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General methods: Reagents were purchased from Aldrich chemical (www.sigma-aldrich) or
Alfa Aesar (www.alfa.com), and used without further purification. Reactions were performed
in flame-dried glassware under positive Ar pressure with magnetic stirring. TLC was
performed on 0.25 mm E. Merck silica gel 60 F,s4 plates and visualized under UV light (254
nm) or by staining with cerium ammonium molybdenate (CAM). Flash chromatography was
performed on E. Merck 230—400 mesh silica gel 60. NMR spectra were recorded on Varian
Unity 400 instruments at 24 °C. Chemical shifts are expressed in ppm relative to TMS (1H, 0
ppm), CDCls (‘H, 7.26 ppm; "°C, 77.2 ppm), DMSO-ds (‘H, 2.5 ppm; "*C, 39.5 ppm),
Benzene-dg ('H, 7.16 ppm; °C, 128.1 ppm) or Acetone-ds ("H, 2.05 ppm; "°C, 206.3 ppm,

29.8 ppm); coupling constants are expressed in Hz. All ’F NMR chemical shifts were
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referenced to external CF;CO,H (0.0 ppm). Mass spectra were obtained with VG trio-2 GC-
MS instrument. High resolution mass spectra were obtained with JEOL JMS-AX 505WA
instrument. Alkenyl alcohol substrates 8a and 8c—g were purchased, and 8b, 8h-n were

synthesized according to the literature procedure.

Synthesis of Brgnsted acidic ionic liquids

\N/%N TfOH, CH,CI, \N&ﬁH 00T

\=/ 0° 1h, 78% \—/

1

1-Methylimidazolium triflate (1)

1-Methylimidazolium triflate (1) was synthesized according to the literature procedure.' In an
oven-dried 5 mL roundbottom flask, triflic acid (188 mg, 1.26 mmol) was dissolved in
anhydrous CH,Cl, (0.4 mL) at 0 °C. 1-Methylimidazole (103 mg, 1.26 mmol) in anhydrous
CH,ClI; (0.4 mL) was then added dropwise and the mixture was stirred for 1 h. The solid
formed was filtered off, washed with Et,O to remove non-ionic residues, and dried in vacuo
to afford analytically pure 1 (226 mg, 78%) as a white solid. Mp: 109 °C (Lit.> 92 °C). H
NMR (400 MHz, DMSO-dg): 6 14.13 (br s, 1H), 9.03 (s, 1H), 7.69 (s, 1H), 7.66 (s, 1H), 3.86
(s, 3H). °C NMR (100 MHz, DMSO-dg): & 135.8, 123.1, 120.7 (q, Jcr= 320.4 Hz), 119.7,
35.4. LRMS (FAB) m/z (rel int): (pos) 83 ([C4HsN,]", 100). HRMS m/z calcd for C4H,N,
83.0609, found 83.0608.

NN TfOH, Et,0

\—/

@
\—/

0°C, 1h,83%
2

1-Butylimidazolium triflate (2)

1-Butylimidazolium triflate (2) was synthesized according to the literature procedure.'” In an
oven-dried 5 mL roundbottom flask, 1-butylimidazole (148 mg, 1.19 mmol) was dissolved in
anhydrous CH,Cl, (0.5 mL) at 0 °C. Triflic acid (170 mg, 1.13 mmol) was then added
dropwise. After the mixture was stirred for 1 h, it was evaporated. The crude residue was
washed repeatedly with Et,O to remove non-ionic residues, and further dried in vacuo to
afford analytically pure 2 (271 mg, 83%) as a brown oil. '"H NMR (400 MHz, DMSO-dg): &
14.20 (br s, 1H), 9.12 (s, 1H), 7.79 (s, 1H), 7.70 (s, 1H), 4.18 (t, J = 7.2 Hz, 2H), 1.79
(quintet, J = 7.2 Hz, 2H), 1.25 (sextet, J = 7.2 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H). *C NMR
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(100 MHz, DMSO-ds): 6 135.2, 122.0, 120.7 (q, Jcr= 320.4 Hz), 119.9, 48.3, 31.4, 18.8, 13.3.
YF NMR (376 MHz, DMSO-dg): & —2.66 (s). LRMS (FAB) m/z (rel int): (pos) 125
([C7H13N2]+, 100). HRMS m/z calcd for C;H 3N, 125.1079, found 125.1082.

