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I. General Information 
 

All reactions involving oxygen/moisture sensitive reagents were performed with anhydrous 
solvents in flame-dried glassware under a positive pressure of anhydrous argon, using standard 
Schlenk techniques. Cooling of reaction mixtures to –78 ºC was effected using an acetone/dry ice bath; 
to 0 °C using an ice/water bath; to other temperatures using a Julabo FT902 immersion cooler. 
Heating was performed using Drysyn® heating blocks. 

In the cases where silver salts were used, the resulting solutions were filtered using syringe 
filters PTFE (0.2 μm, 13 mm diameter) from Camlab. 

Analytical thin-layer chromatography was performed on glassplates pre-coated with silica gel 
(Silica Gel 60 F254; Merck). Plates were visualised using UV light (λ=254 nm) and then stained with 
either aqueous ceric ammonium molybdate (CAM), aqueous basic potassium permanganate (KMnO4) 
or anysaldehyde and developed upon heating. 

Flash chromatography was performed using silica gel (Apollo Scientific 60 (40-63 μm), Sigma 
Aldrich (Davisil®grade 636, pore size 60 Å, 35-60 mesh), Merck 60 Å or VWR (40-63 µm)). Pressure 
was applied at the column head via a flow of nitrogen with the solvent system used in parentheses. 

Nuclear magnetic resonance spectra were acquired in deuterated solvents at room temperature 
on Bruker DPX200 (200/50 MHz), DPX 250 (250/50 MHz), AVN-400 (400/100 MHz), DQX400 
(400/100 MHz) or AVC500 (500/125 MHz) spectrometers. Chemical shifts (δ) are reported in ppm 
from the residual solvent. Coupling constants (J) are quoted in Hertz (Hz) and are recorded to the 
nearest 0.1 Hz. Resonances are descried as singlet (s), doublet (d), triplet (t), quartet (q), quintet 
(quint), doublet of doublets (dd), doublet of doublets of doublets (ddd), doublet of triplets (dt), 
multiplet (m) and broad (br.). Labels Hb and Ha refer to diastereotopic protons attached to the same 
carbon and impart no stereochemical information. Assignments were made with the assistance of 
gCOSY, DEPT-135, gHSQC and gHMBC NMR spectra. 

Low resolution (LRMS) and high resolution (HRMS) mass spectral analyses were acquired by 
electrospray ionisation (ESI) or electron impact (EI). Low resolution MS were recorded using a 
Walters LCT premier XE. High resolution MS were recorded using a Bruker MicroTOF spectrometer 
within the department of chemistry, University of Oxford. Intensities are quoted as percentages of the 
base peak. 

Infrared spectroscopy (IR) measurements (neat, thin film) were carried out using a Bruker 
Tensor 27 FT-IR with internal calibration in the range of 4000-600 cm-1. Absorption maxima are 
reported as wavenumbers (cm-1) and intensities are quoted as strong (s), medium (m), weak (w) and 
broad (br). 

Optical rotations were recorded using a Perkin-Elmer 241 Polarimeter. 
Chiral HPLC separations were achieved using an Agilent 1230 Infinity series normal phase HPLC 

unit and HP Chemstation software. Chiralpak® columns (250 × 4.6 mm), fitted with matching 
Chiralpak® Guard Cartridges (10 × 4 mm), were used as specified in the text. Solvents used were of 
HPLC grade (Fisher Scientific, Sigma Alrich or Rathburn). All eluent systems were isocratic. 
 
II. Chemicals 

Chemicals and reagents were obtained from Sigma Aldrich, Alfa-Aesar, Apollo Scientific, Strem 
chemicals, Acros Organics, TCI UK and fluorochem, and were used as received unless otherwise stated. 
Deuterated solvents were purchased from Sigma-Aldrich (CDCl3). 

Dry dichloromethane (DCM), diethyl ether (Et2O), tetrahydrofuran (THF), hexane, benzene and 
acetonitrile were collected fresh from a solvent purification system (MBraun, SPS-800) having been 
passed through anhydrous alumina columns. Chloroform (CHCl3) was obtained by filtration through 
activated alumina (powder ~150 mesh, pore size 58 Å, basic, Sigma-Aldrich) columns. Dry tert-butyl 
methyl ether and 2-Me THF were purchased from Acros Organics with an AcroSeal®.  

TMSCl was distilled before use and stored in Schlenk flasks under an argon atmosphere. 
Schwartz reagent was prepared according to a literature procedure1 from Cp2ZrCl2 provided by Strem 
Chemicals. (CuOTf)2.PhH, Cu(CNMe)2.OTf and Cu(CNtBu)2.OTf were synthesised using modified 
literature procedures2 and carefully maintained under an inert atmosphere. (CuOTf)2.PhH should be a 
white or off-white powder, not green or brown. 
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III. Synthesis of starting materials 
 
2,2-diphenylpropane-1,3-diol 

 
 

According to a procedure of Burgers et al.,[1] formaldehyde (13.4 mL, 37 wt% in H2O, 
165.0 mmol, 3.3 eq.) and K2CO3 (3.5 g, 25.0 mmol, 0.5 eq.) were added to a solution of 
diphenylacetaldehyde (8.9 mL, 50.0 mmol, 1.0 eq.), in water (10 mL) and ethanol (50 mL) and 
refluxed for 15 h. The reaction mixture was quenched with H2O (300 mL), and washed with 
EtOAc (3 x 150 mL). The combined organic layers were dried over MgSO4, filtered and 
concentrated under reduced pressure to afford the crude product as a yellow oil. The product 
was recrystallized in hexane to afford the title product as a white crystalline solid (10.8 g, 47.3 
mmol, 95%). 
 
