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General methods. Reactions requiring air—sensitive manipulations were conducted under an
inert atmosphere of nitrogen by using Schlenk techniques or a Vacuum Atmospheres drybox.
Methylene chloride and DMSO were distilled from calcium hydride under nitrogen and stored
over molecular sieves. Tetrahydrofuran, hexane and benzene were distilled under nitrogen from
sodium/benzophenone ketyl. 2-Bromobenzaldehyde, (2R, 3R)-butanediol, (25, 35)-butanediol,
(2R, 5R)-hexanediol, (28, 55)-hexanediol, (28, 4S5)-pentanediol, N, N-diisopropylethylamine, 4-
methylstyrene, 4-bromostyrene, 4-methoxystyrene and 2-methyl-2-butene were purchased from
Acros. LiAlHs (1M in diethyl ether), diethyl phosphite, styrene and 2-vinylnaphthalene were
purchased from Aldrich. Allylic nickel bromide', Na'[[3,5-(CF3),CsH3]4B] (Na” ‘BARF)’, 4-
isobutylstyrene®, 6-methoxy-2-vinylnaphthalene’ were prepared according to the literature.
Ethylene (99.5%) was purchased from Matheson Inc., and passed through Drierite before use.
For ozonolysis, ozone gas was delivered using a Welsbach ozone generator. Analytical TLC was
performed on E. Merck precoated (0.25 mm) silica gel 60 Fys4 plates. Flash column
chromatography was carried out on silica gel 40 (Scientific Adsorbents Incorporated, Microns
Flash). Gas chromatographic analyses were performed on a Hewlett-Packard 5890 equipped
with an HP-ultra-1 crosslinked methyl silicone capillary column (25 m length x 0.2 mm i.d.) and
a FID detector connected to a HP 3396 integrator. Helium was used as the carrier gas. Chiral gas
chromatographic separations were accomplished using Chirasil-L-Val on WCOT fused silica (25
m x 0.25 mm, 0.12 mm film thickness) capillary GC column purchased from Chrompack.
Enatiomeric excesses of all compounds were determined by HPLC using a Daicel Chiralcel OJ
column using hexane/isopropanol as solvents where base-line separation was obtained. Optical

rotations were recorded in solution on a Perkin-Elmer Model 241 polarimeter at the sodium



D line in chloroform. The optical rotations of ligands were not measured because of their
air-sensitivity.
Preparation of Ligands
Preparation of (2R,5R)-hexanediol cyclic sulfate:
OH

/,\/\‘/ 1.50Cl, O
I 2 RuCyNaio, =L )

To a solution of (2R,5R)-hexanediol (1.18g, 10 mmol) in CCly (7 mL) was added via

syringe thionyl chloride (1.2 mL, 16.5 mmol). The resulting brown solution was then
heated at reflux for 1.5 h. After the solution was cooled to r.t., the reaction mixture was
concentrated on a rotary evaporator to afford a brown oil. The oil was then dissolved in a
mixture of CCly (7 mL), CH;CN (7 mL) and H,O (10 mL) and the mixture was cooled to
0°C. To the cold mixture was added RuCl;3H,O (7.3 mg, 0.028 mmol), followed by
NalQy4 (4.43 g, 20.7 mmol). The reaction was allowed to stir at r.t. for 1 h. HO (40 mL)
was added, the reaction mixture was extracted with diethyl ether (4x40 mL) and the
combined extracts were washed with brine. After drying over MgSQO,4 and the solution
was filtered through a pad of silica gel, the colorless solution was concentrated to yield
white solid (1.57 g, 87%) which was used without further purification. 'H NMR (CDCl;,
250 MHz) 6 4.95-4.75 (m, 2H), 2.10-1.80 (m, 4H), 1.46 (d, J = 6.35 Hz, 6H).
Preparation of (25,55)-hexanediol cyclic sulfate*:

0.0
OH 1. SOCl, 37
N o Q

. 2RuClhNao, " J—

The procedure is the same as the above. Starting from (25,55)-hexanediol (1.18 g, 10
mmol) to get 1.55g (86%) of (2S,5S)-hexanediol cyclic sulfate. '"H NMR (CDCl;, 250
MHz) 6 4.90-4.65 (m, 2H), 2.10-1.80 (m, 4H), 1.41 (d, J= 6.35 Hz, 6H).
Preparation of 2-(2-bromophenyl)—(4R,5R)-dimethyl—[1,3]dioxolane5 :
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Br

To a solution of 2-bromobenzaldehyde (1.76 g, 9.5 mmol) and (2R,3R)-butanediol (0.94
g, 10.4 mmol) in benzene (5 mL) was added p-toluenesulfonic acid monohydrate (19 mg,
0.1 mmol). The resulting solution was heated under reflux with Dean-Stark trap for 5 h.
The reaction mixture was poured into aqueous NaHCO; and extracted with diethyl ether.
The organic layers were combined, dried and concentrated to afford the crude product
which was purified by flash chromatography (eluent: hexane:ethyl acetate=40:1) to give
2.04 g (84%) of 2-(2-bromophenyl)-(4R,5R)-dimethyl-[1,3]dioxolane. 'H NMR (CDCl,
250 MHz) 6 7.62 (dd, J = 7.75, 1.75 Hz, 1H), 7.53 (dd, J=7.75, 1.03 Hz, 1H), 7.32 (td, J
=17.50, 0.83 Hz, 1H), 7.18 (td, J = 7.75, 1.78 Hz, 1H), 6.22 (s, 1H), 3.90-3.70 (m, 2H),
1.38 (t, J = 5.50 Hz, 3H), 1.32 (t, J = 5.50 Hz, 3H); °C NMR (CDCl;, 62.9 MHz) o
16.75, 17.06, 78.66, 80.43, 101.47, 122.93, 127.43, 128.09, 130.46, 132.91, 137.31.
Preparation of [2-((4R,5R)-dimethyl-[1,3]dioxolan-2-yl)-phenyl}-phosphonic acid
diethyl ester’:

O/>< O/>/
0 Pd(OAc),/dppb/HP(O)(OELt), o
N, N-diisopropylethylamine/DMSO
B 100°C, 17h

r P(OEt),

it

O

A mixture of 2-(2-bromophenyl)-(4R,5R)-dimethyl-[1,3]dioxolane (1.99 g, 7.74 mmol),
diethylphosphite (2.3 mL, 17.8 mmol), Pd(OAc); (87 mg, 0.39 mmol), dppb (165 mg,
0.39 mmol) and N,N-diisopropylethylamine (5.4 mL, 31 mmol) in DMSO (11 mL) was
heated with stirring at 100°C under nitrogen atmosphere overnight. After the mixture was
cooled to r.t., 10 mL of water was added slowly and the mixture was extracted with ethyl
acetate. The extracts were combined, washed with water, dried over MgSQO4 and

concentrated in vacuo to give a crude oil which was purified by column chromatography
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(cluent: hexane:ethyl acetate = 4:1) to afford 1.28 g (53%) of [2-((4R,5R)-dimethyl-
[1,3]dioxolan-2-yl)-phenyl]-phosphonic acid diethyl ester and 100 mg (5%) of 2-(2-
bromophenyl)-(4R,5R)-dimethyl-[1,3]dioxolane was recovered. 'H NMR (CDCls, 250
MHz) ¢ 7.83 (dd, J = 14.0, 7.75 Hz, 1H), 7.70 (t, J = 5.50 Hz, 1H), 7.46 (t, J = 7.50 Hz,
1H), 7.40-7.25 (m, 1H), 6.43 (s, 1H), 4.15-3.85 (m, 4H), 3.80-3.60 (m, 2H), 1.40-1.05(m,
12H); °C NMR (CDCls, 62.9 MHz) & 15.90 (d, Joc = 6.60 Hz), 16.62, 17.06, 61.86 (d,
Jrc =5.2 Hz), 78.62, 80.13, 98.96 (d, Jpc = 3.8 Hz), 125.18, 127.30 (d, Jpc = 13.5 Hz),
128.30 (t, Joc = 14.5 Hz), 132.42 (d, Jpc = 2.8 Hz), 133.49 (d, Jyc = 9.1 Hz), 141.65 (d,
Jo.c = 10.1 Hz); *'P NMR (C¢Ds, 101.3 MHz) 6 18.94.