0.0
S\
J
TFOH, 60 °C
\N&N \N/Qﬁ/\/\/SO:g@ \N&ﬁ/\/\/SO3H
\=/" gooc, 24 \—/ 20h, 73%, (2 steps)  \=/ ©OTf
3

1-(Butyl-4-sulfonic)-3-methylimidazolium triflate (3)
1-(Butyl-4-sulfonic)-3-methylimidazolium triflate (3) was synthesized according to the
literature procedure.*” In a 5 mL vial, 1-methylimidazole (103 mg, 1.26 mmol) and 1,4-
butanesultone (171 mg, 1.26 mmol) were stirred at 80 °C for 24 h. The mixture was cooled to
rt. The precipitate was washed with Et,O to remove non-ionic residues, and dried in vacuo.
The white solid was used in the next step without further purification. Mp: 229 °C. *H NMR
(400 MHz, D,0): & 7.51 (s, 1H), 7.45 (s, 1H), 4.27 (t, J = 7.2 Hz, 2H), 3.91 (s, 3H), 2.98-
2.95 (m, 2H), 2.08-2.01 (m, 2H), 1.80-1.72 (m, 2H). ‘*H NMR (400 MHz, DMSO-dg): 5 9.12
(s, 1H), 7.77 (s, 1H), 7.70 (s, 1H), 4.18 (t, J = 6.8 Hz, 2H), 3.85 (s, 3H), 2.44 (m, 2H), 1.87
(quintet, J = 7.6 Hz, 2H), 1.53 (m, 2H). *C NMR (100 MHz, DMSO-d): & 136.5, 123.6,
122.3, 50.4, 48.5, 35.7, 28.6, 21.7. LRMS (FAB) m/z (rel int): (pos) 219 (M + H]", 100).
HRMS m/z calcd for CgH;sN>OsS 219.0803, found 219.0804.

Triflic acid (188 mg, 1.26 mmol) was added to 1-(butyl-4-sulfonate)-3-methylimidazolium
zwitterions in a 5 mL vial at rt. The reaction mixture was stirred at 60 °C for 20 h. After
cooled to rt, Et,0O (2 mL) was added to the reaction mixture. The ionic liquid-Et,O mixture
was stirred for a couple of minutes and stopped. Then, the ionic liquid-Et,O mixture clearly
showed two separate layers. The upper Et,O layer was carefully removed by decantation.
This procedure was repeated five times, and the residue was dried in vacuo to afford 3 as a
colorless oil (336 mg, 73%, 2 steps). 'H NMR (400 MHz, D,0): & 8.74 (s, 1H), 7.50 (s, 1H),
7.44 (s, 1H), 4.25 (t, J = 7.2 Hz, 2H), 3.89 (s, 3H), 2.95 (m, 2H), 2.03 (m, 2H), 1.74 (m, 2H).
3C NMR (100 MHz, D,0): & 136.1, 123.8, 122.3, 119.8 (q, Jcr = 315.8 Hz), 50.2, 49.1, 35.8,
28.2, 21.1. F NMR (376 MHz, DMSO-dg): 8 —2.52 (s). LRMS (FAB) m/z (rel int): (pos)

219 ([CsH;5sN,05S]", 100). HRMS m/z caled for CgH sN,05S 219.0803, found 219.0807.
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J
© TfOH AD SO-H
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N SN /\/\N&N/\/\/SO:; N_N@OTf
— Toluene \—/ 60°C.18 h
60°C,24 h 97% 4
100%

