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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. 'H and ?C NMR spectra were recorded on Varian Inova-400 MHz or 500
MHz spectrometer. Chemical shift are reported relative to internal chloroform (CDCI3:
1H, 6 = 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)." 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 °C) was added anhydrous THF (20 mL) under
nitrogen at rt. After stirring 2 h at rt, the resulting suspension was
cooled to -78 °C. 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 °C and stirring for 30 min. The alkynyl lithium solution was warmed to -40 °C and
then added via canula to the suspension of CeCl; at -78 °C. The reaction mixture was
stirred for 30 min at -78 °C 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 °C, the reaction
mixture was slowly warmed up to rt and then treated with saturated aqueous NH4Cl1 (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 MgSQy, 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. [a]*p = -192.8 ° (¢ = 1.0, CHCLs); '"H NMR (500 MHz, CDCl;) &: 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); "C NMR (125 MHz, CDCl,) &: 21.6, 32.5,
715,83.8,97.7,124.8,125.9, 1262, 127.14, 127.19, 127.22, 1289, 129.7, 1299, 130.7,
132.5,1339, 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), Ac,O (1.0 g,
9.2mmol), Et;N (1.0 g, 9.9 mmol) and DMAP (6 mg, 0.05 mmol)
in CH,Cl, (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).
[a]*' = -277.0 ° (¢ = 1.0, CHCl5); '"H NMR (500 MHz, CDCl;) &: 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, /= 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); "C NMR (125 MHz, CDCl,) &: 21.6,
22.2,31.1,76.2,86.8,93.7,124.3, 1259, 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, 9)-1-(5’,5’-dimethyl-4’-(2”-bromophenyl)hexa-2’,3’-dien-
2’-yl)-2-p-tolylsulfinylbenzene (4). To a stirred suspension of
HsCo, CuCN (2.0 g, 22.3 mmol) in anhydrous THF (15 ml) at -42 °C



(CH3;CN-dry ice) under N, was added /BuLi 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 Et,0O.
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). [a]*p=-195.8 ° (¢ = 1.0, CHCls); 'H NMR (500 MHz,
CDCl3) 6: 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=6.5Hz, 1H), 7.68 (d, J = 6.5 Hz, 1H), 8.09 (d, J= 7.5 Hz, 1H); "C NMR (125 MHz,
CDCly) 0: 19.1, 21.6, 29.8, 36.5,99.3, 114.7, 1242, 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]".

(8)-2,4-bis(2-(bis(3,5-bis(trifluoromethyl)phenyl)
phosphino)phenyl)-5, 5-dimethyl-hexa-2,3-diene (5 ) To a

ArzP stirred solution of allene 4 (768 mg, 1.6 mmol) in anhydrous
A5G diethyl ether (7 mL) at -78°C under nitrogen was added tert-
By butyllithium (5.7 ml, 9.68 mmol, 1.7 M solution in hexane).

PAr, The reaction mixture was then stirred for 10 min at -78 °C

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 Et,O, 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 °C; [0]*'p = +82 ° (¢ = 1.0, CHCL;); 'H
NMR (500 MHz, CDCl3) &: 1.06 (s, 9H), 1.90 (s, 3H), 6.61 (s, 1H), 6.81 (dd, J=17.7, 4.0
Hz, 1H), 6.97 (dd, J= 7.5, 3.3 Hz, 1H), 7.02 (t, /= 7.1 Hz, 1H), 7.20 (t, /= 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). °C NMR (125 MHz, CDCl3) &: 16.8, 25.2-25.5,
(multiple signals of CH; in #-Bu due to atropisomers; a single peak at 30.2 ppm was
observed when the *C NMR was recorded at 50 °C), 31.6,97.8 (d, Jep =85 Hz), 108.8
(d, *Jep = 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. *'P NMR
(202 MHz, CDCls) 6: -12.0, -11.3; ESIMS m/z: 1174.9, [M+ H]".

Ar=3 5-bis-CF3-Phenyl

of methyl 2-bromobenzoate (6.0 g, 28 mmoL) in anhydrous Et,O
(90 mL) at 0 °C under nitrogen was added PhMgBr (21.7 mL, 3.0
O O M in Et;,0). The reaction mixture was stirred at rt overnight. Sat.

O 1-(2’-bromophenyl)-1,1-diphenylmethane.” To a stirred solution
Br

NH4CI solution (15 mL) was added the reaction to quench the
unreacted reagent. The mixture was extracted by Et,O, 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. NaHCOj3 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. '"H NMR (500
MHz, CDCl,) 6: 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); "C NMR (125 MHz, CDCl,) &: 56.2, 125.8,
126.7,127.5,128.3,128.6, 1299, 131.6, 133.3, 142.8, 143 5.

0 1-(2-benzhydrylphenyl)ethanone. To a stirred solution of 1-(2’-

bromophenyl)-1,1-diphenylmethane (2.73 g, 8.48 mmol) in anhydrous

ph  EtO (70 mL) at -78 °C under a nitrogen atmosphere was added tert-

ph  butyllithium (10.0 mL, 17.0 mmol). After 10 min, acetaldehyde (2.9

mL, 51 mmol) was added at -78°C. After 2h, sat. NH4Cl solution (25

mL) was added. The mixture was extracted by Et,O, the organic layers were combined

and the solvent was removed under reduced pressure. The residue was redissolved in

CH,CI;, (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% NaHCO;

and sat. Na,S,03 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). 'H 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); "C NMR (125 MHz, CDCI,)

0:30.2,52.1,1264, 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]".

To)(0)S (Ss, R)-2-(2-(diphenylmethyl)phenyl)-4-(2’-(p-
(p-Tol)(0) tolylsulfinyl)phenyl)-5, S-dimethyl-hexa-2,3-diene and (Ss, $)-2-
HsC., (2-(diphenylmethyl)phenyl)-4-(2’-(p-tolylsulfinyl)phenyl)-5, 5-

tg, dimethyl-hexa-2,3-diene (13a and b) (allene stereochemistry
CHPh unassigned)
2

These diastereomers were made analogously to allene 4 from (S)-2-
(p-tolylsulfinyl)phenylacetylene and 1-(2-benzhydrylphenyl)ethanone. The diasterecomers
were resolved by flash column chromatography on silica gel (hexane: ethyl acetate 10-
6:1). 13a: [0]*p =-303.3 ° (c = 1.0, CHCl3); '"H 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, /= 7.2 Hz, 2H), 7.05
(d, J=17.2 Hz, 1H), 7.08-7.12 (m, 3H), 7.15-7.32 (m, 10H), 7.31 (t, /= 7.2 Hz, 1H), 7.51
(d, J= 6.8 Hz, 2H), 7.93 (d, J = 8.0 Hz, 1H); "C NMR (100 MHz, CDCl,) é: 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, 1284, 128.5,
128.9,129.6, 1298, 130.1, 1304, 130.6, 137.6, 139.7, 141.6, 1422, 144.1, 144.5, 144 8,
201.4; ESI MS m/z: 566.9, [M+H]". 13b: [a]*p = +28.4 ° (¢ = 1.0, CHCL;); '"H NMR
(400 MHz, CDCls) &: 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); "C NMR (100 MHz, CDCl,) 8: 214,
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21.5,30.2,36.4,519,101.8,110.7,125.8, 126.3, 126 4, 126.8, 127.3, 127 4, 128 4, 128.5,
128.7, 1290, 129.55, 129.57, 1299, 130.5, 131.0, 131.1, 1369, 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

AP methylphenyl)phosphino)phenyl-5, 5-dimethyl-hexa-2,3-diene

2 (12). It was made by the same method of 5 from 13a in 26%

HaC\, yield. [0]*p = -64.4 ° (c = 1.0, CHCL;); '"H NMR (500 MHz,

& tg,  CDCly)5: 1.14 (s, 9H), 1.41 (s, 3H), 5.79 (s, 1H), 6.62-6.64 (m,

CHPh, 1H), 6.80-6.85 (m, 2H), 6.88-7.04 (m, 5SH), 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,

Ar=3 p-bis-CFs-Phenyl  3H), 7.86 (d, J= 15.0 Hz, 2H); "C NMR (125 MHz, CDCL,) é:

30.1, 30.3 (d, atropisomers), 36.1, 52.5, 102.3, 112.4 (d, *Jc.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. *'P NMR (202 MHz, CDCl;) &: -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

HsC., the preparation of 12 in 52% vyield. [0]*p = -114.3 ° (¢ = 1.0,

— CHCl3); 'H NMR (500 MHz, CDCl3) 8: 1.15 (s, 9H), 1.66 (s, 3H),

& Bu  5.76 (s, 1 H), 6.64 (d, J= 7.0 Hz, 2H), 6.88-6.93 (m, 3H), 7.12-7.23

CHPh, (m, 8H), 7.24-7.32 (m, 6H); "C NMR (125 MHz, CDCI,) : 22.2,

30.1, 352, 52.5, 1003, 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-
HsC,, 2,3-diene (11). [¢]*’p = -36.8 ° (¢ = 1.0, CHCl3); 'H NMR (500
& tg, MHz, CDCl3)8: 0.90 (s, 9H), 1.96 (s, 3H), 6.08 (s, 1H), 6.53
PAr, (brs, 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),
Ar=3 5-bis-CF3-Phenyl  7.30-7.35 (m, 2H), 7.40-7.52 (m, 4H), 7.85 (d, J = 8.0 Hz, 2H);
C NMR (125 MHz, CDCI,) 8: 22.0, 30.8, 36.1, 52.6 (d, atropisomers), 101.5 (/°., = 8.9
Hz), 201.6 (J*., = 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. *'P NMR
(202 MHz, CDCls) 6: -10.7; ESI MS m/z: 885.2, [M+H]".