Preparation of 2-[(4R,5R)-dimethyl-[1,3]dioxolan-Z-yl]-phenyl-phosphane7:

S LiAIH, (2.5 equiv.) @(LO
[ I poEy,  THFr.05h

O

To a solution of [2-((4R,5R)-dimethyl-[1,3]dioxolan-2-yl)-phenyl]-phosphonic acid
diethyl ester (314 mg, Immol) in THF (10 mL) was added a solution of LiAlH4 (2.5 mL,
1 M in ether, 2.5 mmol) slowly at r.t. in drybox. After the addition, the reaction mixture
was stirred for additional 30 min at r.t. The reaction was quenched with minimum amount
of saturated aqueous NH4CI and the solvent was removed under reduced pressure. Dry
benzene (2x5 mL) was added to remove water azetropically from the solid residue. The
solid was extracted with hexane three times and the extracts were combined and
concentrated to afford a crude oil which was purified by flash column chromatography
(eluent: hexane:ether = 40:1) to get 52 mg (25%) of 2-[(4R,5R)-dimethyl-[1,3]dioxolan-
2-yl]-phenyl-phosphane. "H NMR (CDCls, 250 MHz) § 7.55-7.35 (m, 2H), 7.25-7.05(m,
2H), 6.03 (d, Jpy = 2.0 Hz, 1H), 3.90 (d, Jpy = 206 Hz, 2H), 3.85-3.65 (m, 2H), 1.29 (d,
J =4.50 Hz, 3H), 1.23 (d, J = 4.50 Hz, 3H); ’C NMR (CDCl;, 62.9 MHz) § 16.79,
17.35, 78.60, 80.62, 101.80 (d, Joc = 9.0 Hz), 127.00 (d, Jpc = 3.4 Hz), 128.28, 128.73 (d
Joc = 3.2 Hz), 128.92, 136.93 (d, Joc = 6.4 Hz), 140.92 (d, Joc = 10.9 Hz); *'P NMR
(C¢Dg, 101.3 MHz) 6 -126.08.

£
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Preparation of 2-[2-((25,5S)-dimethyl-phospholan-1-yl)-phenyl]-(4R,5R)-dimethyl-
[1,3]dioxolane (la)g:

o o
o 1. KH O
2. (2R,5R)-hexanediol cyclic sulfate
PH, 3.KH P

To a solution of 2-[(4R,5R)-dimethyl-[1,3]dioxolan-2-yl]-phenyl-phosphane (52 mg, 0.25
mmol) in THF (10 mL) was added KH (10.3 mg, 0.26 mmol in 0.5 mL of THF) at -30°C
in drybox. The mixture was allowed to warm to r.t. and stirred for 1.5h. To the resulting
solution was added slowly a solution of (2R,5R)-hexanediol cyclic sulfate (45 mg,
0.25mmol) in THF (1mL) and the mixture was stirred for 2h at r.t. Finally KH (10.3 mg,
0.26 mmol in 0.5 mL of THF) was added at r.t. and stirred for additional 2 h. The
reaction was quenched with a few drops of methanol and the solvents were removed
under vacuum to get a crude oil. Purification by column chromatography
(eluent:hexane:ether = 40:1) afforded 31 mg (42%) of 2-[2-((2S,55)-dimethyl-
phospholan-1-yl)-phenyl]-(4R,5R)-dimethyl-[ 1,3]dioxolane. "H NMR (C¢Ds, 250 MHz) d
7.98 (ddd, J = 7.75, 3.25, 1.48 Hz, 1H), 7.35 (dt, J = 7.50, 1.65 Hz, 1H), 7.24 (td, J =
7.50, 1.30 Hz, 1H), 7.18-7.08 (m, 2H), 3.85-3.50 (m, 2H), 2.60-2.42 (m, 1H), 2.40-2.18
(m, 1H), 2.14-1.92 (m,1 H), 1.92-1.73 (m, 1H), 1.55-1.35 (m,1 H), 1.30-1.10 (m, 4H),
1.08 (d, J = 5.80 Hz, 3H), 1.04 (d, J = 6.0 Hz, 3H), 0.91 (dd, J = 9.75, 7.0 Hz, 3H); °C
NMR (C¢Ds, 62.9 MHz) 6 16.53 (d, Jpc = 1.3 Hz), 16.94, 17.52, 21.03 (d, J = 36.5 Hz),
35.17 (d, Jpc = 7.6 Hz), 35.36 (d, Joc = 5.0 Hz), 36.70 (d, Jpc = 2.1 Hz),37.17 (d, Jpc =
2.6 Hz), 79.10, 80.52, 100.66 (d, Jpc = 31.5 Hz), 127.06 (d, Jpc = 5.5 Hz), 128.19,
128.72, 132.74 (d, Jpc = 3.7 Hz), 136.75 (d, Jpc = 36.2 Hz), 145.22 (d, Jpc = 20.7 Hz);
3'P NMR (C¢Ds, 101.3 MHz) 6 -5.35; HRMS (ESI) m/z 293.1649 ([M+H]", exact mass
calcd for C7H60,P 293.1665).

Preparation of 2-[2-((2S,55)-diethyl-phospholan-1-yl)-phenylj-(4R,5R)-dimethyl-
[1,3]dioxolane (1b)®;



o 1. KH o
2. (3R,6R)-octanediol cyclic sulfate
3. KH P

The procedure is the same as the above. Starting from 2-[(4R,5R)-dimethyl-
[1,3]dioxolan-2-yl]-phenyl-phosphane (58 mg, 0.28 mmol) and (3R,6R)-octanediol cyclic
sulfate (57.4 mg, 0.28 mmol) to get 40 mg (45%) of 2-[2-((25,55)-diethyl-phospholan-1-
yl)-phenyl]-(4R,5R)-dimethyl-[1,3]dioxolane. 'H NMR (C¢Ds, 250 MHz) 6 8.0-7.9 (m,
1H), 7.39 (dt, J = 6.0, 1.5 Hz, 1H), 7.30-7.05 (m, 3H), 3.75-3.45 (m, 2H), 2.40-2.25 (m,
1H), 2.15-1.80 (m, 3H), 1.75-1.35 (m, ca.5H), 1.25-1.10 (m, ca.1H), 1.07 (d, /= 6.0 Hz,
3H), 1.03 (d, J = 6.0 Hz, 3H), 0.91 (t, J = 7.25 Hz, 3H), 0.80 (t, J = 7.13 Hz, 3H); 1°C
NMR (CeDs, 62.9 MHzZ) 6 14.35 (d, Jpc = 1.7 Hz), 14.50 (d, Joc = 5.4 Hz), 16.93, 17.51,
24.50, 29.33 (d, Jpc = 33.1 Hz), 34.35 (d, Jpc = 1.5 Hz), 34.52 (d, Jpc = 3.2 Hz), 43.06
(d, Joc = 12.6 Hz), 45.25 (d, Jpc = 11.3 Hz), 79.06, 80.52, 100.65 (d, Jpc = 33.5 Hz),
127.19 (d, Jpc = 5.8 Hz), 128.10, 128.84, 133.86 (d, Jpc =3.9 Hz), 13749 (d, Jo - =354
Hz), 145.45 (d, Jpc = 21.4 Hz); *'P NMR (CgDs, 101.3 MHz) 6 -14.81; HRMS (ESI) m/z
359.1736 ([M+O+Na]+, exact mass caled for CsH903PNa 359.1747).

Preparation of 2-(2-br0m0phenyl)—(4S,5S)—dimethyl—[1,3]dioxolane5 :

o)
@EU\H o 1mol%p-TSA 0%”....
+ — o
B HO OH  benzene, reflux

r
Br

The procedure is the same as the above. Starting from 2-bromobenzaldehyde (0.59 mL, 5
mmol) and (25,3S5)-butanediol (0.5 g, 5.58 mmol) to get 1.11 g (85%) of 2-(2-
bromophenyl)-(45,5S)-dimethyl-[1,3]dioxolane. '"H NMR (CDCls, 400 MHz) § 7.63 (dd,
J=1.72,1.74 Hz, 1H), 7.54 (dd J = 7.96, 1.12 Hz, 1H), 7.34 (td, J = 7.60, 0.96 Hz, 1H),
7.20 (td, J = 7.84, 1.72 Hz, 1H), 6.24 (s, 1H), 3.95-3.75 (m, 2H), 1.39 (d, J = 5.80 Hz,
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3H), 1.34 (d, J = 5.80 Hz, 3H); °C NMR (CDCls, 100.6 MHz) § 17.19, 17.51, 79.07,
80.84, 101.89, 123.35, 127.87, 128.55, 130.90, 133.32, 137.76.