1H NMR (400 MHz, CDCl3) δH /ppm 7.40-7.32 (m, 4H, Ar-H), 7.32-7.22 (m, 6H, Ar-H), 4.38 (s, 
4H, CH2-OH), 2.21 (br. s, 2H, OH). 
 
13C NMR (100 MHz, CDCl3) δC /ppm 142.9, 128.6, 128.2, 126.9, 68.6, 53.3. 
 
HRMS (ESI) m/z calcd for C15H16O2Na [M+Na]+: 251.10425, found: 251.10420. 
 
IR (ATR) (νmax/cm-1) 3297, 1039, 1023, 1004, 989, 696, 630. 
 
Spectral data was in accordance with literature.[1] 
 
 
8,8-dimethyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (3a) 

 
According to a modified procedure of Feringa et al.,[2] BF3Et2O (2.52 mL, 20.0 mmol, 

1.0 eq.) was added dropwise to a solution of 4-cyclopentene-1,3-dione (1.92 g, 20.0 mmol, 
1.0 eq.) in CHCl3 (50 mL). 2,2-dimethylpropanediol (2.50 g, 24.0mmol, 1.2 eq.) was then added 
at 0 ºC and stirred overnight. The reaction mixture was washed with CHCl3 (30 mL), quenched 
with NH4Cl (aq. sat., 50 mL), partitioned and the aqueous phase extracted with CHCl3 (2 x 30 
mL). The combined organic layers were dried over MgSO4, filtered and concentrated under 
reduced pressure to afford the crude product as a yellow oil. Purification by flash column 
chromatography (SiO2, 40% Et2O in pentane) yielded the title product as a foamy white 
crystalline solid (1.54 g, 8.40 mmol, 42%).  

 
1H NMR (400 MHz, CDCl3) δH /ppm 7.57 (d, J=6.0 Hz, 1H, OCCH=CH), 6.26 (d, J=5.8 Hz, 1H, 
OCCH=CH), 3.64 (d, J=11.7 Hz, 2H, CH2-O), 3.54 (d, J=11.5 Hz, 2H, CH2-O), 2.64 (s, 2H, CH2-
C=O), 1.14 (s, 3H, CH3), 0.93 (s, 3H, CH3). 
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13C NMR (100 MHz, CDCl3) δC /ppm 204.1 (C=O), 157.2 (OCCH=CH), 135.4 (OCCH=CH), 104.0 
(Cq-O2), 73.1 (CH2-O), 44.2 (CH2-C=O), 30.2 (Cq-Me2), 22.5 (CH3), 22.4 (CH3). 
 

 
 
HRMS (ESI) m/z calcd for C10H14O3Na [M+Na]+: 205.08352, found: 205.0838.  
 
IR (ATR) (νmax/cm-1) 2958, 2864, 1714, 1281, 1131, 1074, 1042, 995. 
 
Spectral data was in accordance with literature.[2] 
 
 
8,8-diphenyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (3b) 

 
According to a modified procedure of Feringa et al.,[2] BF3Et2O (810 μL, 6.60 mmol, 

1.0 eq.) was added dropwise to a solution of 4-cyclopentene-1,3-dione (633 mg, 6.60 mmol, 
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1.0 eq.) in CHCl3 (30 mL). 2,2-diphenylpropanediol (1.50 g, 6.60 mmol, 1.0 eq.) was then 
added at 0 °C and stirred overnight. The reaction mixture was washed with CHCl3 (30 mL), 
quenched with NH4Cl (aq. sat., 50 mL), partitioned and the aqueous phase extracted with 
CHCl3 (2 x 30 mL). The combined organic layers were dried over MgSO4, filtered and 
concentrated under reduced pressure to afford the crude product as a yellow oil. Purification 
by flash column chromatography (SiO2, 40% Et2O in pentane) yielded the title product as a 
foamy white crystalline solid (1.36 g, 4.44 mmol, 67%). 
 
1H NMR (400 MHz, CDCl3) δH /ppm 7.41 (d, J=5.6 Hz, 1H, OCCH=CH), 7.36-7.02 (m, 10H, Ar-
H), 6.14 (d, J=5.6 Hz, 1H, OCCH=CH), 4.53 (d, J=11.5 Hz, 2H, CH2-O), 4.28 (d, J=11.7 Hz, 2H, 
CH2-O), 2.60 (s, 2H, CH2-C=O). 
 