Ph,HC

Preparation of the substrates.

O Cyclohexyl 2-phenyl-2-oxoacetate (15b). To a stirred solution of

OCy phenylglyoxylic acid (1.5 g, 10.0 mmol) and cyclohexanol (1.5 g, 15.0
0 mmol) in CH,Cl, (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. '"H NMR (500 MHz, CDCl3) &: 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, J; = 4.0 Hz, J,=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); "C NMR (125 MHz, CDCl,) 8: 23.8, 254, 31.6, 75.5, 129.1,
130.0, 132.7, 135.0, 163.9, 187.0; ESI MS m/z: 254.9, [M+Na]".

0 Cyclohexyl 2-(4-cynophenyl)-2-oxoacetate. From 4-

OCy cynophenylglyoxylic acid, the same method as used in the

O preparation of cyclohexanyl 2-phenyl-2-oxoacetate gave the title

NC compound in 80% yield. 'H NMR (500 MHz, CDCl;) &: 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, J; = 4.0 Hz, J,=9.0 Hz, 1H), 7.81 (d, J= 8.0 Hz, 2H), 8.13 (d, /= 8.0 Hz,

2H); C NMR (125 MHz, CDCl,) 6: 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]".

0 Cyclohexyl 2-(4-fluorophenyl)-2-oxoacetate.”  Cyclohexanol
OCy (0.97 mL, 9.2 mmol) was added slowly to a solution of oxalyl
o chloride (0.8 mL, 9.5 mmol) in anhydrous THF (15 mL) at 0 °C
F 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 NaSO,4. 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. "H NMR (500 MHz, CDCl3) §1.24-1.34 (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, J; = 4.0
Hz, J, =9.0 Hz, 1H), 7.16-7.20 (m, 2H), 8.00-8.08 (m, 2H); "C NMR (125 MHz, CDCl,)
0:239,254,31.6,759,1164 (d,J =220 Hz), 1293 (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
OCy bromide; the same method as was used in the preparation of

3 cyclohexanyl 2-(4-flourophenyl)-2-oxoacetate gave the title
comound in 45% yield. "H NMR (500 MHz, CDCl;) &: 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, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 2H), 7.88 (d, J =
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8.0 Hz, 2H); "C NMR (125 MHz, CDCl,) &: 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]".

0 Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-oxoacetate.

F3C OCy From 3,5-bis(trifluoromethyl)phenylmagnesium bromide; the
0 same method as was used in the preparation of cyclohexanyl 2-
(4-flourophenyl)-2-oxoacetate gave the title compound in 53%

CF3 yield. '"H NMR (500 MHz, CDCl3) &: 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, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 8.15 (s, 1H), 8.53 (s, 2H); "C NMR (125
MHz, CDCl) 6: 23.8, 25.3, 31.6, 76.8, 1229 (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-

O 0cy methoxyphenylmagnesium bromide; the same method as was

used in the preparation of Cyclohexanyl 2-(4-flourophenyl)-2-

m oxoacetate was used to give the title compound in 38% yield. 'H

MeO NMR (500 MHz, CDCl3) §: 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, J; =

4.0 Hz, J; = 9.0 Hz, 1H), 6.98 (d, J= 9.0 Hz, 2H), 7.98 (d, J = 9.0 Hz, 2H); "C NMR

(125 MHz, CDCl,) 6: 23.8, 254, 31.6, 558, 75.3, 1144, 125.7, 132.6, 164.2, 165.1,
185.5; ESI MS m/z: 263.0 [M+H]".

OCy Cyclohexyl 2-(4-chlorophenyl)acetate. From 2-(4°-

m chlorophenyl)acetic acid; the same method as was used in the

Cl preparation of cyclohexanyl 2-phenyl-2-oxoacetate was used to

give the title compound in 86% yield. '"H NMR (500 MHz, CDCls)

o: 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, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 7.22 (d, J= 7.5 Hz, 2H), 7.28 (d, J= 7.5 Hz,

2H); "C NMR (125 MHz, CDCl,) &: 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]".

Q Cyclohexyl 2-(4’-chlorophenyl)-2-oxoacetate.' To a stirred
/O)J\( OCY solution of cyclohexanyl 2-(4-chlorophenyl)acetate (1.36 g,
cl 0 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 N, 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), H,O (20 mL), NaHCO;
(17.2 g, 204 mmol) and Oxone® (32g, 52 mmol) at 0°C. The reaction mixture was

vigorously stirred overnight. Water (60 mL) was added and the mixture was extracted
with diethyl ether (3 x 60 mL), and combined organic layer was dried over anhydrous
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Na,SO4. 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. "H NMR
(500 MHz, CDCl3) 6: 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, J; = 4.0 Hz, J>, = 9.0 Hz, 1H), 7.50 (d, J= 8.5
Hz, 2H), 7.97 (d, J = 8.5 Hz, 2H); "C NMR (125 MHz, CDCl,) 6: 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]".

0 Cyclohexyl  2-(3’-chlorophenyl)-2-oxoacetate. = From  2-(3’-

ocy 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. "H NMR (500

Cl MHz, CDCl3) 8: 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, J; = 4.0 Hz, J, =

9.0 Hz, 1H), 7.47 (t, J= 8.0 Hz, 1H), 7.63 (d, /= 8.0 Hz, 1H), 7.90 (d, J= 8.0 Hz, 1H),

8.01 (s, 1H); "C NMR (125 MHz, CDCl,) 8: 23.9,25.4,31.6,76.1, 128 4, 130.0, 1304,
134.4,1349,135.4,163.0, 185.5; ESI MS m/z: 288.9, [M+Na]".

cl O Cyclohexyl  2-(2’-chlorophenyl)-2-oxoacetate. = From  2-(2’-
OCy chlorophenyl)acetic acid; the same method as was used in the
5 preparation of cyclohexanyl 2-(4’-chlorophenyl)-2-oxoacetate was

used to give the title compound in 70% yield in 2 steps. "H NMR (500
MHz, CDCl3) 6: 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, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 7.38-7.44 (m, 2H), 7.51
(dt, J, = 1.5 Hz, J= 8.0 Hz, 1H), 7.75 (dd, J; = 1.5 Hz, J,= 8.0 Hz, 1H); "C NMR (125
MHz, CDCl,) &: 23.7,25.3, 31.3,75.7, 127.4, 130.6, 131.7, 1334, 133.8, 134.5, 162.8,
186.9; ESI MS m/z: 288.9, [M+Na]".

Cyclohexyl 2-(2-triflouromethylphenyl)-2-oxoacetate. From 2-

CFs O . L
oCy (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. 'H

NMR (500 MHz, CDCl3) 6: 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, J; = 4.0 Hz, J> = 9.0 Hz, 1H), 7.58-7.82
(m, 4H); "C NMR (125 MHz, CDCl,) 6: 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 a-
Ketoesters

A solution of [CIRh(ethylene),], (0.30 mg, 0.77 pumol) in degassed methylene chloride
(200 uL) was added to a reaction vial with allene ligand 5 (1.9 mg, 1.6 umol) 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 plL) under the protection of
nitrogen. The catalyst solution was then transferred into another vial containing a-
ketoester (77 pumol), arylboronic acid (154 pmol) and KF (154 pmol) under nitrogen.
Degassed water (120 puL) 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.”> All others were assigned by analogy.

MeO Benzyl 2-hydroxyl-2-(4-methoxyphenyl)-phenylacetate. (Table

1, entry 1) [a]*p = -1.5° (¢ = 0.5, CHCL;); 'H NMR (500 MHz,

O OH CDCl;) 6: 3.83 (s, 3H), 4.21 (br s, 1H), 5.31 (s, 2H), 6.87 (d, J=

2 oBn 9.0 Hz, 2H), 7.23-7.45 (m, 12H); "C NMR (125 MHz, CDCl,) &:

O 55.6,68.6,81.0, 113.6, 1277, 12827, 128.32, 128.4, 128.7, 128.8,

0 1290, 1343, 135.1, 1423, 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 x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm; #z =
22.7 min (minor) and 26.3 min (major).

Cyclohexyl 2-hydroxyl-2-(4-methoxyphenyl)-phenylacetate.
(Table 1, entry 9) [a]”p = -2.8 ° (¢ = 1.0, CHCL3); 'H NMR
(500 MHz, CDCl3) 6: 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, J; = 4.0 Hz, J,= 9.0 Hz, 1H), 6.86 (d, /= 9.0 Hz,
2H), 7.30-7.38 (m, 5H), 7.45 (d, J = 8.0 Hz, 2H); "C NMR (125
MHz, CDCl,) o: 234, 254, 31.3, 555, 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 x 0.46 cm ID), conditions:
n-hexane/i-PrOH = 99.5: 0.5, 1.0 mL/min, 230 nm; #g = 33.1 min (minor) and 37.3 min
(major).

2-Propanyl 2-hydroxyl-2-(4-methoxyphenyl)-phenylacetate.
(Table 1, entry 10) [a]*p = -3.0 ° (¢ = 0.8, CHCl3); 'H NMR
(500 MHz, CDCls) 6: 1.26-1.28 (m, 6H), 3.83 (s, 3H), 4.28 (br s,
1H), 5.17 (quintet, J; = 6.0 Hz, 1H), 6.88 (d, J = 8.5 Hz, 2H),
7.28 (brs, 1H), 7.34-7.38 (m, 4H), 7.46 (d, J = 7.0 Hz, 2H); °C
NMR (125 MHz, CDCl,) 6: 21.8,55.5,71.3,80.7, 113.5, 127.6,
128.1, 128.2, 128.9, 134.5, 142.5, 1594, 174.4; ESI MS m/z: 3229, [M+Na]". The ee
was determined by HPLC analysis using Daicel Chiralcel AS-H column (25 cm x 0.46
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cm ID), conditions: n-hexane/i-PrOH = 99.5: 0.5, 1.0 mL/min, 230 nm; #fx = 27.9 min
(minor) and 30.4 min (major).

