11), 61 (16), 43 (52). 

HR-MS (EI, 70 eV): [C17H23O4F3Si], calcd.: 376.1318; found: 376.1311. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 210 nm; Rf(S*) = 11.1 min; Rf(R*) = 17.6 min. 
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Optical Rotation: 𝛼𝐷
20 = −11.0° (c = 1.0, CHCl3). 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-(trifluoromethyl)phenyl)dihydrofuran-2(3H)-one (3c) 

 

According to TP1, α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was coupled with 

4-trifluoromethylphenylzinc chloride 2c (0.600 mmol, 1.20 equiv). The crude product was purified by column 

chromatography on silica using i-hexane/ethyl acetate (100:8) as an eluent to afford 3c as yellowish solid (62% 

yield, dr = 99:1, 99% ee, 112 mg, 0.310 mmol). 

m.p.: 61 – 63 °C. 

1H-NMR (400 MHz, benzene-D6, ppm): δ = 7.32 (d, J = 8.1 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 3.93 – 3.70 (m, 2H), 

3.47 (dd, J = 8.6, 7.0 Hz, 1H), 3.15 (d, J = 8.1 Hz, 1H), 0.74 (s, 9H), -0.36 (s, 3H), -0.45 (s, 3H). 

13C-NMR (101 MHz, benzene-D6, ppm): δ = 173.0, 139.5, 130.1 (q, J = 32.4 Hz), 129.4, 125.8 (q, J = 3.9 Hz), 124.8 

(q, J = 272.1 Hz), 75.7, 71.4, 54.8, 25.6, 17.8, -5.1, -5.2. 

FT-IR (ATR, cm-1): 𝜈 = 2952, 2932, 2858, 1795, 1621, 1469, 1325, 1257, 1224, 1155, 1136, 1125, 1111, 1068, 

1012, 923, 836, 784, 765, 702, 674. 

MS (EI, 70 eV): m/z (%) = 245 (8), 228 (5), 171 (15), 151 (5), 118 (7), 117 (100), 89 (6), 75 (28), 73 (7), 43 (18). 

HR-MS (EI, 70 eV): [C17H23F3O3Si], calcd.: 360.1369; found: 360.1344. 

cHPLC: Chiracel AD-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 216 nm; Rf(S*) = 9.3 min; Rf(R*) = 7.4 min. 

Optical Rotation: 𝛼𝐷
20 = −24° (c = 1.0, CHCl3). 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(3-(methylthio)phenyl)dihydrofuran-2(3H)-one (3d) 

 

According to TP1, α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was coupled with 3-thioanisylzinc 

chloride 2d (0.600 mmol, 1.20 equiv). The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (9:1) as an eluent to afford 3d as colorless solid (63% yield, dr = 99:1, 99% ee, 107 mg, 

0.316 mmol). 
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m.p.: 109 – 110 °C.  

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.29 (t, J = 7.7 Hz, 1H), 7.20 (ddd, J = 7.9, 1.9, 1.1 Hz, 1H), 7.08 (t, J = 1.9 Hz, 

1H), 6.97 (dt, J = 7.5, 1.5 Hz, 1H), 4.49 – 4.35 (m, 2H), 4.15 – 4.01 (m, 1H), 3.70 – 3.62 (m, 1H), 2.47 (s, 3H), 0.84 

(s, 9H), -0.07 (s, 3H), -0.12 (s, 3H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 175.1, 139.6, 135.3, 129.5, 126.6, 126.1, 124.9, 76.1, 72.7, 55.5, 25.7, 18.0, 

15.9, -4.8, -4.9. 

FT-IR (ATR, cm-1): 𝜈 = 2954, 2928, 2858, 1792, 1592, 1574, 1468, 1416, 1350, 1262, 1252, 1226, 1180, 1152, 

1126, 1086, 1070, 1014, 928, 868, 860, 836, 794, 780, 744, 696, 682, 674. 

MS (EI, 70 eV): m/z (%) = 207 (13), 206 (100), 150 (14), 149 (74), 134 (17), 117 (29), 115 (11), 102 (21), 75 (78). 

HR-MS (EI, 70 eV): [C17H26O3SSi], calcd.: 338.1372; found: 338.1376. 

cHPLC: Chiracel AD-H; heptane:i-PrOH = 99.5:0.5; 1 mL·min-1; 213 nm; Rf(S*) = 31.1 min; Rf(R*) = 40.0 min. 

Optical Rotation: 𝛼𝐷
20 = −23.6° (c = 1.0, CHCl3). 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(3-((tert-butyldimethylsilyl)oxy)phenyl)dihydrofuran-

2(3H)-one (3e) 

 

According to TP1, α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was coupled with arylzinc reagent 2e 

(0.600 mmol, 1.20 equiv). The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (9:1) as an eluent to afford 3e as yellow oil (77% yield, dr = 99:1, 99% ee, 163 mg, 

0.386 mmol). 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.22 (t, J = 7.9 Hz, 1H), 6.83 – 6.75 (m, 2H), 6.68 (t, J = 2.1 Hz, 1H), 4.52 – 

4.40 (m, 2H), 4.14 – 4.03 (m, 1H), 3.64 (d, J = 5.7 Hz, 1H), 0.98 (s, 9H), 0.84 (s, 9H), 0.19 (s, 6H), -0.06 (s, 3H), -

0.09 (s, 3H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 175.4, 156.3, 136.0, 130.1, 121.3, 120.3, 119.7, 76.3, 72.8, 55.6, 25.8, 25.7, 

18.3, 18.0, -4.3, -4.8, -4.9. 

FT-IR (ATR, cm-1): 𝜈 = 2955, 2930, 2891, 2858, 1786, 1774, 1603, 1586, 1487, 1472, 1464, 1438, 1279, 1253, 

1237, 1160, 1121, 1028, 1002, 908, 870, 837, 808, 779, 722, 694. 

MS (EI, 70 eV): m/z (%) = 365 (39), 337 (60), 278 (25), 277 (62), 233 (100), 159 (63), 117 (88). 
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HR-MS (EI, 70 eV): [C22H38O4Si2], calcd.: 422.2309; found: 422,2313. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 270 nm; Rf(S*) = 5.6 min; Rf(R*) = 7.8 min. 

Optical Rotation: 𝛼𝐷
20 = −13.4° (c = 1.0, CHCl3). 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(6-methoxynaphthalen-2-yl)dihydrofuran-2(3H)-one (3f) 

 

According to TP1, α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was coupled with 

(6-methoxynaphthalen-2-yl)zinc chloride  2f (0.600 mmol, 1.20 equiv). The crude product was purified by 

column chromatography on silica using i-hexane/ethyl acetate (9:1) as an eluent to afford 3f as colorless solid 

(61% yield, dr = 99:1, 99% ee, 113 mg, 0.303 mmol). 

m.p.: 136 – 137 °C.  

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.76 (d, J = 8.5 Hz, 1H), 7.70 (d, J = 8.9 Hz, 1H), 7.60 (d, J = 1.9 Hz, 1H), 7.30 

– 7.24 (m, 1H), 7.20 – 7.09 (m, 2H), 4.61 – 4.44 (m, 2H), 4.13 (dd, J = 8.9, 5.7 Hz, 1H), 3.92 (s, 3H), 3.84 (d, J = 6.4 

Hz, 1H), 0.84 (s, 9H), -0.08 (s, 3H), -0.14 (s, 3H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 175.7, 158.0, 134.1, 129.5, 129.4, 129.0, 127.9, 127.5, 126.3, 119.5, 105.7, 

76.2, 72.9, 55.7, 55.4, 25.7, 18.0, -4.7, -4.9. 

