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1. General Experimental Details.

All reagents were purchased from Aldrich Chemical Company, except for IrCl; which
was obtained as a gift from Johnson-Matthey. n-Propyl amine was stored over KOH. THF,
pentane, benzene, ether, toluene, and CH,Cl, were purified by passing deoxygenated solvent
(Ar) through a column of activated alumina (Solvent purification system purchased from
Innovative Technologies of Newburyport, MA). All alylic alcohols were synthesized
according to literature procedures.* All alylic acetates were synthesized by the reaction of
the allyl acohols (1.0 equiv) with acetic anhydride (1.5 equiv) in the presence of pyridine
(3.0 equiv) in CH.ClI; (1.0 M) solvent at 0 °C to room temperature. The complex [1rCl(cod)]2
was synthesized according to the procedure of Crabtree.? Phosphoramidite ligands were
synthesized according to the published procedures.?

GCMS analyses were performed on an Agilent 6890N GC equipped with a5973 M S and
an HP-5ms column (30 m x 0.25 mm ID x 0.25 nm film). GC analyses were obtained on an
Adgilent 6890 GC equipped with an HP-5 column (25 m x 0.20 mm ID x 0.33 mm film) and
an FID detector. In both cases, the temperature program was 100 °C for 2 min, followed by a
ramp from 100 - 260 °C at 30 °/min and a constant temperature of 260 °C for 3 min. Optical
rotations were measured on a JASCO DIP-360. IR spectrawere obtained of thin films on
NaCl plates using a Perkin-Elmer Spectrum BX FT-IR instrument. NMR spectrawere
acquired on 400 MHz Varian Unity or Innova instruments (University of Illinois VOICE
NMR facility). Chemical shifts are reported in ppm relative to internal standard or residual
solvent peak (tetramethylsilane d 0.00 ppm for *H NMR spectra, and CDCl; d 77.00 ppm for
13C NMR spectra). '*H NMR data are reported as chemical shiftsin ppm (d), multiplicity (s=
singlet, d = doublet, t = triplet, m = multiplet, br = broad), coupling constants (Hz), relative
intensity. HPL C analyses were carried out on a Waters chromatography system (1525 binary
pump, 717+ autosampler, 2487 dual wavelength detector). Chromatography was conducted
on Silicycle Siala-P Silica gel using hexanes/ether as eluent. While many products were only
weakly visibleon TLC by UV (256 nm) irradiation, all products were easily identified by
strong staining with PPMo/Ce. Elemental Analyses were performed by Robertson Microlit
Laboratories, Inc. (Madison, NJ).
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2. General Procedures

Procedurefor Activation of the[lrCl(cod)]./(R,R,R)-L 1 Catalyst System

"PrNH, 0.375 mmol
[IrCl(cod)], + (R,R,R)-L1 [Ir(cod)(k?-(R,R,R)-L1)L]
THF 0.125 mL
0.0125 mmol 0.025 mmol 50 °C, 30 min

The activated, cyclometalated catalyst was prepared by a procedure our group reported
recently.* In adrybox, [IrCl(cod)]2 (MW: 671.70, 0.013 mmol = 8.4 mg) and (RR,R)-L1
(MW: 539.60, 0.0250 mmol = 13.5 mg) were mixed in a screw-capped via. THF (0.125 mL),
"PrNH, (MW: 59.11, 0.375 mmol = 22.2 mg) and a magnetic stirrer bar was added, and the
vial was sealed with a cap containing a PTFE septum and removed from the drybox. The via
was heated in a 50 °C-oil bath for 30 min. The vial of the resulting yellow-colored solution
was returned to the drybox. Ether (1.0 mL) was added to precipitate the n-propylamine
hydrochloride. The solution was then filtered through a syringe tip filter (0.25 nm), and the
solvent was removed under vacuum. Toluene (1 mL) was added to thisvial, and the yellow
solution was directly used without further purification.

Procedurefor Iridium-Catalyzed Allylic Etherification

[Ir/(R,R,R)-L1] 5 mol%

1-phenyl-1-propyne 20 mol% OR?

NN
RITY"oac R20H -
toluene 1.5 mL RlJ\/

K3PO4 1.5 mmol
r.t.

0.5 mmol 1.5 mmol

In adrybox, into a screw-capped vial was added 0.5 mL of toluene solution and K3PO4
(MW: 212.27, 1.500 mmol = 318.4 mg). To these materials were added the activated catalyst
(0.025 mmol, generated in situ by the method shown above) dissolved in toluene (1.0 mL)
and alcohol (1.5 mmol). A magnetic stir bar was added, and the vial was sealed with a cap
containing a PTFE septum and removed from the drybox. 1-Phenyl-1-propyne (MW: 116.16,
0.100 mmol = 12.5 L) and allyl acetate (0.50 mmol) were added by syringe, and the
resulting suspension was stirred vigorously at room temperature (23 °C). When the reaction
was complete, as determined by GC, the crude mixture was passed through a pad of silica
gel, eluting with 100 mL of ether. The resulting solutions were evaporated. The ratio of
regioisomers was determined by *H NMR spectroscopy (usually based on integration of the
olefinic protons). The mixture was then purified by flash column chromatography on silica
gel to give the desired product.



Procedure for Hydroboration and Oxidation.

OR? BHsin THF (0.5 mmol) 30 wt% H,0, 0.5 mL OR?
RlJ\/ THF 2.0 mL 20 wt% NaOH 0.5 mL le\/\OH
0°C, 1h H,0 0.5 mL
0.6 mmol

To measure the ee of some alylic ethers, it was necessary to convert the products to the
corresponding terminal alcohol. This conversion was accomplished by hydroboration and
oxidation following literature procedures.® A portion of the product (0.6 mmol) was dissolved
in THF (2.0 mL), cooled to O °C, and treated with 0.5 mL of a solution of BH3z in THF (1.0
M, 0.5 mmol). After 1 h, H,O (0.5 mmol) was added, and the reaction was stirred for another
30 min before adding agueous NaOH (20 wt% in H,O, 0.5 mL) and H,O, (30 wt%, 0.5 mL).
The reaction was then warmed to room temperature over 1 h. To this warmed solution was
added saturated aqueous K,CO;3 (25 mL) and water (50 mL). The resulting aqueous solution
was washed with CH,ClI; (2 x 50 mL), and the combined organic layers were dried over
MgSO., evaporated, and purified by flash column chromatography on silica gel to give the
final acohol.