Preparation of [2-((4S,5S5)-dimethyl-[1,3]dioxolan-2-yl)-phenyl}-phosphonic acid
diethyl ester’:

O/g"““ O/g and
0 Pd(OAc),/dppb/HP(O)}(OEt), o
N, N-diisopropylethylamine/DMSO
B 100°C, 17h

r

The procedure is the same as the above. Starting from 2-(2-bromophenyl)-(4S,5S5)-
dimethyl-[1,3]dioxolane (1.765 g, 6.87 mmol), diethylphosphite (2.0 mL, 15.8 mmol),
Pd(OAc), (76 mg, 0.34 mmol), dppb (145 mg, 034 mmol) and N,N-
diisopropylethylamine (4.8 mL, 28 mmol) to get 1.2 g (58%) of [2-((4S,5S)-dimethyl-
[1,3]dioxolan-2-yl)-phenyl]-phosphonic acid diethyl ester and 500 mg (28%) of 2-(2-
bromophenyl)-(45,5S)-dimethyl-[1,3]dioxolane was recovered. 'H NMR (CDCls, 400
MHz) ¢ 7.90 (ddd, J = 14.0, 6.50, 1.20 Hz, 1H), 7.76 (td, J = 5.50, 1.20 Hz, 1H), 7.54 (t,
J =750 Hz, 1H), 7.45-7.30 (m, 1H), 6.50 (s, 1H), 4.20-3.90 (m, 4H), 3.85-3.70 (m, 2H),
1.40-1.15 (m,12H); C NMR (CDCl;, 100.6 MHz) 6 16.47, 17.14, 17.58, 62.36, 79.11,
80.63, 99.48, 126.25, 127.90 (t, Jpc = 14.1 Hz), 128.92 (d, Jpc = 14.1 Hz), 132.93,
133.93 (d, Jpc = 8.1 Hz), 142.22 (d, Jpc = 10.1 Hz); >'P NMR (CDCl;, 101.3 MHz)
19.02; HRMS (ESI) m/z 337.1188 ([M+Na]*, exact mass caled for C;sH;OsPNa
337.1175).

Preparation of 2-[(4S,5S)-dimethyl—[1,3]dioxolan-z-yl]-phenyl-phosphane7:

@(‘\O LiAIH, (2.5 equiv.) @(‘\o
poEy,  THF.rt.05h

i PH,




The procedure is the same as the above. Starting from [2-((4S,5S)-dimethyl-
[1,3]dioxolan-2-yl)-phenyl]-phosphonic acid diethyl ester (315 mg, Immol) to get 53 mg
(25%) of 2-[(4S,5S)-dimethyl-[1,3]dioxolan-2-yl]-phenyl-phosphane. 'H NMR (CDCl,,
250 MHz) 6 7.65-7.45 (m, 2H), 7.40-7.10 (m, 2H), 6.09 (d, Jp = 2.0 Hz, 1H), 3.96 (d,
Jpn = 205 Hz, 2H), 3.90-3.70 (m, 2H), 1.35 (d, J = 5.80 Hz, 3H), 1.27 (d, J = 5.80 Hz,
3H); °C NMR (CDCl;, 62.9 MHz) § 17.22, 17.78, 79.02, 81.04, 102.23, 127.44 (d, Joc
= 3.4 Hz), 128.70, 129.16 (d, Jpc = 3.2 Hz), 129.35, 136.82 (d, Jpc = 6.3 Hz), 141.34 (d,
Jvc = 10.7 Hz); *'P NMR (CDCls, 101.3 MHz) 6 -126.05; HRMS (EST) m/z 249.0645
([M+O+Na]+, exact mass calcd for C;H;50OsPNa 249.0651).

Preparation of 2-[2-((2S,55)-dimethyl-phospholan-1-yl)-phenyl]-(45,5S)-dimethyl-
[1,3]dioxolane (2):

PH,

O/g“‘\\\ °
0  A1KH O
2. (2R,5R)-hexanediol cyclic suifate
3. KH P

The procedure is the same as the above. Starting from 2-[(4S,5S)-dimethyl-{1,3]dioxolan-
2-yl]-phenyl-phosphane (52 mg, 0.25 mmol) and (2R,5R)-hexanediol cyclic sulfate (45
mg, 0.25 mmol) to get 34 mg (47%) of 2-[2-((2S,5S)-dimethyl-phospholan-1-yl)-phenyl]-
(4S,5S)-dimethyl-[1,3]dioxolane. "H NMR (C¢Ds, 250 MHz) 6 7.97 (ddd, J = 7.75, 3.25,
1.50 Hz, 1H), 7.33 (dt, J=7.50, 1.50 Hz, 1H), 7.22 (td, /= 7.50, 1.25 Hz, 1H), 7.15-7.05
(m, 2H), 3.70-3.45 (m, 2H), 2.60-2.40 (m, 1H), 2.40-2.15 (m, 1H), 2.10-1.92 (m, 1H),
1.90-1.72 (m, 1H), 1.53-1.30 (m, 1H), 1.30-1.12 (m, 4H), 1.09 (d, J = 5.75 Hz, 3H), 1.05
(d, J = 6.75 Hz, 3H), 0.89 (dd, J = 9.75, 7.0 Hz, 3H); °C NMR (C¢Ds, 62.9 MHz)
16.94 (d, Jpc = 5.25 Hz), 17.42, 17.89, 21.45(d, Jpc = 36.5 Hz), 35.52 (d, Jpc= 16.25
Hz), 35.71 (d, Jpc = 6.25 Hz), 37.05 (d, Jpc = 9.3 Hz), 37.50 (d, Jpc = 10.0Hz), 79.08,
80.80, 100.97 (d, Jpc = 31.1 Hz), 127.66 (d, Joc = 5.7 Hz), 128.61, 129.04, 133.14 (d,
Joc = 3.6 Hz), 137.15 (d, Joc = 28.9 Hz), 145.60 (d, Joc = 20.4 Hz); *'P NMR (C¢Ds,
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101.3 MHz) ¢ -5.03; HRMS (ESI) m/z 293.1681 ([M+H]", exact mass calcd for
Ci7H260,P 293.1665).

Preparation of 2-(2-bromophenyl)-[1,3]dioxolane’:

E:EKH 1 mol% p-TSA O/>

PRV Cﬁ\o

HO OH
Br benzene, reflux
Br

The procedure is the same as the above. Starting from 2-bromobenzaldehyde (3.7g, 20
mmol) and ethylene glycol (1.36g, 22 mmol) to get 4.2 g (92%) of 2-(2-bromophenyl)-
[1,3]dioxolane. 'H NMR (CDCls, 250 MHz) 6 7.47 (td, J = 7.75, 1.75 Hz, 2H), 7.22 (t, J
= 7.5 Hz, 1H), 7.12 (td, J = 5.25, 1.55 Hz, 1H), 5.99 (s, 1H), 4.15-3.90 (m, 4H); °C
NMR (CDCls, 62.9 MHz) 6 65.68, 103.52, 127.23, 128.66, 129.23, 136.83, 140.66.
Preparation of (2 -[1,3]dioxolan-2-yl-phenyl)-phosphonic acid diethyl ester®:

O/> 08
©j‘\o Pd(OAc),/dppb/HP(Q)(OEt), - o
N,N-diisopropylethylamine/DMSO
B 100°C, 16.5h

r P(OEt),

I

O

The procedure is the same as the above. Starting from 2-(2-bromophenyl)-[1,3]dioxolane
(4.04 g, 17.6 mmol), diethylphosphite (5.2 mL, 40.5 mmol), Pd(OAc); (198 mg, 0.88
mmol), dppb (375 mg, 0.88 mmol) and N,N-diisopropylethylamine (12.3 mL, 70.4 mmol)
in DMSO (20 mL) to get 2.82 g (56%) of (2 -[1,3]dioxolan-2-yl-phenyl)-phosphonic acid
diethyl ester and 1.45 g (36 %) of 2-(2-bromophenyl)-[1,3]dioxolane was recovered. 'H
NMR (CDCls, 250 MHz) J 7.94 (dd, J = 14.0, 7.75 Hz, 1H), 7.76 (t, J = 6.50 Hz, 1H),
7.56 (t, J=7.50 Hz, 1H), 7.50-7.35 (m, 1H), 6.40 (s, 1H), 4.30-3.95 (m, 8H), 1.30 (t, J =
7.0 Hz, 6H); *>'P NMR (CDCl, 101.3 MHz) 6§ 18.94.

Preparation of 2 -[1,3]dioxolan-2-yl-phenyl-phosphane’:



O/> o/>
©\/Lo LiAIH4 (2.5 equiv.) : g

E(OEt)Z THF, rt.,0.5h

O

The procedure is the same as the above. Starting from (2 -[1,3]dioxolan-2-yl-phenyl)-
phosphonic acid diethyl ester (572 mg, 2 mmol) to get 56 mg (15.4%) of 2 -
[1,3]dioxolan-2-yl-phenyl-phosphane. "H NMR (CDCls, 250 MHz) ¢ 7.55-7.35 (m, 2H),
7.30-7.05 (m, 2H), 5.90 (s, 1H), 3.89 (d, Jo; = 205 Hz, 2H), 4.20-3.90 (m, 4H); *'P NMR
(CDCl3, 101.3 MHz) 6 -126.04.