 
 
13C NMR (100 MHz, CDCl3) δC /ppm 203.8 (C=O), 157.0 (OCCH=CH), 143.7 (Cq-Ar), 143.5 (Cq-
Ar), 135.6 (OCCH=CH), 128.8 (Ar-CH), 128.6 (Ar-CH), 127.9 (Ar-CH), 127.0 (Ar-CH), 104.4 
(Cq-O2), 70.7 (CH2-O), 44.8 (Cq-Ph2), 44.3 (CH2-C=O). 
 

 
 
HRMS (ESI) m/z calcd for C20H18O3Na [M+Na]+: 329.11482, found: 329.1149. 
 

IR (ATR) (νmax/cm-1) 2871, 1718, 1494, 1276, 1134, 1030, 1019, 753, 697. 
 
Spectral data was in accordance with literature.[2] 
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IV. General Procedures 
 
Preparation of pre-made complex[3] 

 (CuOTf)2.PhH (239 mg, 0.48 mmol, 0.5 eq.) and (R)-B (513 mg, 0.95 mmol, 1.0 eq.) were 
added to a flame-dried Schlenk, dissolved in DCM (10 ml) and stirred at room temperature for 
1 h. The resulting clear solution was filtered over a syringe filter into another Schlenk flask 
before the solvent was slowly removed under high vacuum. The resulting white solid was 
dried for 1 h and then stored under an atmosphere of argon. 
 
Procedure when using pre-made complex  

In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (3.0 eq) was added to a 
solution of alkene (3.5 eq) in CH2Cl2 (0.5 mL) and the resulting mixture was vigorously stirred 
until a clear yellow solution was obtained (20-40 min). Simultaneously, in another flask under 
an inert atmosphere, pre-made CuOTf/(R)-B complex (0.20 eq) was dissolved in Et2O (2.2 
mL) and stirred for 15 min at room temperature. The freshly prepared alkylzirconocene 
species was then added to the catalyst complex. After 10 min, solid cyclopentene-3,5-dione 
monoacetal (1.0 eq) was added in one portion by quickly tipping the solid into the black 
solution. TMSCl (5.0 eq) was then added dropwise and the reaction mixture was stirred 
overnight. The reaction mixture was diluted with Et2O (2 mL) and quenched with NH4Cl (3 
mL, 1M). The mixture was partitioned and the aqueous phase was extracted with Et2O (3 x 10 
mL). The combined organic extracts were washed with NaHCO3 (aq. sat. 30 mL), dried over 
MgSO4, filtered and concentrated under reduced pressure. Purification by flash column 
chromatography yielded the enantioenriched products.  
 
Procedure when using AgX at RT 

In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (3.0 eq) was added to a 
solution of alkene (3.5 eq) in CH2Cl2 (0.5 mL) and vigorously stirred until a clear yellow 
solution was obtained (20-40 min). Simultaneously, in another flask under an inert 
atmosphere, CuCl (0.20 eq) and (R)-B (0.22 eq) were covered in Et2O (2.2 mL) and stirred for 
1 h at room temperature. AgX (0.20 eq) was added to the freshly formed Cu-ligand containing 
solution and stirring was continued for an additional 1 h. The resulting catalyst complex 
mixture was taken up by syringe and injected through a filter into the freshly prepared 
alkylzirconocene species. After 10 min, solid cyclopentene-3,5-dione monoacetal (1.0 eq) was 
added in one portion by quickly tipping the solid into the black solution. TMSCl (5.0 eq) was 
then added dropwise and the reaction mixture was stirred overnight. The reaction mixture 
was diluted with Et2O (2 mL) and quenched with NH4Cl (3 mL, 1M). The mixture was 
partitioned and the aqueous phase was extracted with Et2O (3 x 10 mL). The combined 
organic extracts were washed with NaHCO3 (aq. sat. 30 mL), dried over MgSO4, filtered and 
concentrated under reduced pressure. Purification by flash column chromatography yielded 
the enantioenriched products.  
 
Procedure for making racemic products  

In a flame-dried flask under inert atmosphere, Cp2ZrHCl (3.0 eq) was added to a solution 
of alkene (3.5 eq) in CH2Cl2 under an argon atmosphere and stirred vigorously until a clear 
yellow solution was obtained (20-40 min). The hydrozirconated mixture was dissolved in 
DCM (2.0 mL) and then CuBr.Me2S (1.0 eq) was added. After 10 min, cyclopentene-3,5-dione 
monoacetal (1.0 eq) was added quickly as a solid to the resulting black solution and stirred 
overnight. The reaction mixture was diluted with Et2O (2 mL) and quenched with NH4Cl (3 
mL, 1M). The mixture was partitioned and the aqueous phase was extracted with Et2O (3 x 10 
mL). The combined organic extracts were washed with NaHCO3 (aq., sat., 30 mL), dried over 
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MgSO4, filtered and concentrated under reduced pressure. Purification by flash column 
chromatography yielded the racemic products. 