1-Butyl-3-(butyl-4-sulfonyl)imidazolium triflate (4)
1-Butyl-3-(butyl-4-sulfonyl)imidazolium triflate (4) was synthesized according to the
literature procedure.’ In a 5 mL vial, 1-butylimidazole (9.48 mg, 76.3 umol) and 1,4-
butanesultone (10.4 mg, 76.3 umol) were dissolved in toluene (31.0 pL), and stirred at 60 °C
for 24 h. The mixture was cooled to rt. The precipitate was washed with ether and toluene to
remove non-ionic residues, and dried in vacuo. 1-Butyl-3-(butyl-4-sulfonate)imidazolium
zwitterions was obtained as a white solid (20 mg, 100%). Mp: 160 °C (Lit.” 158 °C) ‘H
NMR (400 MHz, D,0): 6 7.54-7.52 (m, 2H), 4.27 (t, J = 7.2 Hz, 2H), 4.22 (t, J = 7.2 Hz,
2H), 2.98-2.94 (m, 2H), 2.09-2.01 (m, 2H), 1.87 (quintet, J = 7.2 Hz, 2H), 1.78-1.72 (m,
2H), 1.33 (sextet, J = 7.6 Hz, 2H), 0.94 (t, J = 7.2 Hz, 3H). *H NMR (400 MHz, D,0): & 8.84
(s, 1H), 7.55-7.53 (m, 2H), 4.28 (t, J = 7.2 Hz, 2H), 4.23 (t, J =7.2 Hz, 2H), 2.97 (m, 2H),
2.06 (m, 2H), 1.88 (quintet, J = 7.6 Hz, 2H), 1.77 (m, 2H), 1.34 (sextet, J = 7.6 Hz, 2H), 0.94
(t, J=7.6 Hz, 3H). "H NMR (400 MHz, DMSO-dg): 3 9.21 (s, 1H), 7.80 (s, 1H), 7.79 (s, 1H),
4.17 (q, J = 7.2 Hz, 4H), 2.44 (m, 2H), 1.87 (m, 2H), 1.78 (quintet, J = 7.2 Hz, 2H), 1.56—
1.49 (m, 2H), 1.26 (sextet, J = 7.2 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
D,0): 8 135.4, 122.7, 122.4, 50.2, 49.5, 49.1, 31.3, 28.2, 21.1, 18.9, 12.8. LRMS (FAB) m/z
(rel int): (pos) 261 ([M + H]", 100). HRMS m/z caled for C;;HN,03S 261.1273, found
261.1273.

In a 5 mL vial, triflic acid (550 mg, 3.66 mmol) was added to 1-butyl-3-(butyl-4-
sulfonate)imidazolium zwitterions (954 mg, 3.66 mmol) at rt. The reaction mixture was
stirred at 60 °C for 18 h. After cooled to rt, Et;0 (2 mL) was added to the reaction mixture.
The ionic liquid-Et,0O mixture was stirred for a couple of minutes and stopped. Then, the
ionic liquid-Et,O mixture clearly showed two separate layers. The upper Et,O layer was
carefully removed by decantation. This procedure was repeated five times to remove non-
ionic residues. The residue was dried in vacuo to afford 4 as a colorless oil (1.45 g, 97%). 'H

NMR (400 MHz, D,0): & 8.78 (s, 1H), 7.50-7.48 (m, 2H), 4.23 (t, J = 7.2 Hz, 2H), 4.18 (¢, J
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=7.2 Hz, 2H), 2.92 (m, 2H), 2.00 (m, 2H), 1.83 (quintet, J = 7.2 Hz, 2H), 1.72 (m, 2H), 1.29
(sextet, J = 7.2 Hz, 2H), 0.89 (t, J = 7.2 Hz, 3H). '"H NMR (400 MHz, DMSO—ds): 5 9.21 (s,
1H), 7.80 (s, 1H), 7.79 (s, 1H), 4.17 (q, J = 7.2 Hz, 4H), 2.48 (m, 2H), 1.89 (m, 2H), 1.77
(quintet, J = 7.2 Hz, 2H), 1.54 (m, 2H), 1.26 (sextet, J = 7.2 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H).
B3C NMR (100 MHz, D,0): & 135.3, 122.6, 122.4, 119.8 (q, Jcr= 315.6 Hz), 50.2, 49.5, 49.1,
31.3, 28.2, 21.1, 18.9, 12.7. LRMS (FAB) m/z (rel int): (pos) 261 ([C1;H21N,03S]", 100).
HRMS m/z caled for C;;H2N.O3S 261.1273, found 261.1275. Anal. Calcd for
CioH»1F3sN»OgSy: C, 35.12; H, 5.16; N, 6.83; S, 15.63. Found: C, 35.19; H, 5.12; N, 6.85; S,
15.62.