Preparation of 2-[2-((2S,55)-dimethyl-phospholan-1-yl)-phenyl]-[1,3]dioxolane (3)8:

O
o/> />
@(Lo 1. KH O
2. (2R,5R)-hexanediol cyclic sulfate
pH, 3 KH Fg>

The procedure is the same as the above. Starting from 2 -[1,3]dioxolan-2-yl-phenyl-
phosphane (56 mg, 0.31 mmol) and (2R,5R)-hexanediol cyclic sulfate (55.4 mg,
0.31mmol) to get 37 mg (45%) of 2-[2-((2S,5S)-dimethyl-phospholan-1-yl)-phenyl]}-
[1,3]dioxolane. 'H NMR (CDCl3, 250 MHz) 6 7.75-7.60 (m, 1H), 7.50-7.40 (m, 1H),
7.40-7.28 (m, 2H), 6.60 (d, Jp1 = 6.7 Hz, 1H), 4.25-4.00 (m, 4H), 2.80-2.60 (m, 1H),
2.50-2.20 (m, 2H), 2.15-1.95 (m, 1H), 1.70-1.45 (m, 1H), 1.45-1.25 (m, 4H), 0.76 (dd, J
=10.1, 7.25 Hz, 3H); >’C NMR (CDCls, 62.9 MHz) 6 15.99 (d, Jpc = 1.3 Hz), 20.84 (d,
Jrc =35.2 Hz), 34.80 (d, Jp,c = 7.6 Hz), 34.96 (d, Jpc = 5.4 Hz), 36.39 (d, Jpc = 2.3 Hz),
36.83 (d, Joc= 2.7 Hz), 65.42 (d, Jpc = 5.7 Hz), 101.31 (d, Jpc = 30.2 Hz), 126.10 (d,
Jrc = 5.7 Hz), 128.29, 128.68, 132.50 (d, Jpc = 3.5 Hz), 136.06 (d, Jpc = 33.9 Hz),
143.08 (d, Joc = 20.1 Hz); *'P NMR (CDCls, 101.3 MHz) ¢ -4.64; HRMS (ESI) m/z
303.1126 ([M+O+Na]+, exact mass calcd for C;sH;,03PNa 303.1121).

Preparation of 2-(2-bromophenyl)—(4S,6S)—dimethyl—[1,3]-dioxane5 :

S~ 10



r

O
I mol% p-TSA 0
H -
B OH OH benzene, reflux o~
Br

The procedure is the same as the above. Starting from 2-bromobenzaldehyde (0.80 g,
4.36 mmol mmol) and (25,4S)-pentanediol (0.5 g, 4.8 mmol) to get 1.05 g (90%) of 2-(2-
bromophenyl)-(45,6S5)-dimethyl-[ 1,3]-dioxane. "H NMR (CDCls, 400 MHz) § 7.73 (dd, J
=17.96, 1.68 Hz, 1H), 7.51 (dd, J = 7.96, 0.99 Hz, 1H), 7.32 (td, J = 7.96, 0.99 Hz, 1H),
7.16 (td, J =7.96, 1.68 Hz, 1H), 6.11 (s, 1H), 4.53-4.40 (m, 1H), 4.28-4.15 (m, 1H), 2.05-
1.90 (m, 1H), 1.52 (d, /= 7.0 Hz, 3H), 1.42 (d, /= 13.6 Hz, 1H), 1.28 (d, /= 6.4 Hz, 3H);
PC NMR (CDCl;, 100.6 MHz) & 16.94, 21.83, 36.66, 68.33, 69.04, 93.26, 122.38,
127.48, 128.20, 130.05, 132.47, 137.76.

Preparation of [2-((45,65)-dimethyl-[1,3]dioxan-2-yl)phenyl]-phosphonic  acid
diethyl ester®:

100°C, overnight
Br

O
/S Pd(OAc),/dppb/HP(O)(OEt), O/'j
O™,  N,N-diisopropylethylamine/DMSO @O Ty

P(OE),

O

The procedure is the same as the above. Starting from 2-(2-bromophenyl)-(45,6S5)-
dimethyl-[1,3]-dioxane (0.79 g, 2.9 mmol), diethylphosphite (0.86 mL, 6.7 mmol),
Pd(OAc); (33 mg, 0.15 mmol), dppb (62 mg, 0.15 mmol) and N,N-diisopropylethylamine
(2.0 mL, 11.6 mmol) in DMSO (6 mL) to get 0.69 g (73%) of [2 -((45,65)-dimethyl-
[1,3]dioxan-2-yl)phenyl]-phosphonic acid diethyl ester. 'H NMR (CDCls, 250 MHz) §
8.00-7.85 (m, 2H), 7.57 (t, J = 7.50 Hz, 1H), 7.45-7.30 (m, 1H), 6.54 (s, 1H), 4.55-4.40
(m, 1H), 4.30-3.90 (m, 5H), 2.10-1.90 (m, 1H), 1.50 (d, J = 7.0 Hz, 3H), 1.42 (t, /= 13.5
Hz, 1H), 1.35-1.20 (m, 9H); ’C NMR (CDCls, 100.6 MHz) & 16.65 (t, Jpc = 6.5 Hz),
17.63, 22.33,37.34, 62.46 (t, Joc = 5.2 Hz), 68.73, 69.50, 91.91 (d, Jpc = 3.9 Hz), 125.80
(d, Jpc = 181 Hz), 128.13 (d, Joc = 13.6 Hz), 128.75 (d, Jpc = 14.1 Hz), 133.34 (d, Jpc =
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2.5 Hz), 133.95 (d, Joc = 9.1 Hz), 142.78 (d, Jpc = 10.1 Hz); >'P NMR (CDClL, 101.3
MHz) 6 19.47.

Preparation of [2-((45,65)-dimethyl-[1,3]dioxan-2-yl)phenyl]-phosphane’:

O/'j LiAH, (2.5 equiv.) O/'j
@\/ko " THF,rt, 05 ©f‘\ o

P(OE), PH,
0

The procedure is the same as the above. Starting from [2 -((45,65)-dimethyl-[1,3]dioxan-
2-yl)phenyl]-phosphonic acid diethyl ester (328 mg, 1 mmol) to get 73 mg (32.6%) of [2
-((48,6S)-dimethyl-[1,3]dioxan-2-yl)phenyl]-phosphane. '"H NMR (CsDg, 400 MHz) ¢
8.00-7.85 (m, 1H), 7.30 (t, J = 6.60 Hz, 1H), 7.10 (t, J = 7.40 Hz, 1H), 6.93 (t, J = 7.40
Hz, 1H), 6.01 (s, 1H), 4.35-4.15 (m, 2H), 3.90-3.75 (m, 1H), 3.74 (s, 1H), 1.80-1.65 (m,
1H), 1.18 (d, J = 6.96 Hz, 3H), 1.09 (d, J = 6.2 Hz, 3H), 0.86 (d, J = 13.2 Hz, 3H); '°C
NMR (C¢Ds, 62.9 MHz) 6 16.95, 21.94, 36.76, 67.87, 68.76, 93.26 (d, Jpc = 9.7 Hz),
126.81 (d, Jp,c = 3.4 Hz), 128.22 (d, Jpc = 2.0 Hz), 128.28, 128.83, 136.21 (d, Jpc =4.7
Hz), 143.01 (d, Jpc = 12.3 Hz); *'P NMR (C4Ds, 101.3 MHz) 6 -112.92.