3. Characterization of reaction products

1-Phenyl-1-benzyloxy-1-propene.

Following the general alylic etherification procedure in the absence of 1-phenyl-1-propyne
at 40 °C for 20 h, the enol ether product was mainly obtained as a mixture with the saturated
product (1-phenyl-1-benzyloxy-1-propane) after column chromatography (SiO,, hexane/ether
=50/1) in ~65% combined yield. Bp 155 °C/80 mmHg. *H NMR (CDCls, 400 MHZ) d 1.72
(d, J=7.2 Hz, 3H), 4.67 (s, 2H), 5.40 (q, J = 6.8 Hz, 1H), 7.23-7.50 (m, 10H). *C NMR
(CDCl3, 100 MHz) d 11.2, 72.1, 110.1, 125.9, 127.7, 127.8, 128.1, 128.3, 128.4, 136.3,
137.7, 153.8. IR (Neat) 3059 w, 3030 w, 2913 w, 2858 w, 1657 w, 1493 w, 1449 w, 1314 m,
1262 w, 1057 s, 1027 m, 761 m, 735 s, 696 scm™. Anal. Calcd for Ci6H160: C, 85.68; H,
7.19. Found: C, 85.82; H, 7.40.

(+)-1-Benzyloxy-1-allylbenzene.

Q/\Ph
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Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO., hexane/ether = 60/1) as a colorless oil in 68% yield. *H NMR
analysis of the crude product mixture showed a branched to linear ratio of 99:1. '"H NMR
(CDCls, 400 MHz) d 4.52 (s, 2H), 4.83 (d, J = 6.80 Hz, 1H), 5.23 (dt, J= 10.4 Hz, J= 1.4
Hz, 1H), 5.29 (dt, J=17.2 Hz, J= 1.4 Hz, 1H), 5.99 (ddd, J = 16.8 Hz, J= 10.0Hz, J = 6.8
Hz, 1H), 7.25-7.39 (m, 10H). HPLC analysis indicated that the enantiomeric excess of the
product was 93% [Daicel Chiralcel OJ (0.46 cm x 0.25 cm), hexanes:2-propanol = 99.8:0.2, v
= 0.5 mL/min, | =220 nm, ~25 °C, tg [min] = 32.8 (minor), 37.9 (mgjor)]. [a]p** + 8.53 (c =
0.77, CHCl).

(-)-1-Hexyloxyallylbenzene.
SN

o
Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO,, hexane/ether = 70/1) as a colorless ail in 71% yield. Ry = 0.74
(hexane/ether = 5/1). '"H NMR analysis of the crude product mixture showed a branched to
linear ratio of 99:1. Bp. 159 °C/80 mmHg. *H NMR (CDCls, 400 MHz) d 0.88 (t, J = 13.6
Hz, 3H), 1.23-1.39 (m, 6H), 1.57-1.65 (m, 2H), 3.33-3.39 (m, 1H), 3.42-3.49 (m, 1H), 4.72
(d, J= 6.4 Hz, 1H), 5.18 (dd, J = 10.4 Hz, J = 6.4 Hz, 1H), 5.25 (d, J = 17.2 Hz, 1H), 5.94
(ddd, J = 16.8 Hz, J = 10.0 Hz, J = 6.8 Hz, 1H), 7.24-7.25 (m, 5H). **C NMR (CDCls, 100
MHz) d 14.1, 22.6, 25.9, 29.8, 31.7, 68.7, 82.9, 115.9, 126.7, 127.5, 128.4, 139.3, 141.4. IR
(Neat) 3028 w, 2955 s, 2931 s, 2858 s, 1453 m, 1304 w, 1095 s, 1029 w, 990 m, 923 m, 758

m, 700 scm™. Anal. Calcd for CisH2,0: C, 82.52; H, 10.16. Found: C, 82.37; H, 10.53 [a]p*
—1.18 (¢ = 0.90, CHCly)..

NN
o

@/'WOH

To measure the ee of 1-hexyloxyallylbenzene, it was converted to (-)-3-hexyloxy-3-
phenylpropan-1-ol using the general procedure for hydroboration and oxidation. The product
was isolated by column chromatography (SiO,, hexane/ether = 1/1) asaclear oil. HPLC
analysis indicated that the enantiomeric excess of the product was 91% [Daicel Chiralcel OJ
(0.46 cm x 0.25 cm), hexanes:2-propanol = 97:3, v = 1.0 mL/min, | =210 nm, ~25 °C, tr
[min] = 4.8 (major), 5.4 (minor)]. Bp. 210 °C/80 mmHg. *H NMR (CDCl3, 400 MHz) d 0.87
(t, J=14.0 Hz, 3H), 1.20-1.35 (m, 6H), 1.43-1.60 (m, 2H), 1.83-1.89 (m, 1H), 1.89-2.05 (m,
1H), 2.96 (dd, J = 6.8 Hz, J = 4.0 Hz, 1H), 3.24-3.37 (m, 2H), 3.77-3.85 (m, 2H), 4.50 (dd, J
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= 9.2 Hz, J= 3.6 Hz, 1H), 7.26-7.38 (m, 5H). *C NMR (CDCls;, 100 MHz) d 14.0, 22.6,
25.8, 29.8, 31.6, 40.4, 61.6, 69.1, 82.8, 126.3, 127.6, 128.5, 142.1. IR (Neat) 3391 brm, 3062
w, 3029 w, 2930 s, 2859 s, 1492 w, 1349 w, 1308 w, 1101 s, 1054 s, 758 m, 701 scmi*. Anal.
Calcd for CisH2402: C, 76.23; H, 10.24. Found: C, 76.04; H, 10.52. [a]p** — 46.02 (c = 0.76,
CHCly).

