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Method and Materials 
General. Unless otherwise stated, reactions were performed using freshly purified 
solvents which were purified using solvent purification columns purchased from Glass 
Contour, Laguna Beach, CA. All reactions were monitored by thin-layer chromatography 
with E. Merck silica gel 60 F254 pre-coated plates (0.25 mm). Gas chromatography (GC) 
was performed on an HP 6890N autosampling GC with an HP-5 capillary column and 
equipped with a FID detector. Flash chromatography was performed with indicated 
solvents using silica gel (particle size 0.032-0.063m) purchased from Sorbent 
Technologies. 1H and 13C NMR spectra were recorded on Varian Inova-400 MHz or 500 
MHz spectrometer. Chemical shift are reported relative to internal chloroform (CDCl3: 
1H,  = 7.27, 13C,  = 77.26). Coupling constants are in Hz and are reported as d 
(doublet), t (triplet), q (quartet). For signals having multiple coupling patterns, the 
coupling constant are listed in the same order as the pattern (e.g. dt, J = 2.0, 4.0; 2.0 is the 
coupling constant for the doublet and 4.0 is for the coupling constant for the triplet). 
HPLC analyses were carried out on an Agilent 1200 series or a Shimadzu LC-2010A 
system. Optical rotations were measured on a Rudolph Research Analytical Autopol® IV 
Polarimeter (50/60 Hz). Mass spectra were acquired on an Agilent technologies 1200 
series LC/MS using indicated ionization methods. 
 
Materials.  Chemicals were purchased from Aldrich, Fisher or Alfa Aesar and used 
without purification. 
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Preparation of Ligands. 

 
 (Ss, R)-2-(2’-(p-tolylsulfinyl)phenyl)-4-(2’-bromophenyl)but-3-
yn-2-ol (2).1 To a 100 mL flask charged with anhydrous cerium 
chloride (2.2 g, 8.9 mmol, cerium chloride was dried under vacuum 
overnight at 140 oC) was added anhydrous THF (20 mL) under 
nitrogen at rt. After stirring 2 h at rt, the resulting suspension was 
cooled to -78 oC. Separately, the alkynyllithium was prepared by 
adding LHMDS (6.4 mL, 6.4 mmol, 1.0 M solution in hexanes) to 

a solution of 2-bromophenylacetylene (1.12 g, 6.2 mmol) in anhydrous THF (10 mL) at - 
78 oC and stirring for 30 min. The alkynyl lithium solution was warmed to -40 oC and 
then added via canula to the suspension of CeCl3 at -78 oC. The reaction mixture was 
stirred for 30 min at -78 oC and a solution of (S)-1-(2-(p-tolylsulfinyl)phenyl)ethanone 
(1.14 g, 4.43 mmol) in dry THF (10 mL) was added. After 3 h at -78 oC, the reaction 
mixture was slowly warmed up to rt and then treated with saturated aqueous NH4Cl (10 
mL). The crude mixture was filtered through Celite and washed with acetone. The filtrate 
was concentrated and extracted with EtOAc (3X). The combined organic layers were 
dried over MgSO4, filtered, and evaporated to give crude product, which was purified by 
flash column chromatography on silica gel to afford 2 (1.68 g, 86%) as a single 
diastereomer. [ ]25

D = -192.8 º (c = 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) : 1.73 (s, 
3H), 2.32 (s, 3H), 3.59 (br s, 1H), 7.15-7.18 (m, 3H), 7.20-7.25 (m, 1H), 7.40-7.55 (m, 
6H), 7.75-7.77 (m, 1H), 8.08-8.10 (m, 1H); 13C NMR (125 MHz, CDCl3) : 21.6, 32.5, 
71.5, 83.8, 97.7, 124.8, 125.9, 126.2, 127.14, 127.19, 127.22, 128.9, 129.7, 129.9, 130.7, 
132.5, 133.9, 141.1, 143.0, 143.2, 143.7. ESI MS m/z: 438.8, [M+H]+. 
 

 
 (Ss, R)-2-(2’-(p-tolylsulfinyl)phenyl)-4-(2’-bromophenyl)but-3-
yn-2-yl acetate (3). A mixture of 2 (1.2 g, 2.7mmol), Ac2O (1.0 g, 
9.2mmol), Et3N (1.0 g, 9.9 mmol) and DMAP (6 mg, 0.05 mmol) 
in CH2Cl2 (10 ml) was stirred at rt overnight. The reaction solution 
was concentrated under reduced pressure and the residue was 
purified by flash chromatography on silica gel (hexane/ethyl 
acetate, 10/1) to afford the title compound in 98% yield (1.3 g). 

[ ]24
D = -277.0 º (c = 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) : 1.97 (s, 3H), 2.10 (s, 

3H), 2.27 (s, 3H), 7.06 (dt, J = 2.0 Hz, J = 10.0 Hz, 1H), 7.12 (dt, J = 2.0 Hz, J = 10.0 Hz, 
1H), 7.16 (d, J = 8.0 Hz, 2H),  7.34 (dd, J = 2.0 Hz, J = 7.5 Hz, 1H), 7.37-7.47 (m, 5H), 
7.81 (d, J = 7.5 Hz, 1H), 7.87 (d, J = 7.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 21.6, 
22.2, 31.1, 76.2, 86.8, 93.7, 124.3, 125.9, 126.6, 126.7, 127.2, 128.0, 129.7, 130.0, 130.3, 
131.6, 132.5, 133.8, 141.3, 141.4, 142.4, 142.5, 168.7. ESI MS m/z: 503.0, [M+Na]+. 
 
 
 

(Ss, S)-1-(5’,5’-dimethyl-4’-(2”-bromophenyl)hexa-2’,3’-dien-
2’-yl)-2-p-tolylsulfinylbenzene (4).  To a stirred suspension of 
CuCN (2.0 g, 22.3 mmol) in anhydrous THF (15 ml) at -42 oC 
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(CH3CN-dry ice) under N2 was added tBuLi solution (11mL, 1.7M in pentane). The 
resulting solution was stirred another 10 min before a solution of 3 in anhydrous THF (10 
mL) was added. The reaction mixture was stirred for 1.5 h under the same conditions. 
Sat. NH4Cl aq. was added to quench the reaction. The water layer was extracted by Et2O. 
The combined organic layer was concentrated under reduced pressure and the residue 
was purified by silica gel chromatography (hexane/ethyl acetate, 10/1) to afford the title 
compound in 88% yield (899mg). [ ]25

D = -195.8 º (c = 1.0, CHCl3); 1H NMR (500 MHz, 
CDCl3) : 1.06 (s, 9H), 1.54 (s, 3H), 2.20 (s, 3H), 6.84 (d, J = 6.5 Hz, 2H), 7.00 (d, J = 
6.5 Hz, 2H), 7.13 (t, J = 7.0 Hz, 1H), 7.18 (d, J =7.0 Hz, 1H), 7.30-7.50 (m, 3H), 7.42 (t, 
J = 6.5 Hz, 1H), 7.68 (d, J = 6.5 Hz, 1H), 8.09 (d, J = 7.5 Hz, 1H); 13C NMR (125 MHz, 
CDCl3) : 19.1, 21.6, 29.8, 36.5, 99.3, 114.7, 124.2, 125.6, 127.0, 127.2, 127.9, 129.1, 
129.8, 130.5, 136.3, 137.6, 141.7, 142.4, 143.2, 200.3. ESI MS m/z: 500.8, [M+Na]+. 
 

(S)-2,4-bis(2-(bis(3,5-bis(trifluoromethyl)phenyl) 
phosphino)phenyl)-5, 5-dimethyl-hexa-2,3-diene (5 )  To a 
stirred solution of allene 4 (768 mg, 1.6 mmol) in anhydrous 
diethyl ether (7 mL) at -78oC under nitrogen was added tert-
butyllithium (5.7 ml, 9.68 mmol, 1.7 M solution in hexane). 
The reaction mixture was then stirred for 10 min at -78 oC 
under nitrogen before the addition of a solution of 
chlorobis(3,5-bistrifluoromethylphenyl)phosphine (4.9 g, 10.0 

mmol) in anhydrous diethyl ether (5 mL). The resulting solution was allowed to warm to 
room temperature and stirred overnight. Sat. NH4Cl solution (5 mL) was added to the 
reaction to quench the unreacted reagent. The mixture was extracted by Et2O, the organic 
layers were combined, and the solvent was removed under vacuum. The residue was 
purified by silica gel chromatography with hexane as the eluent to afford the allene ligand 
(750 mg, 40%) as a white solid. Mp, 147-148 oC; [ ]24

D = +82 º (c = 1.0, CHCl3); 1H 
NMR (500 MHz, CDCl3) : 1.06 (s, 9H), 1.90 (s, 3H), 6.61 (s, 1H), 6.81 (dd, J = 7.7, 4.0 
Hz, 1H), 6.97 (dd, J = 7.5, 3.3 Hz, 1H), 7.02 (t, J = 7.1 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 
7.36 – 7.24 (m, 4H), 7.42 (d, J = 6.2 Hz, 2H), 7.46 (s, 1H), 7.57 (d, J = 5.7 Hz, 2H), 7.72 
(d, J = 5.8 Hz, 2H), 7.90 – 7.82 (m, 4H). 13C NMR (125 MHz, CDCl3) : 16.8, 25.2-25.5, 
(multiple signals of CH3 in t-Bu due to atropisomers; a single peak at 30.2 ppm was 
observed when the 13C NMR was recorded at 50 oC), 31.6, 97.8 (d, 3JC-P = 8.5 Hz), 108.8 
(d, 3JC-P = 6.9 Hz), 196.6 (central C of allene). Other peaks cannot be interpreted because 
of the overlap due to C-P and C-F coupling. Please see the attached spectrum. 31P NMR 
(202 MHz, CDCl3) : -12.0, -11.3; ESI MS m/z: 1174.9, [M+ H]+. 
 