 
 

V. Specific procedures 
 
(S)-8,8-dimethyl-4-(4-phenylbutyl)-6,10-dioxaspiro[4.5]decan-2-one (6a) 

 
In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 

was added to a solution of 4-phenyl-1-butene (210 L, 1.4 mmol 3.5 eq) in CH2Cl2 (0.5 mL) 
and vigorously stirred until a clear yellow solution was obtained (15 min). Simultaneously, in 
another flask under argon, CuCl (7.9 mg, 0.08 mmol, 0.20 eq) and (R)-B (47.5 mg, 0.088 mmol, 
0.22 eq) were covered in Et2O (2.2 mL) and stirred for 1 h at room temperature. AgOTf (20.6 
mg, 0.08 mmol, 0.20 eq) was added to the freshly formed Cu-ligand containing solution and 
stirring continued for an additional 15 min. The resulting catalyst mixture was taken up by 
syringe and injected through a filter into the freshly prepared alkylzirconocene species. After 
10 min, solid 8,8-dimethyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (73.0 mg, 0.4 mmol, 1.0 eq) 
was added in one portion by quickly tipping the solid into the black solution. TMSCl (250 L, 
2.0 mmol, 5.0 eq) was then added dropwise and the reaction mixture was stirred overnight. 
The reaction mixture was diluted with Et2O (2 mL) and quenched with NH4Cl (3 mL, 1M). The 
mixture was partitioned and the aqueous phase was extracted with Et2O (3 x 10 mL). The 
combined organic extracts were washed with NaHCO3 (aq. sat. 30 mL), dried over MgSO4, 
filtered and concentrated under reduced pressure. Purification by flash column 
chromatography (SiO2, Et2O 510% in pentane) yielded the title product as a clear oil (60.5 
mg, 0.19 mmol, 48%, 87% ee). 
 

1H NMR (500 MHz, CDCl3) δH /ppm 7.23- 7.17 (m, 2H), 7.13-7.08 (m, 3H), 3.46-3.34 (m, 4H), 
2.89 (d, J = 18.2 Hz, 1H), 2.62- 2.50 (m, 2H), 2.41 (dd, J = 17.7, 8.0 Hz, 1H), 2.27- 2.19 (m, 2H), 
2.02 (dd, J = 18.2 Hz, 10.7 Hz, 1H), 1.86- 1.77 (m, 1H), 1.66- 1.53 (m, 2H), 1.42- 1.23 (m, 3H), 
1.10 (s, 3H), 0.70 (s, 3H). 
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13C NMR (126 MHz, CDCl3) δC /ppm 213.7, 142.7, 128.5, 128.4, 125.8, 104.3, 73.1, 71.5, 46.1, 
44.3, 43.2, 36.0, 31.8, 30.4, 27.9, 27.5, 22.8, 22.2. 

 
 
HRMS (ESI) m/z calcd for C20H29O3 [M+H]+: 317.21112, found: 317.21117. 
 
IR (ATR) (νmax/cm-1) 2931, 2858, 1748, 1466, 1396, 1285, 1186, 1118, 1055, 1017, 979, 747, 
700. 
 

The enantiomeric excess of 87% ee was determined by HPLC [Chiralpak® IC; 
hexane:iPrOH 95:5; 1.0 ml.min-1, λ= 210 nm, tR = 11.8 min (major enantiomer), tR = 15.6 min 
(minor enantiomer)]. 

 

 

 
 
 
(S)-8,8-diphenyl-4-(4-phenylbutyl)-6,10-dioxaspiro[4.5]decan-2-one (7a) 
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In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 
was added to a solution of 4-phenyl-1-butene (210 L, 1.4 mmol 3.5 eq) in CH2Cl2 (0.5 mL) 
and vigorously stirred until a clear yellow solution was obtained (15 min). Simultaneously, in 
another flask under an argon atmosphere, CuCl (7.9 mg, 0.08 mmol, 0.20 eq) and (R)-B (47.5 
mg, 0.088 mmol, 0.22 eq) were covered in Et2O (2.2 mL) and stirred for 1 h at room 
temperature. AgOTf (20.6 mg, 0.08 mmol, 0.20 eq) was added to the freshly formed Cu-ligand 
containing solution and stirring continued for an additional 1 h. The resulting catalyst mixture 
was taken up by syringe and injected through a filter into the freshly prepared 
alkylzirconocene species and then the reaction flask was cooled to 0 ºC using an ice/water 
bath. After 10 min, solid 8,8-diphenyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (120 mg, 0.4 mmol, 
1.0 eq) was added in one portion by quickly tipping the solid into the black solution. TMSCl 
(250 L, 2.0 mmol, 5.0 eq) was then added dropwise and the reaction mixture was stirred 
overnight and allowed to slowly warm to RT. The reaction mixture was diluted with Et2O (2 
mL) and quenched with NH4Cl (3 mL, 1M). The mixture was partitioned and the aqueous 
phase was extracted with Et2O (3 x 10 mL). The combined organic extracts were washed with 
NaHCO3 (aq. sat. 30 mL), dried over MgSO4, filtered and concentrated under reduced pressure. 
Purification by flash column chromatography (SiO2, Et2O 1020% in pentane) yielded the 
title product as a clear oil (107.8 mg, 0.24 mmol, 61%, 92% ee). 
 