(-)-1-Cyclopentyloxyallylbenzene.

L0

©

S
Following the general procedure for allylic etherification, but using 5 equiv of cyclo-
pentanol and 5 equiv of K3POys, the product was obtained after column chromatography
(SiO,, hexanelether = 60/1) as a colorless il in 72% yield. *H NMR analysis of the crude
product mixture showed a branched to linear ratio of 89:11. Bp. 150 °C/80 mmHg. *H NMR
(CDCls, 400 MHz) d 1.43-1.55 (m, 2H), 1.64-1.79 (m, 6H), 3.96-4.02 (m, 1H), 4.80 (d, J =
6.8 Hz, 1H), 5.17 (dt, J= 10.4 Hz, J = 1.0 Hz, 1H), 5.24 (dt, = 17.2 Hz, J = 1.2 Hz, 1H),
5.94 (ddd, J = 16.8 Hz, J = 10.0 Hz, J = 6.4 Hz, 1H), 7.24-7.35 (m, 5H). *C NMR (CDCls,
100 MHz) d 23.5, 23.6, 32.3, 32.5, 78.7, 80.5, 115.7, 126.8, 127.3, 128.3, 139.6, 141.7. IR
(Neat) 3062 w, 3027 w, 2958 s, 2870 m, 1491 w, 1451 m, 1340 w, 1325 w, 1305 w, 1196 w,
1176 w, 1124 m, 1087 s, 1057 s, 1029 m, 991 m, 923 s, 756 m, 700 scm™. Anal. Calcd for
Cu4H180: C, 83.12; H, 8.97. Found: C, 83.51; H, 8.75. [a]p** — 3.24 (c = 0.29, CHCl3).

L0

o)

To measure the ee of 1-cyclopentyloxyallylbenzene, it was converted to (+)-3-
cyclopentyloxy-3-phenylpropan-1-ol using the general procedure for hydroboration and
oxidation. The product was isolated by column chromatography (SiO,, hexane/ether = 1/1) as
aclear oil. HPLC analysisindicated that the enantiomeric excess of the product was 95%
[Daicel Chiralcel OJ(0.46 cm x 0.25 cm), hexanes/2-propanol = 90/10, v = 1.0 mL/min, | =
210 nm, ~25 °C, tg [min] = 4.55 (mgjor), 6.49 (minor)]. Bp. 210 °C/80 mmHg. [a]p** + 60.72
(c = 0.45, CHCl3). *H NMR (CDCl3, 400 MHz) d 1.43-1.77 (m, 8H), 1.80-1.88 (m, 1H),
1.93-2.03 (m, 1H), 3.03 (brs, 1H), 3.75-3.85 (m, 3H), 4.58 (dd, J = 9.6 Hz, J = 4.0 Hz, 1H),
7.26-7.38 (m, 5H). *C NMR (CDCls, 100 MHZ) d 23.4, 23.4, 31.5, 33.3, 40.5, 61.7, 78.9,
80.2, 126.4, 127.5, 128.4, 142.4. IR (Nesat) 3399 brm, 3061 w, 3027 w, 2955 s, 2870 s, 1492
w, 1452 m, 1345 m, 1173 w, 1054 s, 756 m, 701 scm™. Anal. Calcd for Ci4H,0,: C, 76.33;
H, 9.15. Found: C, 76.18; H, 9.43.



(+)-1-Cyclohexyloxyallylbenzene.

A
©/\/

Following the general procedure for alylic etherification, but using 5 equiv of cyclo-hexanol
and 5 equiv of K3PO,, the product was obtained after column chromatography (SiO-,
hexane/ether = 70/1) as a colorless oil in 68% yield. 'H NMR analysis of the crude product
mixture showed a branched to linear ratio of 99:1. *H NMR (CDCls, 400 MHz) d 1.17-1.43
(m, 5H), 1.50-1.52 (m, 1H), 1.67-1.77 (m, 2H), 1.84 (d, J = 11.2 Hz, 1H), 1.94 (d, J = 11.2
Hz, 1H), 3.34 (ddd, J = 13.2 Hz, J = 9.2 Hz, J = 4.0 Hz, 1H), 4.92 (d, J = 6.8 Hz, 1H), 5.15
(dt, J=10.4 Hz, J=1.2 Hz, 1H), 5.23 (dt, J = 17.2 Hz, J= 1.4 Hz, 1H), 5.94 (ddd, J = 17.2
Hz, J=10.4 Hz, J = 6.4 Hz, 1H), 7.23-7.37 (m, 5H). [a]p** + 5.13 (c = 0.70, CHCl5).

e

@/'WOH

To measure the ee of 1-cyclohexyloxyallylbenzene, the allylic ether was converted to (+)-3-
Cyclohexyloxy-3-phenylpropan-1-ol using the general procedure for hydroboration and
oxidation. The product was isolated by column chromatography (SiO,, hexane/ether = 1/1) as
aclear oil. HPLC analysis indicated that the enantiomeric excess of the product was 93%
[Daicel Chiralcel OJ(0.46 cm x 0.25 cm), hexanes:2-propanol = 95:5, v = 1.0 mL/min, | =
210 nm, ~25 °C, tg [min] = 5.01 (major), 6.48 (minor)]. Bp. 220 °C/80 mmHg. [a]p** +
155.41 (c = 0.53, CHCl3). *H NMR (CDCl3, 400 MHZ) d 1.12-1.36 (m, 5H), 1.46-1.50 (m,
1H), 1.62-1.73 (m, 3H), 1.81-1.88 (m, 1H), 1.94-2.03 (m, 2H), 3.17-3.23 (m, 2H), 3.76-3.81
(m, 2H), 4.71 (dd, J = 9.2 Hz, J = 4.0 Hz, 1H), 7.26-7.37 (m, 5H). *C NMR (CDCls, 100
MHz) d 23.8, 24.1, 25.6, 31.1, 33.4, 40.6, 61.5, 74.9, 79.0, 126.3, 127.4, 128.3, 142.8. IR
(Neat) 3411 brs, 2931 s, 2856 m, 1451 w, 1058 m, 1026 w, 657 w, 701 m cm*. Anal. Calcd
for Ci5H2,0: C, 76.88; H, 9.46. Found: C, 76.76; H, 9.71.