Preparation of 2-[2-((25,55)-dimethyl-phospholan-1-yl)-phenyl]-(4S5,65)-dimethyl-
[1,3]dioxane (4)8:

o/'j "
., 1.KH o
0" ™ 2. (2R 5R)-hexanediol cyclic sulfate

3. KH P

PH,

The procedure is the same as the above. Starting from [2 -((45,65)-dimethyl-[1,3]dioxan-
2-yl)phenyl]-phosphane (39 mg, 0.17 mmol) and (2R,5R)-hexanediol cyclic sulfate (31.3
mg, 0.17mmol) to get 20 mg (38%) of 2-[2-((25,55)-dimethyl-phospholan-1-yl)-phenyl]-
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(4S,65)-dimethyl-[1,3]dioxane. 'H NMR (C¢Ds, 400 MHz) & 8.18 (ddd, J= 7.8, 3.3, 1.4
Hz, 1H), 7.32 (dt, J=7.5, 1.6 Hz, 1H), 7.22 (td, J= 7.5, 1.4 Hz, 1H), 7.11 (td, J=7.5, 1.6
Hz, 1H), 6.96 (d, Jo.y = 7.4 Hz, 1H), 4.30-4.20 (m, 1H), 4.00-3.90 (m, 1H), 2.60-2.45 (m,
1H), 2.40-2.25 (m, 1H), 2.10-1.95 (m, 1H), 1.90-1.70 (m, 2H), 1.53-1.40 (m, 1H), 1.39 (d,
J = 1.0 Hz, 3H), 1.30-1.15 (m, 4H), 1.12 (d, J = 6.1 Hz, 3H), 0.95-0.85 (m, 4H); °C
NMR (CsDs, 100.6 MHz) d 16.70, 17.57 (d, Jpc = 2.0 Hz), 20.98 (d, Jpc = 36.2 Hz),
22.18,35.02 (d, Jpc = 12.6 Hz), 35.16 (d, Joc = 10.1 Hz), 36.66 (d, Jpc = 2.8 Hz), 37.02,
37.13 (d, Joc = 2.5 Hz), 67.98, 69.14, 92.36 (d, Jp,c = 31.2 Hz), 127.46 (d, Jpc = 5.4 Hz),
127.85, 128.74, 132.36 (d, Joc = 3.7 Hz), 135.10 (d, Jpc = 33.2 Hz), 146.02 (d, Jpc =
21.1 Hz); *'P NMR (C¢Ds, 101.3 MHz) & 8.28; HRMS (ESI) m/z 345.1588 ((M+O+Na]",
exact mass calcd for C;3H,703PNa 345.1590).

Preparation of 2-[2-((2R,5R)-dimethyl-phospholan-1-yl)-phenyl]-(4S5,65)-dimethyl-
[1,3]dioxane (5)8:

o)\>
O Ty
J] + ki

0
0" ™ 2 (25,5S)hexanediol cydlic sulfate @f\
3. KH P
PH,

The procedure is the same as the above. Starting from [2 -((4S5,6S)-dimethyl-[1,3]dioxan-

2-yl)phenyl]-phosphane (53 mg, 0.24 mmol) and (2S,5S)-hexanediol cyclic sulfate (43.2
mg, 0.24mmol) to get 27 mg (36%) of 2-[2-((2R,5R)-dimethyl-phospholan-1-yl)-phenyl]-
(4S,6S)-dimethyl-[1,3]dioxane. "H NMR (C¢Dg, 400 MHz) 6 8.18 (ddd, J = 7.8, 3.3, 1.4
Hz, 1H), 7.34 (dt, J=7.5, 1.6 Hz, 1H), 7.22 (td, J = 7.5, 1.4 Hz, 1H), 7.11 (td, J= 7.5, 1.6
Hz, 1H), 6.85 (d, Jos = 7.2 Hz, 1H), 4.35-4.25 (m, 1H), 4.20-4.05 (m, 1H), 2.60-2.45 (m,
1H), 2.45-2.30 (m, 1H), 2.10-1.95 (m, 1H), 1.95-1.80 (m, 1H), 1.80-1.70 (m, 1H), 1.55-
1.40 (m, 1H), 1.35-1.15 (m, 7H), 1.11 (d, J = 6.2 Hz, 3H), 0.98-0.85 (m, 4H); '°C NMR
(CsDs, 100.6 MHz) 6 16.86 (d, Jpc = 2.0 Hz), 17.14, 20.93 (d, Jpc = 36.2 Hz), 22.13,
35.01 (d, Jp,c = 10.4 Hz), 35.12 (d, Jpc = 7.3 Hz), 36.54 (d, Jpc = 2.9 Hz), 36.99, 37.14
(d, Jpc = 2.4 Hz), 67.74, 68.77, 92.26 (d, Jpc = 29.9 Hz), 126.99 (d, Jpc = 5.5 Hz),
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128.63, 132.49 (d, Jpc = 3.6 Hz), 135.58 (d, Jpc = 33.6 Hz), 145.88 (d, Jpc = 21.1 Hz);
3p NMR (CeDs, 101.3 MHz) ¢ 9.42; HRMS (ESI) m/z 345.1582 ([M+O+Na]+, exact
mass calcd for Ci3H,703PNa 345.1590).

Asymmetric Hydrovinylation Reactions of Vinylarene Compounds

General procedure for asymmetric hydrovinylation reaction of Vinylarene
compounds using [(allyl)NiBr], and ligands in the presence of NaBARF in CH,Cl,:
To a solution of [(allyl)NiBr], in CH,Cl, (1.5 mL) at room temperature was added a
solution of ligand in CH,Cl; (1.5 mL) in drybox. The resulting solution was added to a
suspension of NaBARF in CH,Cl, (1 mL). After stirring at room temperature for 1.5 h,
the mixture was filtered through a small plug of celite and the precipitate was rinsed with
CHxCl, (1 mL). The filtrate was collected in a Schlenk flask and was taken out of drybox.
The catalyst solution was cooled to the desigated temperature in the table. Under one
atmosphere of ethylene, the solution of vinylarene compounds in CH,Cl, (3 mL) was
added dropwise to the catalyst solution. After stirring for 2h at this temperature, the
mixture was quenched with half-saturated aqueous NH4Cl solution and extracted three
times with 10 mL portions of CH,Cl,. The combined organic layers were dried over
anhydrous MgSOy4 and passed through a small plug of silica gel. The filtrate was
concentrated to afford the crude products which were analyzed by GC. The enantiomeric
excess of the alkene products were determined by HPLC on Chiracel OJ column
(hexane/isopropanol system).

Asymmetric hydrovinylation reaction of 4-isobutylstyrene using [(allyl)NiBr],,

ligand in the presence of NaBARF in CH,Cl,:
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1-Isobutyl-4-[(R)-1-methylallyl]benzene: catalyst amount: 0.35 mol%; [oa]p = -7.63
(91%ee) (c 2.19 CHCL) [lit.: [a]p = -5.84 (83%ee, neat),’ -6.80 (¢ 2.09 CHCls, 74%ee)'"];
'H NMR (400 MHz, CDCls) 6 7.10 (d, J = 6.0 Hz, 2H), 7.05 (d, J = 6.0 Hz, 2H), 6.05-
5.95 (m, 1H), 5.05-4.95 (m, 2H), 3.50-3.35 (m, 1H), 2.42 (d, J = 7.2 Hz, 2H), 1.90-1.75
(m, 1H), 1.33 (d, J = 7.0 Hz, 3H), 0.88 (d, J = 6.6 Hz, 6H); GC conditions: 1.0 mL
helium/min, 10 min at 100°C, 4°C/min, 10 min at 200°C; HPLC conditions: 100% hexane,
0.25 mL/min, retention time (min): 21.57 (R), 24.08 ().

Ligand Temp. (°C) | Conv. (%) | Regioselectivity (%) | Ee (%) | Configuration

la -55 99.9 99.6 91

la -70 100 97.5 88

la -40 100 99 90 R
1b -55 83.4 100 88 R
2 -55 99.2 89.8 71 R
3 -55 100 100 85 R
4 -55 100 100 &5 R
5 -55 100 100 90 S

Asymmetric hydrovinylation reaction of 4-bromostyrene using [(allyl)NiBr],, ligand

1a in the presence of NaBARF in CH,Cl,:

/@/\/
Br

1-Bromo-4-[(R)-1-methylallyl]benzene: catalyst amount: 0.35 mol%; reaction
temperature: -55°C, conversion:100%, regioselectivity:100%, 71% ee, configuration: R;
[a]p = -8.65 (c 3.07 CHCIy) (lit."": [a]p = +9.9 (89%ee, ¢ 7.02 CHCL)); 'H NMR (400
MHz, CDCls) 0 7.39 (d, J = 9.2 Hz, 2H), 7.07 (d, J = 9.2 Hz, 2H), 6.00-5.90 (m, 1H),
5.05-4.95 (m, 2H), 3.45-3.35 (m, 1H), 1.32 (d, J = 7.0 Hz, 3H); GC conditions: 1.0 mL
helium/min, 10 min at 100°C, 4°C/min, 25 min at 200°C; HPLC conditions: 100% hexane,
0.30 mL/min, retention time (min): 21.57 (S), 27.70 (R).