1H NMR (500 MHz, CDCl3) δH /ppm 7.51 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 7.5 Hz, 2H), 7.35-7.19 
(m, 7H), 7.18 (d, J = 7.6 Hz, 2H), 7.11 (d, J = 7.6 Hz, 2H), 4.67- 4.60 (m, 2H), 4.36 (d, J = 12.0 Hz, 
1H), 4.24 (d, J = 12.0 Hz, 1H), 3.13 (d, J = 18.0 Hz, 1H), 2.60- 248 (m, 3H), 2.43 (d, J = 18.0 Hz, 
1H), 2.35-2.26 (m, 1H), 2.15 (dd, J = 18.1, 11.0 Hz, 1H), 1.70-1.59 (m, 1H), 1.55 (app. quint., 
2H), 1.36-1.13 (m, 3H). 

 
 
13C NMR (126 MHz, CDCl3) δC /ppm 213.2, 143.7, 143.4, 142.8, 128.8, 128.7, 128.5, 128.4, 
128.2, 127.1, 126.5, 126.5, 125.7, 104.8, 70.9, 68.9, 46.0, 45.0, 44.8, 43.4, 35.8, 31.8, 27.7, 27.5. 



 11 

 
 
HRMS (ESI) m/z calcd for C30H32O3Na [M+Na]+: 463.22437, found: 463.22410.  
 

IR (ATR) (νmax/cm-1) 3026, 2933, 1749, 1400, 1279, 1132, 1044, 751, 699. 
 

The enantiomeric excess of 92% ee was determined by HPLC [Chiralpak® IA; 
hexane:iPrOH 90:10; 1.0 ml.min-1, λ= 210 nm, tR = 7.6 min (major enantiomer), tR = 13.4 min 
(minor enantiomer)]. 
 

 

 
 
 
(S)-4-phenethyl-8,8-diphenyl-6,10-dioxaspiro[4.5]decan-2-one (7b) 

 
In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 

was added to a solution of styrene (161 L, 1.4 mmol 3.5 eq) in CH2Cl2 (0.5 mL) and 
vigorously stirred until a clear red solution was obtained (5 min). Simultaneously, in another 
flask under an argon atmosphere, CuCl (7.9 mg, 0.08 mmol, 0.20 eq) and (R)-B (47.5 mg, 0.088 
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mmol, 0.22 eq) were covered in Et2O (2.2 mL) and stirred for 1 h at room temperature. AgOTf 
(20.6 mg, 0.08 mmol, 0.20 eq) was added to the freshly formed Cu-ligand containing solution 
and stirring was continued for an additional 1 h. The resulting catalyst mixture was taken up 
by syringe and injected through a filter into the freshly prepared alkylzirconocene species and 
the reaction flask was cooled to 0 ºC using a water/ice bath. After 10 min, solid 8,8-diphenyl-
6,10-dioxaspiro[4.5]dec-3-en-2-one (120 mg, 0.4 mmol, 1.0 eq) was added in one portion by 
quickly tipping the solid into the black solution. TMSCl (250 L, 2.0 mmol, 5.0 eq) was then 
added dropwise and the reaction mixture was stirred overnight and allowed to slowly warm 
up to RT. The reaction mixture was diluted with Et2O (2 mL) and quenched with NH4Cl (3 mL, 
1M). The mixture was partitioned and the aqueous phase was extracted with Et2O (3 x 10 
mL). The combined organic extracts were washed with NaHCO3 (aq. sat. 30 mL), dried over 
MgSO4, filtered and concentrated under reduced pressure. Purification by flash column 
chromatography (SiO2, Et2O 1020% in pentane) yielded the title product as a white oil (64.0 
mg, 0.15 mmol, 36%, 95% ee). 
 
1H NMR (500 MHz, CDCl3) δH /ppm 7.51 (d, J = 8.7, 2H), 7.42-7.20 (m, 9H), 7.15 (d, J = 8.4, 2H), 
7.12 (d, J = 7.6, 2H), 4.66 (ddd, J = 12.2, 3.0, 2.7 Hz, 2H), 4.38 (d, J = 11.9 Hz, 1H), 4.28 (d, 
J = 12.2 Hz, 1H), 3.17 (d, J = 17.9 Hz, 1H), 2.63- 2.50 (m, 3H), 2.47 (d, J = 18.0 Hz, 1H), 2.43- 
2.35 (m, 1H), 2.22 (dd, J = 17.8, 10.9 Hz, 1H), 2.07- 1.98 (m, 1H), 1.68- 1.58 (m, 1H). 

 
 
13C NMR (126 MHz, CDCl3) δC /ppm 213.0, 143.7, 143.4, 142.1, 128.9, 128.7, 128.4, 128.4, 
128.3, 127.1, 126.6, 126.5, 125.9, 104.9, 70.9, 68.9, 45.2, 45.0, 44.9, 43.4, 33.9, 29.1. 

 
 
HRMS (ESI) m/z calcd for C28H28O3Na [M+Na]+: 435.19307, found: 435.19317.  
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IR (ATR) (νmax/cm-1) 3026, 2924, 1749, 1602, 1496, 1448, 1400, 1279, 1188, 1132, 1032, 
970, 753, 699. 