 

1-(2’-bromophenyl)-1,1-diphenylmethane.2 To a stirred solution 
of methyl 2-bromobenzoate (6.0 g, 28 mmoL) in anhydrous Et2O 
(90 mL) at 0 oC under nitrogen was added PhMgBr (21.7 mL, 3.0 
M in Et2O). The reaction mixture was stirred at rt overnight. Sat. 
NH4Cl solution (15 mL) was added the reaction to quench the 
unreacted reagent. The mixture was extracted by Et2O, the organic 

layers were combined and the solvent was removed under vacuum. The residue was 
purified by silica gel chromatography with hexane as the eluent to afford 1-(2’-
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bromophenyl)-1,1-diphenylmethanol (7.8 g, 82%). A mixture of 1-(2’-bromophenyl)-1,1-
diphenylmethanol (7.0 g, 20.6 mmol) and HCOOH (30 mL) in toluene (100 mL) was 
refluxed overnight. The toluene layer was then washed by sat. NaHCO3 and concentrated 
under reduced pressure. The residue was purified by silica gel chromatography with 
hexane as the eluent to afford the title compound (5.0 g) in 75% yield. 1H NMR (500 
MHz, CDCl3) : 5.96 (s, 1H), 6.95 (dd, J = 1.0, 7.5 Hz, 1H), 7.07-7.14 (m, 5H), 7.21-7.32 
(m, 7H), 7.59 (dd, J = 1.0, 8.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) : 56.2, 125.8, 
126.7, 127.5, 128.3, 128.6, 129.9, 131.6, 133.3, 142.8, 143.5.  
 

1-(2-benzhydrylphenyl)ethanone. To a stirred solution of 1-(2’-
bromophenyl)-1,1-diphenylmethane (2.73 g, 8.48 mmol) in anhydrous 
Et2O (70 mL) at -78 oC under a nitrogen atmosphere was added tert-
butyllithium (10.0 mL, 17.0 mmol). After 10 min, acetaldehyde (2.9 
mL, 51 mmol) was added at -78oC. After 2h, sat. NH4Cl solution (25 

mL) was added. The mixture was extracted by Et2O, the organic layers were combined 
and the solvent was removed under reduced pressure. The residue was redissolved in 
CH2Cl2 (40 mL), and Dess-Martin periodane (3.96 g, 9.4 mmol) was added to this 
solution. The reaction mixture was stirred at rt overnight. A 1:1 mixture of 10% NaHCO3 
and sat. Na2S2O3 solution was added to the reaction mixture, which was stirred for 
another 30 min and became a clear solution. The mixture was extracted by ethyl acetate, 
the organic layers were combined, and the solvent was removed under vacuum. The 
residue was purified by silica gel chromatography (hexane: ethyl acetate 10:1) to afford 
the title compound (1.6 g, 66% in 2 steps). 1H NMR (500 MHz, CDCl3) : 2.26 (s, 3H), 
6.40 (s, 1H), 7.00-7.40 (m, 13 H), 7.56 (d, J = 7.5 Hz, 1H); 13C NMR (125 MHz, CDCl3) 

: 30.2, 52.1, 126.4, 126.5, 128.3, 128.5, 130.1, 130.9, 131.1, 139.7, 143.1, 143.7, 203.7. 
ESI MS m/z 308.9 [M+Na]+.  
 
 

 (Ss, R)-2-(2-(diphenylmethyl)phenyl)-4-(2’-(p-
tolylsulfinyl)phenyl)-5, 5-dimethyl-hexa-2,3-diene and (Ss, S)-2-
(2-(diphenylmethyl)phenyl)-4-(2’-(p-tolylsulfinyl)phenyl)-5, 5-
dimethyl-hexa-2,3-diene (13a and b) (allene stereochemistry 
unassigned) 
These diastereomers were made analogously to allene 4 from (S)-2-

(p-tolylsulfinyl)phenylacetylene and 1-(2-benzhydrylphenyl)ethanone. The diastereomers 
were resolved by flash column chromatography on silica gel (hexane: ethyl acetate 10-
6:1).  13a: [ ]25

D = -303.3 º (c = 1.0, CHCl3); 1H NMR (400 MHz, CDCl3) : 1.06 (s, 9H), 
2.03 (s, 3H), 2.35 (s, 3H), 5.79 (s, 1H), 6.80-6.82 (m, 2H), 6.94 (d, J = 7.2 Hz, 2H), 7.05 
(d, J = 7.2 Hz, 1H), 7.08-7.12 (m, 3H), 7.15-7.32 (m, 10H), 7.31 (t, J = 7.2 Hz, 1H), 7.51 
(d, J = 6.8 Hz, 2H), 7.93 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) : 20.8, 21.7, 
30.6, 35.6, 52.8, 102.8, 126.1, 126.4, 126.6, 126.7, 126.8, 127.2, 128.2, 128.4, 128.5, 
128.9, 129.6, 129.8, 130.1, 130.4, 130.6, 137.6, 139.7, 141.6, 142.2, 144.1, 144.5, 144.8, 
201.4; ESI MS m/z: 566.9, [M+H]+. 13b: [ ]25

D = +28.4 º (c = 1.0, CHCl3); 1H NMR 
(400 MHz, CDCl3) : 1.24 (s, 9H), 1.63 (s, 3H), 2.30 (s, 3H), 5.87 (s, 1H), 6.75-6.77 (m, 
2H), 6.90-6.92 (m, 2H), 7.02 (d, J = 6.8 Hz, 1H),  7.05-7.09 (m, 3H), 7.15-7.35 (m, 12H), 
7.41 (t, J = 6.8 Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) : 21.4, 
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21.5, 30.2, 36.4, 51.9, 101.8, 110.7, 125.8, 126.3, 126.4, 126.8, 127.3, 127.4, 128.4, 128.5, 
128.7, 129.0, 129.55, 129.57, 129.9, 130.5, 131.0, 131.1, 136.9, 139.3, 140.6, 140.9, 
143.0, 144.1, 145.0, 145.3, 201.1; ESI MS m/z: 566.9, [M+H]+.   
 

(-)-2-(2-(diphenylmethyl)phenyl)- 4-(2-(bis-(3,5-bistrifluoro 
methylphenyl)phosphino)phenyl-5, 5-dimethyl-hexa-2,3-diene 
(12). It was made by the same method of 5  from 13a in 26% 
yield. [ ]25

D = -64.4 º (c = 1.0, CHCl3); 1H NMR (500 MHz, 
CDCl3) : 1.14 (s, 9H), 1.41 (s, 3H), 5.79 (s, 1H), 6.62-6.64 (m, 
1H), 6.80-6.85 (m, 2H), 6.88-7.04 (m, 5H), 7.12-7.23 (m, 9H), 
7.33 (t, J = 7.5 Hz, 1H), 7.37 (d, J = 7.5 Hz, 1H), 7.59-7.61 (m, 
3H), 7.86 (d, J = 15.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 

30.1, 30.3 (d, atropisomers), 36.1, 52.5, 102.3, 112.4 (d, 3JC-P = 6.2 Hz), 200.5 (center C 
of allene). Other peaks cannot be interpreted because of the overlap due to C-P and C-F 
coupling. Please see the attached spectrum. 31P NMR (202 MHz, CDCl3) : -10.8; ESI 
MS m/z: 885.2, [M+H]+.        
 

(-)-2-(2-(diphenylmethyl)phenyl)- 4-phenyl-5, 5-dimethyl-hexa-
2,3-diene (14). The title compound was isolated as a side product in 
the preparation of 12 in 52% yield. [ ]25

D = -114.3 º (c = 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) : 1.15 (s, 9H), 1.66 (s, 3H), 
5.76 (s, 1 H), 6.64 (d, J = 7.0 Hz, 2H), 6.88-6.93 (m, 3H), 7.12-7.23 
(m, 8H), 7.24-7.32 (m, 6H); 13C NMR (125 MHz, CDCl3) : 22.2, 
30.1, 35.2, 52.5, 100.3, 115.1, 126.1, 126.5, 126.8, 126.9, 128.0, 

128.1, 128.2, 128.9, 129.8, 130.1, 130.3, 137.8, 140.4, 141.8, 144.3, 144.6, 200.0; ESI 
MS m/z: 429.2, [M+H]+. 

 
(-)-2-(2-(bis-(3,5-bistrifluoromethylphenyl)phosphino) 

phenyl)-4-(2-(diphenylmethyl)phenyl)-5, 5-dimethyl-hexa-
2,3-diene (11). [ ]23

D =  -36.8 º (c = 1.0, CHCl3); 1H NMR (500 
MHz, CDCl3) : 0.90 (s, 9H), 1.96 (s, 3H), 6.08 (s, 1H), 6.53 
(br s, 1H), 6.78 (m, 1H), 6.82-6.84 (m, 1H), 6.97 (d, J = 7.5 Hz, 
1H), 7.06-7.14 (m, 5H), 7.15-7.24 (m, 4H), 7.25-7.29 (m, 3H), 
7.30-7.35 (m, 2H), 7.40-7.52 (m, 4H), 7.85 (d, J = 8.0 Hz, 2H); 

13C NMR (125 MHz, CDCl3) : 22.0, 30.8, 36.1, 52.6 (d, atropisomers), 101.5 (J3
C-P = 8.9 

Hz), 201.6 (J4
C-P = 1.5 Hz, center C of allene). Other peaks cannot be interpreted because 

of the overlap due to C-P and C-F coupling. Please see the attached spectrum. 31P NMR 
(202 MHz, CDCl3) : -10.7; ESI MS m/z: 885.2, [M+H]+. 
 