5315




Asymmetric hydrovinylation reaction of 4-methylstyrene using [(ally])NiBr],, ligand
la in the presence of NaBARF in CH,Cl,:

Jont

1-Methyl-4-[(R)-1-methylallyl]benzene: catalyst’ amount: 0.35 mol%; reaction
temperature: -55°C, conversion:100%, regioselectivity:100%, 87% ee, configuration: R;
[a]lp = -9.11 (¢ 2.13 CHClL) (lit’: [a]p = +6.78 (83%ee, neat)); 'H NMR (250 MHz,
CDCls) 6 7.10 (s, 4H), 6.10-5.90 (m, 1H), 5.10-4.95 (m, 2H), 3.50-3.35 (m, 1H), 2.31 (s,
3H), 1.32 (d, J = 7.0 Hz, 3H); GC conditions: 1.0 mL helium/min, 5 min at 80°C,
4°C/min, 15 min at 180°C; HPLC conditions: 100% hexane, 0.30 mL/min, retention time
(min): 23.97 (), 25.03 (R).

Asymmetric hydrovinylation reaction of styrene using [(allyl)NiBr],, ligand 1a in the

presence of NaBARF in CH,Cl:

OM

[(R)-1-methylallyl]benzene: catalyst amount:0.35 mol%; reaction temperature: -55°C,
conversion:100%, regioselectivity: 99.7%, 88% ee, configuration: R; [a]p = -4.90 (c 2.06
CHCL) (1it.,'": [a]p = -5.91 (neat)); 'H NMR (400 MHz, CDCl3) § 7.35-7.25 (m, 2H),
7.25-7.10 (m, 3H), 6.15-5.90 (m, 1H), 5.10-4.95 (m, 2H), 3.50-3.40 (m, 1H), 1.35(d, J =
7.0 Hz, 3H); GC conditions: 1.0 mL helium/min, 5 min at 80°C, 4°C/min, 15 min at
180°C; HPLC conditions: 100% hexane, 0.30 mL/min, retention time (min): 19.84 (R),
22.62 (S).

Asymmetric hydrovinylation reaction of 4-methoxystyrene using [(allyl)NiBr]y,

ligand 1a in the presence of NaBARF in CH,Cl,:
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MeO

1-Methoxy-4-[(R)-1-methylallyl]benzene: catalyst amount:0.35 mol%; reaction
temperature: -55°C, conversion:80.2%, regioselectivity: 100%, 73% ee, configuration: R;
GC conditions: 1.0 mL helium/min, 15 min at 120°C, 4°C/min, 30 min at 220°C; HPLC
conditions: hexane:isopropanol=95:5, 0.50 mL/min, retention time (min): 26.37 (R),
27.90 (S).

Asymmetric hydrovinylation reaction of 6-methoxy-2-vinylnaphthalene using

[(allyl)NiBr],, ligand 1a in the presence of NaBARF in CH,Cl;:

MeO

2-Methoxy-6-[(R)-1-methylallyljnaphthalene: catalyst amount:1.40 mol%; reaction
temperature: -55°C, conversion:72.8%, regioselectivity: 100%, 86% ee, configuration: R;
GC conditions: 1.0 mL helium/min, 15 min at 150°C, 4°C/min, 15 min at 250°C; HPLC
conditions: hexane:isopropanol=95:5, 0.50 mL/min, retention time (min): 29.74 (R),
33.10 (S).

Asymmetric hydrovinylation reaction of 2-vinylnaphthalene using [(allyl)NiBr];,
ligand 1a in the presence of NaBARF in CH,Cl;:

2-[(R)-1-methylallyljnaphthalene: catalyst amount:0.70 mol%; reaction temperature: -
55°C, conversion: 21%, regioselectivity: 100%, 86% ee, configuration: R; GC conditions:
1.0 mL Helium/min, 5 min at 130°C, 4°C/min, 15 min at 230°C; HPLC conditions: 100%
hexane, 0.50 mL/min, retention time (min): 36.36 (R), 39.58 (S).
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Synthesis of (S)-(-)-ibuprofen: Oxidation of 1-isobutyl-4-[(R)-1-methylallyl]benzene

COOH

1-Isobutyl-4-[(R)-1-methylallyl]benzene (92 mg, 0.49 mmol) was dissolved in a mixture
of CH,Cl; and CH30H (1:1, 8 mL) and cooled to -78°C. Ozone was passed through the
solution until it became blue. At that time ozone flow was stopped and nitrogen was
bubbled for about 20 min to expel all the dissolved ozone from the solution. Excess of
Me,S (1 mL) was added and the solution was warmed to room temperature and stirred for
30 min. Excess of water was added and the mixture was extracted with diethyl ether. The
combined organic layers were washed with brine and dried over anhydrous MgSQ,. The

solvent was removed under reduced pressure to get the crude aldehyde which was used

for the next step without purification.

To the solution of the crude aldehyde in diethyl ether (2 mL) was added 2-methyl-2-
butene (2 mL) and cooled to 0°C. Sodium chlorite (93 mg, 80%, 0.82 mmol) which has
been powered well was added to the resulting mixture at 0°C and stirred vigorously. The
reaction mixture was allowed to warm to room temperature for 10 minutes. 5 mL of
water was added and stirred for 3 mintues, then 3 mL of 2N HCI was added and stirred

for additional 5 minutes. The reaction mixture was extracted with diethyl ether. The
combined extracts were washed with brine, dried over anhydrous MgSO,; and
concentrated to get 95 mg of crude (S)-(+)-ibuprofen. 'H NMR (CDCls, 400 MHz) 6 7.20
(d, J =7.80 Hz, 2H), 7.08 (d, J = 7.80 Hz, 2H), 3.69 (q, J = 7.20 Hz, 1H), 2.43 (d, J =
7.20 Hz, 2H), 1.90-1.75 (m, 1H), 1.48 (d, /= 7.20 Hz, 3H), 0.88 (d, /= 6.6 Hz, 6H).

Determination of enantiomeric excess of ibuprofen: To the solution of ibuprofen (1 mg)
in CH,Cl; (1 mL) was added 40 uL of esterification solution which was prepared by
mixing (-)-menthol (350 mg), DCC (120 mg), DMAP (6 mg), 25 uL of 1M HCI and
CH,Cl, (1 mL). The mixture was shaken for about 15 min and analyzed by Chirasil-L-
Val on WCOT fused silica (25 m x 0.25 mm, 0.12 um film thickness) capillary GC
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column to give 89%ee. GC conditions: 1.0 mL helium/min, 20 min at 150°C, 0.5°C/min,
30 min at 180°C, retention time (min): 23.568 (S), 24.307 (R).

Asymmetric hydrovinylation reaction of 4-isobutylstyrene using 0.035 meol% of
[(allyl)NiBr],:

To a solution of [(allyl)NiBr], (2.5 mg, 0.007 mol) in CH,Cl, (1 mL) at room temperature
was added a solution of ligand 1a (4.3 mg, 0.014 mmol) in CH,Cl, (1 mL) in drybox. The
resulting solution was added to a suspension of NaBARF (12.9 mg, 0.0146 mmol) in
CH,ClL, (1 mL). 1 mL of CH,Cl, was used to rinse the vial and combined with the above
mixture and the resulting mixture was stirred for 1.5 h at room temperature. The above
solution (0.4 mL) was transferred into a dry Schlenk flask and taken out of drybox. The
catalyst solution was cooled to -55°C and added dropwise the solution of 4-
isobutylstyrene (320 mg, 2mmol) in CH,Cl, (1 mL) under 1 atm of ethylene. After
stirring at -55°C for 4h, the mixture was quenched with half-saturated aqueous NH;Cl
solution and extracted three times with 10 mL portions of CH,Cl,. The combined organic
layers were dried over anhydrous MgSO, and passed through a small plug of silica gel.
The filtrate was concentrated to afford the crude products which were analyzed by GC to
get 86% conversion and 100% regioselectivity. The enantiomeric excess of product was

determined by HPLC on Chiracel OJ column to be 76%.
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Byproducts have high extinction coefficient,
Hence seen in HPLC
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1.0 mL helium/min, 5 min at 80°C, 4°C/min, 15 min at 180°C

JT 41



T

e o} o

podd i

—t w3

I D 8 IR TR CIDATS o PN | b JAcK

crude product from 1a ax 1

L
e
. ~ o
< B T ey e iy
~=r Led X0 Sl OS2 P o < g
Pl e e s EY T et U OO 1YY
Eoi R B w I WicoOR P RN o Eon] |9 NS
IR RN s MR TR o] 0, Mo
- - .
—-1
I
<X el
D
- el
T e
Sl S N <X
e R Ty R O PO I
- LGl ER T B <X
o = ul N L b alay =
— = oo RERY VN KX LN RS b
[y fay < S