MeO 1-adamental 2-hydroxyl-2-(4-methoxyphenyl)-

phenylacetate. (Table 1, entry 11) [a]*p = -2.0 ° (c = 0.5,

O OH CHCl;); '"H NMR (500 MHz, CDCls) &: 1.65 (br s, 6H), 2.09

0 (brs, 6H), 2.17 (s, 3H), 3.81 (s, 3H), 4.30 (br s, 1H), 6.86 (d,

O J,=17.0 Hz, 2H), 7.31-7.37 (m, 5H), 7.45 (d, J = 6.0 Hz, 2H);

0 "C NMR (125 MHz, CDCl,) &: 31.1,36.2,41.3, 55.5, 80.7,

84.2,113.5,127.7, 1279, 128.1, 1290, 135.0, 1430, 159.3, 173.5; ESI MS m/z: 4149,

[M+Na]*. The ee was determined by HPLC analysis using Daicel Chiralcel AD-H

column (25 cm x 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) [0]*p =-2.0 ° (¢ = 1.0, CHCl3); "H NMR (500
MHz, CDCls) 6: 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, J; = 4.0 Hz, J, = 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); "C NMR (125 MHz, CDCl,) &: 234, 25.4,
31.3,76.0,80.9, 1269, 1274, 127.6, 127.7, 128.1, 128.2, 128 .3,
1290, 140.8, 14009, 1414, 1424, 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 x 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.

OO (Table 2, entry 3) 'H NMR (500 MHz, CDCl;) 8: 1.21-1.40 (m,

_-QH ocy 3H), 1.42-1.65 (m, 5H), 1.78-1.86 (m, 2H), 4.46 (s, 1H), 5.02 (tt,

O J; =4.0 Hz, J, = 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); "C NMR (125 MHz, CDCl,)

0: 234,254,314,760, 81.2, 126.1, 126 4, 126.6, 127.7, 127.8, 127.9, 128.2, 128.3,

128.7, 1330, 133.1, 139.6, 1424, 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 x 0.46 cm

ID), conditions: n-hexane/i-PrOH = 99: 1, 1.0 mL/min, 230 nm; fx = 15.4 min (major)
and 22.1 min (minor).

Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-hydroxyl-2-
(4-methoxylphenyl) acetate. (Table 2, entry 4) [a]”D =28.4°
(c = 1.0, CHCls); 'H NMR (500 MHz, CDCl3) &: 1.25-1.67 (m,
OCY  6H), 1.70-1.77 (m, 2H), 1.85-1.94 (m, 2H), 3.83 (s, 3H), 4.45
(s, 1H), 5.01 (tt, J; = 4.0 Hz, J, = 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);

S10



C NMR (125 MHz, CDCl,) 6: 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 = 2714 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 X% 0.46 cm ID), conditions: n-hexane/i-PrOH = 99:
1, 1.0 mL/min, 230 nm; fg = 6.5 min (major) and 7.5 min (minor).

Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)-2-hydroxy-
phenylacetate. (Table 2, entry 5) [a]*p = 26.4 ° (c = 1.0, CHCl;);
'H NMR (500 MHz, CDCl5) &: 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, J; =4.0 Hz, J, =
9.0 Hz, 1H), 7.31-7.40 (m, 5H), 7.86 (s, 1H), 8.07 (s, 2H); “C
NMR (125 MHz, CDCl,) 6: 23.2, 23.3, 25.2, 31.1, 31.3, 76.8,
80.3, 122.1, 123.5 (q, J = 2714 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 X 0.46 cm
ID), conditions: n-hexane/i-PrOH = 99: 1, 1.0 mL/min, 230 nm; #zx = 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) [0]*p =32.2° (¢
= 1.0, CHCl;); '"H NMR (500 MHz, CDCl;) &: 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); "C NMR (125
MHz, CDCl,) &: 23.3,234,253,31.1,31.3,77.0,80.2, 122.2,
1235 (q, J = 271.5 Hz), 1274, 127.6, 1279, 128.2, 129.1,
131.5,(q,J = 33.3 Hz), 1404, 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 x 0.46 cm ID), conditions: n-
hexane/i-PrOH = 99.5: 0.5, 1.0 mL/min, 230 nm; g = 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) [a]*p=50.8°(c=
1.0, CHCl;); '"H NMR (500 MHz, CDCls) §: 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, J;
= 4.0 Hz, J, = 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); "C NMR (125 MHz,
CDCl,) 6: 23.2,23.3,25.3,31.1,31.3,76.9, 80.5, 122.3, 123.5 (q,
J=2714 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 x 0.46 cm ID), conditions: n-hexane/i-PrOH =
99:1, 1.0 mL/min, 230 nm; fg = 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) [a]*p =283 °(c =
1.0, CHCls); '"H NMR (500 MHz, CDCl5) &: 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, J; = 4.0 Hz, J, = 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); "C NMR
(125 MHz, CDCl,) o: 23.2, 23.3, 25.3, 31.1, 31.3, 55.5, 76.8,
80.2, 113.1, 114.2, 1194, 122.1 (m), 123.5 (q, J = 271.4 Hz),
128.2, 1299, 131.7 (q, J = 33.0 Hz), 143.0, 1444, 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 x 0.46 cm ID), conditions: n-hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 230
nm; fg = 6.6 min (major) and 9.5 min (minor).

Cyclohexyl 2-(3,5-bistrifluoromethylphenyl)- 2-(4-
chlorophenyl)-2-hydroxyacetate. (Table 2, entry 9) [0]*p =
20.5° (¢ = 1.0, CHCl3); "H NMR (500 MHz, CDCl;) &: 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); *C NMR (125 MHz, CDCL,) 8: 23.27,
23.34,252,31.2,31.3,77.2,79.8,122.3,123.4 (q,J = 271.4 Hz),
1280, 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+HCO,]"; 462.8 [M-OH]*. The ee was determined by
HPLC analysis using Daicel Chiralcel OD-H column (25 cm X 0.46 cm ID), conditions:
n-hexane/i-PrOH = 99:1, 1.0 mL/min, 230 nm; g = 4.6 min (major) and 5.1 min (minor).

MeO Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(4-methoxyl
phenyl) acetate. (Table 2, entry 10) [a]*p = 34.2 ° (¢ = 1.0,
CHCl3); '"H NMR (500 MHz, CDCl;) &: 1.45-1.70 (m, 10H),
3.82 (s, 3H), 4.38 (br s, 1H), 4.97 (tt, J; = 4.0 Hz, J> = 9.0 Hz,
1H), 6.88 (d, /= 8.0 Hz, 2H), 7.28 (, J = 8.0 Hz, 2H), 7.54-7.68
(m, 4H); "C NMR (125 MHz, CDCl,) é: 23.4,23.5,25.3,31.3,
314, 556, 764, 804, 1119, 1139, 1190, 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; fx = 22.8 min (major) and 25.7 min
(minor).

CN

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-phenylacetate.
(Table 2, entry 11) [a]*”p = 38.4 ° (c = 1.0, CHCl;); '"H NMR (500
MHz, CDCl;) 6: 1.23-1.64 (m, 8H), 1.77 (br m, 1H), 1.85 (br m,
1H), 4.42 (br s, 1H), 4.99 (tt, J;, = 4.0 Hz, J>,= 9.0 Hz, 1H), 7.37
(br m, 5H), 7.63 (br m, 4H); "C NMR (125 MHz, CDCl,) &:
CN 23.39,2343,25.3,31.28,31.34,76.6, 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 x 0.46
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cm ID), conditions: n-hexane/i-PrOH = 90:10, 1.0 mL/min, 229 nm; tg = 14.2 min (major)
and 15.2 min (minor).

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(4-phenyl-
phenyl) acetate. (Table 2, entry 12) [a]”p = 26.2 ° (¢ = 1.0,
CHCl3); '"H NMR (500 MHz, CDCl3) §: 1.21-1.66 (m, 8H),
1.72-1.92 (m, 2H), 4.45 (br s, 1H), 5.01 (tt, J;, = 4.0 Hz, J, =
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); "C NMR (125 MHz,
CDCl,) 6: 23.4,23.5,25.3,31.3,31.4,76.7,80.6,112.1, 118.9,
127.2,127.3, 127.8, 1279, 128.6, 129.1, 132.0, 140.5, 140.7,
141.5, 147.3, 173.0; ESI MS m/z: 4100, [M-H]. The ee was determined by HPLC
analysis using Daicel Chiralcel AD-H column (25 cm x 0.46 cm ID), conditions: n-
hexane/i-PrOH = 90:10, 1.0 mL/min, 229 nm; fx = 20.0 min (minor) and 24.5 min
(major).

CN

Cyclohexyl 2-hydroxyl-2-(4-cynophenyl)-2-(naphthalen-2-

OO yD)acetate. (Table 2, entry 13) [a]*p = 44.8 ° (c = 1.0, CHCl;); 'H

OH NMR (500 MHz, CDCl;) 8: 1.23-1.67 (m, 8H), 1.80 (br m, 1H),

OCY  1.88 (brm, 1H), 4.52 (br s, 1H), 5.04 (it, J; = 4.0 Hz, J, = 9.0 Hz,

O 0 1H), 7.44 (dd, J; = 1.5 Hz, J, = 8.5Hz, 1H), 7.51-7.53 (m, 2H),

CN 7.65 (br m, 4H), 7.81-7.86 (m, 3H), 7.88 (s, 1H); "C NMR (125

MHz, CDCl,) 6: 234,23.5,25.3,31.3,314,76.7,80.9,112.1, 118.9, 1254, 126.2, 1270,

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 x

0.46 cm ID), conditions: n-hexane/i-PrOH = 90:10, 1.0 mL/min, 229 nm; g = 26.8 min
(minor) and 32.1 min (major).