(+)-4-(1-Phenylallyloxy)piperidine-1-car boxylic acid tert-butyl ester.

OBOC
)
©/\/
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Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO-, hexane/ether = 3/1) as a colorless oil in 66% yield. *H NMR
analysis of the crude product mixture showed a branched to linear ratio of 99:1. [a]p®* +
10.18 (c = 0.14, CHCl3). *H NMR (CDCls, 400 MHz) d 1.44 (s, 9H), 1.53-1.64 (m, 2H),
1.70-1.79 (m, 1H), 1.80-1.88 (m, 1H), 3.04-3.15 (m, 2H), 3.57 (sept, J = 3.9 Hz, 1H), 3.75
(m, 3.65-3.85 (m, 2H), 4.91 (d, J = 6.4 Hz, 1H), 5.17 (d, J = 10.4 Hz, 1H), 5.25 (d, J = 17.6
Hz, 1H), 5.93 (ddd, J = 17.2 Hz, J = 10.4 Hz, J = 6.4 Hz, 1H), 7.23-7.32 (m, 1H), 7.34 (d, J =
4.4 Hz, 4H). HPLC analysisindicated that the enantiomeric excess of the product was 90%
[Daicel Chiralcel OD-H (0.46 cm x 0.25 cm), hexanes.2-propanol = 97:3, v = 0.6 mL/min, |
=220 nm, ~25 °C, tg [min] = 8.3 (magjor), 9.1 (minor)].

(-)-1-Phenylethoxy-1-allylbenzene.

BN

0~ “Ph

©/\/

Following the general procedure for alylic etherification, the product was obtained as a
mixture of diastereomers by column chromatography (SiO,, hexane/ether = 60/1) as a
colorless oil in 67% yield and 88% de. Ry = 0.61 (hexane/ether = 5/1). *H NMR analysis of
the crude product mixture showed a branched to linear ratio of >99:1. Bp. 190 °C/80 mmHg.
[a]p** —31.13 (c = 0.67, CHCl3). *H NMR (CDCls, 400 MHz) d 1.49 (d, J =6.8 Hz, 3H),
4.63-4.71 (m, 2H), 5.25 (d, J =18.4 Hz, 1H), 5.28 (d, J =10.8 Hz, 1H), 5.91 (ddd, J = 18.0
Hz, 10.0 Hz, 8.0 Hz, 1H), 7.22-7.34 (m, 10H). *C NMR (CDCls, 100 MHz) d 24.2, 74.5,
79.5,117.2, 126.4, 126.6, 127.3, 127.4, 128.3, 128.4, 138.4, 141.4, 143.8. IR (Neat) 3062 w,
3028 w, 2975 m, 1492 w, 1451 m, 1371 w, 1303 w, 1283 w, 1208 w, 1088 s, 1046 m, 1029
m, 991 m, 927 m, 761 m, 700 scm™. Anal. Calcd for C;7H150: C, 85.67; H, 7.61. Found: C,
85.96; H, 7.91.

(-)-1-Phenylethoxy-1-allylbenzene.

BN

0~ "Ph
©/k/
Following the general procedure for alylic etherification, the diastereomeric mixture of
products was obtained as a colorless oil after column chromatography (SO, hexane/ether =
60/1) in 63% yield and 90% de. R; = 0.61 (hexane/ether = 5/1). *H NMR analysis of the crude

product mixture showed a branched to linear ratio of >99:1. Bp. 190 °C/80 mmHg. [a]p** —
86.56 (c = 0.67, CHCl3). *H NMR (CDCl3, 400 MHz) d 1.41 (d, J = 6.8 Hz, 3H), 4.37 (g, J =
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6.4 Hz, 1H), 4.65 (d, J = 6.0 Hz, 1H), 5.06-5.16 (M, 2H), 5.96 (ddd, J = 17.2 Hz, J = 10.4 Hz,
J=6.0 Hz, 1H), 7.25-7.38 (m, 10H). *C NMR (CDCls, 100 MHz) d 24.4, 74.5, 79.5, 115.3,
126.3, 127.2, 127.4, 127.6, 128.4, 128.5, 139.4, 141.0, 143.8. IR (Neat) 3062 w, 3028 w,
2976 m, 2875w, 1491 w, 1451 m, 1370 w, 1301 w, 1088 s, 1031 m, 991 m, 923 m, 761 s,
701 scm™. Anal. Caled for C7H0: C, 85.67; H, 7.61. Found: C, 85.72; H, 7.93.

(+)-tert-Butyldimethyl(1-phenylallyloxy)silane.
OTBDMS

o~
Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO., hexane/ether = 60/1) as a colorless ail in 85% yield. *H NMR
analysis of the crude product mixture showed a branched to linear ratio of 98:2. [a]p?* + 5.36
(c = 0.16, CHCl3). *H NMR (CDCls, 400 MHz) d 0.00 (s, 3H), 0.08 (s, 3H), 0.92 (s, 9H),
5.07 (dt, J= 10.0 Hz, J = 1.6 Hz, 1H), 5.17 (d, J = 5.6 Hz, 1H), 5.29 (dt, J= 17.2 Hz, J= 1.6
Hz, 1H), 5.92 (ddd, J = 16.0 Hz, J = 10.4 Hz, J = 6.0 Hz, 1H), 7.20-7.27 (m, 1H), 7.30-7.36
(m, 4H).

(-)-1-(1-Benzyloxyallyl)-4-methoxybenzene.