FT-IR (ATR, cm-1): 𝜈 = 2954, 2928, 2856, 1792, 1608, 1508, 1488, 1468, 1422, 1402, 1392, 1346, 1274, 1262, 

1252, 1238, 1228, 1192, 1182, 1154, 1134, 1086, 1072, 1028, 1018, 1002, 974, 928, 906, 888, 860, 848, 834, 814, 

782, 738, 704, 686, 670. 

MS (EI, 70 eV): m/z (%) = 372 (17), 316 (2), 315 (7), 314 (23), 288 (4), 287 (18), 240 (24), 171 (100). 

HR-MS (EI, 70 eV): [C21H28O4Si], calcd.: 372.1757; found: 372.1747. 

cHPLC: Chiracel OJ-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 233 nm; Rf(S*) = 36.6 min; Rf(R*) = 25.7 min. 

Optical Rotation: 𝛼𝐷
20 = −39.9° (c = 1.0, EtOAc). 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(benzo[d][1,3]dioxol-5-yl)dihydrofuran-2(3H)-one (3g) 

 

According to TP1, α-bromolactone 1a (148 mg, 0.500 mmol, 1.00 equiv) was coupled with benzodioxolylzinc 

chloride 2g (0.600 mmol, 1.20 equiv). The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (100:8) as an eluent to afford 3g as colorless solid (84% yield, dr = 99:1, 99% ee, 141 mg, 

0.419 mmol). 

m.p.: 75 – 77 °C. 

1H-NMR (400 MHz, benzene-D6, ppm): δ = 6.71 – 6.54 (m, 2H), 6.47 (dd, J = 8.0, 1.8 Hz, 1H), 5.35 – 5.18 (m, 2H), 

3.96 (dt, J = 7.6, 6.6 Hz, 1H), 3.84 (dd, J = 8.8, 6.4 Hz, 1H), 3.51 (dd, J = 8.8, 6.8 Hz, 1H), 3.19 (d, J = 7.8 Hz, 1H), 

0.77 (s, 9H), -0.29 (s, 3H), -0.31 (s, 3H). 

13C-NMR (101 MHz, benzene-D6, ppm): δ = 174.0, 148.6, 147.7, 129.1, 122.5, 109.1, 108.6, 101.2, 76.0, 71.5, 

55.0, 25.7, 17.9, -5.0, -5.1. 

FT-IR (ATR, cm-1): 𝜈 = 2955, 2927, 2857, 2359, 2332, 1760, 1605, 1508, 1471, 1444, 1379, 1359, 1269, 1252, 

1237, 1164, 1095, 1063, 1044, 996, 932, 913, 888, 826, 775, 723, 681, 666. 

MS (EI, 70 eV): m/z (%) = 251 (30), 204 (12), 162 (21), 147 (25), 135 (100), 117 (41), 89 (14), 75 (48), 73 (13), 43 

(19). 

HR-MS (EI, 70 eV): [C17H24O5Si], calcd.: 336.1393; found: 336.1388. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 99:1; 1 mL·min-1; 289 nm; Rf(S*) = 18.9 min; Rf(R*) = 27.4 min. 

Optical Rotation: 𝛼𝐷
20 = −28.9° (c = 1.0, CHCl3). 

 

(3S,4S)-3-(2-(Benzyloxy)-4,5-dimethoxyphenyl)-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-

one (3h) 

 

According to TP1, α-bromolactone 1a (2.50 g, 8.46 mmol, 1.00 equiv) was coupled with arylzinc reagent 2h 

(10.2 mmol, 1.20 equiv). The crude product was purified by column chromatography on silica using 
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i-hexane/ethyl acetate (8:2) as an eluent to afford 3h as yellow solid. (94% yield, dr = 99:1, 99% ee, 3.65 g, 

7.96 mmol). 

m.p.: 83 – 85 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.47 – 7.32 (m, 5H), 6.71 (s, 1H), 6.63 (s, 1H), 5.06 (q, J = 11.4 Hz, 2H), 4.68 

(td, J = 6.8, 6.3 Hz, 1H), 4.29 (dd, J = 9.0, 6.9 Hz, 1H), 3.97 (dd, J = 9.0, 6.3 Hz, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.60 

(d, J = 6.8 Hz, 1H), 0.81 (s, 9H), -0.12 (s, 3H), -0.17 (s, 3H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 176.1, 150.5, 149.6, 143.3, 136.6, 128.7, 128.2, 127.8, 115.3, 115.3, 99.3, 

74.2, 73.2, 71.6, 56.7, 56.3, 53.1, 25.7, 18.0, -4.8, -5.0. 

FT-IR (ATR, cm-1): 𝜈 = 2952, 2929, 2897, 2886, 2855, 1779, 1612, 1511, 1463, 1450, 1400, 1388, 1338, 1251, 

1223, 1195, 1152, 1117, 1071, 1021, 933, 882, 836, 815, 780, 758, 733, 697, 683, 672. 

MS (EI, 70 eV): m/z (%) = 326 (28), 235 (51), 207 (13), 179 (11), 91 (100), 75 (42), 73 (17). 

HR-MS (EI, 70 eV): [C25H34O6Si], calcd.: 458.2125; found: 458.2116. 

cHPLC: Chiracel AD-H; heptane:i-PrOH = 95:5; 1 mL·min-1; 220 nm; Rf(S*) = 11.7 min; Rf(R*) = 18.5 min. 

Optical Rotation: 𝛼𝐷
20 = −44.7° (c = 1.0, CHCl3). 

 

(2R,5R,6R)-2-(tert-Butyl)-5-(4-methoxyphenyl)-6-methyl-1,3-dioxan-4-one (5a) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was coupled with 4-anisylzinc chloride 

2a (0.750 mmol, 1.50 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) and PPh3 (26 mg, 0.100 mmol, 20 mol%) 

as catalytic system. The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (9:1) as an eluent to afford 5a as colorless solid (81% yield, dr = 99:1, 97% ee, 113 mg, 

0.405 mmol). 

m.p.: 68 – 70 °C. 

1H-NMR (400 MHz, benzene-D6, ppm): δ = 6.88 – 6.78 (m, 2H), 6.78 – 6.69 (m, 2H), 4.78 (s, 1H), 3.53 (dq, J = 

10.5, 6.0 Hz, 1H), 3.30 (s, 3H), 3.12 (d, J = 10.7 Hz, 1H), 1.04 (s, 9H), 0.90 (d, J = 6.0 Hz, 3H). 

13C-NMR (101 MHz, benzene-D6, ppm): δ = 168.5, 159.6, 130.7, 114.5, 108.2, 77.3, 55.5, 54.8, 35.5, 24.1, 19.3. 

FT-IR (ATR, cm-1): 𝜈 = 2961, 2907, 2838, 1736, 1616, 1519, 1484, 1461, 1409, 1345, 1271, 1209, 1177, 1152, 

1120, 1081, 1026, 992, 970, 924, 881, 830, 762. 
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MS (EI, 70 eV): m/z (%) = 193 (47), 165 (32), 149 (28), 148 (100), 147 (45), 133 (17), 121 (14), 91 (15), 77 (16), 57 

(17), 43 (13), 41 (15). 