0,0
3
N o
/\/\N °N /\/\N/N\\IE\?/\/\/SOg
\=/" gooc, 24 h, 97% \—/
6 7

1-Butyl-3-(butyl-4-sulfonate)triazolium zwitterion (7)

In a 5 mL vial, 1-butyltriazole (151 mg, 1.21 mmol) and 1,4-butanesultone (181 mg, 1.21
mmol) were stirred at 80 °C for 24 h. The mixture was cooled to rt. The precipitate was
washed with Et;0 to remove non-ionic residues, and dried in vacuo. 1-Butyl-3-(butyl-4-
sulfonate)triazolium zwitterion (7) was obtained as a white solid (305 mg, 97%). 'H NMR
(400 MHz, D,0): ¢ 8.61 (s, 1H), 8.59 (s, 1H), 4.73 (t, J = 7.2 Hz, 2H), 4.68 (t, J = 7.2 Hz,
2H), 2.99 (m, 2H), 2.21 (m, 2H), 2.03 (quintet, J = 7.6 Hz, 2H), 1.82 (m, 2H), 1.38 (sextet, J
= 7.6 Hz, 2H), 0.97 (t, J = 7.6 Hz, 3H). 'H NMR (400 MHz, DMSO-dg): & 8.94 (s, 1H), 8.93
(s, 1H), 4.64 (q, J = 7.2 Hz, 4H), 2.45 (m, 2H), 2.02 (m, 2H), 1.90 (quintet, J = 7.2 Hz, 2H),
1.57 (m, 2H), 1.30 (sextet, J = 7.2 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
D,0): 6 133.1, 133.0, 56.3, 55.9, 52.7, 33.3, 30.1, 23.7, 21.5, 15.3. LRMS (FAB) m/z (rel
int): (pos) 262 ([M + H]+, 100). HRMS m/z caled for C;oHyoN303S 262.1225, found
262.1229. Anal. Calcd for C;oH;9N3O3S: C, 45.96; H, 7.33; N, 16.08; S, 12.27. Found: C,
45.98; H, 7.23; N, 16.01; S, 12.23.

© TfOH, 60°C
/\/\N/N\\ﬁ)/\/\/SO;;, /\/\N/N\\ﬁ/\/\/SO3H
\—/ 18 h, 97% \—/ ©O0Tf
7 5
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1-Butyl-3-(butyl-4-sulfonyl)triazolium triflate (5)

In a 5 mL wvial, triflic acid (121 mg, 804 pmol) was added to 1-butyl-3-(butyl-4-
sulfonate)triazolium zwitterion (7) (210 mg, 804 umol) at rt. The reaction mixture was stirred
at 60 °C for 18 h. After cooled to rt, Et;O (2 mL) was added to the reaction mixture. The
ionic liquid-Et,O mixture was stirred for a couple of minutes and stopped. The upper Et,O
layer was carefully removed by decantation. This procedure was repeated five times to
remove non-ionic residues. The residue was dried in vacuo to afford 5 as a colorless oil (322
mg, 97%). *H NMR (400 MHz, D,0): & 8.51 (s, 1H), 8.50 (s, 1H), 4.65 (t, J = 7.2 Hz, 2H),
4.60 (t, J=7.2 Hz, 2H), 2.91 (m, 2H), 2.13 (m, 2H), 1.95 (quintet, J = 7.6 Hz, 2H), 1.74 (m,
2H), 1.31 (sextet, J = 7.6 Hz, 2H), 0.89 (t, J = 7.6 Hz, 3H). 'H NMR (400 MHz, DMSO-ds):
0 8.94 (s, 1H), 8.93 (s, 1H), 4.64 (q, J = 7.2 Hz, 4H), 2.48 (m, 2H), 2.02 (m, 2H), 1.90
(quintet, J = 7.2 Hz, 2H), 1.58 (m, 2H), 1.30 (sextet, J = 7.2 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H).
B3C NMR (100 MHz, D,0): § 130.4 (2C), 119.8 (q, Jcr= 315.6 Hz), 53.7, 53.2, 50.1, 30.6,
27.5,21.1, 18.9, 12.6. LRMS (FAB) m/z (rel int): (pos) 262 ([C1oH20N303S]", 100). HRMS
m/z caled for CioH20N303S 262.1225, found 262.1223. Anal. Calcd for C;1HooF3N306S,: C,
32.11; H, 4.90; N, 10.21; S, 15.59. Found: C, 32.05; H, 4.96; N, 10.24; S, 15.59.