Daicel Chiralcel OJ Column, 100% hexane, 0.30 mL/min

$i- 48



w3/ZH 2(562° (11 WIZH
wo/wdd yig62 0 WIWdd
ZH G2 BEl- 24

wdo gpg 0~ ded

ZH 29°BLEE ¥}

wdd gpp'8 did

wd 000t X3

sJ2313wesed 1010 gWN OF

004 Jd

[ 89

ZH 0E'0Q a7
o} 855

W3 MOM

ZHW 1£100E1 007 35
8928 IS
suajawedsed BUISSEI0JY - 24
ZHW OTLP2ES 00F 1045
gp 00°'9- 1d
335N 0G°¢L Td
MY JINN

cemsmazzazmams [ TINNYH) ====z=ssss=sz

238 00000000} il
% 0°00€E El
338N 00°9 30
38sn 00r 09 Ma
29¢ oy

235 2.£26L6°1 oy
H 6292520 $3H014
ZH gvi- 828 HMS
2 s0

at SN
£1002 IN3AT0S
g9s2¢ al
oebz 908dNd

-89 088 wu § OHEOHd
133ds WNYLSNI

05 ¥} awty
01£0£002 Taeg
5J83aweJed uyalILSINDOY - 24
; ONJ0Yd

0t ONdX3
aGi-1-8vZ ELVA

SJ3jsweued ©3eQ IuaJJng

v98E €

TETIE

6882€ " 1-

6001

2LL0’¢e

0000°1

)

—

e} wWoJj 1onpoid epnid

g
\\\\ Y
Bs
w O~
]

2GEBG ¥
9166
£6000

14
S
g

—

{4800
vicio

19610°6

S
S

Ge(LED

Do

6rQro

£6568°G
961 i6

S
G

££026

1veeb 'S
v6SED

S

S

Ly0re 'S

vGIGe' S
8£956 S

v9ra6 ' G

G-
VELGO L
0£190 ¢
01920 ¢
22840 L

£5086

GL60° ¢

\

ciope L—
TB6LE "¢
£098E "¢

1ov90 L

| 7438+

{eubayu]

W

/

94068 ¢L
areoy L
74 A3
0SESP ¢
wad

st 49



wl/ZH
wi/wdo
ZH

wda

ZH

wgd

wd

H

ZHW

296r9 o2t
2510E° 0
82 091-
fov-o-

60 6GYE
Sr9'8
00°0€

sJPiaweJed 3010 YaN Q%

00}

0

0e'0

0

W3

69100E1 00V
89/2€

18

sJajaweued ButsSsSal0ud - 24

ZHAW
ap
Jasn

zcazzzzazzsax

238
A
aJasn
Jasn

J3s
ZH
H

~

0l{p2El " 00V
00°9-

06°¢

HY

1048
d
id
FONN

1) TINNYHD ==ss==s==z=2

000000001
0700t

00°'9
00 ' 09

183
2LERBLB T
629262 0
9yl 8Le8
2

91

£1202
89¢2€

0£6z

-89 088 wu &
17ads
0791
20£0€002

ia

31

30

MO

94

oy
S3y013
HMS

sa

SN
IN3AT0S
al
904dINg
QHE08d
WNYLSNT
awt}
Taleg

5J339UBJRg UBLILSINDIY - 24

4
ot
(ol-1-8v2

ONJ0OHd
ONgX3
INYN

$u3laweJeq B18Q IUIUIND

[+ € v g 9 L g wdd
n F USRS ST TSNS H G SO VU N Ht PRI DUvI U PO TS - Lo Lo 1 F. bdde b PR W) PV,
w o] =} |- w o = [ o jwj 72 e 5
© - - n @ oo n n sl ol |e s
= oy o 0 o On|es ~ o o} |» i = L3
~ -3 n w N [=4r- S - W o o o o
w w S o ~ LN e N g\E o < -
| ﬂ \ \
|
| _ / 4 ,\
|
ﬂ\ﬂ% fJ / t ! //J
- - o LLWWULWWWWASBEAANLADD S LN NG R R ] 9 @ 9 PODO DD D NN NN NN
W W W oo © o o s B b My U D PO OO0, ROOELLSINPARDO DO DD = = MWW h=
eginic 4 @ =3 R N R R R Bl R R v s B e = o s e R S T T i O °
NS R D - @ S N NN R AN G S AR WOCRWI - VWO 20O O =R Ww=00 00 o 3
SN WO s iy - NGO HUEY 2T RIGTFTILEITERNEScouRd SO0 Whbe=0 0w ID N0
SN dw @ ~ PR R - RN TR R A S i SN I - I R W R RN IR S R RN S S



0 ¥ 4 € 4 S 9 L
y O S S S S S G S S T S S S P SO S S S S O SV Y ST S S S T SO S S S SO SO S S YOS S S S E SN SO S VU S S S GRS N S
- - =3 W [ o 5
2 & Z ={ 3l = 3 |18 % g g
3 - n ol |~ —-l |3 o Si | S -
@ ~ N w| [ of )< [ ®| |& =3 =

W2/ ZH 2prLETOL WIZH

wd/wdd GE182° 0 HOWdd
ZH 91758~ 24
wdd 82970~ d24
24 GG g2 [F]
wdd §E6 '8 dld

43 00°FE X3 /
su@raueved 1010 ww 01
001 o
0 89
ZH 0E'0 a1
Q €ss
w3 HOM
THN (210081062 35
B83LeE 15
syalawesed BuIssanoug - 24
ZHA LPPGIEL 062 1048
a0 00w~ 1d
2350 02°¢ td
HI FINN

cevmsseazsnss [ JINNVHD sessearnmsen

938 0000000071 0
¥ 07008 3L
2asn 009 30
335N 003°96 L
29¢ o
333 pYP{2BG T oy
ZH [16GIE0 S34013
IH E86 GLI5 HMS
2 sg
at SN
EI200 1N3AT0S
yBE9Y a1
0£62 908d Ind
/HY oND Wi § (HB0d
15205 WYLSNT
BE"GI dwlg ©
81L0£002 ~a1eq - el Wwol onpold spnis
SJ3laweved uONIISINDIY - 24 . :
o
3 ONtd O —2
03 G:.3x3
991-1-8¥7 IHYN
SJajaweseg e3eQ uaLung
=

T

jf
i:;7“

3
1

- bl

%

vGL0°0

9e962 ¥

00262 ¥
12L0E
({7423
£€25E
G502y

168py ¥

8EOYG €
99395 €
0GESS '€
(41741

AN 7

1EWI '€
19868 "€
9EL06 '€

(=g R el ] - s D DD e s e
3 R RN EEEE
g 2o
PN DON OO AEDO WS

96rr0° G

69080°S

L5611°G

t2Lve’s

veELL2'S

BSELL°G

vebee {——

1266¢ L
LGEOE "L

082€€ "¢

1eLee L
BICES ¢
63E9G £

L1019°¢

(44
01899 ¢

B8rI69 L

LYEBL L

18828 £

wod



wi/ZH
w3/wdd

wdd
ZH

woa
wd

H

ZHA

86546° (11
revee’ 0
S8t
22e 0~
€5 0IvE
ves s
000t

SJajaweded 30710 YWN O

001

0

0€°0

0

W3

FLTO0EY 00V
89/2e

Jd
839
g7
8SS
MOM
EN)
1S

sudlaweued bulssadoug - 24

ZHR
80
Jasn

J3s
A
J3sn
Jasn

288
Z|
ZH

T

ObLp2ET 00V
00 9~

05 L

HI

1048
d
td
FonN

14 JINNVHD =cz2zswcmcssa

00000000 ¢
0 00E

00°'9
00r ' 09

29t
2LES6LE T
6292620
9r1 '8¢

2

9t

€1200
89/2¢

0ebz

-88 089 wu g
123ds
Lrpl
60L0€002

1a
31

IN3AT0S
al

9044 MNd
OHE04d
WNY1SNT
qut|
“aieQ

SJalauweded uoTILSINDOY - 24

3
0¢
£G1-1-8vZ

ONJOYd
ONdX3
3IWYN

SJajsweded ejeq juadJn)

£9.50°0
orosy

18380°0

86€F 0

252’0

3

8520

9r50°0

BErS 0

Bl wWodj jonpoud apnio

1taae.