HR-MS (EI, 70 eV): [C16H22O4], calcd.: 278.1518; found: 278.1514. 

cHPLC: Chiracel OJ-H; heptane:i-PrOH = 9:1; 1 mL·min-1; 222 nm; Rf(R*) = 13.3 min; Rf(S*) = 9.4 min. 

Optical Rotation: 𝛼𝐷
20 = +29.4° (c = 1.0, EtOAc). 

 

(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(4-(trifluoromethoxy)phenyl)-1,3-dioxan-4-one (5b) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was coupled with 

4-trifluoromethoxyphenylzinc chloride 2b (0.750 mmol, 1.50 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) 

and PPh3 (26 mg, 0.100 mmol, 20 mol%) as catalytic system. The crude product was purified by column 

chromatography on silica using i-hexane/ethyl acetate (9:1) as an eluent to afford 5b as colorless solid. (63% 

yield, dr = 99:1, 99% ee, 105 mg, 0.316 mmol). 

m.p.: 64 – 67 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.21 (s, 4H), 5.15 (s, 1H), 3.99 (dq, J = 10.5, 6.0 Hz, 1H), 3.50 (d, J = 10.6 Hz, 

1H), 1.23 (d, J = 6.1 Hz, 3H), 1.03 (s, 9H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 169.6, 148.9 (q, J = 1.9 Hz), 134.2, 130.8, 121.6, 120.5 (q, J = 257.5 Hz), 

109.1, 77.0, 55.5, 35.5, 24.0, 19.6. 

FT-IR (ATR, cm-1): 𝜈 = 2974, 2966, 2876, 1738, 1512, 1486, 1366, 1344, 1258, 1208, 1150, 1114, 1088, 1030, 

1020, 992, 966, 938, 922, 884, 844, 804, 762. 

HR-MS: Fragmentation: [C10H10O2F3] = M – [C6H9O2], calcd.: 219.0633; found: 219.0625. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 210 nm; Rf(R*) = 7.9 min; Rf(S*) = 8.7 min. 

Optical Rotation: 𝛼𝐷
20 = −3.3° (c = 1.0, CHCl3). 
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(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(4-(trifluoromethyl)phenyl)-1,3-dioxan-4-one (5c) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was coupled with 

4-trifluoromethylphenylzinc chloride 2c (0.750 mmol, 1.50 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) and 

PPh3 (26 mg, 0.100 mmol, 20 mol%) as catalytic system. The crude product was purified by column 

chromatography on silica using i-hexane/ethyl acetate (9:1) as an eluent to afford 5c as colorless crystals. (61% 

yield, dr = 99:1, 99% ee, 97 mg, 0.307 mmol). 

m.p.: 90 – 94 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.83 – 7.55 (m, 2H), 7.51 – 7.14 (m, 2H), 5.17 (s, 1H), 4.03 (dq, J = 10.6, 6.0 

Hz, 1H), 3.56 (d, J = 10.6 Hz, 1H), 1.23 (d, J = 6.0 Hz, 3H), 1.03 (s, 9H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 169.3, 139.4 (d, J = 1.5 Hz), 130.3 (q, J = 32.6 Hz), 129.8, 126.1 (q, J = 3.8 

Hz), 124.0 (q, J = 272.1 Hz), 109.2, 76.8, 55.9, 35.5, 24.0, 19.5. 

FT-IR (ATR, cm-1): 𝜈 = 2967, 2919, 2875, 2359, 2341, 1733, 1619, 1484, 1452, 1366, 1322, 1283, 1214, 1165, 

1128, 1117, 1066, 1020, 992, 964, 884, 830, 760, 685. 

MS (EI, 70 eV): m/z (%) = 214 (3), 213 (31), 203 (31), 187 (11), 186 (100), 185 (22), 158 (13), 117 (52), 115 (11). 

HR-MS (EI, 70 eV): Fragmentation: [C10H10OF3] = M – [C6H9O2], calcd.: 203.0684; found: 203.0677. 

cHPLC: Chiracel AD-H; heptane:i-PrOH = 70:30; 1 mL·min-1; 215 nm; Rf(R*) = 7.9 min; Rf(S*) = 17.5 min. 

Optical Rotation: 𝛼𝐷
20 = +24.0° (c = 1.0, CHCl3). 

 

(2R,5R,6R)-2-(tert-Butyl)-5-(3-((tert-butyldimethylsilyl)oxy)phenyl)-6-methyl-1,3-dioxan-4-one (5d) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was coupled with arylzinc reagent 2e 

(0.750 mmol, 1.50 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) and PPh3 (26 mg, 0.100 mmol, 20 mol%) as 

catalytic system. The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (95:5) as an eluent to afford 5d as colorless solid (69% yield, dr = 99:1, 99% ee, 131 mg, 

0.346 mmol). 
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m.p.: 62 – 63 °C.  

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.20 (t, J = 7.9 Hz, 1H), 6.85 – 6.69 (m, 2H), 6.64 (t, J = 2.1 Hz, 1H), 5.14 (s, 

1H), 3.98 (dq, J = 10.4, 6.0 Hz, 1H), 3.41 (d, J = 10.6 Hz, 1H), 1.23 (d, J = 6.0 Hz, 3H), 1.03 (s, 9H), 0.98 (s, 9H), 0.19 

(s, 6H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 169.9, 156.1, 136.9, 130.1, 122.2, 121.2, 119.5, 108.9, 77.2, 56.1, 35.5, 

25.8, 24.1, 19.6, 18.3, -4.2, -4.3. 

FT-IR (ATR, cm-1): 𝜈 = 2959, 2931, 2859, 1732, 1602, 1585, 1485, 1473, 1458, 1446, 1342, 1274, 1253, 1236, 

1217, 1151, 1114, 1030, 1002, 993, 982, 961, 939, 926, 874, 860, 837, 804, 783, 758, 728, 699. 

MS (EI, 70 eV): m/z (%) = 378 (5), 293 (8), 248 (18), 192 (24), 191 (100), 73 (8). 

HR-MS (EI, 70 eV): [C21H34O4Si], calcd.: 378.2226; found: 378.2212. 

cHPLC: Chiracel OD-H; heptane:i-PrOH = 99.5:0.5; 1 mL·min-1; 218 nm; Rf(R*) = 7.2 min; Rf(S*) = 12.3 min. 

Optical Rotation: 𝛼𝐷
20 = −0.9° (c = 1.0, CHCl3). 

 

(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(3-(methylthio)phenyl)-1,3-dioxan-4-one (5e) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was coupled with 3-thioanisylzinc 

chloride 2d (0.750 mmol, 1.50 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) and PPh3 (26 mg, 0.100 mmol, 

20 mol%) as catalytic system. The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (9:1) as an eluent to afford 5e as colorless solid (61% yield, dr = 99:1, 99% ee, 90 mg, 

0.306 mmol). 

m.p.: 56 – 57 °C.  

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.28 (t, J = 7.7 Hz, 1H), 7.19 (dt, J = 7.9, 1.1 Hz, 1H), 7.05 (t, J = 1.8 Hz, 1H), 

6.94 (dt, J = 7.6, 1.4 Hz, 1H), 5.15 (s, 1H), 4.01 (dq, J = 10.6, 6.1 Hz, 1H), 3.44 (d, J = 10.6 Hz, 1H), 2.47 (s, 3H), 1.23 

(d, J = 6.1 Hz, 3H), 1.03 (s, 9H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 169.7, 139.6, 136.2, 129.5, 127.4, 126.0, 125.9, 109.0, 77.1, 56.1, 35.5, 

24.1, 19.6, 15.9. 