Preparation of the substrates. 
 

Cyclohexyl 2-phenyl-2-oxoacetate (15b). To a stirred solution of 
phenylglyoxylic acid (1.5 g, 10.0 mmol) and cyclohexanol (1.5 g, 15.0 
mmol) in CH2Cl2 (8 mL) was added DCC (2.2 g, 11.0 mmol) and 
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DMAP (30 mg, 0.24 mmol) at rt. The reaction mixture was stirred overnight and then 
filtered through Celite. The filtrate was concentrated under reduced pressure. The residue 
was purified by flash column chromatography on silica gel (hexane: ethyl acetate 10:1) to 
afford the title compound (1.8 g) in 78% yield. 1H NMR (500 MHz, CDCl3) δ: 1.26-1.34 
(m, 1H), 1.39-1.46 (m, 2H), 1.55-1.64 (m, 3H), 1.72-1.84 (m, 2H), 1.97-2.05 (m, 2H), 
5.11 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.53 (t, J = 7.5 Hz, 2H), 7.67 (t, J = 7.5 Hz, 1H), 
8.01 (d, J = 7.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ: 23.8, 25.4, 31.6, 75.5, 129.1, 
130.0, 132.7, 135.0, 163.9, 187.0; ESI MS m/z: 254.9, [M+Na]+. 
 

Cyclohexyl 2-(4-cynophenyl)-2-oxoacetate.  From 4-
cynophenylglyoxylic acid, the same method as  used in the 
preparation of cyclohexanyl 2-phenyl-2-oxoacetate gave the title 
compound in 80% yield.  1H NMR (500 MHz, CDCl3) δ : 1.26-

1.34 (m, 1H), 1.36-1.46 (m, 2H), 1.54-1.64 (m, 3H), 1.77-1.81 (m, 2H), 1.98-2.01 (m, 
2H), 5.09 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.81 (d, J = 8.0 Hz, 2H), 8.13 (d, J = 8.0 Hz, 
2H); 13C NMR (125 MHz, CDCl3) δ: 23.8, 25.3, 31.6, 76.4, 117.8, 118.0, 130.6, 132.8, 
135.9, 162.4, 185.1; ESI MS m/z: 257.9 [M+H]+. 

 
Cyclohexyl 2-(4-fluorophenyl)-2-oxoacetate.3 Cyclohexanol 
(0.97 mL, 9.2 mmol) was added slowly to a solution of oxalyl 
chloride (0.8 mL, 9.5 mmol) in anhydrous THF (15 mL) at 0 °C 
within 15 min. After 4 h, a solution of imidazole (1.9 g, 27.6 

mmol) in THF (8 mL) was added into the above solution at 0 °C under nitrogen. After an 
additional 2 h of being stirred at room temperature, the mixture was filtered and the 
precipitate was washed with anhydrous THF (8 mL). The filtrate was cooled to –50 °C 
under nitrogen. A solution of 4-flourophenyl magnesium bromide (9 mmol in 9 mL THF) 
was added dropwise over 30 min with stirring. The solution was allowed to come to room 
temperature over 3 h and poured into ice-water. The solution was extracted with ether, 
washed with brine and dried over NaSO4. Removal of solvents with reduced pressure and 
purification by chromatography on silica gel (hexane:ethyl acetate  10:1) gave the title 
compound (1.3 g) in 58% yield. 1H NMR (500 MHz, CDCl3) δ1.24-1.34 (m, 1H), 1.37-
1.46 (m, 2H), 1.54-1.63 (m, 3H), 1.75-1.82 (m, 2H), 1.96-2.04 (m, 2H), 5.08 (tt, J1 = 4.0 
Hz, J2 = 9.0 Hz, 1H), 7.16-7.20 (m, 2H), 8.00-8.08 (m, 2H); 13C NMR (125 MHz, CDCl3) 
δ: 23.9, 25.4, 31.6, 75.9, 116.4 (d, J = 22.0 Hz), 129.3 (d, J = 4.3 Hz),133.5 (d, J = 9.8 
Hz), 163.5, 166.9 (d, J = 256.6 Hz), 186.2; ESI MS m/z: 272.9, [M+Na]+. 

 
Cyclohexyl 2-p-tolyl-2-oxoacetate. From p-tolylmagnesium 
bromide; the same method as was used in the preparation of 
cyclohexanyl 2-(4-flourophenyl)-2-oxoacetate gave the title 
comound in 45% yield. 1H NMR (500 MHz, CDCl3) δ : 1.22-1.34 

(m, 1H), 1.37-1.48 (m, 2H), 1.52-1.65 (m, 3H), 1.74-1.82 (m, 2H), 1.96-2.05 (m, 2H), 
2.42 (s, 3H), 5.08 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.88 (d, J = 
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8.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ: 22.1, 23.9, 25.4, 31.7, 75.5, 129.8, 130.2, 
130.3, 146.3, 164.1, 186.7; ESI MS m/z: 269.0, [M+Na]+.  

 
Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-oxoacetate. 
From 3,5-bis(trifluoromethyl)phenylmagnesium bromide; the 
same method as was used in the preparation of cyclohexanyl 2-
(4-flourophenyl)-2-oxoacetate gave the title compound in 53% 
yield. 1H NMR (500 MHz, CDCl3) δ : 1.29-1.38 (m, 1H), 1.41-
1.52 (m, 2H), 1.58-1.68 (m, 3H), 1.78-1.84 (m, 2H), 1.96-2.05 

(m, 2H), 5.13 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 8.15 (s, 1H), 8.53 (s, 2H); 13C NMR (125 
MHz, CDCl3) δ: 23.8, 25.3, 31.6, 76.8, 122.9 (q, J = 271.9 Hz), 127.8 (q, J = 3.6 Hz), 
130.2 (q, J = 4.3 Hz),, 132.9 (q, J = 34.1 Hz),  134.7, 161.6, 183.3; ESI MS m/z: 368.9, 
[M+H]+. 
 

Cyclohexyl 2-(4-methoxylphenyl)-2-oxoacetate. From 4-
methoxyphenylmagnesium bromide; the same method as was 
used in the preparation of Cyclohexanyl 2-(4-flourophenyl)-2-
oxoacetate was used to give the title compound in 38% yield. 1H 
NMR (500 MHz, CDCl3) δ : 1.24-1.34 (m, 1H), 1.37-1.48 (m, 

2H), 1.54-1.65 (m, 3H), 1.74-1.83 (m, 2H), 1.96-2.05 (m, 2H), 3.90 (s, 3H), 5.08 (tt, J1 = 
4.0 Hz, J2 = 9.0 Hz, 1H), 6.98 (d, J = 9.0 Hz, 2H), 7.98 (d, J = 9.0 Hz, 2H); 13C NMR 
(125 MHz, CDCl3) δ: 23.8,  25.4, 31.6, 55.8, 75.3, 114.4, 125.7, 132.6, 164.2, 165.1, 
185.5; ESI MS m/z: 263.0 [M+H]+.  
 

Cyclohexyl 2-(4-chlorophenyl)acetate. From 2-(4’-
chlorophenyl)acetic acid; the same method as was used in the 
preparation of cyclohexanyl 2-phenyl-2-oxoacetate was used to 
give the title compound in 86% yield. 1H NMR (500 MHz, CDCl3) 

δ:  1.22-1.45 (m, 5H), 1.47-1.54 (m, 1H), 1.64-1.71 (m, 2H), 1.77-1.85 (m, 2H), 3.56 (s, 
2H), 4.78 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.22 (d, J = 7.5 Hz, 2H), 7.28 (d, J = 7.5 Hz, 
2H); 13C NMR (125 MHz, CDCl3) δ: 23.8, 25.6, 31.7, 41.3, 73.4, 128.8, 130.8, 133.10, 
133.12, 170.7; ESI MS m/z: 253.1, [M+H]+. 
 

Cyclohexyl 2-(4’-chlorophenyl)-2-oxoacetate.4 To a stirred 
solution of cyclohexanyl 2-(4-chlorophenyl)acetate (1.36 g, 
5.4 mmol) in anhydrous MeCN (30 mL) was added DBU (0.99 g, 
6.5 mmol). After the solution was stirred at room temperature 

under N2 for 20 min, p-acetamidobenzenesulfonyl azide (1.43 mg, 5.94 mmol) was added 
at 0 °C in several portions. The solution was stirred at room temperature for 24 h. To the 
above solution was added benzene (18 mL), acetone (14 mL), H2O (20 mL), NaHCO3 

(17.2 g, 204 mmol) and Oxone® (32g, 52 mmol) at 0oC. The reaction mixture was 
vigorously stirred overnight. Water (60 mL) was added and the mixture was extracted 
with diethyl ether (3 × 60 mL), and combined organic layer was dried over anhydrous 
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Na2SO4. Removal of the solvent gave a crude product, which was purified by column 
chromatography on silica gel to give the title product (1.08 g) in 75% yield. 1H NMR 
(500 MHz, CDCl3) :  1.27-1.36 (m, 1H), 1.39-1.49 (m, 2H), 1.57-1.65 (m, 3H), 1.76-
1.84 (m, 2H), 1.98-2.05 (m, 2H), 5.09 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.50 (d, J = 8.5 
Hz, 2H), 7.97 (d, J = 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 23.8, 25.4, 31.7, 75.9, 
129.5, 131.2, 131.5, 141.7, 163.2, 185.5; ESI MS m/z: 288.9, [M+Na]+. 
 