Syntheses of Alkenyl Alcohol Substrates

)

A LAH, THF
OEt M — " v><\OH
LDA, THF 0°C. 48%
-78°C— rt ’ 8b
77%

2,2-Dimethylpent-4-en-1-ol (8b)

8b was synthesized according to the literature procedure.® A 2.5 M solution of n-BuLi in
hexane (9.6 mL, 24 mmol) was added dropwise to a solution of diisopropylammine (2.43 g,
24 mmol) in anhydrous THF (40 mL) at —50 °C under Ar atmosphere and stirred 30 min at —
50 °C. After stirring an additional 30 min at -5 °C, the mixture was cooled to —50 °C. Ethyl
isobutyrate (2.32 g, 20 mmol) was then added dropwise and stirred for 30 min at —50 °C.
Finally, allyl chloride (1.84 g, 24 mmol) was added dropwise at =50 °C and the mixture was
slowly warmed to rt. After stirring for 18 h at rt, the reaction mixture was cooled to 0 °C, and
quenched by the addition of satd aq NH4Cl (250 mL), then extracted with Et,O (3 x 250 mL).

The combined organic extracts were dried over MgSO,, filtered, and concentrated by rotary
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evaporation. Purification by silica flash chromatography (15:1—10:1 hexane/EtOAc) yielded
ethyl 2,2-dimethylpent-4-enoate (2.40 g, 77%) as a colorless liquid. TLC: Rf 0.32 (15:1
hexane/EtOAc). 'H NMR (400MHz, CDCls): & 5.73 (m, 1H), 5.06 (m, 1H), 5.03 (m, 1H),
4.12 (q,J =7.2 Hz, 2H), 2.28 (dt, J = 7.2, 1.2 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H), 1.17 (s, 6H).
3C NMR (100 MHz, CDCly): & 177.7, 134.5, 118.0, 60.5, 45.0, 42.4, 25.0, 14.5. LRMS
(ESI) m/z (rel int) (pos) 83 (M — COOC,Hs]", 100). HRMS m/z calcd for CoH,;s0;
156.1150; found 156.1148. IR (KBr film): 3080, 2980, 2935, 1731, 1149 cm™.

Ethyl 2,2-dimethylpent-4-enoate (1.79 g, 11.5 mmol) in anhydrous THF (21 mL) was added
dropwise with stirring to a suspension of LiAlH4 (873 mg, 23 mmol) in anhydrous THF (4
mL) at 0 °C. After stirring for 30 min at 0 °C, the reaction mixture was diluted with Et,O (10
mL), quenched by the sequential addition of water (0.8 mL), a 15% aq NaOH (0.8 mL), and
additional water (2.4 mL). The resulting white precipitate was filtered off and washed with
Et,0. The filtrate was dried over MgSQy, filtered, and concentrated in vacuo. Purification by
silica flash chromatography (4:1 hexane/EtOAc) yielded 8b (0.63 g, 48%) as a yellow liquid.
TLC: R; 0.33 (5:1 hexane/EtOAc). *H NMR (400MHz, CDCls): & 5.85 (m, 1H), 5.07 (m,
1H), 5.03 (m, 1H), 3.33 (d, J=4.0 Hz, 2H), 2.03 (dt, J = 8.0, 1.2 Hz, 2H), 1.37 (t, J = 4.0 Hz,
1H), 0.89 (s, 6H). *C NMR (100MHz, CDCls): & 135.5, 117.3, 72.0, 43.6, 35.7, 24.0. LRMS
(CI1) m/z (rel int): (pos) 113 (M — H]", 30). HRMS m/z calcd for C;H ;40 114.1045, found
114.1053. IR (KBr film): 3353, 3078, 2960, 1641, 1043, 997, 913 cm™".