FT-IR (ATR, cm-1): 𝜈 = 2978, 2962, 2872, 1738, 1592, 1574, 1482, 1440, 1422, 1410, 1378, 1366, 1342, 1278, 

1234, 1212, 1150, 1112, 1086, 1030, 992, 968, 938, 926, 914, 780, 760, 738, 696. 
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MS (EI, 70 eV): m/z (%) = 294 (6), 181 (19), 165 (11), 164 (100), 163 (13), 117 (60), 115 (15). 

HR-MS (EI, 70 eV): [C16H22O3S], calcd.: 294.1290; found: 294.1281. 

cHPLC: Chiracel OJ-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 211 nm; Rf(S*) = 12.29 min; Rf(R*) = 20.01 min. 

Optical Rotation: 𝛼𝐷
20 = +4.3° (c = 1.0, CHCl3). 

 

(2R,5R,6R)-2-(tert-Butyl)-5-(6-methoxynaphthalen-2-yl)-6-methyl-1,3-dioxan-4-one (5f) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.00nequiv) was coupled with 

(6-methoxynaphthalen-2-yl)zinc chloride  2f (0.750 mmol, 1.50 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) 

and PPh3 (26 mg, 0.100 mmol, 20 mol%) as catalytic system. The crude product was purified by column 

chromatography on silica using i-hexane/ethyl acetate (9:1) as an eluent to afford 5f as colorless solid (82% yield, 

dr = 99:1, 99% ee, 134 mg, 0.408 mmol). 

m.p.: 199 – 200 °C.  

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.74 (d, J = 8.5 Hz, 1H), 7.70 (d, J = 8.9 Hz, 1H), 7.60 (d, J = 1.8 Hz, 1H), 7.23 

(dd, J = 8.4, 1.8 Hz, 1H), 7.16 (dd, J = 8.9, 2.5 Hz, 1H), 7.12 (d, J = 2.5 Hz, 1H), 5.22 (s, 1H), 4.26 – 4.02 (m, 1H), 

3.91 (s, 3H), 3.62 (d, J = 10.6 Hz, 1H), 1.26 (d, J = 6.1 Hz, 3H), 1.06 (s, 9H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 170.2, 158.0, 134.1, 130.6, 129.3, 129.0, 128.6, 127.8, 126.9, 119.4, 109.0, 

105.7, 77.2, 56.2, 55.4, 35.5, 24.1, 19.6. 

FT-IR (ATR, cm-1): 𝜈 = 2962, 2906, 2874, 1730, 1630, 1606, 1484, 1462, 1394, 1378, 1364, 1342, 1266, 1234, 

1218, 1204, 1176, 1162, 1142, 1110, 1080, 1026, 992, 980, 960, 946, 936, 922, 900, 882, 846, 826, 812, 756, 736, 

718, 668. 

MS (EI, 70 eV): m/z (%) = 328 (37), 243 (47), 215 (27), 199 (56), 198 (100), 155 (24).  

HR-MS (EI, 70 eV): [C20H24O4], calcd.: 328.1675; found: 328.1668. 

cHPLC: Chiracel OJ-H; heptane:i-PrOH = 98:2; 1 mL·min-1; 232 nm; Rf(R*) = 39.7 min; Rf(S*) = 45.9 min. 

Optical Rotation: 𝛼𝐷
20 = +64.2° (c = 1.0, EtOAc). 
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(2R,5R,6R)-5-(Benzo[d][1,3]dioxol-5-yl)-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (5g) 

 

According to TP1, α-bromolactone 4a (126 mg, 0.500 mmol, 1.0 equiv) was coupled with benzodioxolylzinc 

chloride 2g (0.750 mmol, 1.5 equiv) using CoCl2 (13 mg, 0.100 mmol, 20 mol%) and PPh3 (26 mg, 0.100 mmol, 20 

mol%) as catalytic system. The crude product was purified by column chromatography on silica using 

i-hexane/ethyl acetate (9:1) as an eluent to afford 5g as colorless oil (73% yield, dr = 99:1, 99% ee, 107 mg, 

0.366 mmol). 

1H-NMR (400 MHz, benzene-D6, ppm): δ = 6.58 (d, J = 7.9 Hz, 1H), 6.48 (d, J = 1.8 Hz, 1H), 6.29 (dd, J = 7.9, 1.8 

Hz, 1H), 5.29 (dd, J = 13.0, 1.4 Hz, 2H), 4.71 (s, 1H), 3.44 (dq, J = 10.5, 6.0 Hz, 1H), 3.00 (d, J = 10.7 Hz, 1H), 1.02 

(s, 9H), 0.86 (d, J = 6.1 Hz, 3H). 

13C-NMR (101 MHz, benzene-D6, ppm): δ = 168.2, 148.4, 147.6, 129.9, 123.2, 109.8, 108.6, 108.1, 101.2, 77.1, 

55.9, 35.4, 24.1, 19.3. 

FT-IR (ATR, cm-1): 𝜈 = 2978, 2962, 2906, 2874, 1738, 1506, 1486, 1464, 1444, 1410, 1378, 1366, 1340, 1278, 

1246, 1228, 1212, 1152, 1112, 1084, 1030, 992, 968, 930, 806, 762, 734. 

MS (EI, 70 eV): m/z (%) = 292 (7), 207 (17), 163 (11), 162 (100), 43 (32). 

HR-MS (EI, 70 eV): [C16H20O5], calcd.: 292.1311; found: 292.1298. 

cHPLC: Chiracel OJ-H; heptane:i-PrOH = 9:1; 1 mL·min-1; 234 nm; Rf(R*) = 10.4 min; Rf(S*) = 7.9 min. 

Optical Rotation: 𝛼𝐷
20 = +13.4° (c = 1.0, CHCl3). 

 

Ethyl 4-((2R,4R,5R)-2-(tert-butyl)-4-methyl-6-oxo-1,3-dioxan-5-yl)benzoate (5h) 

 

A dry and argon flushed Schlenk-tube, equipped with a magnetic stirring bar and a septum, was charged with 

ethyl 4-iodobenzoate (207 mg, 0.750 mmol, 1.00 equiv) and dry THF (1.5 mL). The mixture was cooled to -20°C, 

i-PrMgCl·LiCl (0.50 mL, 0.825 mmol, 1.10 equiv) was added dropwise and stirred for 30 min. Solid ZnCl2 

(0.750 mmol, 1.00 equiv) was placed in a dry and argon flushed Schlenk-tube equipped with a magnetic stirring 

bar and a septum and dried under vacuum at 250 °C for 5 min. After cooling to rt under vacuum, an argon 
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atmosphere was applied and THF (1.5 mL) was added. The solution was added to the Grignard reagent at -20 °C. 

The mixture containing arylzinc reagent 2i was allowed to warm to rt and stirred for 15 min. 