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(3-methoxyl
phenyl) acetate. (Table 2, entry 14) [0]®p = 31.8 ° (¢ = 1.0,
CHCL3); '"H NMR (500 MHz, CDCls)§: 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,
cN 3H), 4.39 (s, 1H), 4.98 (tt, J; = 4.0 Hz, J, = 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); "C NMR (125 MHz, CDCl,) 6: 23.4,23.5,25.3,31.3,31.4,55.5,
76.6, 80.6, 112.0, 113.2, 114.0, 1189, 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; fg = 18.9 min (major) and 28.6 min (minor).

Cyclohexyl 2-hydroxyl-2-(4-fluorophenyl)-2-(4-phenyl-
phenyl)acetate. (Table 2, entry 15) [a]*p = 14.5 ° (¢ = 1.0,
CHCl3); '"H NMR (500 MHz, CDCl3) &: 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, J; = 4.0
Hz, J,=9.0 Hz, 1H), 7.05 (t, /= 9.0 Hz, 2H), 7.37 (t, J= 7.5 Hz,
1H), 7.44-7.52 (m, 6H), 7.57-7.63 (m, 4H); "C NMR (125 MHz,
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CDCl,) 6: 23.4,254,31.3,31.4,76.1,80.5, 1050, 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-

OO yDacetate. (Table 2, entry 16) [a]*p = 17.6 ° (¢ = 1.0, CHCl;);

OH 'H NMR (500 MHz, CDCl;) &: 1.23-1.42 (m, 3H), 1.45-1.55 (m,

OCYy 3H), 1.57-1.66 (m, 2H), 1.84 (br s, 2H), 4.50 (br s, 1H), 5.02 (tt,

O 0 J;=4.0 Hz, J,=9.0 Hz, 1H), 7.05 (t, J= 8.0 Hz, 2H), 7.47-7.52

F (m, 5H), 7.82-7.86 (m, 3H), 7.96 (s, 1H); °C NMR (125 MHz,

CDCl,) o: 23.45, 23.46, 254, 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; g = 11.6 min (minor) and
12.3 min (major).

Cyclohexyl 2-hydroxyl-2-(4-methoxylphenyl)-2-p-tolylacetate.
(Table 2, entry 17) [a]*p = -7.6 ° (¢ = 0.5, CHCl5); "H NMR (500
MHz, CDCls) &: 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, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 6.86 (d, /= 7.5 Hz,
2H), 7.15 (d, J= 7.5 Hz, 2H), 7.33 (d, /= 7.0 Hz, 2H), 7.38 (d, J
= 7.0 Hz, 2H); "C NMR (125 MHz, CDCl,) 6: 21.3, 23.5, 25 4,
31.4,555,75.7,80.6, 113.5, 127.5, 128.9, 1290, 134.8, 137.8, 139.8, 159.3, 174.5; ESI
MS m/z: 3769, [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; #g = 32.4 min (major) and 35.5 min (minor).

Cyclohexyl 2-hydroxyl-2-(4-phenyl-phenyl)-2-(p-
tolyl)acetate. (Table 2, entry 18) [a]*p = -6.5 ° (¢ = 1.0, CHCl;);
"H NMR (500 MHz, CDCl3) &: 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, J, = 4.0 Hz, J,=9.0 Hz, 1H), 7.18 (d, /= 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) ; °C
NMR (125 MHz, CDCl,) 6: 21.3, 23.5, 254, 314, 759, 80.8,
1269, 1273, 127.57, 127.6, 128.1, 129.0, 137.9, 139.6, 140.8, 140.9, 141.6, 174.2; ESI
MS m/z: 4229, [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; g = 39.9 min (minor) and 44.9 min (major).
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/ Cyclohexyl 2-hydroxyl-2-(4-N,N-dimethylphenyl)-2-(4-
—N methoxylphenyl)acetate. (Table 2, entry 19) [a]p=84°(c=
1.0, CHCl3); '"H NMR (500 MHz, CDCl;) &: 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, J;=4.0 Hz, J; =
9.0 Hz, 1H), 6.68 (d, J= 7.5 Hz, 2H), 6.85 (d, J= 8.5 Hz, 2H),
H3CO 7.28 (d, J= 7.5 Hz, 2H), 7.38 (d, J = 9.0 Hz, 2H); "C NMR
(125 MHz, CDCl,) 6: 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 X 0.46 cm
ID), conditions: n-hexane/i-PrOH = 97:3, 1.0 mL/min, 230 nm; #g = 53.8 min (major) and
59.5 min (minor).

MeO Cyclohexyl 2-(4-chlorophenyl)-2-hydroxyl-2-(4-methoxyl

phenyl) acetate. (Table 2, entry 20) [a]*p =9.2°(c, 1.0, CHCL3);

O OH (Table 2, entry 21) [0]*p = -6.5 ° (¢ = 0.3, CHCls); '"H NMR (500

ocy MHz, CDCl) 6: 1.22-1.40 (m, 3H), 1.41-1.54 (m, 3H), 1.54-1.65

O (m, 2H), 1.75-1.87 (m, 2H), 3.82 (s, 3H), 4.31 (br s, 1H), 4.95 (tt,

cl O J;=4.0 Hz, J,=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); "C NMR (125 MHz, CDCl,) &:

234,235,254,31.3,314,555,76.1,80.3, 113.7, 128.3, 128.8, 129.2, 134.0, 1344,

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 x 0.46 cm ID), conditions: n-
hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm; g = 16 min and 17 min.

Cyclohexyl 2-(4-cynophenyl)-2-hydroxyl-2-(4-phenyl-
phenyl)acetate. (Table 2, entry 22) [a]”p = 18.4 ° (c = 0.5,
CHCIL3); '"H NMR (500 MHz, CDCls) 8 : 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, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 7.33-7.38 (m,
3H), 7.44-7.49 (m, 6H), 7.58-7.61 (m, 4H); "C NMR (125 MHz,
CDCl,) 6: 23.5,254,31.3,31.4,76.3,80.5,127.1,127.4,127.7,
1280, 1284, 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; #g = 16.5 min (minor) and 19.0 min (major).

Cyclohexyl 2-(3-chlorophenyl)-2-hydroxyl-2-(4-methoxyl
phenyl)acetate. (Table 2, entry 23) [a]”p = 142 ° (¢ = 1.0,
CHCl3); 'H NMR (500 MHz, CDCls) §: 1.25-1.66 (m, 8H), 1.75-
1.86 (m, 2H), 2.82 (s, 3H), 4.34 (br s, 1H), 4.97 (tt, J;, = 4.0 Hz, J,
=9.0 Hz, 1H), 6.88 (d, J = 8.5 Hz, 2H), 7.27-7.38 (m, SH), 7.50 (s,
1H); "C NMR (125 MHz, CDCl,) &: 23.37, 23.42, 25.4, 31.3,
314,555, 76.1, 80.3, 113.7, 126.0, 128.0, 128.2, 128.8, 1294,
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 x
0.46 cm ID), conditions: n-hexane/i-PrOH = 98:2, 1.0 mL/min, 229 nm; tx = 28.4 min
(minor) and 30.6 min (major).

Cyclohexyl 2-hydroxyl-2-(3-chlorophenyl)-2-(naphthalen-2-

yDacetate. (Table 2, entry 24) [0]*p = 25.0 ° (c = 1.0, CHCL;); 'H
ocy NMR (500 MHz, CDCls) 8: 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); "C NMR (125 MHz, CDCl,) &: 23.38, 23.42,
254,31.3,314,76.3,80.8,125.7,126.1, 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 x
0.46 cm ID), conditions: n-hexane/i-PrOH = 98:2, 1.0 mL/min, 229 nm; fr = 20.3 min
(major) and 28.7 min (minor).

MeO Cyclohexyl 2-hydroxyl-2-(2-chlorophenyl)-2-(4-methoxyl
phenyl)acetate. (Table 2, entry 25) The reaction was run as
general procedure but at 40°C. [a]*’p = 35.2 ° (¢ = 1.0, CHCl3);

oCy "H NMR (500 MHz, CDCl3) §: 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, J; = 4.0 Hz, J, = 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, /= 7.5 Hz, 1H), 7.63 (d, J= 9.0 Hz, 2H);

»C NMR (125 MHz, CDCl,) é: 23.76, 23.81,25.4,31.36,31.41,55.6,75.9,80.2, 113.7,

1264, 128.6,129.7, 1309, 131.0, 131.8, 134.5, 1404, 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 x 0.46 cm ID), conditions: n-hexane/i-PrOH = 95:5, 1.0 mL/min, 230 nm;

fr = 6.8 min (minor) and 9.0 min (major).