Na, Etzo

reflux, 5 h, 49%

2-Cinnamylphenol (8h)

8h was synthesized according to the literature procedure.” In an oven-dried 50 mL
rooundbottom flask, phenol (1.07 g, 11.4 mmol) was dissolved in anhydrous Et,O (11 mL).
Na (0.455 g) was added and the reaction was stirred at rt for 30 min. Cinnamyl chloride (1.83
g, 11.4 mmol) was then added dropwise and the mixture was heated at reflux with stirring for
5 h. The mixture was cooled to rt and diluted with 0.1 N aq HCI (70 mL), then extracted with
Et,0 (3 x 100 mL). The combined organic extracts were dried over MgSOQ,, filtered, and

concentrated by rotary evaporation. Purification by silica flash chromatography (5:1
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hexane/EtOAc) yielded 8h (1.17 g, 49%) as a pale yellow solid. TLC: R 0.29 (3:1
hexane/EtOAc (x 2)). Mp: 43 °C. 'H NMR (400 MHz, CDCls): & 7.37-7.27 (m, 4H),
7.23-7.13 (m, 3H), 6.91 (td, J = 7.2, 1.2 Hz, 1H), 6.82 (dd, J = 8.0, 1.2 Hz, 1H), 6.51 (d, J =
15.6 Hz, 1H), 6.39 (dt, J = 15.6, 6.4 Hz, 1H), 4.88 (s, 1H), 3.57 (d, J = 6.4 Hz, 2H). *C
NMR (100 MHz, CDCls): § 154.2, 137.3, 131.7, 130.7, 128.7, 128.2, 128.1, 127.5, 126.4,
125.9, 121.2, 115.9, 34.2. LRMS (EI) m/z (el int): (pos) 211 ([M + H]", 18), 210 (IM]", 100),
209 ([M — HJ", 30), 193 ([M — OH]", 15). HRMS m/z calcd for C;sH40 210.1045, found
210.1039. IR (KBr film): 3425, 3029, 1594, 1455, 1098, 968, 755, 737, 693 cm’'

O
(\ Pd(PPhs),, Cul, EtsN A LiAIHg, THF

OH THF, rt, 12.5 h. 89% OH reflux, 25 h, 79%

OH

8i
(E)-5-Phenylpent-4-en-1-ol (8i)
8i was synthesized according to the literature procedure.'” In an oven-dried 25 mL
rooundbottom flask, Pd(PPhs)s (129 mg, 112 pmol) was dissolved in anhydrous THF (5.6
mL). 4-Pentyn-1-ol (940 mg, 11.2 mmol), iodobenzene (4.56 g, 22.3 mmol), triethylamine
(22.6 g, 223 mmol) and Cul (42.5 mg, 223 umol) were added sequentially and stirred at rt for
12.5 h. The mixture was filtered over a celite and concentrated by rotary evaporation.
Purification by silica flash chromatography (5:1 — 3:1 hexane/EtOAc) yielded 5-phenylpent-
4-yn-1-ol (1.59 g, 89%) as a colorless liquid. TLC: R; 0.19 (3:1 hexane/EtOAc). 'H NMR
(400 MHz, CDCl3): 6 7.40—-7.38 (m, 2H), 7.29-7.27 (m, 3H), 3.83 (q, J = 5.6 Hz, 2H), 2.55 (t,
J=6.8 Hz, 2H), 1.87 (quintet, J = 6.8 Hz, 2H), 1.46 (t, J = 5.6 Hz, 1H). *C NMR (100 MHz,
CDCls): 6 131.7, 128.4, 127.9, 123.9, 89.5, 81.3, 62.0, 31.6, 16.2. LRMS (ESI) m/z (rel int):
(pos) 161 (IM + H]", 27), 142 (IM — OH,]", 14). HRMS m/z calcd for C;;H;,0 160.0888,
found 160.0887. IR (KBr film): 3301, 2947, 1599, 1442, 1061, 756, 692 cm™".