(_)/\Ph

o
MeO

Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO,, hexane/ether = 30/1) as a colorless ail in 82% yield. Ry = 0.43
(hexane/ether = 5/1). '"H NMR analysis of the crude product mixture showed a branched to
linear ratio of >99:1. Bp. 190 °C/80 mmHg. [a]p** — 60.72 (c = 0.45, CHCl3). *H NMR
(CDCls, 400 MHz) d 3.37 (s, 3H), 4.49 (s, 2H), 4.78 (d, J = 6.8 Hz, 1H), 5.20 (d, J = 10.0 Hz,
1H), 5.26 (d, J = 17.6 Hz, 1H), 5.98 (ddd, J = 17.2 Hz, J = 10.4 Hz, J = 6.4 Hz, 1H), 6.89 (d,
J=8.8 Hz, 2H), 7.25-7.34 (m, 7H). *C NMR (CDCl;, 100 MHz) d 55.2, 69.8, 81.4, 113.8,
116.1, 127.4, 127.6, 128.2, 128.3, 132.9, 138.5, 139.0 159.0. IR (Nesat) 3063 w, 3030 w, 2953
w, 2933 w, 2906 w, 2859 w, 2835 m, 1610 s, 1585 w, 1511 s, 1497 m, 1464 m, 1454 m, 1442
w, 1419 w, 1388 w, 1335w, 1303 m, 1248 s, 1201 s, 1173 s, 1106 S, 1088 S, 1066 S, 1035 S,
991 m, 926 m, 849 w, 830's, 736 m, 698 s, 614 w cm™. Anal. Calcd for Cy7H150: C, 80.28;

H, 7.13. Found: C, 80.43; H, 7.35. HPLC analysis of the purified product indicated that the
enantiomeric excess was 92% [Daicel Chiralcel OJ (0.46 cm x 0.25 cm), hexanes:2-propanol
=99.7:0.3,v=10mL/min, | =220 nm, ~25 °C, tg [min] = 38.9 (mgjor), 45.9 (minor)].



(+)-1-(1-Benzyloxyallyl)-2-methoxybenzene.

Q/\Ph

N

Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO,, hexane/ether = 30/1) as a colorless oil in 77% yield. Ry = 0.45
(hexane/ether = 5/1). '"H NMR analysis of the crude product mixture showed a branched to
linear ratio of >99:1. Bp. 180 °C/80 mmHg. [a]p?* + 11.62 (c = 0.88, CHCl3). *H NMR
(CDCl3, 400 MHz) d 3.81 (s, 3H), 4.52 (s, 2H), 5.15 (dt, J = 10.4 Hz, J = 1.4 Hz, 1H), 5.27-
5.34 (m, 2H), 5.99 (ddd, J = 16.8 Hz, J = 10.0 Hz, J = 5.6 Hz, 1H), 6.88 (d, J = 4.8 Hz, 1H),
6.99 (dt, J= 7.4 Hz, J= 0.8 Hz, 1H), 7.23-7.38 (m, 6H), 7.49 (dd, J = 7.2 Hz, J= 1.6 Hz,
1H). 3C NMR (CDCls, 100 MHz) d 55.3, 70.3, 75.5, 110.4, 115.3, 120.8, 127.2, 127.3,
127.6, 128.2, 128.5, 129.2, 138.2, 138.7, 156.8. IR (Neat) 3063 w, 3030 w, 3005 w, 2937 w,
2861 w, 2836 w, 1600 m, 1588 m, 1490 s, 1464 s, 1454 s, 1438 m, 1404 w, 1389 w, 1343 w,
1285 m, 1267 m, 1242 s, 1190 w, 1173 w, 1161 w, 1096 s, 1066 s, 1050 s, 1028 s, 990 m,
923 m, 788w, 754 s, 736 s, 713w, 698 s, 677 w cm™*. Anal. Calcd for Ci7H150: C, 80.28; H,
7.13. Found: C, 80.27; H, 7.35. HPLC analysis of the purified product indicated that the

enantiomeric excess was 72% [Daicel Chiralcel OJ (0.46 cm x 0.25 cm), hexanes:2-propanol
=99.7:0.3,v=10mL/min, | =220 nm, ~25 °C, tg [min] = 19.7 (minor), 28.8 (major)].

(-)-2-(1-Benzyloxyallyl)furan.

Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO,, hexane/ether = 40/1) as a colorless oil in 67% yield. R = 0.52
(hexane/ether = 5/1). '"H NMR analysis of the crude product mixture showed a branched to
linear ratio of 96:4. Bp. 150 °C/80 mmHg. [a]p?* — 18.24 (c = 0.49, CHCl3). *H NMR
(CDCls, 400 MHz) d 4.55 (s, 2H), 4.89 (d, J = 6.4 Hz, 1H), 5.32 (dt, J= 10.4 Hz, J = 1.6 Hz,
1H), 5.38 (d, J = 15.6 Hz, J = 1.6 Hz, 1H), 6.08 (ddd, J = 17.2 Hz, J = 10.4 Hz, J = 6.8 Hz,
1H), 6.30 (d, J = 3.2 Hz, 1H), 6.35 (dd, J = 3.2 Hz, J = 2.0 Hz, 1H), 7.27-7.36 (m, 5H), 7.42
(dd, J=1.6 Hz, J = 0.4 Hz, 1H). **C NMR (CDCls, 100 MHz) d 70.0, 74.8, 108.0, 110.1,
117.9, 127.6, 127.8, 128.3, 135.2, 138.0, 142.6, 153.4. IR (Neat) 3030 w, 2861 w, 1497 m,
1453 m, 1306 w, 1271 w, 1227 w, 1205w, 1150 s, 1107 m, 1084 s, 1064 s, 1028 s, 1012 S,
990's, 932 m, 918 m, 814 w, 796 m, 737 s, 698 scm*. Anal. Calcd for C14H1402: C, 78.48;
H, 6.59. Found: C, 78.58; H, 6.89. HPLC analysis of the purified product indicated that the
enantiomeric excess was 93% [HPLC (Daicel Chiralcel OD-H (0.46 cm x 0.25 cm),
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hexanes/2-propanol = 99.5/0.5, v = 0.6 mL/min, | =220 nm, ~25 °C, tg [min] = 39.4 (minor),
40.6 (major)].