Cl

MeO Cyclohexyl 2-hydroxyl-2-(2-trifluoromethylphenyl)-2-(4-

methoxylphenyl)acetate. (Table 2, entry 26) [0]*p = 52.0 ° (c =

O OH 0.5, CHCl3); '"H NMR (500 MHz, CDCl;) §: 1.17-1.42 (m, 4H),

S oCy 1.44-1.65 (m, 4H), 1.76-1.82 (m, 1H), 1.85-1.92 (m, 1H), 3.86 (s,

O 3H), 4.03 (br s, 1H), 4.98 (tt, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 6.91

CF? (d, J= 8.0 Hz, 1H), 6.94 (d, /= 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); "C NMR (125 MHz, CDCl,) &: 23.5,23.6,25.4,31.2,31.5,55.6,75.6,

81.2, 1139, 1248 (q, J = 2719 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 x 0.46 c¢cm ID), conditions: n-hexane/i-PrOH =
90:10, 1.0 mL/min, 229 nm; g = 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) [a]*p = 24.6 ° (¢ = 1.0, CHCL;); '"H NMR (500 MHz,
CDCly) 6: 1.25-1.65 (m, 7H), 1.67-1.90 (m, 3H), 2.35 (s, 3H), 4.08
(br s, 1H), 4.91 (tt, J; = 4.0 Hz, J,= 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); "C NMR (125 MHz, CDCL,)
0:21.5,23.5,23.6,254,31.3,31.5,75.8,78.5,1264, 1269, 128 .2,
128.5,128.6,129.5,130.4, 1339, 138.0, 142.0, 174.0; ESI MS m/z:
3729, [M+Na]". The ee was determined by HPLC analysis using Daicel Chiralcel AS-H
column (25 cm x 0.46 cm ID), conditions: n-hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 230
nm; fg = 15.7 min (major) and 23.6 min (minor).

Cyclohexyl 2-hydroxy-2-4-(fluorophenyl)-4-p-tolylbut-3-enoate.
(Table 2, entry 28) [0]*p = 38.2 ° (¢ = 1.0, CHCl5); '"H NMR (500
MHz, CDCl3) 6: 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, J; =
4.0 Hz, J,=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, /= 8.0 Hz, 2H), 7.34 (d,
J = 8.0 Hz, 2H), 7.55-7.59 (m, 2H); "C NMR (125 MHz, CDCl,) é:
21.5,235,236,254,313,315,759, 780, 1153, 1154, 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 =
2454 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 x 0.46 cm ID), conditions: n-
hexane/i-PrOH = 99.5:0.5, 1.0 mL/min, 230 nm; fg = 15.4 min (major) and 19.6 min
(minor).

Cyclohexyl 2-hydroxy-2-(4-cynophenyl)-4-p-tolylbut-3-

enoate. (Table 2, entry 29) [a]*p = 26.6 ° (c = 0.75, CHCL;); 'H

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,
OCy 1H), 4.92 (tt, J, = 4.0 Hz, J,= 9.0 Hz, 1H), 6.59 (d, J= 16.0 Hz,

1H), 6.90 (d, /= 16.0 Hz, 1H), 7.16 (d, /= 8.0 Hz, 2H), 7.32 (d,

J=28.0 Hz, 2H), 7.67 (d, J = 8.5 Hz, 2H), 7.76 (d, J = 8.0 Hz,
2H); "C NMR (125 MHz, CDCL,) 8: 21.5,23.5,23.6,25.3,31.3,31.5,76.5,78.1, 1120,
1189, 127.0, 1274, 127.5,129.6, 1314, 132.3, 1334, 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).

NC
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Cyclohexyl 2-hydroxy-2-(4-cynophenyl)-3-methylpent-3-
enoate. (Table 2, entry 30) [a]”p = 33.5 ° (¢ = 0.5, CHCL;); 'H
NMR (500 MHz, CDCl3) 6: 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, J; = 4.0 Hz, J,=9.0 Hz,

NC 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); "C NMR (125 MHz, CDCl,) &: 132, 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;
fr = 8.2 min (minor) and 8.5 min (major).

Cyclohexyl 2-hydroxy-2-(4-chlorophenyl)-3-methylpent-3-
enoate. (Table 2, entry 31) [a]*p = 27.1 ° (¢ = 1.0, CHCL); 'H
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, J; = 4.0 Hz, J, =
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); "C NMR (125 MHz, CDCl,) &: 134,
13.9, 235, 23.6, 254, 31.3,31.6, 75.8, 824, 124.2, 1243, 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 x 0.46 cm ID), conditions: n-hexane/i-PrOH
=99:1, 1.0 mL/min, 229 nm; tz = 8.1 min (minor) and 8.9 min (major).

Cl

Cyclohexyl 2-hydroxy-2-phenyl-3-methylpent-3-enoate. (Table 2,
entry 32) [0]*p = 7.8 ° (¢ = 0.8, CHCls); "H NMR (500 MHz, CDCls)
o: 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, J;=4.0 Hz, J,= 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); "C NMR (125 MHz, CDCI,) é:
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, 1404, 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 x 0.46 cm ID), conditions: »n-
hexane/EtOH = 90:10, 0.5 mL/min, 229 nm; fgr = 4.8 min (minor) and 5.1 min (major).

Cyclohexyl 2-hydroxy-2-p-tolyl-3-methylpent-3-enoate. (Table
2, entry 33) [0]”p = 4.0 ° (¢ = 0.4, CHCl;); 'H NMR (500 MHz,
CDCl) 6: 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),
491 (tt, J; = 4.0 Hz, J, = 9.0 Hz, 1H), 541 (q, J = 6.5 Hz, 1H),
7.15 (d, J= 7.5 Hz, 2H), 7.44 (d, J = 7.5 Hz, 2H); "C NMR (125
MHz, CDCl,) 6: 13.6, 13.8, 21.3, 23.6, 23.7, 25.5, 314, 31.6, 754, 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 X 0.46 cm
ID), conditions: n-hexane/EtOH = 90:10, 1.0 mL/min, 229 nm; tg = 5.2 min (minor) and
5.4 min (major).
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Table 1, entry 1

Racemic
VWD1 A, Wavelengih=230 nm, TT (FENG\FC-1-281.D)
mAU  J ®
] by @
120 E %‘ R
100 3 A &
80 ' \ \
60 \ ./ \
03 \ [
204 |
0_:,,_ — - ‘j \. |/} \ . —
fl‘) 1|0 1I5 2|0 2IS 3]0 3]5 miry
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

e B R |—mmm |—mmmm |- |
1 22.618 Vv 0.7544 5730.85498 118.92757 49.9602

2 26.239 VB 0.9422 5739.97705 96.79990 50.0398

Optically active
VWD1 A, Wavelength=230 nm, 1T (FENG\FC-11-277-2.D)
mAU ] &
50 g
40 '
|
20 S |
10 S }' \
0_2_ N o~ — 'N' / : — —
R T Y Y A T ™
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU ] %

el R | —mmm - |—mmmmm - e |
1 22.674 BB 0.7110 283.74319 6.10647 8.0141

2 26.268 BB 0.8748 3010.17773 53.26956 91.3859
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Table 1, entry 9

Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-lI-154-3-AS-RUN2 D)
mAU o
50 = g
40 N 8
30 / \\ /”\
20 f \'\ [
| \ fi \
10 / \r/ \
| j
0 A — ! =1 —
A T T T A Y Y A ™
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * g [mAU ] %

e e R |—mmm - | ———————- |
1 31.832 BV 1.6380 4432.55420 41.63805 49.2045
2 36.148 VB 1.9606 4575.87451 35.99717 50.7955

Optically active
VWD T A, Wavclenglh= O run, TT (FENGWC-II-178-1T-RUNZ.D)
+3 /N
& / AN
° - - - R S~— -
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 33.068 BV 1.4978 91.75425 7.43590e-1 4.1753
2 37.311 VB 2.5201 2105.78174 12.20189 95
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Table 1, entry 10

Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-1I-154-2-277-1RACEMIC.D)
mA;JSU E\ g
300 M ﬁ‘,‘
250 | \ ;' \
200 . / \
150 | L\I \
100 ’ ‘ \ "\\
6 1|0 ZID 3|U 4IU SID mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
el R R | ——————— |-—————————- | ———————= I
26.561 VV 1.4712 3.70548e4 399.91202 47.3778
2 29.172 VB 1.8870 4.115¢6¢ce4 333.78186¢ 52.6222
Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-277-TRUN1.D)
mAU 3 S
605 I
503 { |
40
03 - / \
204 8 | |
'E: J’L_JL J ,
EJ 1|0 2‘0 3‘0 I I 4|0 Sb mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * g [mAU ] %

e B R e |—mmmm - | —mm - e r
1 27.937 W 1.0567 494.18161  6.94956  7.0651
2 30.438 VB 1.4110 6500.545932 71.43871 92.9349
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Table 1, entry 11

Racemic

VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-154-4-AD-RUN2 D)

[=}]

5]
T
=17.164

—= N
==}
(==}
lunl

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

=== | ———— - | ———————- | ————- | ———————- f
1 17.1e4 VvV 0.4041 1.53152e4 585.56006 50.0675
2 20.204 vv 0.4761 1.52739%e4 495.47067 49.9325

Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-277-3-AD-RUN1.D)
mAU 3 2
1400 3 %
12003 il
10003 |"
8003 /|
6003 o ‘| \
400 3 e | I‘
200 ~ i
03 o /
2004 — : T \ T T T
0 5 10 15 20 25 30 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
e e | ———m | ——mmmmm - |- r
1 17.102 vv 0.4427 5873.42529 190.07744 9.974¢0
2 20.126 VV 0.4805 5.30104e4 1726.79480 90.0254
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Table 2, entry 2.

Racemic

VWD A, Wavelength=230 nm, TT (FENGWFCII-184 2 RUNZ D)

4%

T
25 mi

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e |-——— === | ———————— | -—————————- | ———————= |
1 19.005 v 0.5811 1984.52844 52.46295 50.2483

2 22.48¢ VvV 0.9240 1964.91589 33.74318 49.7517

Optically active
] N\
A
a00 [
eoo—i ’ \'\
I\
% I | ) N A |
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

e R |~ m - |~ R | —mmmm |
1 17.415 vV 0.9693 8.63712ed4 1390.42664 93.8813
2 20.613 VB 1.0208 5629.19775 82.14567 6.1187
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Table 2, entry 3

Racemic

VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-184-1-AD-1%IPA-RUNG6.D)

mAU :
600—; S
500 1
400 I!\ g
300 3 /. ;‘3\
200 |
- A A
Y T T T T - 30 mi
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU %
- |-——= - | -——————— | -—————- | ———————- |
1 15.56l1 BV 0.4153 1.38570e4 520.75702 49.6477
2 22.064 BB 0.8025 1.40536e4 271.21817 50.3523
Optically active
00 | a
] |
[
=00 I\
o SR AN /) \¥ — . /é\ L, |
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU %
=== e | -———————- | -——————- | ———————- |
1 15.401 VB 0.5487 3.26932e4 873.63202 93.4287
2 22.07¢ VB 1.0634 2299.49219 31.96926 6.5713
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Table 2, entry 4.