 
The enantiomeric excess of 95% ee was determined by HPLC [Chiralpak® IA; 

hexane:iPrOH 90:10; 1.0 ml.min-1, λ= 210 nm, tR = 7.8 min (major enantiomer), tR = 16.5 min 
(minor enantiomer)]. 

 

 

 
 
(S)-4-hexyl-8,8-diphenyl-6,10-dioxaspiro[4.5]decan-2-one (7c) 

 
 
In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 

was added to a solution of 1-hexene (210 L, 1.4 mmol 3.5 eq) in CH2Cl2 (0.5 mL) and 
vigorously stirred until a clear orange/yellow solution was obtained (10 min). 
Simultaneously, in another flask under an argon atmosphere, CuCl (7.9 mg, 0.08 mmol, 0.20 
eq) and (R)-B (47.5 mg, 0.088 mmol, 0.22 eq) were covered in Et2O (2.2 mL) and stirred for 1 
h at room temperature. AgOTf (20.6 mg, 0.08 mmol, 0.20 eq) was added to the freshly formed 
Cu-ligand containing solution and stirring continued for an additional 1 h. The resulting 
catalyst mixture was taken up by syringe and injected through a filter into the freshly 
prepared alkylzirconocene species and the reaction flask was cooled to 0 ºC. After 10 min, 
solid 8,8-diphenyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (120 mg, 0.4 mmol, 1.0 eq) was added 
in one portion by quickly tipping the solid into the black solution. TMSCl (250 L, 2.0 mmol, 
5.0 eq) was then added dropwise and the reaction mixture was stirred overnight and allowed 
to slowly warm to RT. The reaction mixture was diluted with Et2O (2 mL) and quenched with 
NH4Cl (3 mL, 1M). The mixture was partitioned and the aqueous phase was extracted with 
Et2O (3 x 10 mL). The combined organic extracts were washed with NaHCO3 (aq. sat. 30 mL), 
dried over MgSO4, filtered and concentrated under reduced pressure. Purification by flash 
column chromatography (SiO2, Et2O 1020% in pentane) yielded the title product as a yellow 
oil (98.9 mg, 0.25 mmol, 63%, 89% ee). 
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1H NMR (500 MHz, CDCl3) δH /ppm 7.47 (d, J = 7.9, 2H), 7.37- 7.20 (m, 6H), 7.10 (d, J = 7.2, 
2H), 4.64- 4.57 (m, 2H), 4.34 (d, J = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 3.09 (d, J = 17.9 Hz, 
1H), 2.52 (dd, J = 17.9, 8.0 Hz, 1H), 2.42 (d, J = 18.2 Hz, 1H), 2.34- 2.25 (m, 1H), 2.13 (dd, J = 
17.9, 10.7 Hz, 1H), 1.63- 1.51 (m, 1H), 1.35- 1.07 (m, 9H), 0.89 (t, J = 7.5 Hz, 3H). 

 
 
13C NMR (126 MHz, CDCl3) δC /ppm 213.4, 143.8, 143.5, 128.8, 128.7, 128.2, 127.1, 126.6, 
126.5, 104.9, 70.9, 69.0, 46.0, 45.0, 44.9, 43.4, 31.8, 29.6, 28.0, 27.8, 22.8, 14.2. 

 
 
HRMS (ESI) m/z calcd for C26H33O3 [M+H]+: 393.24242, found: 393.24238.  
 
IR (ATR) (νmax/cm-1) 2926, 2856, 2360, 1750, 1496, 1464, 1399, 1280, 1188, 1129, 1035, 
771, 699, 642. 
 

The enantiomeric excess of 89% ee was determined by HPLC [Chiralpak® IA; 
hexane:iPrOH 90:10; 1.0 ml.min-1, λ= 210 nm, tR = 5.9 min (major enantiomer), tR = 10.6 min 
(minor enantiomer)]. 
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(S)-4-(6-chlorohexyl)-8,8-diphenyl-6,10-dioxaspiro[4.5]decan-2-one (7d) 

 
 

In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 
was added to a solution of 6-chlorohexene (185 L, 1.4 mmol 3.5 eq) in CH2Cl2 (0.5 mL) and 
vigorously stirred until a clear yellow solution was obtained (15 min). Simultaneously, in 
another flask under an argon atmosphere, CuCl (7.9 mg, 0.08 mmol, 0.20 eq) and (R)-B (47.5 
mg, 0.088 mmol, 0.22 eq) were covered in Et2O (2.2 mL) and stirred for 1 h at room 
temperature. AgOTf (20.6 mg, 0.08 mmol, 0.20 eq) was added to the freshly formed Cu-ligand 
containing solution and stirring continued for an additional 1 h. The resulting catalyst mixture 
was taken up by syringe and injected through a filter into the freshly prepared 
alkylzirconocene species and the reaction flask was then cooled to 0 ºC using an ice/water 
bath. After 10 min, solid 8,8-diphenyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (120 mg, 0.4 mmol, 
1.0 eq) was added in one portion by quickly tipping the solid into the black solution. TMSCl 
(250 L, 2.0 mmol, 5.0 eq) was then added dropwise and the reaction mixture was stirred 
overnight and allowed to slowly warm to RT. The reaction mixture was diluted with Et2O (2 
mL) and quenched with NH4Cl (3 mL, 1M). The mixture was partitioned and the aqueous 
phase was extracted with Et2O (3 x 10 mL). The combined organic extracts were washed with 
NaHCO3 (aq. sat. 30 mL), dried over MgSO4, filtered and concentrated under reduced pressure. 
Purification by flash column chromatography (SiO2, Et2O 1020% in pentane) yielded the 
title product as a white oil (96.2 mg, 0.23 mmol, 56%, 91% ee). 
 