A dry and argon-flushed 20 mL Schlenk-tube, equipped with a stirring bar and a septum, was charged with CoCl2 

(13 mg, 0.100 mmol, 20 mol%). The solid was flame dried under high vacuum for 5 min. After cooling to rt, PPh3 

(26 mg, 0.100 mmol, 20 mol%) and the α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was added. The 

mixture was dissolved in THF (1 mL) and cooled to -20 °C. The freshly prepared organozinc chloride 2i was added 

and the mixture was allowed to warm to rt overnight. Sat. aq. NH4Cl (5 mL) and ethyl acetate (5 mL) were added, 

the phases were separated and the aqueous phase was extracted with ethyl acetate (3 x 20 mL). The combined 

organic layers were dried over Na2SO4, the solvents were evaporated and the residue was subjected to column 

chromatography purification on using i-hexane/ethyl acetate (9:1) as an eluent to afford 5h as a mixture of 

diastereomers (76% yield, dr = 50:50, 121 mg, 0.378 mmol). 

1H-NMR (400 MHz, CDCl3, ppm): δ = 8.09 – 8.00 (m, 2H), 7.31 – 7.22 (m, 2H), 5.17 (s, 1H), 4.38 (q, J = 7.1 Hz, 2H), 

4.03 (dq, J = 10.5, 6.1 Hz, 1H), 3.55 (d, J = 10.6 Hz, 1H), 1.38 (t, J = 7.1 Hz, 3H), 1.27 – 1.19 (m, 3H), 1.03 (s, 9H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 169.3, 166.2, 140.4, 130.3, 130.3, 129.4, 109.1, 61.2, 56.1, 35.5, 29.8, 24.1, 

19.6, 14.5. 

HR-MS (EI, 70 eV): [C18H24O5], calcd.: 320.1624; found: 320.1632. 

 

Ethyl 3-((2R,4R,5R)-2-(tert-butyl)-4-methyl-6-oxo-1,3-dioxan-5-yl)benzoate (5i) 

 

A dry and argon flushed Schlenk-tube, equipped with a magnetic stirring bar and a septum, was charged with 

ethyl 3-iodobenzoate (207 mg, 0.750 mmol, 1.00 equiv) and dry THF (1.5 mL). The mixture was cooled to -20°C, 

i-PrMgCl·LiCl (0.50 mL, 0.825 mmol, 1.10 equiv) was added dropwise and stirred for 30 min. Solid ZnCl2 

(0.750 mmol, 1.00 equiv) was placed in a dry and argon flushed Schlenk-tube equipped with a magnetic stirring 

bar and a septum and dried under vacuum at 250 °C for 5 min. After cooling to rt under vacuum, an argon 

atmosphere was applied and THF (1.5 mL) was added. The solution was added to the Grignard reagent at -20 °C. 

The mixture containing arylzinc reagent 2j was allowed to warm to rt and stirred for 15 min. 

A dry and argon-flushed 20 mL Schlenk-tube, equipped with a stirring bar and a septum, was charged with CoCl2 

(13 mg, 0.100 mmol, 20 mol%). The solid was flame dried under high vacuum for 5 min. After cooling to rt, PPh3 

(26 mg, 0.100 mmol, 20 mol%) and the α-bromolactone 4a (126 mg, 0.500 mmol, 1.00 equiv) was added. The 

mixture was dissolved in THF (1 mL) and cooled to -20 °C. The freshly prepared organozinc chloride 2j was added 

and the mixture was allowed to warm to rt overnight. Sat. aq. NH4Cl (5 mL) and ethyl acetate (5 mL) were added, 

the phases were separated and the aqueous phase was extracted with ethyl acetate (3 x 20 mL). The combined 

organic layers were dried over Na2SO4, the solvents were evaporated and the residue was subjected to column 
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chromatography purification on using i-hexane/ethyl acetate (9:1) as an eluent to afford 5i as colorless oil (52% 

yield, dr = 99:1, 83 mg, 0.259 mmol). 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.99 (dt, J = 7.7, 1.5 Hz, 1H), 7.86 (t, J = 1.8 Hz, 1H), 7.43 (t, J = 7.7 Hz, 1H), 

7.37 (dt, J = 7.7, 1.6 Hz, 1H), 5.18 (s, 1H), 4.37 (q, J = 7.1 Hz, 2H), 4.06 (dq, J = 10.6, 6.1 Hz, 1H), 3.53 (d, J = 10.7 

Hz, 1H), 1.38 (t, J = 7.1 Hz, 3H), 1.22 (d, J = 6.0 Hz, 3H), 1.03 (s, 9H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 169.6, 166.2, 135.8, 133.8, 131.3, 130.2, 129.2, 129.2, 109.0, 76.9, 61.3, 

55.9, 35.5, 24.0, 19.5, 14.4. 

FT-IR (ATR, cm-1): 𝜈 = 2980, 2964, 2938, 2906, 2874, 1734, 1716, 1367, 1343, 1283, 1236, 1213, 1189, 1150, 

1107, 1084, 1029, 993, 970, 912, 764, 751, 729, 705, 695. 

MS (EI, 70 eV): m/z (%) = 275 (20), 235 (24), 217 (18), 191 (32), 190 (100), 162 (17), 161 (46), 145 (87), 117 (41), 

115 (30), 91 (23), 57 (21). 

HR-MS (EI, 70 eV): [C18H23O5] = [M-H], calcd.: 319.1545; found: 319.1547. 

 

Total Synthesis of the Rotenoid Derivative MOM-Protected Munduserol (6) 

1-(Benzyloxy)-2-bromo-4,5-dimethoxybenzene (19) 

 

3,4-Dimethoxyphenol (17, 5.00 g, 32.4 mmol, 1.00 equiv) was dissolved in freshly distilled CH2Cl2 (60 mL) and 

cooled to 0 °C. N-Bromosuccinimide (5.77 g, 32.4 mmol, 1.00 equiv) was added slowly, the reaction mixture was 

allowed to warm to rt and stirred for 16 h. The reaction was stopped by adding sodium thiosulfate (15 mL), a 

sat. sol. of NH4Cl (15 mL) and water (15 mL). The phases were separated and the aqueous phase was extracted 

with CH2Cl2 (2 x 100 mL). The combined organic layers were dried over Na2SO4, the solvents were evaporated 

and the residue was subjected to column chromatography purification (silica, i-hexane/EtOAc 8:2). 2-Bromo-

4,5-dimethoxyphenol (18) was isolated as a brown solid (4.78 g, 20.5 mmol, 63% yield).  

2-Bromo-4,5-dimethoxyphenol (18, 4.78 g, 20.5 mmol, 1.00 equiv) was dissolved in THF (40mL). The solution 

was cooled to 0 °C and sodium hydride (60% in paraffin oil, 1.07 g, 26.7 mmol, 1.30 equiv) was added slowly. 

The reaction mixture was allowed to warm to rt and stirred for 30 min. Benzyl bromide (3.65 mL, 30.8 mmol, 

1.50 equiv) was added and the mixture was refluxed at 80 °C overnight. Water (100 mL) was added and the 

mixture was extracted with EtOAc (3 x 100 mL). The combined organic layers were dried over Na2SO4, the 

solvents were evaporated and the residue was subjected to column chromatography purification (silica, 



SI-23 

i-hexane/EtOAc 9:1). 1-(Benzyloxy)-2-bromo-4,5-dimethoxybenzene (19) was isolated as a as yellowish solid 

(5.51 g, 17.1 mmol, 83% yield). 

m.p.: 80 – 81 °C. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.56 – 7.44 (m, 2H), 7.44 – 7.36 (m, 2H), 7.36 – 7.30 (m, 1H), 7.04 (s, 1H), 

6.56 (s, 1H), 5.10 (s, 2H), 3.83 (s, 3H), 3.80 (s, 3H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 149.4, 148.9, 144.4, 136.8, 128.7, 128.2, 127.5, 116.1, 102.6, 101.6, 72.7, 

56.6, 56.3. 