Cyclohexyl 2-(3’-chlorophenyl)-2-oxoacetate. From 2-(3’-
chlorophenyl)acetic acid; the same method as was used for the 
preparation of cyclohexanyl 2-(4’-chlorophenyl)-2-oxoacetate was 
used to give the title compound in 68% yield in 2 steps. 1H NMR (500 
MHz, CDCl3) :  1.27-1.36 (m, 1H), 1.40-1.49 (m, 2H), 1.55-1.67 (m, 
3H), 1.78-1.84 (m, 2H), 1.97-2.05 (m, 2H), 5.09 (tt, J1 = 4.0 Hz, J2 = 

9.0 Hz, 1H), 7.47 (t, J = 8.0 Hz, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.90 (d, J = 8.0 Hz, 1H), 
8.01 (s, 1H); 13C NMR (125 MHz, CDCl3) : 23.9, 25.4, 31.6, 76.1, 128.4, 130.0, 130.4, 
134.4, 134.9, 135.4, 163.0, 185.5; ESI MS m/z: 288.9, [M+Na]+. 

 
Cyclohexyl 2-(2’-chlorophenyl)-2-oxoacetate. From 2-(2’-
chlorophenyl)acetic acid; the same method as was used in the 
preparation of cyclohexanyl 2-(4’-chlorophenyl)-2-oxoacetate was 
used to give the title compound in 70% yield in 2 steps. 1H NMR (500 

MHz, CDCl3) :  1.22-1.31 (m, 1H), 1.33-1.44 (m, 2H), 1.51-1.62 (m, 3H), 1.72-1.80 (m, 
2H), 1.92-2.00 (m, 2H), 5.02 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.38-7.44 (m, 2H), 7.51 
(dt, J1 = 1.5 Hz, J2= 8.0 Hz, 1H), 7.75 (dd, J1 = 1.5 Hz, J2= 8.0 Hz, 1H); 13C NMR (125 
MHz, CDCl3) : 23.7, 25.3, 31.3, 75.7, 127.4, 130.6, 131.7, 133.4, 133.8, 134.5, 162.8, 
186.9; ESI MS m/z: 288.9, [M+Na]+. 
 

Cyclohexyl 2-(2-triflouromethylphenyl)-2-oxoacetate. From 2-
(2’-trifluoromethylphenyl)acetic acid; the same method as was used 
in the preparation of cyclohexanyl 2-(4’-chlorophenyl)-2-oxoacetate 
was used to give the title compound in 38% yield in 2 steps. 1H 

NMR (500 MHz, CDCl3) : 1.25-1.34 (m, 1H), 1.34-1.45 (m, 2H), 1.52-1.62 (m, 3H), 
1.72-1.82 (m, 2H), 1.91-2.02 (m, 2H), 5.00 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.58-7.82 
(m, 4H); 13C NMR (125 MHz, CDCl3) : 23.8, 25.3, 31.4, 76.4, 123.7 (q, J = 272.4 Hz), 
127.1 (q, J = 4.8 Hz), 128.7 (q, J = 32.6 Hz), 129.8, 132.09, 132.10, 134.8 (q, J = 1.6 Hz), 
161.0, 187.4; ESI MS m/z: 322.9, [M+Na]+. 
 
Enantioselective Rhodium(I)-Catalyzed Addition of Arylboronic Acids to -
Ketoesters  
 
A solution of [ClRh(ethylene)2]2 (0.30 mg, 0.77 µmol) in degassed methylene chloride 
(200 µL) was added to a reaction vial with allene ligand 5  (1.9 mg, 1.6 µmol) under the 
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protection of nitrogen. The resulting solution was stirred for 30min at room temperature 
under nitrogen. The methylene chloride solvent was then removed under vacuum and the 
residue was redissolved in degassed isopropanol (600 µL) under the protection of 
nitrogen. The catalyst solution was then transferred into another vial containing -
ketoester (77 µmol), arylboronic acid (154 µmol) and KF (154 µmol) under nitrogen. 
Degassed water (120 µL) was then added to the above reaction mixture. The resulting 
reaction solution was then stirred at room temperature (unless otherwise indicated) until 
reaction was complete as judged by TLC. The reaction mixture was concentrated under 
reduce pressure. The residue was purified by flash chromatography on silica gel with 
hexane and ethyl acetate as the eluent in the ratio of 20-10:1 to afford the addition 
products.  
 
Absolute stereochemistry assigned by comparing HPLC data for Table 1, entry 1 to 
Zhou et al.5 All others were assigned by analogy.  
 

Benzyl 2-hydroxyl-2-(4-methoxyphenyl)-phenylacetate. (Table 
1, entry 1) [ ]25

D = -1.5º (c = 0.5, CHCl3); 1H NMR (500 MHz, 
CDCl3) : 3.83 (s, 3H), 4.21 (br s, 1H), 5.31 (s, 2H), 6.87 (d, J = 
9.0 Hz, 2H), 7.23-7.45 (m, 12H); 13C NMR (125 MHz, CDCl3) : 
55.6, 68.6, 81.0, 113.6, 127.7, 128.27, 128.32, 128.4, 128.7, 128.8, 
129.0, 134.3, 135.1, 142.3, 159.5, 174.7; ESI MS m/z: 370.9, 

[M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel AS-H column 
(25 cm  0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm; tR = 
22.7 min (minor) and 26.3 min (major). 

 
Cyclohexyl 2-hydroxyl-2-(4-methoxyphenyl)-phenylacetate. 
(Table 1, entry 9)  [ ]25

D = -2.8 º (c = 1.0, CHCl3); 1H NMR 
(500 MHz, CDCl3) : 1.24-1.38 (m, 3H), 1.43-1.53 (m, 3H), 
1.54-1.63 (m, 2H), 1.77-1.84 (m, 2H), 3.82 (s, 3H), 4.29 (br s, 
1H), 4.96 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.86 (d, J = 9.0 Hz, 
2H), 7.30-7.38 (m, 5H), 7.45 (d, J = 8.0 Hz, 2H); 13C NMR (125 

MHz, CDCl3) : 23.4, 25.4, 31.3, 55.5, 75.8, 80.7, 113.5, 127.6, 128.1, 128.2, 129.0, 
134.6, 142.6, 159.4, 174.4; ESI MS m/z: 362.9, [M+Na]+. The ee was determined by 
HPLC analysis using Daicel Chiralcel AS-H column (25 cm  0.46 cm ID), conditions: 
n-hexane/i-PrOH = 99.5: 0.5, 1.0 mL/min, 230 nm; tR = 33.1 min (minor) and 37.3 min 
(major). 

 
2-Propanyl 2-hydroxyl-2-(4-methoxyphenyl)-phenylacetate. 
(Table 1, entry 10) [ ]25

D = -3.0 º (c = 0.8, CHCl3); 1H NMR 
(500 MHz, CDCl3) : 1.26-1.28 (m, 6H), 3.83 (s, 3H), 4.28 (br s, 
1H), 5.17 (quintet, J1 = 6.0 Hz, 1H), 6.88 (d, J = 8.5 Hz, 2H), 
7.28 (br s, 1H), 7.34-7.38 (m, 4H), 7.46 (d, J = 7.0 Hz, 2H); 13C 
NMR (125 MHz, CDCl3) : 21.8, 55.5, 71.3, 80.7, 113.5, 127.6, 

128.1, 128.2, 128.9, 134.5, 142.5, 159.4, 174.4; ESI MS m/z: 322.9, [M+Na]+. The ee 
was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm  0.46 
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cm ID), conditions: n-hexane/i-PrOH = 99.5: 0.5, 1.0 mL/min, 230 nm; tR = 27.9 min 
(minor) and 30.4 min (major). 
 

1-adamental 2-hydroxyl-2-(4-methoxyphenyl)-
phenylacetate. (Table 1, entry 11) [ ]25

D = -2.0 º (c = 0.5, 
CHCl3); 1H NMR (500 MHz, CDCl3) : 1.65 (br s, 6H), 2.09 
(br s, 6H), 2.17 (s, 3H), 3.81 (s, 3H), 4.30 (br s, 1H), 6.86 (d, 
J1 = 7.0 Hz, 2H), 7.31-7.37 (m, 5H), 7.45 (d, J = 6.0 Hz, 2H); 
13C NMR (125 MHz, CDCl3) : 31.1, 36.2, 41.3, 55.5, 80.7, 

84.2, 113.5, 127.7, 127.9, 128.1, 129.0, 135.0, 143.0, 159.3, 173.5;  ESI MS m/z: 414.9, 
[M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel AD-H 
column (25 cm  0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm; 
tR = 17.1 min (minor) and 20.1 min (major). 