1H NMR (500 MHz, CDCl3) δH /ppm 7.48 (d, J = 7.3 Hz, 2H), 7.38-7.21 (m, 6H), 7.10 (d, J = 7.3 
Hz, 2H), 4.66-4.58 (m, 2H), 4.35 (d, J = 11.6 Hz, 1H), 4.22 (d, J = 11.6 Hz, 1H), 3.52 (t, J = 6.8 Hz, 
2H), 3.12 (d, J = 17.7 Hz, 1H), 2.51 (dd, J = 17.9, 8.3 Hz, 1H), 2.42 (d, J = 18.1 Hz, 1H), 2.33-2.25 
(m, 1H), 2.14 (dd, J = 17.6, 11.1 Hz, 1H), 1.78-1.70 (app. quint., 2H), 1.64-1.53 (m, 1H), 1.39-
1.08 (m, 7H). 
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13C NMR (126 MHz, CDCl3) δC /ppm 213.1, 143.7, 143.3, 128.8, 128.7, 128.2, 127.1, 126.5, 
126.4, 104.8, 70.9, 68.9, 46.0, 45.2, 44.9, 44.8, 43.4, 32.7, 29.1, 27.8, 27.6, 26.7. 

 
 
HRMS (ESI) m/z calcd for C26H31O3ClNa [M+Na]+: 449.18539, found: 449.18561.  
 
IR (ATR) (νmax/cm-1) 2931, 2859, 1769, 1727, 1275, 1130, 699. 
 

The enantiomeric excess of 91% ee was determined by HPLC [Chiralpak® IA; 
hexane:iPrOH 90:10; 1.0 ml.min-1, λ= 210 nm, tR = 8.1 min (major enantiomer), tR = 16.5 min 
(minor enantiomer)]. 
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(S)-8,8-diphenyl-4-(3-(trimethylsilyl)propyl)-6,10-dioxaspiro[4.5]decan-2-one (7e) 

 
In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 

was added to a solution of allyltrimethylsilane (223 L, 1.4 mmol 3.5 eq) in CH2Cl2 (0.5 mL) 
and vigorously stirred until a clear orange solution was obtained (10 min). Simultaneously, in 
another flask under inert atmosphere, CuCl (7.9 mg, 0.08 mmol, 0.20 eq) and (R)-B (47.5 mg, 
0.088 mmol, 0.22 eq) were covered in Et2O (2.2 mL) and stirred for 1 h at room temperature. 
AgOTf (20.6 mg, 0.08 mmol, 0.20 eq) was added to the freshly formed Cu-ligand containing 
solution and stirring continued for an additional 1 h. The resulting catalyst mixture was taken 
up by syringe and injected through a filter into the flask containing the freshly prepared 
alkylzirconocene species, which was cooled to 0 ºC. After 10 min, solid 8,8-diphenyl-6,10-
dioxaspiro[4.5]dec-3-en-2-one (120 mg, 0.4 mmol, 1.0 eq) was added in one portion by 
quickly tipping the solid into the black solution. TMSCl (250 L, 2.0 mmol, 5.0 eq) was then 
added dropwise and the reaction mixture was allowed to warm to room temperature while 
stirring was continued overnight. The reaction mixture was diluted with Et2O (2 mL) and 
quenched with NH4Cl (3 mL, 1M). The mixture was partitioned and the aqueous phase was 
extracted with Et2O (3 x 10 mL). The combined organic extracts were washed with NaHCO3 
(aq. sat. 30 mL), dried over MgSO4, filtered and concentrated under reduced pressure. 
Purification by flash column chromatography (SiO2, Et2O 1020% in pentane) yielded the 
title product as a clear oil (65.5 mg, 0.16 mmol, 39%, 92% ee). 
 
1H NMR (500 MHz, CDCl3) δH /ppm 7.46 (d, J = 7.6 Hz, 2H), 7.37-7.21 (m, 6H), 7.09 (d, J = 7.8 
Hz, 2H), 4.64-4.55 (m, 2H), 4.34 (d, J = 12.6 Hz, 1H), 4.21 (d, J = 12.6 Hz, 1H), 3.08 (d, J = 17.6 
Hz, 1H), 2.52 (dd, J = 18.1, 8.1 Hz, 1H), 2.42 (d, J = 18.1 Hz, 1H), 2.38-2.27 (m, 1H), 2.14 (dd, J = 
17.8, 10.4 Hz, 1H), 1.63-1.54 (m, 1H), 1.35-1.20 (m, 2H), 1.20-1.08 (m, 1H), 0.48-0.35 (m, 2H), 
-0.06 (s, 9H). 
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13C NMR (126 MHz, CDCl3) δC /ppm 231.4, 143.9, 143.5, 128.8, 128.7, 127.1, 126.6, 126.5, 
104.9, 70.9, 69.0, 45.6, 44.9, 44.8, 43.3, 31.5, 22.5, 16.8, -1.5. 