FT-IR (ATR, cm-1): 𝜈 = 3084, 2998, 2969, 2952, 2934, 2920, 2909, 2899, 2877, 2845, 1580, 1503, 1462, 1455, 

1445, 1437, 1392, 1373, 1331, 1276, 1264, 1247, 1211, 1199, 1186, 1168, 1164, 1119, 1083, 1045, 1033, 1027, 

1011, 997, 975, 966, 922, 843, 817, 804, 759, 727, 700. 

MS (EI, 70 eV): m/z (%) = 324 (16), 322 (17), 244 (11), 243 (71), 233 (44), 231 (43), 211 (10), 205 (42), 203 (41), 

190 (17), 188 (17), 175 (11), 173 (11), 91 (100). 

HR-MS (EI, 70 eV): [C15H15BrO3], calcd.: 322.0205; found: 322.0197. 

 

(1S,2R,3S)-2-(2-(Benzyloxy)-4,5-dimethoxyphenyl)-3-((tert-butyldimethylsilyl)oxy)-1-(2-fluoro-4-

methoxyphenyl)butane-1,4-diol (8) 

 

A dry and argon flushed Schlenk-flask, equipped with a magnetic stirring bar and a septum, was charged with 

the chiral arylated lactone 3h (3.45 g, 7.52 mmol, 1.00 equiv) and dry CH2Cl2 (40 mL) was added. The solution 

was cooled to -78 °C and a solution of diisobutylaluminum hydride (1.0 M in CH2Cl2, 11.3 mL, 11.3 mmol, 1.50 

equiv) was added dropwise to the reaction. Upon disappearance of the starting material (TLC, after 2.5 h) the 

reaction was quenched with sat. aq. Rochelle’s salt (10 mL) and EtOAc (10 mL) and allowed to warm to rt and 

stirred for another 30 min. The layers were separated, and the aqueous phase was extracted with CH2Cl2 (5 x 

20 mL). The combined organic layers were dried over Na2SO4, the solvents were evaporated and the residue 

containing the corresponding lactol was used without further purification for the next step. 

The crude lactol was dissolved in THF (8 mL) and slowly added to the arylmagnesium reagent 7 (19.5 mL, 15.0 

mmol, 2.00 equiv) at 0 °C. The mixture was allowed to warm to rt and stirred for 16 h. Sat. aq. NH4Cl (15 mL) and 
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EtOAc (15 mL) was added. The layers were separated, and the aqueous phase was extracted with EtOAc (3 x 20 

mL). The combined organic layers were dried over Na2SO4, the solvents were evaporated and the residue was 

subjected to column chromatography purification (silica, i-hexane/EtOAc 7:3) to afford the alcohol 8 as a foamy 

solid (3.80 g, 6.49 mmol, 86% yield over two steps). 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.39 – 7.33 (m, 2H, H-12, H-19), 7.30 (d, J = 7.6 Hz, 2H, H-27-28), 7.20 (dd, 

J = 7.5 Hz, 2H, H-29-30), 7.11 (t, J = 7.4 Hz, 1H, H-31), 6.50 (dd, J = 8.6, 2.4 Hz, 1H, H-13), 6.25 (dd, J = 12.1, 2.5 

Hz, 1H, H-9), 6.15 (s, 1H, H-22), 5.66 (d, J = 10.6 Hz, 1H, H-14), 4.81 (dd, J = 5.7, 2.8 Hz, 1H, H-16), 4.62 (d, J = 11.7 

Hz, 1H, H-26’), 4.51 (d, J = 11.8 Hz, 1H, H-26), 4.15 (dd, J = 10.5, 2.6 Hz, 1H, H-15), 3.82 (s, 3H, H-25), 3.68 (dd, J 

= 11.1, 5.6 Hz, 1H, H-17’), 3.46 (dd, J = 11.2, 7.9 Hz, 1H, H-17), 3.23 (s, 3H, H-24), 3.00 (s, 3H, H-7), 2.54 (s, 1H, 

OH), 1.04 (s, 9H, H-3-4), 0.32 (s, 3H, H-1/2), 0.16 (s, 3H, H-1/2). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 161.2 (d, J = 244.5 Hz, C-10), 160.4 (d, J = 11.0 Hz, C-8), 150.9 (C-23), 149.1 

(C-20), 144.5 (C-21), 137.6 (C-27), 129.4 (d, J = 6.4 Hz, C-12), 129.0 (C-30-31), 127.8 (C-32), 127.6 (C-28-29), 123.7 

(d, J = 13.9 Hz, C-11), 118.5 (C-18), 116.1 (C-19), 111.0 (d, J = 2.9 Hz, C-13), 100.7 (d, J = 26.9 Hz, C-9), 100.0 (C-

22), 73.0 (C-16), 72.1 (C-26), 66.9 (C-14), 65.6 (C-17), 56.5 (C-25), 55.5 (C-24), 54.8 (C-7), 45.3 (C-15), 26.3 (C-3-

5), 18.5 (C-6), -4.4 (d, J = 38.2 Hz, C-1-2). 

FT-IR (ATR, cm-1): 𝜈 = 3489, 2953, 2932, 2855, 1737, 1624, 1613, 1587, 1507, 1484, 1464, 1444, 1401, 1374, 

1360, 1313, 1248, 1214, 1191, 1153, 1106, 1092, 1033, 1025, 973, 948, 920, 889, 859, 830, 812, 775, 735, 696, 

667. 

HR-MS (EI, 70 eV): [C32H43FO7Si], calcd.: 586.2762; found: 586.2760. 

Optical Rotation: 𝛼𝐷
20 = +13.4° (c = 1.0, CHCl3). 

 

(S)-((3S,4R)-3-((tert-Butyldimethylsilyl)oxy)-6,7-dimethoxychroman-4-yl)(2-fluoro-4-

methoxyphenyl)methanol (9) 

 

A dry and argon flushed Schlenk-flask, equipped with a magnetic stirring bar and a septum, was charged with 

the benzyl protected alcohol 8 (2.76 g, 4.70 mmol, 1.00 equiv). Pd/C (10 mol%) and dry ethanol (30 mL) was 

added. H2 was bubbled through the mixture for 1 min at rt. The reaction was stirred under H2 (1 atm.) for 3 h 

until full consumption of the starting material was observed via TLC. The reaction was filtered over celite and 

rinsed with EtOAc (100 mL). The solution was dried over Na2SO4, the solvents were evaporated under reduced 
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pressure and the residue was subjected to column chromatography purification (silica, i-hexane/EtOAc 1:1) to 

afford the deprotected product as a colorless solid. 