 
Cyclohexyl 2-hydroxyl-2-(4-phenyl-phenyl)-phenylacetate. 
(Table 2, entry 2) [ ]25

D = -2.0 º (c = 1.0, CHCl3); 1H NMR (500 
MHz, CDCl3) : 1.22-1.42 (m, 3H), 1.46-1.68 (m, 5H), 1.80-1.89 
(m, 2H), 4.40 (s, 1H), 5.01 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 
7.34-7.42 (m, 3H), 7.46 (t, J = 7.5 Hz, 2H), 7.49-7.56 (m,  4H), 
7.58-7.63 (m, 5H); 13C NMR (125 MHz, CDCl3) : 23.4, 25.4, 
31.3, 76.0, 80.9, 126.9, 127.4, 127.6, 127.7, 128.1, 128.2, 128.3, 
129.0, 140.8, 140.9, 141.4, 142.4, 174.2; ESI MS m/z: 408.9, 

[M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel AD-H 
column (25 cm  0.46 cm ID), conditions: n-hexane/i-PrOH = 99: 1, 1.0 mL/min, 230 nm; 
tR = 17.4 min (major) and 20.6 min (minor). 
 

Cyclohexyl 2-hydroxyl-2-(naphthalen-2-yl)-phenylacetate. 
(Table 2, entry 3) 1H NMR (500 MHz, CDCl3) : 1.21-1.40 (m, 
3H), 1.42-1.65 (m, 5H), 1.78-1.86 (m, 2H), 4.46 (s, 1H), 5.02 (tt, 
J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.35-7.40 (m, 3H), 7.46-7.55 (m, 
5H), 7.80-7.88 (m, 3H), 7.99 (s, 1H); 13C NMR (125 MHz, CDCl3) 

: 23.4, 25.4, 31.4, 76.0, 81.2, 126.1, 126.4, 126.6, 127.7, 127.8, 127.9, 128.2, 128.3, 
128.7, 133.0, 133.1, 139.6, 142.4, 174.2; ESI MS m/z: 382.9, [M+Na]+. The ee was 
determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm  0.46 cm 
ID), conditions: n-hexane/i-PrOH = 99: 1, 1.0 mL/min, 230 nm; tR = 15.4 min (major) 
and 22.1 min (minor). 

 
Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-hydroxyl-2-
(4-methoxylphenyl) acetate. (Table 2, entry 4) [ ]23

D = 28.4 º 
(c = 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) : 1.25-1.67 (m, 
6H), 1.70-1.77 (m, 2H), 1.85-1.94 (m, 2H), 3.83 (s, 3H), 4.45 
(s, 1H), 5.01 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.90 (d, J = 9.0 
Hz, 2H), 7.26 (d, J = 9.0 Hz, 2H), 7.85 (s, 1H), 8.06 (s, 2H); 
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13C NMR (125 MHz, CDCl3) δ: 23.2, 23.3, 25.3, 31.1, 31.3, 55.5, 76.7, 80.1, 114.2, 122.0 
(m), 123.5 (q, J = 271.4 Hz), 128.2, 128.5, 131.4 (q, J = 33.1 Hz), 133.8, 144.8, 159.9, 
173.0. ESI MS m/z: 498.9, [M+Na]+. The ee was determined by HPLC analysis using 
Daicel Chiralcel OD-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 99: 
1, 1.0 mL/min, 230 nm; tR = 6.5 min (major) and 7.5 min (minor). 
 

Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-hydroxy-
phenylacetate. (Table 2, entry 5) [α]25

D = 26.4 º (c = 1.0, CHCl3); 
1H NMR (500 MHz, CDCl3) δ:  1.22-1.68 (m, 8H), 1.71-1.79 (m, 
1H), 1.83-1.92 (m, 1H), 4.52 (br s, 1H), 5.02 (tt, J1 = 4.0 Hz, J2 = 
9.0 Hz, 1H), 7.31-7.40 (m, 5H), 7.86 (s, 1H), 8.07 (s, 2H); 13C 
NMR (125 MHz, CDCl3) δ: 23.2, 23.3, 25.2, 31.1, 31.3, 76.8, 
80.3, 122.1, 123.5 (q, J = 271.4 Hz), 127.1, 128.2, 128.9, 131.4, 

(q, J = 33.3 Hz), 141.6, 144.5, 172.8; ESI MS m/z: 447.0, [M+H]+. The ee was 
determined by HPLC analysis using Daicel Chiralcel OD-H column (25 cm ×  0.46 cm 
ID), conditions: n-hexane/i-PrOH = 99: 1, 1.0 mL/min, 230 nm; tR = 4.3 min (major) and 
5.5 min (minor). 
 

Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-hydroxy-2-
(4-phenyl-phenyl) acetate. (Table 2, entry 6) [α]25

D = 32.2 º (c 
= 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ : 1.27-1.58 (m, 
8H), 1.73-1.82 (m, 1H), 1.84-1.95 (m, 1H), 4.55 (br s, 1H), 
5.04 (m, 1H), 7.38-7.42 (m, 3H), 7.47 (t, J = 6.5 Hz, 2H), 7.61 
(d, J = 8.5 Hz, 4H), 7.88 (s, 1H), 8.11 (s, 2H); 13C NMR (125 
MHz, CDCl3) δ: 23.3, 23.4, 25.3, 31.1, 31.3, 77.0, 80.2, 122.2, 
123.5 (q, J = 271.5 Hz), 127.4, 127.6, 127.9, 128.2, 129.1, 
131.5, (q, J = 33.3 Hz), 140.4, 140.6, 141.8, 144.5, 172.8; ESI 
MS m/z: 544.8, [M+Na]+. The ee was determined by HPLC 

analysis using Daicel Chiralcel OD-H column (25 cm ×  0.46 cm ID), conditions: n-
hexane/i-PrOH = 99.5: 0.5, 1.0 mL/min, 230 nm; tR = 11.8 min (minor) and 13.7 min 
(major). 
 

Cyclohexyl 2-hydroxy-2-(3,5-bistrifluoromethylphenyl)-2-
(naphthalen-2-yl)acetate.  (Table 2, entry 7) [α]25

D = 50.8 º (c = 
1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ:  1.27-1.63 (m, 8H), 
1.73-1.82 (m, 1H), 1.87-1.93 (m, 1H), 4.59 (br s, 1H), 5.02 (tt, J1 
= 4.0 Hz, J2 = 9.0 Hz, 1H), 7.40 (d, J = 8.5 Hz, 1H), 7.53-7.55 
(m, 2H), 7.82-7.88 (m, 5H), 8.10 (s, 2H); 13C NMR (125 MHz, 
CDCl3) δ: 23.2, 23.3, 25.3, 31.1, 31.3, 76.9, 80.5, 122.3, 123.5 (q, 
J = 271.4 Hz), 125.0, 126.20, 126.23, 126.9, 127.2, 127.9, 128.28, 
128.3, 128.7, 128.9, 131.5 (q, J = 35.8 Hz), 133.0, 133.3, 138.8, 

172.8; ESI MS m/z: 518.9, [M+Na]+. The ee was determined by HPLC analysis using 
Daicel Chiralcel AD-H column (25 cm ×  0.46 cm ID), conditions: n-hexane/i-PrOH = 
99:1, 1.0 mL/min, 230 nm; tR = 7.0 min (major) and 8.5 min (minor). 
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Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-hydroxyl-2-(3-
methoxylphenyl)acetate. (Table 2, entry 8) [α]25

D = 28.3 º (c = 
1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ: 1.25-1.68 (m, 6H), 
1.72-1.78 (m, 2H), 1.85-1.92 (m, 2H), 3.79 (s, 3H), 4.50 (br s, 
1H), 5.02 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.87-6.94 (m, 3H), 
7.30 (t, J = 8.0 Hz, 1H), 7.95 (s, 1H), 8.06 (s, 2H); 13C NMR 
(125 MHz, CDCl3) δ: 23.2, 23.3, 25.3, 31.1, 31.3, 55.5, 76.8, 
80.2, 113.1, 114.2, 119.4, 122.1 (m), 123.5 (q, J = 271.4 Hz), 

128.2, 129.9, 131.7 (q, J = 33.0 Hz), 143.0, 144.4, 160.0, 172.6; ESI MS m/z: 498.8, 
[M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel OD-H 
column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 230 
nm; tR = 6.6 min (major) and 9.5 min (minor). 
 

Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)- 2-(4-
chlorophenyl)-2-hydroxyacetate. (Table 2, entry 9) [α]25

D = 
20.5 º (c = 1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ: 1.25-1.68 
(m, 8H), 1.73-1.80 (m, 1H), 1.82-1.91 (m, 1H), 4.53 (br s, 1H), 
5.02 (m, 1H), 7.31 (d, J = 7.5 Hz, 2H), 7.37 (d, J = 7.5 Hz, 2H), 
7.87 (s, 1H), 8.02 (s, 2H); 13C NMR (125 MHz, CDCl3) δ: 23.27, 
23.34, 25.2, 31.2, 31.3, 77.2, 79.8, 122.3, 123.4 (q, J = 271.4 Hz), 
128.0, 128.6, 129.0, 131.6 (q, J = 33.3 Hz), 135.0, 140.0, 144.2, 

172.4; ESI MS m/z: 524.8, [M+HCO2]+; 462.8 [M-OH]+. The ee was determined by 
HPLC analysis using Daicel Chiralcel OD-H column (25 cm × 0.46 cm ID), conditions: 
n-hexane/i-PrOH = 99:1, 1.0 mL/min, 230 nm; tR = 4.6 min (major) and 5.1 min (minor). 
 