Racemic

VWDT A, Wavelength=230 nm, TT (FENG\FC-11-274-2D)
mAU
300

——=6.416
= 7.346

200

1003
03
E \ | ‘%
-1004 | X ,r |
3 L J L
-200 ! —
0

-
N
(=24
Qo
-
o
=
N
[N
'S
2
=1

Peak RetTime Type Width Area Height Area
- [min] [min] mAU *s3 [mAU ] %

1 6.416 VV 0.1695 5244.65283 475.32874 49.3269
2 7.346 VB 0.2078 5387.79004 404.64053 50.6731

Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-11-242-1P-RUN4.D)
mAU ] N
300—; "T
200 f
100 |‘ |,
°3 e
-1004 3
_200_3 ~— — LJA,-._AL
I S T Y T 10 12 14 mif
Peak RetTime Type Width Area Height Area
- [min] [min] mAU *3 [mAU ] %

e e B |~ | —mmmm - | —mmmm |
1 6.477 VvV 0.1le66 5730.73389 531.45807 89.4618

2 7.475 VB 0.1942 ©75.05652 53.33956¢ 10.5382
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Table 2, entry 5

Racemic
VWD1 A, Wavelength=230 nm, 1T (FENG\FC-II-204-2-0D.D)
mAU
300 §
20 i 8
200 f 5
150 I Il
100 ‘,‘ '»l | \I\
50 L '
0 Y A J\ |
| T T T T T L T T T
0 1 2 3 4 5 6 7 8 9 min|
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU ] %

e R | ——mm | m - = |—mmm - R |
1 4.354 VB 0.1141 1835.57813 251.96439 50.3572

2 5.795 VW 0.1594 1809.53894 177.92149 49.06428

Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-11-242-2P.D)
mAU 3 8
7003 3
600 3 “
5003 1
4003 ||
3004 ‘}
200 i _
1003 [ 5
3 | w
03 — e ld . L —
T T T T T T ] L e S A A L B S A L S
0 1 2 3 4 5 6 7 8 9 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

e e |—mmm | m - |—mmm | —mmm e | —mmm e |
1 4.305 vV 0.1018 4408.07275 ©54.70471 95.4170

2 5.571 Vv 0.1325 211.72343 25.32659 4.5830
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Table 2, entry 6

Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-11-204-3-OD-IPA-HALF%.D)
mAU 3
150—§ <
1253 & .
1003 = 8
753 A ©
03 \ \
255 . / {
03 S _ _ JN / ,
-25—5
Nt ] — 1 T 1 T 1 T T T I
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
- |-——= - | -—————— | -——- | -——————- |
1 11.824 BB 0.3691 2452.93311 103.71603 50.2369
2 13.682 BB 0.4810 2429.79¢14 77.76572 49.7631
Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-242-3-OD-IPA-HALF%.D)
mAU 3
150 3
125—; 5
100 3 s
75—; N
504 © [
253 & /\
03 A . s ) ‘
253
N7 7 T [ T " [ T T 1 T T T T T T T T
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU ] %
-—— - |-——= - |- |-————- |———— |
1 11.825 BB 0.3770 147.14075 6.04920 5.4098
2 13.657 BB 0.4658 2572.74951 85.92315 94.5902
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Table 2, entry 7

Racemic
VWD1 A, Wavelength=220 nm, TT (FENG\FC-11-220-1-AD-1%IPA D)
mAU- 3 g
] ?
2000 | \ 2
5 AT
1500 o
] " l' }/\,
1000 4 \
] | .’ \
500 [ | \
P I NN W __ :} \'J/. — .
0 é ‘11 fli fIS 1|0 1]2 1I4 1|6 1]8 min|
Peak RetTime Type Width Area Height Area
B [min] [min] mAU *3 [mAU ] %

] R R R |—mmmm R |
1 8.002 vv 0.2966 4.30617e4 2274.6452¢ 49.7221

2 9.609 VB 0.4401 4.35429e4 1489.53442 50.2779

Optically active
“VWDT A, Wavelength=220 nm, TT (FENGFC1I-242-4-AD-1%IPA-RUNZ D) _
mAU ] g
1000 ©
4 |
800 H
600 fl |\
400 | l,
200 ,‘ | 2
0—: P ) / \ I ©
0 2 1 6 8 10 12 14 16 18 i
Peak RetTime Type Width Area Height Area
B [min] [min] mAU *3 [mAU ] %

e R | —mmm R R |
1 6.969 VvV 0.2332 1.51337e4 992.70844 94.8759

2 8.518 VB 0.3402 817.35376 36.058604 5.1241
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Table 2, entry 8

Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-220-2-OD-IPA-HALF%.D)
mAU ] N
200 "
150 H 8
100-§ “ 7,
50 H \
3] | Y
04 Sl J N\
U S s s e S N S S s S St L S S
0 2 4 6 8 10 12 14 16 18 min|
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

e R B |—mmm o R R |
1 6.624 VB 0.1554 2329.90356 237.22830 50.4177

2 9.52¢ BB 0.2858 2291.29858 123.82945 49.5823

Optically active
“VWD1 A, Wavelength=230 nm, TT (FENG\FC-I-242-5-OD-IPA-HALF% D) -
mAU ] P
500 %
400 f
300 "
200 ||
100 i 5
E | ( o)
0_: L }k\ \ 1_/'”
T R AR R
Peak RetTime Type Width Area Height Area
- [min] [min] mAU *3 [mAU ] %

el e B |—mmm - |—mmmm - R |
1 6.567 VB 0.1708 5744.64404 539.49164 95.4506

2 9.521 BB 0.3038 273.80377 14.00332 4.5494
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Table 2, entry 9

Racemic
“VWD1 A, Wavelength=230 nm, TT (FENGFC1-220-3-0D-1%.D) B
mAU
1200 8
10003 ¥
800 f
600 ]l 3
] | o
400 X
2003 ( /\
0 S 17— i
R ——— ! - -~ - . - - T I T T T 1T T T T T T T T T
0 2 4 6 8 10 12 14 min
Peak RetTime Type Width Area Height Area
B [min] [min] mAU *3 [mAU ] %

el e R e R |—mmmmmm - R |
1 4.556 VvV 0.0943 5844.7807¢ 960.37909 50.7149

2 4.954 vV 0.2453 5679.99609 365.63089 49.2851

Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-I-242-6P-OD.D)
mAU S
2000—; ?‘;
1500—; {\‘
1000 Il.
] “ o
500 8
0—2*»——4 'J \VHL
| S T S S S T T
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

1 4.604 VV 0.1390 1.87158e4 2098.99927 095.4615
2 5.100 VB 0.1280 889.79761 104.95155 4.5385
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Table 2, entry 10

MeO

OCy
CN
Racemic
E , 5
300 5 “ 1 I 300
L g
- 200 ‘ l I l E 200 -
100 —f l{ l | E 100
1 ‘l i || \ 2
o- . — o
o 1'0 2‘0 ' 3'0 4‘0
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
23.691 9690162 49.73 333591 52.96
26.699 9796544 50.27 296306 47.04
Totals
| 19486706 100.00 629897 100.00
Optically active
é | :
200 il 200
E . ’ g E
[ ] ‘ r [
100 ' - 100
: | ’
; [ :
0] “__f \Lj/\L Lo
o 10 20 30 I 40
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
22.795 7721175 95.39 242417 95.75
25.691 373062 4.61 10755 4.25
Totals
8094237 100.00 253172 100.00
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Table 2, entry 11

OH
X OCy
0
CN
Racemic
200 I 200
z I :
] w ” o
= 100 o ! I 100 2
- ; | |I l ! g
] Iy l I i \ I
: | w . L
o 5 10 15 20 25 30
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
14.672 3440521 49.84 185694 51.57
15.563 3463123 50.16 174393 48.43
Totals
6903644 100.00 360087 100.00
Optically active
750 | L 750
500 ' I 500
= 1 Il I 2
£ i i II | £
250 || - 250
i i
| | A
o L A Lo
o 5 10 15 20 25 30
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
14.224 9592531 97.53 494652 97.46
15.152 242795 2.47 12892 2.54
Totals
9835326 100.00 507544 100.00
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Table 2, entry 12

X OCy
@]
CN
Racemic
300 300
] | ;
200 1! pl I 200
E | b r
z E | l ! | 8 z
=3 E i I F e
1007 \ l l. | || - 100
E [‘ Ik | kl -
o —fﬂ—]‘%;r\_&‘—.h,j} l |} Lo
o ' 10 ' 20 ' 30 ' 20
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
19.739 8299322 49.67 285264 55.51
24.245 8411162 50.33 228654 44.49
Totals
16710484 100.00 513918 100.00
Optically active
400 [ 400
2 200 | I 200 2
: \ i
] I I
N i [
0] L . Wi \ o
o l 10 ' 20 l 20 40
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
20.048 185508 3.51 6428 4.50
24.549 5106070 96.49 136543 95.50
Totals
5291578 100.00 142971 100.00
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Table 2, entry 13