(-)-1-Vinylbutoxymethyl-benzene.
0 Ph

NS
Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO., hexane/ether = 60/1) as a colorless oil in 68% yield. *H NMR
analysis of the crude product mixture showed a branched to linear ratio of 99:1. [a]p®* —
18.70 (c = 0.72, CHCl3). *H NMR (CDCl3, 400 MHz) d 0.89 (t, J = 7.2 Hz, 3H), 1.33-1.49
(m, 3H), 1.57-1.66 (m, 1H), 3.73 (g, J = 6.7 Hz, 1H), 4.35 (d, J = 12.0 Hz, 1H), 459 (d, J =
12.0 Hz, 1H), 5.17-5.24 (m, 2H), 5.73 (ddd, J = 16.8 Hz, J = 10.4 Hz, J = 7.6 Hz, 1H), 7.24-
7.45 (m, 5H).

To measure the ee of 1-vinylbutoxymethylbenzene, it was converted to (+)-3-
Benzyloxyhexan-1-ol using the general procedure for hydroboration and oxidation. The
product was isolated by column chromatography (SO, hexane/ether = 1/1) as aclear oil. Bp.
150 °C/80 mmHg. [a]p>* + 28.00 (c = 0.10, CHCls). *H NMR (CDCls, 400 MHz) d 0.94 (t, J
= 7.2 Hz, 3H), 1.35-1.43 (m, 2H), 1.50-1.56 (m, 1H), 1.62-.1.84 (m, 3H), 2.47 (brs, 1H),
3.64-3.82 (m, 3H), 4.49 (d, J = 11.2 Hz, 1H), 4.60 (d, J = 11.2 Hz, 1H), 7.27-7.35 (m, 5H).
3C NMR (CDCls, 100 MHz) d 14.3, 18.4, 35.6, 35.8, 60.8, 70.9, 78.5, 127.7, 127.8, 128.4,
138.3. IR (Neat) 3400 brm, 3030 w, 2957 s, 2932 s, 2871 s, 1497 w, 1464 w, 1455 m, 1435
w, 1379 w, 1360 m, 1067 s, 1028 s, 735 s, 697 s, 609 w cm™*. Anal. Calcd for CaH200z: C,
74.96; H, 9.68. Found: C, 74.69; H, 9.96. HPLC analysis indicated that the enantiomeric
excess of the product was 84% [Daicel Chiralcel OJ (0.46 cm x 0.25 cm), hexanes: 2-propanol
=97:3,v=05mL/min,| =210 nm, ~25 °C, tg [min] = 17.6 (minor), 19.9 (major)].

(-)-1-Cyclohexylallyloxymethylbenzene.

Q/\Ph

O/\/
Following the general procedure for alylic etherification, the product was obtained after
column chromatography (SiO., hexane/ether = 60/1) as a colorless ail in 57% yield. *H NMR

analysis of the crude product mixture showed a branched to linear ratio of 82/18. [a]p** —
17.71 (c= 0.58, CHCl3). *H NMR (CDCls, 400 MHz) d 0.91-1.02 (m, 2H), 1.07-1.26 (m,
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3H), 1.43-1.53 (m, 1H), 1.65-1.74 (m, 4H), 1.98 (d, J = 12.8 Hz, 1H), 3.42 (t, J = 7.6 Hz,
1H), 4.32 (d, J = 12.0 Hz, 1H), 4.59 (d, J = 12.0 Hz, 1H), 5.16 (dd, J = 17.2 Hz, J = 2.0 Hz,
1H), 5.27 (dd, J = 2.0 Hz, J = 10.0 Hz, 1H), 5.71 (ddd, J = 17.6 Hz, J = 10.4 Hz, J = 8.0 Hz,
1H), 7.24-7.34 (m, 5H).

Q/\Ph

O/wOH

To measure the ee of 1-cyclohexylallyloxymethylbenzene, the alylic ether was converted to
(+)-3-Benzyloxy-3-cyclohexyl-propan-1-ol by the general procedure for hydroboration and
oxidation that make the alcohol. The product was isolated by column chromatography (SiO-,
hexanefether = 1/1) as aclear oil. Bp. 160 °C/80 mmHg. [a]p** + 9.96 (¢ = 0.75, CHCl3). 'H
NMR (CDCls, 400 MHz) d 0.99-1.28 (m, 5H), 1.64-1.83 (m, 8H), 2.51 (brs, 1H), 3.40-3.45
(m, 1H), 3.70-3.79 (m, 2H), 4.49 (d, J = 11.2 Hz, 1H), 459 (d, J = 11.2 Hz, 1H), 7.25-7.35
(m, 5H). *C NMR (CDCl3, 100 MHz) d 26.3, 26.4, 26.6, 27.8, 29.3, 32.3, 40.4, 61.0, 71.7,
83.0, 127.6, 127.8, 128.4, 138.4. IR (Neat) 3390 brw, 2925 s, 2852 s, 1451 m, 1090 m, 1059
m, 1028 m, 734 w, 696 m cm*. Anal. Calcd for CigH2405: C, 77.38; H, 9.74. Found: C,
77.17; H, 9.80. HPLC analysis indicated that the enantiomeric excess of the product was 93%
[Daicel Chiralcel OJFH (0.46 cm x 0.25 cm), hexanes:2-propanol = 98.8:1.2, v = 1.0 mL/min,
| =210 nm, ~25 °C, tg [min] = 12.9 (minor), 13.8 (mgjor)].

(-)-1-(1-Cyclohexyloxyallyl)-4-methoxybenzene.