N
g//ﬁ

n Wow W S8}
a @ o n o o
=] S A 9 R
oS (L= o
= o U S O o
= O e o]

CEELS b —r

15¥90°6
9v890°' G
0£8L0°G
BEITL 'S
{(8L2°s

6180E 'S

9EGEE G
V29Le’g
¢G9E8 'S
fie8°6

N A -

w
w
S
o
o
<

0E088°S

1£188°6
£69E8 "9

s

1ir98 9-
£8088°9
80806°9
£66€2 £
Gigly £
BSESY ¢

8600

0LLev L
£SGEY £
S92vy L
669vv "L

£699°0

{S15p ¢

oo S
winle a
=] S
PSS a
A=) had

3

5I- 52

NN NN NSNS
DO NN N ND D
- W W N 0w o T
W DO R =0 2
OO @D == WA
S DWLD AW W



W3/IH 91€99° 043 WIZH
wy/wdd 2692y "0 WOWdd
H vrLES- 24
wdd €65 0- ded
ZH Qv 28apr £!
wdd goe et g4
w3 00 0€ X3
SJuzjaweued 300 gwN O}

001 Jd

0 89

ZH 0E'0 81

0 gss

W3 MOM

ZHW P9IQ0E} 00V EN)
89/¢€ 15
SJalaweued Burssadoud - 24
ZHW 03/Vv2ET " 00p 1028
80 00°9- id
338N 06 ¢ id
HI $ONN

33
39

S

== 1} TINNVH] ===========

35 000000001 14]
% 0°00€ EX
SN 00'9 30
SN 0oy 08 M3
1:13 94
3S 2L£264671 ov
ZH 6292G2°0 $34014
4 9ri8/28 HMS
2 i
9l SN
£1202 IN3AD0S
8972t ai
o0ebz 9084 INd
-88 089 wu § QOHBCHd
12ads WNHLSNT
62 L1 awty
2201e00e Taieq

Jajaweded uotytsinboy - 24

i ONJ04d
o1 ONdx3
cig-1-8v7 JWYN
SJalawesed eleg 1uasJng

0 ; 2 £ v 5 9 L .
Lo Ly o0y Vi TR Lo d SRS T S U R SN A S AT B S P " L J P it el
1o Wl [ = vlwl, o 5
« ol | =} wlw ~ 2
hed =) ) =3 Qi ] 3
o @ |w S oim © s
-~ ~ ~ (=] L}E w
i \
\\y, \_ F// T\\\wS ﬂ\ﬁv& ;fﬂHW//
O OO O = s s e e e e YD wow ww RN N R
D PWWADSNDD®®RA S D@~ OO 2
NW N S N W= WwWoa YA @D Ny ~NoO WD oS 3
N = b O~ b A O N AD O O b oo Hoh oA W QN
OCLMNDOTBNO DD W o s o DY DO
WwowonnoOuUD~NLMOO®@ = @ W -0 D N =

5153



W3/ZH (6928 LEL WIZH o e o 03 s ) AT L el S A
wd/wdd EEEEE "L WOWdd
ZH 90 £05- 24
wdd 000" G- d24
H G/ 1ESHE td
wdd 000 GI2 g4
w3 00°0E X3

sJ3313weued 107d gwN Q1

or'l Jd
0 89
H 001 87
0 8ss
W3 MM
ZHW 98942197004 45
89/2€ 18
suajaweded BUtSsalcUg - 24
ZHA G0090ET "00P 204S
8P 0BG €174
8p 08'GY [ARL]
ap 009~ 274
33sn 00708 20d0d
HY 20NN
glzyfem 294d0d3
caszz=sszzcsz 2] TINNVHD) zsmsezs==sz==
7HW BG56LE2I700F 1045
80 009~ P g
785N 06'S tq ’
Jed 1aNN

sssxzszssszsz }§ TINNVH) ss=s===ss=z=

235 00020000°0 cip
235 (000000E0 0 [8%:]
235 00000000 2 1]
3 0°00E ETS
235N 00'9 30
3asn 00661 Mg
950v 9
39S p9Iav0e t ov
7H (BEEBE O $35014
IH 629°62162 HHS .
4 S0
€02 o H°0D
£1202 IN3AT0S
9EGG9 al
0g6d6z 30ddNd
-89 086 ww G OHEOYd
17ads WNYLSNI
vy L1 Bwt | i
2201£002 ~aeg |

660 8% ——
Lot -
vl 0E ——
892 L2F ——n
98€ 61—
296 91l ——
€58 0vl ——

|
SJ3j3WeJed UOTIISINDIY - 24 55 3 g m
w o DD W m
i ONJOHd =3 D2 = . =
I ONdX3
2ie-1-8vZ 3INYN

SJ3jaweded BIRJ IU3Jun]



-

{rs
Ve

L

DG081 18 Ul O “WIW/D) 670 D,0S [ T8 Uil (7
‘UI/WNIRY W ('] ‘UWN|OY) [BA-T-]ISLIYD)

(AR

&8
.
3




i\

0,081 1B UIW OF mw/gog 0 C) oSlleuiw g . . ‘
‘unuwmiey Ja ¢’ ‘o) [BATT Iseary) k._ SR

pii o+ )

-

99%68

= e . S s - T o
| S = Tt S Gl g S G 4 oA O | 2SN
I - Nt w e R e S
23 PR iy S Ly PEMW LS I A
PRES o .ol € S
>ln-~
Froee.
j
»——-—r—-&-———a-:";‘,'/_‘
. PRI
| a— - .
i
e = - - - - - (A
[RESE I Fovdr S ! - R I X

s1- 56



w3/ 2H
wa/wdd

wdd
2H

wad
wd

H

ZHR

08368521
PIPLE O
6L 6EE-
6v¥8°0-
PEOLEVE
065°8
00°0¢

WJZH
HIWdd
24
de4
¥
drd
X3

sualaveded 301d YwN O

001

0

00

0

W3
$LY00ES T 00Y
892t

Jd
89
81
as5s
MOM
35
Is

sJajsweded Burssadonugd - 24

ZHW
ap
33sn

z2exczxEsaems

225
A
J98n
Jasn

[
@
w

2

~
T

0l LP2ET " 00p
00'9-

05°¢

He

104S
11d
td
TONN

75 1INNVH) =z=zzzcaxss=

000000001
0°00€
009

00r 03

12319
2LE26L6° 1
6292520
9vl ' 9.28
c

at

£1202
83.2€

0ebz

-86 088 w G
1238ds
8081
9011£002

ov
$34014
HHS

Sa

SN
1N3AN0S
0l

904d Nd
OHBOHd
WNGLSNI
awr )
“83eq

SJajsweded UOIILSINDIY - 24

|4
01
642-1-8v7

ONJ0Yd
ONdX3
INYN

SJ313weJed €180 IUaJJN]

0 t 4 £ S 9 L 8 wdd
| R | R SN VA S SO E VA S S P U R ST S U S S SO T St P i P IS T VO SR YU WA S N VOO W S | IS S I P (o
n w n hv - njjo = —- =} o | m
o W = IS o w|lo ® o @ v [N g
IS 4 =] @ I oll@ @ =) B A & s
IS S ~ /I > -l > S ] ol |& =
! \
1 1 !
N
YY) f )
. \ ,
C OO O e s e R www AABRUUAUU VORI ANODANDAD DN~ NN NSNS N~
® @ @ @D W W ~ @ @D H B DN oo LV WO O CODO QO s = o DANNNPWOBDONNDOO OO Q = — AW h=4
LDOD DA O WEDe WO ISR PO RO EEN VDD DOOD - 2K DOAUDEDUIDB O = DW= ]
LA O NWOORN®DODD D G JON L 0O0AADNDOWOODMOND - LD WDOUDWDOWDO DE 3
AU =8 52O SDERNNNLGO oo R LN O WU AWDDRORNON DN NORNORAEREEDDON
NWDd® =0 JYBsORTOSD RN GU SR B ONPOO0OWIBND DI SNEWDWNBY® = ®O O
L




9B+306000 " I=¥0LlOPd NN
BLTEES =BIYY IwWlol

d —soc¢zse sy 1r@’ 38 g@lrys BlT 61
NS = @358 gza: 94 249864 €28 b1
KHIYH HIGIM  3d4l 93dW 1
L]

INEUIGNIISIN 13714 TUNDIS
¥O:10G1LT  EGBZ 9 AON vr  HNNY

" Mg NBHOISIW 3TV TEUETS B8UTSOTD

S0LS Igwianrd

[T

a5 6]

cdet el

crude product from 1a

S/C 1430

41

J

4] f

IMELS
PR:IGE LT eoee ¥ ADN by # NN o=

1.0 mL helium/min, 10 min at 100°C, 4°C/min, 10 min at 200°C
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Effect of Side-chain Chirality
(3%, 90%, 1%) [70% ec]

Ar/E\/ Ar \\ Ar/\/ ArJﬁ

(>99.5%) [91% ee]