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(4-methoxyl 
phenyl) acetate. (Table 2, entry 10) [α]25

D = 34.2 º (c = 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ : 1.45-1.70 (m, 10H), 
3.82 (s, 3H), 4.38 (br s, 1H), 4.97 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 
1H), 6.88 (d, J = 8.0 Hz, 2H), 7.28 (, J = 8.0 Hz, 2H), 7.54-7.68 
(m, 4H); 13C NMR (125 MHz, CDCl3) δ: 23.4, 23.5, 25.3, 31.3, 
31.4, 55.6, 76.4, 80.4, 111.9, 113.9, 119.0, 128.58, 128.63, 

131.9, 133.9, 147.6, 159.7, 173.2. ESI MS m/z: 363.9, [M-H]-. The ee was determined by 
HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), conditions: 
n-hexane/EtOH = 90:10, 1.0 mL/min, 229 nm; tR = 22.8 min (major) and 25.7 min 
(minor). 
 

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-phenylacetate. 
(Table 2, entry 11) [α]25

D = 38.4 º (c = 1.0, CHCl3); 1H NMR (500 
MHz, CDCl3) δ: 1.23-1.64 (m, 8H), 1.77 (br m, 1H), 1.85 (br m, 
1H), 4.42 (br s, 1H), 4.99 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.37 
(br m, 5H), 7.63 (br m, 4H); 13C NMR (125 MHz, CDCl3) δ: 
23.39, 23.43, 25.3, 31.28, 31.34, 76.6, 80.7, 112.0, 118.9, 127.3, 

128.60, 128.64, 128.67, 131.9, 141.7, 147.3, 173.1; ESI MS m/z: 333.9, [M-H]-. The ee 
was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm ×  0.46 
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cm ID), conditions: n-hexane/i-PrOH = 90:10, 1.0 mL/min, 229 nm; tR = 14.2 min (major) 
and 15.2 min (minor). 
 

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(4-phenyl-
phenyl) acetate. (Table 2, entry 12) [α]25

D = 26.2 º (c = 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ : 1.21-1.66 (m, 8H), 
1.72-1.92 (m, 2H), 4.45 (br s, 1H), 5.01 (tt, J1 = 4.0 Hz, J2 = 
9.0 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H), 7.44-7.48 (m, 4H), 7.60 
(d, J = 8.0 Hz, 4H), 7.65-7.68 (m, 4H); 13C NMR (125 MHz, 
CDCl3) δ: 23.4, 23.5, 25.3, 31.3, 31.4, 76.7, 80.6, 112.1, 118.9, 
127.2, 127.3, 127.8, 127.9, 128.6, 129.1, 132.0, 140.5, 140.7, 

141.5, 147.3, 173.0; ESI MS m/z: 410.0, [M-H]-. The ee was determined by HPLC 
analysis using Daicel Chiralcel AD-H column (25 cm ×  0.46 cm ID), conditions: n-
hexane/i-PrOH = 90:10, 1.0 mL/min, 229 nm; tR = 20.0 min (minor) and 24.5 min 
(major). 
 

Cyclohexyl 2-hydroxyl-2-(4-cynophenyl)-2-(naphthalen-2-
yl)acetate. (Table 2, entry 13) [α]25

D = 44.8 º (c = 1.0, CHCl3); 1H 
NMR (500 MHz, CDCl3) δ: 1.23-1.67 (m, 8H), 1.80 (br m, 1H), 
1.88 (br m, 1H), 4.52 (br s, 1H), 5.04 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 
1H), 7.44 (dd, J1 = 1.5 Hz, J2 = 8.5Hz, 1H), 7.51-7.53 (m, 2H), 
7.65 (br m, 4H), 7.81-7.86 (m, 3H), 7.88 (s, 1H); 13C NMR (125 

MHz, CDCl3) δ: 23.4, 23.5, 25.3, 31.3, 31.4, 76.7, 80.9, 112.1, 118.9, 125.4, 126.2, 127.0, 
128.5, 128.6, 128.7, 132.0, 132.9, 133.2, 138.9, 147.2, 173.0; ESI MS m/z: 383.9, [M-H]-. 
The ee was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 
0.46 cm ID), conditions: n-hexane/i-PrOH = 90:10, 1.0 mL/min, 229 nm; tR = 26.8 min 
(minor) and 32.1 min (major). 
 

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(3-methoxyl 
phenyl) acetate. (Table 2, entry 14) [α]25

D = 31.8 º (c = 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ : 1.22-1.44 (m, 4H), 
1.47-1.66 (m, 4H), 1.73-1.81 (m, 1H),  1.83-1.91(m, 1H), 3.78 (s, 
3H), 4.39 (s, 1H), 4.98 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.89 (d, 
J =9.0 Hz, 1H), 6.96 (d, J = 7.0 Hz, 2H), 7.28 (d, J = 7.0 Hz, 

2H), 7.60-7.64 (m, 3H); 13C NMR (125 MHz, CDCl3) δ: 23.4, 23.5, 25.3, 31.3, 31.4, 55.5, 
76.6, 80.6, 112.0, 113.2, 114.0, 118.9, 119.6, 128.6, 129.6, 131.9, 143.1, 147.2, 159.8, 
172.9; ESI MS m/z: 363.9, [M-H]-. The ee was determined by HPLC analysis using 
Daicel Chiralcel AD-H column (25 cm ×  0.46 cm ID), conditions: n-hexane/i-PrOH = 
90:10, 1.0 mL/min, 229 nm; tR = 18.9 min (major) and 28.6 min (minor). 
 

 Cyclohexyl 2-hydroxyl-2-(4-fluorophenyl)-2-(4-phenyl-
phenyl)acetate. (Table 2, entry 15) [α]23

D = 14.5 º (c = 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ: 1.25-1.42 (m, 3H), 1.44-
1.65 (m, 5H), 1.78-1.89 (m, 2H), 4.39 (s, 1H), 4.99 (tt, J1 = 4.0 
Hz, J2 = 9.0 Hz, 1H), 7.05 (t, J = 9.0 Hz, 2H), 7.37 (t, J = 7.5 Hz, 
1H), 7.44-7.52 (m, 6H), 7.57-7.63 (m, 4H); 13C NMR (125 MHz, 
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CDCl3) δ: 23.4, 25.4, 31.3, 31.4, 76.1, 80.5, 105.0, 115.1 (d, J = 21.3 Hz), 127.1, 127.4, 
127.7, 128.0, 129.0, 129.5, 129.6, 140.7, 141.1, 141.3, 174.0; ESI MS m/z: 426.9, 
[M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel AD-H 
column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 1.0 mL/min, 254 nm; 
tR = 15.1 min (minor) and 18.7 min (major). 
 

Cyclohexyl 2-hydroxy-2-(4-fluorophenyl)-2-(naphthalen-2-
yl)acetate. (Table 2, entry 16) [α]25

D = 17.6 º (c = 1.0, CHCl3); 
1H NMR (500 MHz, CDCl3) δ: 1.23-1.42 (m, 3H), 1.45-1.55 (m, 
3H), 1.57-1.66 (m, 2H), 1.84 (br s, 2H), 4.50 (br s, 1H), 5.02 (tt, 
J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.05 (t, J = 8.0 Hz, 2H), 7.47-7.52 
(m, 5H), 7.82-7.86 (m, 3H), 7.96 (s, 1H); 13C NMR (125 MHz, 

CDCl3) δ: 23.45, 23.46, 25.4, 31.36, 31.38, 76.2, 80.8, 115.1 (d, J = 21.4 Hz), 125.9, 
126.3, 126.5, 126.7, 127.8, 128.1, 128.7, 129.7 (d, J = 8.0 Hz), 133.1 (d, J = 19.9 Hz), 
128.1, 139.6, 162.7 (d, J = 245.6Hz), 174.0; ESI MS m/z: 400.9, [M+Na]+. The ee was 
determined by HPLC analysis using Daicel Chiralcel OD-H column (25 cm ×  0.46 cm 
ID), conditions: n-hexane/i-PrOH = 99:1, 1.0 mL/min, 230 nm; tR = 11.6 min (minor) and 
12.3 min (major). 
 

Cyclohexyl 2-hydroxyl-2-(4-methoxylphenyl)-2-p-tolylacetate. 
(Table 2, entry 17) [α]25

D = -7.6 º (c = 0.5, CHCl3); 1H NMR (500 
MHz, CDCl3) δ: 1.22-1.39 (m, 3H), 1.42-1.52 (m, 3H), 1.56-1.65 
(m, 2H), 1.77-1.86 (m, 2H), 2.36 (s, 3H), 3.82 (s, 3H), 4.25 (br s, 
1H), 4.95 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.86 (d, J = 7.5 Hz, 
2H), 7.15 (d, J = 7.5 Hz, 2H), 7.33 (d, J = 7.0 Hz, 2H), 7.38 (d, J 
= 7.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ: 21.3, 23.5, 25.4, 

31.4, 55.5, 75.7, 80.6, 113.5, 127.5, 128.9, 129.0, 134.8, 137.8, 139.8, 159.3, 174.5; ESI 
MS m/z: 376.9, [M+Na]+. The ee was determined by HPLC analysis using Daicel 
Chiralcel AD-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 98:2, 1.0 
mL/min, 230 nm; tR = 32.4 min (major) and 35.5 min (minor). 
 