SO

o
MeO

Following the general procedure for alylic etherification, using 5 equiv of cyclohexanol and
5 equiv of K3PQOy, the product was obtained after column chromatography (SO,
hexane/ether = 60/1) as a colorless oil in 75% yield. 'H NMR analysis of the crude product
mixture showed a branched to linear ratio of 99:1. [a]p** + 6.81 (c = 0.58, CHCl3). (Although
the optical rotation of this compounds was—11.1 (c = 2.57, CHCIs) in our previous report,
the opposite rotation of the same magnitude was observed in the current work.) *H NMR
(CDCls, 400 MHz) d 1.16-1.40 (m, 5H), 1.49-1.51 (m, 1H), 1.69-1.76 (m, 2H), 1.81-1.84 (m,
1H), 1.91-1.95 (m, 1H), 3.28-3.35 (m, 1H), 3.80 (s, 3H), 4.88 (d, J = 6.9 Hz, 1H), 5.13 (dt, J
=10.0Hz,J=1.6 Hz, 1H), 5.20 (dt, J=17.2 Hz, J= 1.4 Hz, 1H), 5.94 (ddd, J = 17.2Hz,J =
10.4Hz, J=6.8 Hz, 1H), 6.87 (dt, J=8.4 Hz, J=5.2 Hz, 2H), 7.27 (dt, J=8.4 Hz, J= 2.6
Hz, 2H). HPLC analysisindicated that the enantiomeric excess of the product was 94%
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[Daicel Chiralcel OD-H (0.46 cm x 0.25 cm), hexanes:2-propanol = 99.95:0.05, v = 0.7
mL/min, | =220 nm, ~25 °C, tg [min] = 13.1 (minor), 14.3 (major)].

(-)-1-Methoxy-4-[1-(1-phenylethoxy)allyl]benzene.

X

O" 'Ph

o
MeO

Following the general procedure for alylic etherification, the diastereomeric mixture of
products were obtained by column chromatography (SiO,, hexane/ether = 35/1) as a colorless
oil in 83% yield and 96% de. R; = 0.68 (hexane/ether = 5/1). *H NMR analysis of the crude
product mixture showed a branched to linear ratio of >99:1. Bp. 190 °C/80 mmHg. [a]p** —
97.06 (¢ = 1.27, CHCls). "H NMR (CDCls, 400 MHz) d 1.40 (d, J = 6.4 Hz, 3H), 3.82 (s,
3H), 4.35 (g, J = 6.5 Hz, 1H), 4.60 (d, J = 5.6 Hz, 1H), 5.05-5.14 (m, 2H), 5.96 (ddd, J = 17.2
Hz, J=10.4 Hz, J=5.6 Hz, 1H), 6.90 (dt, J= 6.9 Hz, J = 2.4 Hz, 2H), 7.18-7.22 (m, 2H),
7.26-7.38 (m, 5H). *C NMR (CDCls, 100 MHz) d 24.5, 55.2, 74.2, 78.9, 113.8, 115.1, 126.3,
127.3, 128.4, 128.5, 133.0, 139.6, 143.9, 159.1. IR (Neat) 3061 w, 2973 m, 2929 w, 2834 w,
1609 s, 1585 w, 1510 s, 1492 w, 1452 m, 1370 w, 1302 m, 1281 w, 1246 s, 1202 w, 1172 s,
1087 s, 1035 s, 990 w, 924 w, 830 m, 761w, 701 scm™. Anal. Caled for CigH200,: C, 80.56;
H, 7.51. Found: C, 80.84; H, 7.69.

(-)-4-(1-Vinylbutoxy)piperidine-1-carboxylic acid tert-butyl ester.

OBOC
)

ANNF
Following the general procedure for allylic etherification, using 5 equiv of 4-
vinylbutoxypiperidine-1-carboxylic acid tert-butyl ester and 5 equiv of K3PO,, the product
was obtained after column chromatography (SiO,, hexane/ether = 60/1) as a colorless il in
40% yield. 'H NMR analysis of the crude product mixture showed a branched to linear ratio
of 99:1. [a]p** — 14.65 (c = 0.58, CHCl3). *H NMR (CDCls, 400 MHz) d 0.91 (t, J = 6.8 Hz,
3H), 1.29-1.61 (m, 6H), 1.45 (s, 9H), 1.76 (brs, 2H), 3.08 (m, 2H), 3.51 (sept, J = 3.9 Hz,
1H), 3.65-3.83 (m, 3H), 5.10-5.20 (m, 2H), 5.70 (ddd, J = 17.6 Hz, J= 10.4 Hz, J = 7.6 Hz,
1H). HPLC analysis indicated that the enantiomeric excess of the product was 94% [Daicel
Chiralcel OD-H (0.46 cm x 0.25 cm), hexanes:2-propanol = 99.75:0.25, v = 0.6 mL/min, | =
210 nm, ~25 °C, tg [min] = 12.0 (minor), 13.6 (major)].

(+)-1-Methoxy-4-[1-(1-methyl-1-phenylethoxy)allyl|benzene.
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X

0~ "Ph

I
MeO

Following the general procedure for alylic etherification, using 5 equiv of 2-phenyl-2-
propanol and 5 equiv of K3PO, at 40 °C, the product was obtained by column
chromatography (SiO,, hexane/ether = 40/1) as a colorless ail in 56% yield. R = 0.64
(hexane/ether = 5/1). '"H NMR analysis of the crude product mixture showed a branched to
linear ratio of >99:1. HPLC analysis of the purified product indicated that the enantiomeric
excess was 97%. [Daicel Chiralcel OD-H (0.46 cm x 0.25 cm), hexanes:2-propanol =
99.9:0.1, v =1.0 mL/min, | =220 nm, ~25 °C, tg [min] = 8.22 (minor), 9.88 (major)]. Bp.
200 °C/80 mmHg. [a]p?* + 62.26 (c = 0.58, CHCl3). *H NMR (CDCls, 400 MHz) d 1.43 (s,
3H), 1.56 (s, 3H), 3.79 (s, 3H), 4.63 (d, J = 5.6 Hz, 1H), 4.98 (dt, J= 4.4 Hz, J = 1.6 Hz, 1H),
5.01 (dt, J=11.6 Hz, J= 1.6 Hz, 1H), 5.91 (ddd, J=17.2 Hz, J = 10.4 Hz, J = 5.6 Hz, 1H),
6.82 (dt, J= 8.8 Hz, J = 2.8 Hz, 2H), 7.14-7.17 (m, 2H), 7.22-7.27 (m, 1H), 7.28-7.33 (m,
2H), 7.42-7.46 (m, 2H). *C NMR (CDCls, 100 MHz) d 28.4, 30.5, 55.2, 76.2, 78.5, 113.5,
113.7, 126.2, 126.9, 127.7, 127.9, 135.8, 141.5, 146.5, 158.5. IR (Neat) 3059 w, 2978 m,
2932 w, 2834 w, 1610 m, 1585 w, 1510 s, 1463 m, 1381 w, 1363 w, 1301 m, 1246 s, 1156 S,
1101 m, 1074 w, 1036 s, 992 w, 921 w, 853 w, 826 m, 765 m, 700 scm-. Anal. Calcd for
Ci1oH220;: C, 80.82; H, 7.85. Found: C, 81.11; H, 8.04.
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6. 'H NMR spectra of reaction products.
1-Phenyl-1-benzyloxy-1-propene.