A dry and argon flushed Schlenk-tube, equipped with a magnetic stirring bar and a septum, was charged with 

the aromatic alcohol (2.00 g, 4.04 mmol, 1.00 equiv) and PPh3 (1.27 g, 4.85 mmol, 1.20 equiv). The mixture was 

dissolved in CH2Cl2 (16 mL) and cooled to 0 °C. Diisopropyl azodicarboxylate (2.34 mL, 4.45 mmol, 1.10 equiv) 

was added and stirring was continued for 2 h until full consumption of the starting material was observed via 

TLC. The reaction was warmed to rt and sat. aq. NH4Cl (5 mL) and CH2Cl2 (5 mL) were added. The layers were 

separated, and the aqueous phase was extracted with CH2Cl2 (3 x 20 mL). The combined organic layers were 

dried over Na2SO4, the solvents were evaporated and the residue was subjected to column chromatography 

purification (silica, i-hexane/EtOAc 7:3) to afford product 9 as a yellowish oil (1.67 g, 3.49 mmol, 74% yield over 

two steps). 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.46 (t, J = 8.6 Hz, 1H, H-12), 6.97 (s, 1H, H-24), 6.67 (dd, J = 8.9, 2.6 Hz, 1H, 

H-13), 6.66 (s, 1H, H-19), 6.53 (dd, J = 12.4, 2.5 Hz, 1H, H-9), 6.47 (s, 1H, H-22), 5.51 (d, J = 10.1 Hz, 1H, H-14), 

4.51 (dt, J = 8.0, 6.7 Hz, 1H, H-16), 4.21 (dd, J = 8.8, 6.9 Hz, 1H, H-17’), 3.93 (dd, J = 8.7, 6.3 Hz, 1H, H-17), 3.78 (s, 

3H, H-24), 3.77 (s, 3H, H-25), 3.74 (s, 3H, H-7), 3.64 (dd, J = 10.1, 8.0 Hz, 1H, H-15), 0.89 (s, 9H, H-3-5), 0.02 (d, J 

= 15.9 Hz, 6H, H-1-2). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 161.3 (d, J = 246.1 Hz, C-10), 160.9 (d, J = 11.4 Hz, C-8), 149.7 (C-23), 148.8 

(C-21), 142.8 (C-20), 129.1 (d, J = 5.7 Hz, C-12), 118.5 (d, J = 13.0 Hz, C-11), 114.4 (C-15), 110.7 (d, J = 2.9 Hz, C-

13), 110.3 (C-19), 101.8 (C-22), 101.3 (d, J = 26.2 Hz, C-9), 80.4 (C-16), 74.8 (C-14), 73.5 (C-17), 56.5 (C-24), 55.9 

(C-25), 55.6 (C-7), 54.3 (C-15), 25.8 (C-3-5), 18.0 (C-6), -4.8 (d, J = 40.4 Hz, C-1-2). 

FT-IR (ATR, cm-1): 𝜈 = 3323, 2980, 2969, 2954, 2934, 2883, 2856, 1709, 1626, 1588, 1510, 1465, 1451, 1417, 

1374, 1311, 1229, 1203, 1180, 1153, 1106, 1076, 1043, 1029, 1006, 948, 933, 897, 833, 812, 775, 729, 671. 

HR-MS (EI, 70 eV): [C25H35FO6Si], calcd.: 478.2187; found: 478.2181. 

Optical Rotation: 𝛼𝐷
20 = +28° (c = 1.0, CHCl3). 

 

MOM-Protected Munduserol (6) 

 

The benzylic alcohol 9 (1.10 g, 2.30 mmol, 1.00 equiv) was dissolved in CH2Cl2 (5 mL) and the mixture was cooled 

to 0 °C. NaH (184 mg, 7.67 mmol, 2.00 equiv) was added, stirring at 0 °C was continued for 30 min and 

chloromethyl methyl ether (0.44 mL, 5.78 mmol, 2.50 equiv) was added. The reaction was allowed to warm to 
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25 °C and stirred overnight. Sat. aq. NH4Cl (15 mL) and CH2Cl2 (20 mL) were added, the layers were separated 

and the aqueous phase was extracted with CH2Cl2 (3 x 20 mL). The combined organic layers were dried over 

Na2SO4, the solvents were evaporated and the residue was subjected to column chromatography purification 

(silica, i-hexane/EtOAc 8:2) to afford the MOM- and TBS-protected compound.  

This intermediate was dissolved in THF (8 mL) and cooled to 0 °C. TBAF (1.0 M in THF, 2.88 mL, 2.88 mmol, 1.50 

equiv) was added, and the mixture was stirred for 2 h. Sat. aq. NH4Cl (20 mL) and EtOAc (20 mL) was added, the 

layers were separated, and the aqueous phase was extracted with EtOAc (3 x 20 mL). The combined organic 

layers were dried over Na2SO4, the solvents were evaporated and the residue was subjected to column 

chromatography purification (silica, i-hexane/EtOAc 3:7) to afford 10 as a yellowish oil (502 mg, 1.23 mmol, 

53% yield over two steps). 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.46 (t, J = 8.5 Hz, 1H), 6.72 (d, J = 4.5 Hz, 2H), 6.68 (ddd, J = 8.6, 2.5, 0.8 Hz, 

1H), 6.50 (dd, J = 12.2, 2.5 Hz, 1H), 5.26 (d, J = 9.1 Hz, 1H), 5.05 (d, J = 6.7 Hz, 1H), 4.99 (d, J = 6.7 Hz, 1H), 4.58 

(td, J = 5.8, 3.8 Hz, 1H), 4.31 – 4.22 (m, 1H), 4.08 (dd, J = 9.5, 3.8 Hz, 1H), 3.83 (s, 3H), 3.81 (s, 3H), 3.74 (s, 3H), 

3.59 (dd, J = 9.2, 5.5 Hz, 1H), 3.41 (s, 3H), 2.58 (s, 1H). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 161.1 (d, J = 246.6 Hz), 160.5 (d, J = 11.1 Hz), 149.8, 148.5, 144.3, 128.7 (d, 

J = 6.0 Hz), 119.5 (d, J = 13.3 Hz), 118.9, 111.5, 110.3 (d, J = 2.9 Hz), 101.4 (d, J = 25.8 Hz), 101.1, 96.0, 79.4, 78.9, 

74.9, 56.6, 56.6, 56.2, 56.1, 55.6. 

HR-MS (EI, 70 eV): [C21H25FO7], calcd.: 408.1584; found: 408.1572. 

A dry and argon flushed Schlenk-tube, equipped with a magnetic stirring bar and a septum, was charged with 

the alcohol 10 (37 mg, 0.091 mmol, 1.00 equiv), toluene (4.5 mL) and DMPU (0.5 mL). 15-crown-5 ether (38 μL, 

0.191 mmol, 2.10 equiv) and NaH (60% in paraffin oil, 12 mg, 0.282 mmol, 3.10 equiv) were added and the 

mixture was heated to 110 °C for 48 h. The mixture was allowed to cool to rt and sat. aq. NH4Cl (2 mL) and EtOAc 

(2 mL) were added. The layers were separated, and the aqueous phase was extracted with EtOAc (3 x 20 mL). 

The combined organic layers were dried over Na2SO4, the solvents were evaporated and the residue was 

subjected to preparative thin-layer chromatography purification (silica, i-hexane/EtOAc 5:5) to afford the 

rotenoid derivative 6 as a yellow oil (10 mg, 0.026 mmol, 28% yield). Since there is no step, which involves a 

possible epimerization of the β-center bearing the OTBS group in 3h we can assume, that the product 6 should 

not only be distereomerically pure, but also enantiomerically pure. However, we did not perform the allsynthesis 

with the enantiomer of 3h. 