 

Cyclohexyl 2-hydroxyl-2-(4-phenyl-phenyl)-2-(p-
tolyl)acetate. (Table 2, entry 18) [α]25

D = -6.5 º (c = 1.0, CHCl3); 
1H NMR (500 MHz, CDCl3) δ:  1.23-1.43 (m, 3H), 1.46-1.56 (m, 
3H), 1.58-1.68 (m, 2H), 1.80-1.88 (m, 2H), 2.38 (s, 3H), 4.35 (br 
s, 1H), 5.00 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.18 (d, J = 8.0 Hz, 
2H), 7.36-7.40 (m, 3H), 7.46 (t, J = 7.5 Hz, 2H), 7.54 (d, J = 7.5 
Hz, 2H), 7.58 (d, J = 8.5 Hz, 2H), 7.62 (d, J = 7.5 Hz, 2H) ; 13C 
NMR (125 MHz, CDCl3) δ: 21.3, 23.5, 25.4, 31.4, 75.9, 80.8, 

126.9, 127.3, 127.57, 127.6, 128.1, 129.0, 137.9, 139.6, 140.8, 140.9, 141.6, 174.2; ESI 
MS m/z: 422.9, [M+Na]+. The ee was determined by HPLC analysis using Daicel 
Chiralcel AD-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 99:1, 1.0 
mL/min, 230 nm; tR = 39.9 min (minor) and 44.9 min (major). 
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Cyclohexyl 2-hydroxyl-2-(4-N,N-dimethylphenyl)-2-(4-
methoxylphenyl)acetate. (Table 2, entry 19) [α]25

D = 8.4 º (c = 
1.0, CHCl3); 1H NMR (500 MHz, CDCl3) δ: 1.22-1.39 (m, 3H), 
1.41-1.52 (m, 3H), 1.56-1.65 (m, 2H), 1.75-1.86 (m, 2H), 2.96 
(s, 6H), 3.81 (s, 3H), 4.18 (br s, 1H), 4.93 (tt, J1 = 4.0 Hz, J2 = 
9.0 Hz, 1H), 6.68 (d, J = 7.5 Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 
7.28 (d, J = 7.5 Hz, 2H), 7.38 (d, J = 9.0 Hz, 2H); 13C NMR 

(125 MHz, CDCl3) δ: 23.5, 23.6, 25.5, 31.38, 31.44, 40.8, 55.5, 75.5, 80.5, 112.0, 113.3, 
128.5, 129.0, 135.1, 150.2, 159.2, 174.8, ESI MS m/z: 384.0, [M+H]+. The ee was 
determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm ×  0.46 cm 
ID), conditions: n-hexane/i-PrOH = 97:3, 1.0 mL/min, 230 nm; tR = 53.8 min (major) and 
59.5 min (minor). 
 

Cyclohexyl 2-(4-chlorophenyl)-2-hydroxyl-2-(4-methoxyl 
phenyl) acetate. (Table 2, entry 20) [α]25

D = 9.2 º (c, 1.0, CHCl3); 
(Table 2, entry 21) [α]25

D = -6.5 º (c = 0.3, CHCl3); 1H NMR (500 
MHz, CDCl3) δ: 1.22-1.40 (m, 3H), 1.41-1.54 (m, 3H), 1.54-1.65 
(m, 2H), 1.75-1.87 (m, 2H), 3.82 (s, 3H), 4.31 (br s, 1H), 4.95 (tt, 
J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.87 (d, J = 8.0 Hz, 2H), 7.29-7.32 
(m, 4H), 7.41 (d, J = 8.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) δ: 

23.4, 23.5, 25.4, 31.3, 31.4, 55.5, 76.1, 80.3, 113.7, 128.3, 128.8, 129.2, 134.0, 134.4, 
141.1, 159.5, 174.0; ESI MS m/z: 396.9, [M+Na]+. The ee was determined by HPLC 
analysis using Daicel Chiralcel AD-H column (25 cm ×  0.46 cm ID), conditions: n-
hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm; tR = 16 min and 17 min. 
 

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(4-phenyl-
phenyl)acetate. (Table 2, entry 22) [α]25

D = 18.4 º (c = 0.5, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ : 1.25-1.42 (m, 3H), 
1.42-1.55 (m, 3H), 1.55-1.66 (m, 2H), 1.78-1.90 (m, 2H), 4.39 
(br s, 1H), 4.99 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 7.33-7.38 (m, 
3H), 7.44-7.49 (m, 6H), 7.58-7.61 (m, 4H); 13C NMR (125 MHz, 
CDCl3) δ: 23.5, 25.4, 31.3, 31.4, 76.3, 80.5, 127.1, 127.4, 127.7, 
128.0, 128.4, 129.1, 129.2, 134.2, 140.7, 140.8, 141.2, 173.8; 

ESI MS m/z: 442.8, [M+Na]+. The ee was determined by HPLC analysis using Daicel 
Chiralcel AD-H column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 0.5 
mL/min, 229 nm; tR = 16.5 min (minor) and 19.0 min (major). 
 

Cyclohexyl 2-(3-chlorophenyl)-2-hydroxyl-2-(4-methoxyl 
phenyl)acetate. (Table 2, entry 23) [α]25

D = 14.2 º (c = 1.0, 
CHCl3); 1H NMR (500 MHz, CDCl3) δ: 1.25-1.66 (m, 8H), 1.75-
1.86 (m, 2H), 2.82 (s, 3H), 4.34 (br s, 1H), 4.97 (tt, J1 = 4.0 Hz, J2 
= 9.0 Hz, 1H), 6.88 (d, J = 8.5 Hz, 2H), 7.27-7.38 (m, 5H), 7.50 (s, 
1H); 13C NMR (125 MHz, CDCl3) δ: 23.37, 23.42, 25.4, 31.3, 
31.4, 55.5, 76.1, 80.3, 113.7, 126.0, 128.0, 128.2, 128.8, 129.4, 
134.16, 134.18, 144.5, 159.6, 173.8; ESI MS m/z: 396.9, [M+Na]+. 
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The ee was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 
0.46 cm ID), conditions: n-hexane/i-PrOH = 98:2, 1.0 mL/min, 229 nm; tR = 28.4 min 
(minor) and 30.6 min (major). 
 

Cyclohexyl 2-hydroxyl-2-(3-chlorophenyl)-2-(naphthalen-2-
yl)acetate. (Table 2, entry 24) [α]25

D = 25.0 º (c = 1.0, CHCl3); 1H 
NMR (500 MHz, CDCl3) δ: 1.24-1.41 (m, 4H), 1.42-1.65 (m, 4H), 
1.79-1.88 (m, 2H), 4.47 (br s, 1H), 5.02 (m, 1H), 7.27-7.33 (m, 
3H), 7.39 (d, J = 7.5 Hz, 1H), 7.46-7.55 (m, 3H), 7.81-7.87 (m, 
3H), 7.92 (s, 1H); 13C NMR (125 MHz, CDCl3) δ: 23.38, 23.42, 

25.4, 31.3, 31.4, 76.3, 80.8, 125.7, 126.1, 126.3, 126.6, 126.8, 127.8, 128.1, 128.2, 128.4, 
128.7, 129.5, 133.0, 133.2, 134.3, 139.2, 144.2, 173.6; ESI MS m/z: 416.9, [M+Na]+. The 
ee was determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm × 
0.46 cm ID), conditions: n-hexane/i-PrOH = 98:2, 1.0 mL/min, 229 nm; tR = 20.3 min 
(major) and 28.7 min (minor). 
 

Cyclohexyl 2-hydroxyl-2-(2-chlorophenyl)-2-(4-methoxyl 
phenyl)acetate. (Table 2, entry 25) The reaction was run as 
general procedure but at 40oC. [α]25

D = 35.2 º (c = 1.0, CHCl3); 
1H NMR (500 MHz, CDCl3) δ: 1.16-1.39 (m, 3H), 1.41-1.67 (m, 
3H), 1.56-1.67 (m, 2H), 1.78-1.84 (m, 1H), 1.86-1.94 (m, 1H), 
3.86 (s, 3H), 4.36 (br s, 1H), 4.96 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 
1H), 6.87 (d, J = 7.5 Hz, 1H), 6.95 (d, J = 8.5 Hz, 2H), 7.09 (t, J 

= 7.0 Hz, 1H), 7.24 (t, J = 7.5 Hz, 1H), 7.40 (d, J = 7.5 Hz, 1H), 7.63 (d, J = 9.0 Hz, 2H); 
13C NMR (125 MHz, CDCl3) δ: 23.76, 23.81, 25.4, 31.36, 31.41, 55.6, 75.9, 80.2, 113.7, 
126.4, 128.6, 129.7, 130.9, 131.0, 131.8, 134.5, 140.4, 159.8, 174.0; ESI MS m/z: 396.9, 
[M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel OD-H 
column (25 cm × 0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm; 
tR = 6.8 min (minor) and 9.0 min (major). 
  