5-Phenylpent-4-yn-1-ol (690 mg, 4.31 mmol) was added dropwise with stirring to a
suspension of LiAlH4 (860 mg, 21.5 mmol) in anhydrous THF (8.6 mL) at 0 °C. The reaction
mixture was stirred at 0 °C for 20 min, and then brought to a reflux. After stirring for 25 h,
the reaction mixture was cooled to 0 °C, and quenched by the sequential addition of water

(0.86 mL), a 15% aqueous solution of NaOH (0.86 mL), and additional water (2.6 mL). The
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resulting white precipitate was filtered off and washed with ether. The filtrate was dried over
MgSOy,, filtered, and concentrated in vacuo. Purification by silica flash chromatography (5:1
hexane/EtOAc) yielded 8i (541 mg, 79%) as a colorless liquid. TLC: Rf 0.21 (3:1
hexane/EtOAc). *H NMR (400 MHz, CDCls): § 7.36-7.27 (m, 4H), 7.21 (m, 1H), 6.43 (d, J
=16.0 Hz, 1H), 6.23 (dt, J = 16.0, 6.8 Hz, 1H), 3.72 (q, J = 5.6 Hz, 2H), 2.32 (q, J = 6.4 Hz,
2H), 1.76 (quintet, J = 6.4 Hz, 2H), 1.27 (t, J = 5.6 Hz, 1H). *C NMR (100 MHz, CDCl3): &
137.8, 130.6, 130.2, 128.7, 127.1, 126.1, 62.5, 32.4, 29.5. LRMS (EI) m/z (rel int): (pos) 163
(IM +H]', 10), 162 (IM]", 83), 144 (IM — H,0]", 45), 129 (M — CH,OH]", 100). HRMS m/z
calcd for C;H 40 162.1045, found 162.1045. IR (KBr film): 3341, 3026, 2936, 1598, 1446,
1059, 966, 742, 693 cm’.

XN
Br 0
0 ©M LAH, THF N
X OH
OEt OEt
LDA, THF 0°C, 1h,85%
o —
78 °C— rt 8

18 h, 97%
(E)-2,2-Dimethyl-5-phenylpent-4-en-1-ol (8j)

8j was synthesized according to the literature procedure.®* A 2.5 M solution of n-BuLi in
hexane (4.8 mL, 12 mmol) was added dropwise to a solution of diisopropylammine (1.21 g,
12 mmol) in anhydrous THF (20 mL) at =50 °C under Ar atmosphere and stirred 30 min at
—5 °C. Ethyl isobutyrate (1.16 g, 10 mmol) was then added dropwise at =5 °C and stirred 30
min. Finally, cinnamyl bromide (2.36 g, 12 mmol) was added dropwise at =50 °C and the
mixture was slowly warmed to rt. After stirring for 18 h, the reaction mixture was cooled to
0 °C, and quenched by the addition of satd aqg NH4Cl (100 mL) and water (20 mL), then
extracted with Et;O (3 x 100 mL). The combined organic extracts were dried over MgSOs,
filtered, and concentrated by rotary evaporation. Purification by silica flash chromatography
(20:1 hexane/EtOAc) yielded (E)-ethyl 2,2-dimethyl-5-phenylpent-4-enoate (2.25 g, 97%) as
a pale yellow oil. TLC: Rf 0.24 (20:1 hexane/EtOAc). *H NMR (400 MHz, CDCl3): &
7.34=7.27 (m, 4H), 7.20 (m, 1H), 6.40 (d, J = 16.0 Hz, 1H), 6.15 (dt, J = 16.0, 7.6 Hz, 1H),
4.14 (q, J=7.2 Hz, 2H), 2.43 (dd, J=7.6, 1.2 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H), 1.22 (s, 6H).
3C NMR (100 MHz, CDCl3): & 177.7, 137.7, 133.2, 128.7, 127.3, 126.4, 126.3, 60.6, 44.1,
25.2, 14.5. LRMS (ESI) m/z (rel int): (pos) 233 (M + HJ', 8), 217 ([M — COOCH;]", 100),
117 ([PhCHCHCHS,]", 41). HRMS m/z caled for C;sHy00; 232.1463, found 232.1469. IR