Wdd

_— —— T U= Y — = (T

|
| ||
H L !
ﬂT_.U = m _
ud. 0O
s
? ;
]
Zl MY
IH 570 449
wdd ggg 4343
BI0aD  ANATS
2 06E 31D
Hl MM
JaE0 Z§0 | el
D5 0000 E
093 960'F WLDOY
gl ShYos
ZH 000008 o34
BALEE ANlOd i
IH |68 MI4E0 _
IHY OO b- 13580 _
IHW CEERE OH480 [ | |
NON AoOWx3
Hl DNNE0

ZEveal 9E/80/L002 WY
E9pF0Ens Wl 'ousn '(00Z/92/80  LNWOD
S8 LS LYYHD ditiMe3 ERiEl]

0000
BFGL—
0L —
BTl I—

S15



a1
ZH CE0
wdd g
21000
206L
Hl
2850 7RG
232 0000
223 0960
al
ZH 000008
#9.28
ZH L3'v66
ZHM 007 L=
THWN SB'66E
NOM
HL
FI0GL0 91./80/L008
Z9L502N5 "W ousn YO0z 8L/ 80
SEERSLIHYHD N3

1-Benzyloxy-1-allylbenzene.

NIvDH

434x3
ANATE
dW3LD
DNNHL
Lind
ad
NLDOY
SNYJS
neadd
LNIOd
NI480
L3580
DHd490
dJOWx3
aNNEo
LY
LNWOD
F1i4d

G000,
0ooo-—=
2000~

10l
869
960

o

e ——e

B
3 - sem o
F — ¥ g 1..._:. _.._.. i - A - =
o g B e O S o £ i w1 om0 EETER G B BN Bl 2okl sl 8 e s e s
gueeRbbbhrbisoorpEee0oobRRRNIRERBLLRRRRERRYR
P2 DO — = 30 CR G 0B —= D A B-d O RO -l B =t B3 —d S A =l

Z9L508Ns "yl ousn 00z a1 ,/80

S16



1-Hexyloxyallylbenzene.
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3-Hexyloxy-3-phenyl-propan-1-ol.

08/28/2007, ueno, jh, su2(62c2
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1-Cyclopentyloxyallylbenzene.
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1-Cyclohexyloxyallylbenzene.
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3-Cyclohexyloxy-3-phenylpropan-1-ol.
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4-(1-Phenylallyloxy)piperidine-1-carboxylic acid tert-butyl ester.

3!
ZH €20
widd oo
£10a0
2082
Hi
GASN 2G°C
28 00000
D08 (980
gl
ZH 300008
88LEE
ZH 1g¥68
24 00|~
ZHN G6'668
NON
H1
9CEEL0 9L/BO/LONE
zagzogns ‘Wl oush "L00Z,/91/80
SEHRSLHYHD HNNED

NivOd
44
AFdXE
INATS
W3 L0
OTiNEL
LA

NLDOY
SNYOS
EIWE ek
JNIOH
NIJ80
13880
OH-480
QOWXI
ONNEo
WILYQd
LINWOD
ERitle

Gl

Go0'0
gl L
fA%

Uos

sk

1 A

e

Tk

£8°0

68

S23



1-Phenylethoxy-1-allylbenzene. (From (R,R,R)-L 1)
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1-Phenylethoxy-1-allylbenzene. (From (S,S,S)-L 1)
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tert-Butyldimethyl(1-phenylallyloxy)silane.
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1-(1-Benzyloxyallyl)-4-methoxybenzene.
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2-(1-Benzyloxyallyl)furan.
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1-Vinylbutoxymethyl-benzene.
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3-Benzyloxyhexan-1-ol.
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1-Cyclohexylallyloxymethylbenzene
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3-Benzyloxy-3-cyclohexyl-propan-1-al.
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1-(1-Cyclohexyloxyallyl)-4-methoxybenzene.
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1-Methoxy-4-[1-(1-phenylethoxy)allyl]benzene. (from (S,S,S)-L 1)
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4-(1-Vinylbutoxy)piperidine-1-carboxylic acid tert-butyl ester.

[7)
=
Lr=]
[
3
4
e
NEx g
hes =
Eﬁg £ M oo
o sl
<-e =zf T %3¢ Exn !
=R - 1 3 & al
O&5~ mgcﬂm o B S o = 28 O
oz goTRETI2R o i
S DI ma ﬁ::;"“‘ Cllgn O O
Sre 2 @ o
*s=TO T O
wo s —= -
J_
z2=S6FLzE3%9F  oikby
JEE=SEobz28%0c 2EEH
Lo« =x O NO00oroCosEraxu
oooolWooodLh<LaiZohln
» EI.
2000— | &k
o
i I
00°€ : —
I 2r
— -'l'-._\ i-
oL = f
: !
i =
| I
|
E0Z - !
] |
: 660 — -= E
LO'E i = 5
¥0Z —
g0 ——— e

08/16/2007. ueno, jfh, su?078b2

S35



1-M ethoxy-4-[1-(1-methyl-1-phenylethoxy)allyl|benzene.
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