1H-NMR (400 MHz, CDCl3, ppm): δ = 7.17 (s, 1H, H-14), 7.02 (d, J = 8.1 Hz, 1H, H-4), 6.81 (s, 1H, H-17), 6.44 (d, J 

= 2.4 Hz, 1H, H-7), 6.42 (dd, J = 8.1, 2.4 Hz, 1H, H-3), 5.21 (d, J = 6.9 Hz, 1H, H-20), 5.18 (d, J = 6.9 Hz, 1H, H-20’), 

5.05 (s, 1H, H-8), 4.84 (d, J = 3.3 Hz, 1H, H-10), 4.22 (d, J = 10.6 Hz, 1H, H-13), 3.98 (dd, J = 10.6, 3.5 Hz, 1H, H-13’), 

3.96 (s, 1H, H-9), 3.88 (s, 3H, H-18), 3.86 (s, 3H, H-19), 3.78 (s, 3H, H-1), 3.50 (s, 3H, H-21). 

13C-NMR (101 MHz, CDCl3, ppm): δ = 161.4 (C-2), 154.3 (C-6), 149.6 (C-12), 148.9 (C-16), 144.4 (C-15), 127.6 

(C-4), 120.6 (C-5), 117.9 (C-11), 111.1 (C-14), 106.0 (C-3), 101.9 (C-7), 100.2 (C-17), 95.5 (C-20), 81.6 (C-10), 77.2 

(C-8), 73.5 (C-13), 56.8 (C-19), 56.3 (C-21), 56.2 (C-18), 55.5 (C-1), 43.2 (C-9). 

NOE-NMR shows a proximity of H-8 and H-9. 
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FT-IR (ATR, cm-1): 𝜈 = 2958, 2935, 2840, 1623, 1587, 1508, 1465, 1444, 1314, 1272, 1210, 1189, 1148, 1122, 

1106, 1092, 1068, 1050, 1008, 949, 921, 833, 790, 752, 666. 

HR-MS (EI, 70 eV): [C21H25O7] = [M+H], calcd.: 389.1600; found: 389.1601. 

Optical Rotation: 𝛼𝐷
20 = −18° (c = 1.0, CHCl3).  
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NMR Spectra 

(3S,4R)-3-Bromo-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-one (1) 
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(2R,5R,6R)-5-Bromo-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (4) 

 

 

 

  



SI-30 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)dihydrofuran-2(3H)-one (3a) 

 

 

  



SI-31 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-(trifluoromethoxy)phenyl)dihydrofuran-2(3H)-one (3b) 

 

  



SI-32 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-(trifluoromethyl)phenyl)dihydrofuran-2(3H)-one (3c) 

 

 

  



SI-33 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(3-(methylthio)phenyl)dihydrofuran-2(3H)-one (3d) 

 

 

  



SI-34 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(3-((tert-butyldimethylsilyl)oxy)phenyl)dihydrofuran-2(3H)-one (3e) 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(6-methoxynaphthalen-2-yl)dihydrofuran-2(3H)-one (3f) 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(benzo[d][1,3]dioxol-5-yl)dihydrofuran-2(3H)-one (3g) 
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(3S,4S)-3-(2-(Benzyloxy)-4,5-dimethoxyphenyl)-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-one (3h) 
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(2R,5R,6R)- 2-(tert-Butyl)-5-(4-methoxyphenyl)-6-methyl-1,3-dioxan-4-one (5a) 
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(2R,5R,6R)- 2-(tert-Butyl)-6-methyl-5-(4-(trifluoromethoxy)phenyl)-1,3-dioxan-4-one (5b) 

 

 

  



SI-40 

(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(4-(trifluoromethyl)phenyl)-1,3-dioxan-4-one (5c) 
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(2R,5R,6R)-2-(tert-Butyl)-5-(3-((tert-butyldimethylsilyl)oxy)phenyl)-6-methyl-1,3-dioxan-4-one (5d) 
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(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(3-(methylthio)phenyl)-1,3-dioxan-4-one (5e) 

 

 

  



SI-43 

(2R,5R,6R)-2-(tert-Butyl)-5-(6-methoxynaphthalen-2-yl)-6-methyl-1,3-dioxan-4-one (5f) 
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(2R,5R,6R)-5-(Benzo[d][1,3]dioxol-5-yl)-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (5g) 
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Ethyl 4-((2R,4R,5R)-2-(tert-butyl)-4-methyl-6-oxo-1,3-dioxan-5-yl)benzoate (5h) 
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Ethyl 3-((2R,4R,5R)-2-(tert-butyl)-4-methyl-6-oxo-1,3-dioxan-5-yl)benzoate (5i) 
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1-(Benzyloxy)-2-bromo-4,5-dimethoxybenzene (19) 
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(1S,2R,3S)-2-(2-(Benzyloxy)-4,5-dimethoxyphenyl)-3-((tert-butyldimethylsilyl)oxy)-1-(2-fluoro-4-

methoxyphenyl)butane-1,4-diol (8) 

 

  



SI-49 

(S)-((3S,4R)-3-((tert-Butyldimethylsilyl)oxy)-6,7-dimethoxychroman-4-yl)(2-fluoro-4-

methoxyphenyl)methanol (9) 
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(3S,4S)-4-((S)-(2-fluoro-4-methoxyphenyl)(methoxymethoxy)methyl)-6,7-dimethoxychroman-3-ol (10) 
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MOM-Protected Munduserol (6) 
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Chiral HPLC-spectra 

(3S,4R)-3-Bromo-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-one (1a) 

 

(2R,5R,6R)-5-Bromo-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (4a) 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-methoxyphenyl)dihydrofuran-2(3H)-one (3a) 

 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-(trifluoromethoxy)phenyl)dihydrofuran-2(3H)-one (3b) 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(4-(trifluoromethyl)phenyl)dihydrofuran-2(3H)-one (3c) 

 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(3-(methylthio)phenyl)dihydrofuran-2(3H)-one (3d) 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(3-((tert-butyldimethylsilyl)oxy)phenyl)dihydrofuran-

2(3H)-one (3e) 

 

 

(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(6-methoxynaphthalen-2-yl)dihydrofuran-2(3H)-one (3f) 
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(3S,4S)-4-((tert-Butyldimethylsilyl)oxy)-3-(benzo[d][1,3]dioxol-5-yl)dihydrofuran-2(3H)-one (3g) 

 

 

(3S,4S)-3-(2-(Benzyloxy)-4,5-dimethoxyphenyl)-4-((tert-butyldimethylsilyl)oxy)dihydrofuran-2(3H)-

one (3h) 
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(2R,5R,6R)-2-(tert-Butyl)-5-(4-methoxyphenyl)-6-methyl-1,3-dioxan-4-one (5a) 

 

 

(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(4-(trifluoromethoxy)phenyl)-1,3-dioxan-4-one (5b) 
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(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(4-(trifluoromethyl)phenyl)-1,3-dioxan-4-one (5c) 

 

 

(2R,5R,6R)-2-(tert-Butyl)-5-(3-((tert-butyldimethylsilyl)oxy)phenyl)-6-methyl-1,3-dioxan-4-one (5d) 
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(2R,5R,6R)-2-(tert-Butyl)-6-methyl-5-(3-(methylthio)phenyl)-1,3-dioxan-4-one (5e) 

 

 

(2R,5R,6R)-2-(tert-Butyl)-5-(6-methoxynaphthalen-2-yl)-6-methyl-1,3-dioxan-4-one (5f) 
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(2R,5R,6R)-5-(Benzo[d][1,3]dioxol-5-yl)-2-(tert-butyl)-6-methyl-1,3-dioxan-4-one (5g) 
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