OH
X OCy
0
CN
Racemic
300 5 ﬂ - 300
_ 200 7 || - 200 =
E E | g E
100 - | - 100
o ; L A |} | Lo
o ‘ 10 20 ‘ 20 I 40
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
25.488 16339815 48.39 346937 55.30
31.243 17424910 51.61 280396 44.70
Totals
33764725 100.00 627333 100.00
Optically active
300 |- 200
200 lln F 200
b i r
- E I - -
z E I s z
100 | “ ’] - 100
] || r
] I r
E _;I \ -
od— o oA "I_N_'/\IJ L_I_ﬁ_e_f:_ °
o ' 10 20 ' 20 ' 40
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
26.757 580217 4.12 11895 5.07
32.107 13492721 95.88 222910 94.93
Totals
14072938 100.00 234805 100.00
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Table 2, entry 14

MeQO OH
X OCy
@]
CN
Racemic
| \ —
200 " L 200
R ’ ‘ A s
z E { H . z
= 100 . ‘ H - 100 =
] i Il
. l | !l | -
] | r
| i \
o] N SN AN Ij 1 o
o ' 10 20 ' 30 ‘ 40
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
18.699 5710889 49.08 224648 60.53
27.797 5924439 50.92 146481 39.47
Totals
| 11635328 100.00 371129 100.00
Optically active
400 — :—400
E ’l a
z : !I g z
200 ! I I 200
B A 8
1 I :
0 “r) = T Fo
o ‘ 10 20 ‘ 30 ' 40
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
18.907 8918163 97.04 327529 98.04
28.613 271912 2.96 6545 1.96
Totals
9190075 100.00 334074 100.00
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Table 2, entry 15

Racemic
150 I L 150
i |
. ||| L
100 i i !n| L 100
z 1 i . /| z
= 1 ‘ | | I ] g
50 | | 'I - 50
i I | ,
. | k } | L
o PN A | J_\ , ¥ Lo
o 10 15 20 25 30
Minutes
4: 254 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
13.781 3015962 50.08 150460 56.40
16.976 3006328 49.92 116326 43.60
Totals
6022290 100.00 266786 100.00
Optically active
E 1 -
] I g
400 i | [ 100
z A 2
200 I | I 200
e I
o4 I/\| 1 } L Lo
o 10 15 20 25 30
Minutes
4: 254 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
15.051 617829 4.16 30929 5.62
18.704 14236815 95.84 519354 94 .38
Totals
14854644 100.00 550283 100.00
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Table 2, entry 16

Racemic

VWDT1 A, Wavelength=230 nm, TT (FENG\FC-11-204-8-OD-H.D)

]
(=]
(=)
nlay
11254

12021

e
<
K

0:"'|"A_'~I_)(\'I"' —T T T
0 2 4 6 10 14 16 18 miry

oo
=
N

Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %
e EEEEEE R B R o R |
1 11.254 vv 0.3278 2.35532e4 1128.98962 49.3169
2 12.021 vv 0.3623 2.42056e4 1049.40320 50.6831

Optically active
A R S T -
= Il,—\l
2500 — i ‘ll
E [
|
500 —| 'I I\I
000 —| ' I'I
500 — A § |‘ \
|V! A | \
ol AN\ JAN _ J N \
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

el R | —mm o R |- |
1 11.566 VvV 0.3278 8855.95410 424.63104 8.7249
2 12.313 v 0.5093 9.26465e4 2924.71606c 91.2751
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Table 2, entry 17

Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-1I-204-4RACEMIC-PURE-AD-R7.D)
mAU ] 8 2
380 i 3
360 m
340 l Il |
. | 1
320 T
300 '
E JL»_#’\ S — 1) kj k ;
280
Wf———— T T T T T T
0 5 10 15 20 25 30 35 40 45 min|
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

e R |~ m - | —m | —mmmm - | —mm e |
1 32.492 BB 0.7045 4599.35449 101.56059 49.9096

2 35.469 BB 0.7719 4616.01123 93.36088 50.0904

Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-270-2-AD-H.D)
mAU 7 ©
550 3 :
500 ﬁ
450 I
4003 [l <
350 3 s
a0 . f ) K, A
250 3
2(’(’:""|""|""|""|'"'|"''|""|""|""|""_
0 5 10 15 20 25 30 35 40 45 mir
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %

el B e R |—mm o e |
1 32.428 BB 0.7078 1.33153e4  291.42218 91.9277
2 35.461 BB 0.7808 1169.23279 23.29166 8.0723
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Table 2, entry 18

Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-11-259-2-RUN6.D)
mAU :
60 § 3
50 b ~
E ¥
40
% \ [\ /\ .“\
23 [ [\
o J\ S\
-10_0 R Y T Y T
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU ] %

el R |—=—= | =—————- R |—mmmmm - e |
1 39.448 BB 1.0572 3315.71143 48.64926 49.6924

2 44.738 BB 1.3105 3356.76367 39.31984 50.3076

Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-1I-270-3-1%IPA.D)
mAU §
140 'ﬁ\
120 I\
100 /\
80 \
60 ® '
40 8 | \
20 S /
0 N‘M—’ . T '} T
S - S "N
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU ] %

el R |—=== === ———- | ——mm - |—mm - R |
1 39.908 BB 1.0666 910.79620 13.11300 6.6616

2 44.880 BB 1.3359 1.2761l6e4d 143.31456 93.3384
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Table 2, entry 19

HsCO
Racemic
VWD1 A, Wavelength=230 nm, TT (FENG\FC-11-258-1-RUN2.D)
mAU S 3
.-
200 N 'ﬁ
150 I| Il I|
1
100 \ /
50 i
0 :' \ ;' \
SHt+——"—"7 7 7 T T —]
0 10 20 30 40 50 60 70 mir|
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

e |—=—= | —mm— - |—mmm - |—mmmm - R |
1 53.607 vV 1.2285 2.28821e4 288.39093 49.9227
2 59.196c VB 1.3584 2.29529%e4 260.89792 50.0773

Optically active

“VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-270-1-RUN2.D)

&
— 53792

58
N —

R R T T T T T

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
-—— |- |-——= - |- | - [———= |
1 53.792 BB 1.2559 1.11751e4 141.11200 91.6081
2 59.489 BB 1.3612 1023.70441 11.73689 8.3919
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Table 2, entry 20

Ol
//I:::::I/;Z\TT/()(:y
Cl °

Racemic

VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-244-1RACEMIC.D)

=7.779

[3.)
8
|
=16.752

w A
8 8
T |

200 o
100—g | \. a
O‘EQ e e . = ‘.'j' .\/ k : . —

0 5 10 15 20 - 5 mif

Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %
el R e | ———m - |—m—mm - R |
1 16.752 w 0.3711 1.22956e4 513.55023 49.6945

2 17.779 VB 0.3951 1.24468e4 487.99680 50.3055
Optically active

VWD1 A, Wavelength=230 nm, TT (FENG\FC-11-280-AD-H-2.D)
mAU _ g
12007 5
1000
800
600 [
4003 g ||
200 e ! \
04 P N
o s " "4 " " 45 " T 95 mid
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *3 [mAU ] %

e R | —mm - |—mmmmm - R |
1 16.199 vv 0.3504 3319.93994 147.23799 10.1513

2 17.089 v 0.3764 2.93845e4 1210.44592 89.8487
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Table 2, entry 21

Optically active
“VWD1 A, Wavelength=230 nm, TT (FENG\FCI1-245-1D) N -
mAU ] >
2500—5 ﬁ
2000 ‘I \
1500—2 I
1000 : '.‘
500 | ?
0 T T i T T T T T T T — — T T 2 T T T T T T L
0 5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

1 16.191 v 0.3831 6.07033e4 2493.05640 94.853¢
2 17.197 vv 0.3912 3293.52832 128.92398 5.14¢c4
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Table 2, entry 22

OH
X OCy
O
Cl
Racemic
750 - 750
500 1 L s00
= ] I A -
E : i “ B
250 l | I | I 250
! i | a |
] { |
° ~ L n I / L II J | o
;) s 10 15 20 25 30
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area %% Height Height 9%
15.237 11905865 50.07 523817 54.09
17.861 11873556 49.93 444538 45.91
Totals
23779421 100.00 968355 100.00
Optically active
400—3 - 400
2 : FI 2
g 200 q | ||. - 200 g
] |
E } i1
E I -
b | \L B
o4+— — A o
o s 10 15 20 25 30
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
16.464 386466 5.12 18082 6.25
18.960 7163989 94.88 271247 93.75
Totals
7550455 100.00 289329 100.00
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Table 2, entry 23

MeO
OH
. OCy
Cl
Racemic
750 | L 750
500 f I- 500
. |
z | | z
i \ A
250 | ' | | 250
1 R li
1 i | f
o __,\./«LL_I;___};,%A_—[L _\l,L _ [ o
o ‘ 10 ' 20 ‘ 20 ' 40 50
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
31.467 24662807 45.14 520485 64.13
33.792 29968008 54.86 291186 35.87
Totals
54630815 100.00 811671 100.00
Optically active
750 - I 750
500 I s00
2 ] | 2
=3 1 [ =3
250 | I 250
] 'fk i
od— ~a o T 1 l/ | o
o ' 10 l 20 ‘ 30 ' 40 ' 50
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
28.363 311292 3.60 7861 5.77
30.581 8333643 96.40 128344 94.23
Totals
8644935 100.00 136205 100.00
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Table 2, entry 24