Cyclohexyl 2-hydroxyl-2-(2-trifluoromethylphenyl)-2-(4-
methoxylphenyl)acetate. (Table 2, entry 26) [α]25

D = 52.0 º (c = 
0.5, CHCl3); 1H NMR (500 MHz, CDCl3) δ : 1.17-1.42 (m, 4H), 
1.44-1.65 (m, 4H), 1.76-1.82 (m, 1H), 1.85-1.92 (m, 1H), 3.86 (s, 
3H), 4.03 (br s, 1H), 4.98 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.91 
(d, J = 8.0 Hz, 1H), 6.94 (d, J = 9.0 Hz, 2H), 7.32 (t, J = 7.5 Hz, 
1H), 7.40 (t, J = 7.5 Hz, 1H), 7.47 (d, J = 9.0 Hz, 2H), 7.77 (d, J 

= 8.0 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ:  23.5, 23.6, 25.4, 31.2, 31.5, 55.6, 75.6, 
81.2, 113.9, 124.8 (q, J = 271.9 Hz), 128.4, 128.5, 131.0, 131.8, 134.4, 140.7, 159.8, 
173.4; ESI MS m/z: 430.9, [M+Na]+. The ee was determined by HPLC analysis using 
Daicel Chiralcel AD-H column (25 cm ×  0.46 cm ID), conditions: n-hexane/i-PrOH = 
90:10, 1.0 mL/min, 229 nm; tR = 10.2 min (major) and 14.5 min (minor). 
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Cyclohexyl 2-hydroxy-2-phenyl-4-p-tolylbut-3-enoate. (Table 2, 
entry 27) [ ]25

D = 24.6 º (c = 1.0, CHCl3); 1H NMR (500 MHz, 
CDCl3) : 1.25-1.65 (m, 7H), 1.67-1.90 (m, 3H), 2.35 (s, 3H), 4.08 
(br s, 1H), 4.91 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.67 (d, J = 16.0 
Hz, 1H), 6.93 (s, J = 16.0 Hz, 1H), 7.15 (d, J = 7.5 Hz, 2H), 7.28-
7.38 (m, 5H), 7.58 (d, J = 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) 

: 21.5, 23.5, 23.6, 25.4, 31.3, 31.5, 75.8, 78.5, 126.4, 126.9, 128.2, 
128.5, 128.6, 129.5, 130.4, 133.9, 138.0, 142.0, 174.0; ESI MS m/z: 

372.9, [M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel AS-H 
column (25 cm  0.46 cm ID), conditions: n-hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 230 
nm; tR = 15.7 min (major) and 23.6 min (minor). 
 

Cyclohexyl 2-hydroxy-2-4-(fluorophenyl)-4-p-tolylbut-3-enoate. 
(Table 2, entry 28) [ ]25

D = 38.2 º (c = 1.0, CHCl3); 1H NMR (500 
MHz, CDCl3) : 1.26-1.47 (m, 4H), 1.48-1.64 (m, 3H), 1.66-1.80 
(m, 2H), 1.87 (br m, 1H), 2.36 (s, 3H), 4.12 (s, 1H), 4.92 (tt, J1 = 
4.0 Hz, J2 = 9.0 Hz, 1H), 6.64 (d, J = 15.5Hz, 1H), 6.92 (d, J = 15.5 
Hz, 1H), 7.05 (t, J = 9.0 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.34 (d, 
J = 8.0 Hz, 2H), 7.55-7.59 (m, 2H); 13C NMR (125 MHz, CDCl3) : 
21.5, 23.5, 23.6, 25.4, 31.3, 31.5, 75.9, 78.0, 115.3, 115.4, 127.0, 

128.30, 128.36, 128.43, 129.6, 130.7, 133.7, 137.8 (d, J = 3.1 Hz), 138.2, 162.6 (d, J = 
245.4 Hz), 173.8; ESI MS m/z: 390.9, [M+Na]+. The ee was determined by HPLC 
analysis using Daicel Chiralcel AS-H column (25 cm  0.46 cm ID), conditions: n-
hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 230 nm; tR = 15.4 min (major) and 19.6 min 
(minor). 
 

Cyclohexyl 2-hydroxy-2-(4-cynophenyl)-4-p-tolylbut-3-
enoate. (Table 2, entry 29) [ ]25

D = 26.6 º (c = 0.75, CHCl3); 1H 
NMR (500 MHz, CDCl3) : 1.26-1.44 (m, 4H), 1.50-1.62 (m, 
3H), 1.66-1.79 (m, 2H), 1.85-1.92 (m, 1H), 2.36 (s, 3H), 4.18 (s, 
1H), 4.92 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 6.59 (d, J = 16.0 Hz, 
1H), 6.90 (d, J = 16.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.32 (d, 
J = 8.0 Hz, 2H), 7.67 (d, J = 8.5 Hz, 2H), 7.76 (d, J = 8.0 Hz, 

2H); 13C NMR (125 MHz, CDCl3) : 21.5, 23.5, 23.6, 25.3, 31.3, 31.5, 76.5, 78.1, 112.0, 
118.9, 127.0, 127.4, 127.5, 129.6, 131.4, 132.3, 133.4, 138.5, 147.1, 173.0; ESI MS m/z: 
397.9, [M+Na]+. The ee was determined by HPLC analysis using Daicel Chiralcel AS-H 
column (25 cm  0.46 cm ID), conditions: n-hexane/i-PrOH = 97:3, 1.0 mL/min, 254 nm; 
tR = 17.1 min (major) and 20.3 min (minor). 
 
 
 

S17



Cyclohexyl 2-hydroxy-2-(4-cynophenyl)-3-methylpent-3-
enoate. (Table 2, entry 30) [ ]25

D = 33.5 º (c = 0.5, CHCl3); 1H 
NMR (500 MHz, CDCl3) : 1.25-1.45 (m, 4H), 1.47-1.58 (m, 
3H), 1.61 (s, 3H), 1.66 (d, J = 6.5 Hz, 3H), 1.66-1.74 (m, 2H), 
1.86-1.92 (m, 1H), 3.96 (s, 1H), 4.91 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 
1H), 5.37 (q, J = 6.5 Hz, 1H), 7.64 (d, J = 8.5 Hz, 2H), 7.71 (d, J 

= 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 13.2, 13.9, 23.5, 23.6, 25.4, 31.3, 31.5, 
76.1, 82.6, 111.7, 119.1, 124.56, 124.60, 128.4, 131.8, 136.6, 146.7, 173.2; ESI MS m/z: 
313.9, [M+H]+. The ee was determined by HPLC analysis using Daicel Chiralcel AD-H 
column (25 cm  0.46 cm ID), conditions: n-hexane/EtOH = 90:10, 1.0 mL/min, 230 nm; 
tR = 8.2 min (minor) and 8.5 min (major). 
 

Cyclohexyl 2-hydroxy-2-(4-chlorophenyl)-3-methylpent-3-
enoate. (Table 2, entry 31) [ ]23

D = 27.1 º (c = 1.0, CHCl3); 1H 
NMR (500 MHz, CDCl3) : 1.25-1.45 (m, 5H), 1.46-1.77 (m, 
10H), 1.86-1.92 (m, 1H), 3.93 (s, 1H), 4.90 (tt, J1 = 4.0 Hz, J2 = 
9.0 Hz, 1H), 5.38 (q, J = 6.5 Hz, 1H), 7.30 (d, J = 8.5 Hz, 2H), 
7.51 (d, J = 8.5 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 13.4, 

13.9, 23.5, 23.6, 25.4, 31.3, 31.6, 75.8, 82.4, 124.2, 124.3, 128.1, 129.0, 133.7, 133.8, 
138.8, 174.0; ESI MS m/z: 344.9, [M+Na]+. The ee was determined by HPLC analysis 
using Daicel Chiralcel AD-H column (25 cm  0.46 cm ID), conditions: n-hexane/i-PrOH 
= 99:1, 1.0 mL/min, 229 nm; tR = 8.1 min (minor) and 8.9 min (major). 
 

Cyclohexyl 2-hydroxy-2-phenyl-3-methylpent-3-enoate. (Table 2, 
entry 32) [ ]25

D = 7.8 º (c = 0.8, CHCl3); 1H NMR (500 MHz, CDCl3) 
: 1.26-1.47 (m, 4H), 1.47-1.62 (m, 3H), 1.65 (d, J = 6.5 Hz, 3H), 

1.67 (s, 3H), 1.67-1.80 (m, 2H), 1.86-1.92 (m, 1H), 3.91 (s, 1H), 4.92 
(tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 5.41 (q, J = 6.5 Hz, 1H), 7.27-7.31 
(m, 3H), 7.57 (d, J = 8.0 Hz, 2H); 13C NMR (125 MHz, CDCl3) : 

13.6, 13.8, 23.5, 23.6, 25.5, 31.3, 31.6, 75.4, 82.8, 124.11, 124.15, 127.5, 127.8, 128.0, 
136.9, 140.4, 174.4; ESI MS m/z: 311.0, [M+Na]+. The ee was determined by HPLC 
analysis using Daicel Chiralcel AD-H column (25 cm  0.46 cm ID), conditions: n-
hexane/EtOH = 90:10, 0.5 mL/min, 229 nm; tR = 4.8 min (minor) and 5.1 min (major). 
 

Cyclohexyl 2-hydroxy-2-p-tolyl-3-methylpent-3-enoate. (Table 
2, entry 33) [ ]25

D = 4.0 º (c = 0.4, CHCl3); 1H NMR (500 MHz, 
CDCl3) : 1.26-1.59 (m, 7H), 1.64 (d, J = 6.5 Hz, 3H), 1.67 (s, 3H), 
1.69-1.82 (m, 2H), 1.87-1.93 (m, 1H), 2.36 (s, 3H), 3.88 (s, 1H), 
4.91 (tt, J1 = 4.0 Hz, J2 = 9.0 Hz, 1H), 5.41 (q, J = 6.5 Hz, 1H), 
7.15 (d, J = 7.5 Hz, 2H), 7.44 (d, J = 7.5 Hz, 2H); 13C NMR (125 

MHz, CDCl3) : 13.6, 13.8, 21.3, 23.6, 23.7, 25.5, 31.4, 31.6, 75.4, 82.7, 124.0, 124.1, 
127.3, 128.7, 137.0, 137.4, 137.5, 174.5; ESI MS m/z: 325.0, [M+Na]+. The ee was 
determined by HPLC analysis using Daicel Chiralcel AD-H column (25 cm  0.46 cm 
ID), conditions: n-hexane/EtOH = 90:10, 1.0 mL/min, 229 nm; tR = 5.2 min (minor) and 
5.4 min (major). 
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