 
 
HRMS (ESI) m/z calcd for C26H34O3NaSi [M+Na]+: 445.21694, found: 445.21689. 
 
IR (ATR) (νmax/cm-1) 2951, 2870, 1749, 1259, 1130, 835, 752, 697. 
 

The enantiomeric excess of 92% ee was determined by HPLC [Chiralpak® IA; 
hexane:iPrOH 90:10; 1.0 ml.min-1, λ= 210 nm, tR = 5.0 min (major enantiomer), tR = 7.3 min 
(minor enantiomer)]. 
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(S)-4-(4-(benzyloxy)butyl)-8,8-diphenyl-6,10-dioxaspiro[4.5]decan-2-one (7f) 

 
 

In a flame-dried flask under an argon atmosphere, Cp2ZrHCl (309 mg, 1.2 mmol, 3.0 eq) 
was added to a solution of ((but-3-en-1-yloxy)methyl)benzene (227 L, 1.4 mmol 3.5 eq) in 
CH2Cl2 (0.5 mL) and stirred vigorously at 40 °C until a clear yellow solution was obtained 
(~45 min). Simultaneously, in another flask under inert atmosphere, CuCl (7.9 mg, 0.08 mmol, 
0.20 eq) and (R)-B (47.5 mg, 0.088 mmol, 0.22 eq) were covered in Et2O (2.2 mL) and stirred 
for 1 h at room temperature. AgOTf (20.6 mg, 0.08 mmol, 0.20 eq) was added to the freshly 
formed Cu-ligand containing solution and stirring continued for an additional 1 h. The 
resulting catalyst mixture was taken up by syringe and injected through a filter into the flask 
containing the freshly prepared alkylzirconocene species, which was then cooled to 0 ºC using 
an ice/water bath. After 10 min, solid 8,8-diphenyl-6,10-dioxaspiro[4.5]dec-3-en-2-one (120 
mg, 0.4 mmol, 1.0 eq) was added in one portion by quickly tipping the solid into the black 
solution. TMSCl (250 L, 2.0 mmol, 5.0 eq) was then added dropwise and the reaction mixture 
was stirred overnight whilst being allowed to slowly warm to RT. The reaction mixture was 
diluted with Et2O (2 mL) and quenched with NH4Cl (3 mL, 1M). The mixture was partitioned 
and the aqueous phase was extracted with Et2O (3 x 10 mL). The combined organic extracts 
were washed with NaHCO3 (aq. sat. 30 mL), dried over MgSO4, filtered and concentrated 
under reduced pressure. Purification by flash column chromatography (SiO2, Et2O 1020% in 
pentane) yielded the title product as a yellow oil (130.3 mg, 0.28 mmol, 69%, 89% ee). 
 
1H NMR (500 MHz, CDCl3) δH /ppm 7.45 (d, J = 7.5 Hz, 2H), 7.40-7.18 (m, 11H), 7.09 (d, J = 7.5 
Hz, 2H), 4.64-4.57 (m, 2H), 4.49 (s, 2H), 4.33 (d, J = 11.8 Hz, 1H), 4.20 (d, J = 12.5 Hz, 1H), 3.38 
(t, J = 6.8 Hz, 2H), 3.10 (d, J = 17.9 Hz, 1H), 2.51 (dd, J = 17.9, 8.0 Hz, 1H), 2.41 (d, J = 17.9 Hz, 
1H), 2.34-2.24 (m, 1H), 2.13 (dd, J = 17.3, 10.5 Hz, 1H), 1.63-1.49 (m, 3H), 1.34-1.12 (m, 3H). 
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13C NMR (126 MHz, CDCl3) δC /ppm 213.2, 143.7, 143.4, 138.8, 128.8, 128.7, 128.5, 128.3, 
127.8, 127.7, 127.1, 126.6, 104.8, 73.0, 71.0, 70.3, 68.9, 46.1, 45.0, 44.8, 43.4, 30.1, 27.6, 24.7. 

 
 
HRMS (ESI) m/z calcd for C31H35O4 [M+H]+: 471.25299, found: 471.25290.  
 
IR (ATR) (νmax/cm-1) 2929, 2862, 1748, 1496, 1448, 1278, 1188, 1131, 1049, 752, 699, 642. 
 

The enantiomeric excess of 89% ee was determined by HPLC [Chiralpak® IA; 
hexane:iPrOH 90:10; 1.0 ml.min-1, λ= 210 nm, tR = 9.9 min (major enantiomer), tR = 16.0 min 
(minor enantiomer)]. 
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