OH
OCy
@]
Cl
Racemic
1500 - L 1500
] 1 A
] I i
_ 1000 ' I 1000 _
< h B <
E B E
500 | ‘ ’i ‘ul - s00
] ’] I\ l
o4 A IJl L I}‘ \l o
o ‘ 10 ' 20 ' 30 ‘ 40 s0 ‘ 60
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
20411 48057897 45.05 1365968 65.18
29.920 58619233 54.95 729702 34.82
Totals
106677130 100.00 2095670 100.00
Opyical active
1500 |- 1500
i A I
] I
- 1000 l l - 1000 -
= i i ‘ ! 2
500 | ‘ I- s00
] ' i
o4 A IJ ,kL\ I AN I & Lo
o ‘ 10 ' 20 ‘ 30 l 40 s0 ‘ 60
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area 9% Height Height 9%
20.277 63766802 92.92 1403763 93.45
28.725 4857445 7.08 98460 6.55
Totals
68624247 100.00 1502223 100.00
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Table 2, entry 25

Racemic

VWD1 A, Wavelength=230 nm, TT (FENG\FC-1I-253-3-RERUN.D)

T —=9.066

.
03 JO. N Y B
T I T L T T L I T T

0 25 5 75 10 125 15 175 20 min

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 6.742 VV 0.1923 7729.17139 619.03796 49.3524
2 9.066 VV 0.2799 7932.02734 440.56595 50.647¢6

Optically active
“VWD1 A, Wavelength=230 nm, TT (FENG\FC-1-265-2-RERUN2D) - -
mAU
200 g
1503 >
E f
100—: llll
50_: !l'
] 2 /k
04 c';
L L s L ) S I
0 25 5 75 10 12.5 15 175 20 mir|
Peak RetTime Type Width Area Height Area
= [min] [min] mAU *g [mAU ] %

1 ©6.769 BB 0.1974 137.50420 10.63715 4.2019
2 9.070 VB 0.2785 3134.91113 175.35664 95.7981
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Table 2, entry 26

MeO
OH
: OCy
@]
CFs
Racemic
2oo—f ’ —200
100 —: ] — 100
= E ’ |'§ F z
] . | ’\J —
o4—— ! Q'%r) o
1004 ) ] . , . L 100
o 5 10 15 20 25 30
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9%
10.048 1279970 51.75 89286 59.80
14.160 1193301 48.25 60020 40.20
Totals
2473271 100.00 149306 100.00
Optically active
600 I s00
400 | 400
_ E ! g _
z E Il g z
200 | |'| 200
E i [l 3
0] A AW N o
o s 10 15 20 25 30
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height %
10.208 4943752 95.00 339284 96.14
14.528 260386 5.00 13614 3.86
Totals
5204138 100.00 352898 100.00
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Table 2, entry 27

Racemic

WDT A, Wavelengih=230 nm, TT (FENGFCAI-210-2-PURE-AS-RUNA D)

mAU 3
E @

E o

504 ©
403 fi
304 \

04 r—_ | _

207 \‘| |" \ //N\
e .«‘ ,
s A _ o~ ,L,—A_L e
;

710:..“7“‘_{_. e ————. —
0 5 10 15 20 25 30 35 40 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
== | ———— === | —————————= | —————- | ———————- f
1 6.288 VB 1.0545 3319.57568 47.82064 50.94¢
2 23.798 BB 1.7192 3196.26709 28.05784 49.0538
Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-230-2-AS-RUN1.D)
mAU 3
120 ©
100 /\
80 \
60 |l" | \
o L]
QEE-\_ _JL\ -~ Jl I\_ ——— ) , T\‘\_'_ -
R R T R R 40 mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== |-———— - | —————————= |—————— | ———————- |
1 15.739 vV 0.9748 7566.45264 118.06339 85.9109
2 23.594 VB 1.5245 1240.86841 12.32055 14.0891
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Table 2, entry 28

Racemic
w00 -
50 ~ e
so Y /f
20— m fl‘l \ / \\\
GEK, I/\ ‘ W/I B 7\\,177/ B _ o o
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * g [mAU ] %
|- |——— - |- |-—————— | ———————= l
15.347 vv 1.0735 5899.4892¢ 79.14110 49.992Z

5
£

19.115 vV

Optically active

1.3656 5901.32520

61.74097

50.0078

mau
120 |
100—?
an ]
B
100
so—f
sa |
40—?

za |

o4

VWD A, W avelength—230 nm, 11

(FENGWF CII-Z13 2 AS-RUNT.D)

7

T
5 10

T T T T
125 15 17 5 20

Peak RetTime Type

#

[min]

Width
[min]

Area

mAU *3

e B R |—mmmm - |—mmmm - R !

~
2

15.391 vV
19.571 VvV

0.9540
1.2763

2838.90405
609.19263

44.34940
7.00787
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Table 2, entry 29

I oH
X OCy
@]
NC
Racemic
400 {'\ I 400
1 I i
E | '] o
. ] R i .
z 200 ! [ I 200 s
1 | { 5
] | L
. | | I
o ‘___,/\__A_'J | Lo
o 5 1o 15 20 25 30 25 40
Minutes
4: 254 nm, 8 nm
Results
Retention Time Area Area %9 Height Height %%
17.568 24901014 49.08 422352 55.78
20.240 25837934 50.92 334849 44.22
Totals
50738948 100.00 757201 100.00
Optically active
eoo—f 'n'. f—eoo
E f g
3 |1 g
400 | | ! |- 400
E E !I !! ; E
1 | r
200 | | F =200
E | i r
= | -
; 1 LL ;
0 P _/\_/Lr)_ S s Lo
o 5 10 15 20 25 20 35
Minutes
4: 254 nm, 8 nm
Results
Retention Time Area Area % Height Height 9
17.125 59068726 82.63 807679 82.68
20.251 12413081 17.37 169164 17.32
Totals
71481807 100.00 976843 100.00
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Table 2, entry 30

Racemic
YWD1 A, Wavelength=230 nm, TT (FENG\FC-II-263-1.D)
mAU ] 53
] ¥
1UDUE “ |"
800 | |
600 |‘||‘
400 ‘|||
i
U—: ~ "‘I‘u_,il Il \ . ~ S S
2l55|7‘51‘012‘51‘5 I1'."'.5I ‘I2‘UI‘Imi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * g [mAU ] %
———— |- e | —————————= |- | ———————= f
1 8.147 vV 0.1641 1.30437ed4 1233.96631 52.9778
2 8.538 VvV 0.1762 1.15774ed 1042.42041 47.0222
Optically active
VWD1 A, Wavelength=230 nm, TT (FENG\FC-II-264-1.D)
mAU 8
2500 ﬁ
2000 “
1500 ||
1000 N“|
500 gl l‘.
0 _ __ ‘f\ ‘/V.‘. : __ __ :
EJ 2‘5 5‘3 7!5 1b 12‘.5 1‘5 17".5 2IU mi
Peak RetTime Type Width Area Height Area
# [min] [min] mAU * g [mAU ] %
=== e e | —————————= | —————- | ———————- f
1 §.172 vv 0.1493 2508.14673 255.87541 6.6010
2 8.505 Vv 0.1884 3.54886ed4 2520.02710 93.3990
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Table 2, entry 31

Cl
Racemic
1000 - 1 1000
] I |'| I
] | i
| H |
2 500 | || || I 500 Z
] | |
1 (1] I
i | | L
] a BYR ,
1 | \
o}—m—————— *\r' Al [}
o I 2 I 4 I & I 8 I 10 12 ' 14
Minutes
1: 229 nm. 8 nm
Results
Retention Time Area Area 9% Height Height 9
7.477 11758988 49.63 986694 52.45
8.048 11933277 50.37 894674 47.55
Totals
23692265 100.00 1881368 100.00
Optically active
3 ) 3
00 - rh I s00
E [ o
E | E
400 - | | 400
E E I 3 E
E [ g
200 | || F 200
E [ t
3 ™ |\ 3
o4 — \_4%,_’_/\[{ LN [ o
o I 2 I 4 I & I & I 10 12 I 14
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area %% Height Height %
8.096 1031800 7.62 73886 10.00
8.875 12517296 92.38 664735 90.00
Totals
13549096 100.00 738621 100.00
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Table 2, entry 32
/s

H

"o

OCy
@]

Racemic

IS
Q
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|

IS

Q

Q

200

= I 200 =z
= : =
. il r
| I
|||| | \ II X
PR | /If\" b
0+ e S o
' 2 ' a ' & ' 8 ' 10
Minutes
1: 229 nm., 8 nm
Results
Retention Time Area Area 9% Height Height %
4.843 2079757 49.92 361478 51.46
5.083 2086602 50.08 340899 48.54
Totals
4166359 100.00 702377 100.00
Optically active
300% ‘|| i—aoo
- 200 | [ 200 -
= B F =
= E | | = =
100 3 1 | [ E 100
= | r
E || i iyl ll o
B A AT s
o ' P ' a2 ' A ' 8 ' 10
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area 9 Height Height 9%
4.811 298812 11.96 54725 13.59
5.051 2199024 88.04 347996 86.41
Totals
2497836 100.00 402721 100.00
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Table 2, entry 33

/ g)ki
X OCy
@]
Racemic
E I F
200 “ “ | zoo
2 1 ” “ g z
= ] X =
100 o | | F 100
E Kl a
R 1 L
] 1\ Iiv 5
o ! Fo
o I 2 4 I & I 8 I 10 12 I 14
Minutes
1: 229 nm., 8 nm
Results
Retention Time Area Area %% Height Height %
5.205 1378555 49.91 234975 51.84
5.429 1383517 50.09 218300 48.16
Totals
2762072 100.00 453275 100.00
Optically active
500 3 L s00
400 3 F 400
= E F =
= — - =3
200 3 E zo0
e Fo
o | z 4 ' & ' s ' 1o 12 ' 14
Minutes
1: 229 nm, 8 nm
Results
Retention Time Area Area % Height Height 9
5.195 1655070 27.43 269141 29.92
5.440 4377815 72.57 630411 70.08
Totals
6032885 100.00 899552 100.00
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