(KBr film): 3028, 2977, 1723, 1599, 1471, 1189, 1134, 968, 744, 692 cm.
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(E)-Ethyl 2,2-dimethyl-5-phenylpent-4-enoate (1.16 g, 5 mmol) was added dropwise with
stirring to a suspension of LiAIH4(0.38 g, 10 mmol) in anhydrous THF (3 mL) at 0 °C. After
stirring for 1 h at 0 °C, the reaction mixture was quenched by the sequential addition of water
(0.38 mL), a 15% aq NaOH (0.38 mL), and additional water (1.14 mL). The resulting white
precipitate was filtered off and washed with ether. The filtrate was dried over MgSQ,, filtered,
and concentrated in vacuo. Purification by silica flash chromatography (1:10—1:3
hexane/EtOAc) yielded 8j (0.81 g, 85%) as a pale yellow oil TLC: Rf 0.24 (10:1
hexane/EtOAc). *H NMR (400 MHz, CDCl3): & 7.37-7.28 (m, 4H), 7.20 (m, 1H), 6.41 (d, J
=16.0 Hz, 1H), 6.26 (dt, J = 16.0, 7.6 Hz, 1H), 3.38 (d, J = 5.6 Hz, 2H), 2.18 (dd, J=7.6, 1.2
Hz, 2H), 1.37 (br t, J = 5.6 Hz, 1H), 0.95 (s, 6H). BC NMR (100 MHz, CDCl5): ¢ 137.7,
132.4, 128.5, 127.1, 127.0, 126.0, 71.8, 42.4, 36.2, 24.0. LRMS (EI) m/z (rel int): (pos) 190
(IM]", 40), 117 ([PhACHCHCH,]", 100). HRMS m/z calcd for C;3H;sO 190.1358, found
190.1364. IR (KBr film): 3369, 3027, 2958, 1599, 1471, 1040, 968, 758, 693 cm’".

O A O
oh cl “ LAH, THF WOH
OMe OMe 1t 14 h, 95% PH Ph
Ph LDA, THF Ph Ph IR
-78°C— rt 8k

25 h, 94%
2,2-Diphenylpent-4-en-1-ol (8k)

8k was synthesized according to the literature procedure.'’ A 2.2 M solution of n-BuLi in
hexane (1.51 mL, 3.32 mmol) was added dropwise to a solution of diisopropylammine (403
mg, 3.98 mmol) in anhydrous THF (2 mL) at =78 °C under Ar atmosphere and stirred 30 min
at —78 °C. After stirring an additional 30 min at —5 °C, methyl 2,2-diphenylacetate (0.5 g,
2.21 mmol) in anhydrous THF (1.2 mL) was then added dropwise at —78 °C, stirred 10 min.
Finally, allyl chloride (338 mg, 4.42 mmol) was added dropwise at =78 °C and the mixture
was slowly warmed to rt. After stirring for 25 h at rt, the reaction mixture was cooled to 0 °C,
and quenched by the addition of satd aq NH4Cl (10 mL), then extracted with Et,O (3 x 30
mL). The combined organic extracts were washed with brine, dried over MgSQOy, filtered, and
concentrated by rotary evaporation. Purification by silica flash chromatography (10:1
hexane/EtOAc) yielded methyl 2,2-diphenylpent-4-enoate (555 mg, 94%) as a colorless
liquid. TLC: Rf 0.37 (10:1 hexane/EtOAc). 'H NMR (400 MHz, CDCls): & 7.32-7.22 (m,
10H), 5.60 (ddt, J = 18.0, 10.0, 6.8 Hz, 1H), 4.96—4.91 (m, 2H), 3.70 (s, 3H), 3.17 (dm, J =
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6.8 Hz, 2H). *C NMR (100 MHz, CDCl3): & 174.7, 142.7, 134.4, 129.1, 128.0, 127.0, 118.4,
60.5, 52.5, 43.0. LRMS (ESI) m/z (rel int): (pos) 267 ([M + H], 42), 207 ([M — COOCH;]",
65). HRMS m/z calcd for CigH130; 266.1307, found 266.1318. IR (KBr film): 3062, 2951,
1732, 1641, 1599, 1446, 1225, 750, 700 cm™.

Methyl 2,2-diphenylpent-4-enoate (105 mg, 393 umol) was added dropwise with stirring to a
suspension of LiAlH4 (20.9 mg, 550 umol) in anhydrous THF (0.55 mL) at 0 °C. After
stirring for 15 h at rt, the reaction mixture was cooled to 0 °C, diluted with Et,O (5 mL),
quenched by the sequential addition of water (21 uL), a 15% aq NaOH (21 pL), and
additional water (63 pL). The resulting white precipitate was filtered off and washed with
Et,0. The filtrate was dried over MgSOQy, filtered, and concentrated in vacuo. Purification by
silica flash chromatography (5:1 hexane/EtOAc) yielded 8K (89.0 mg, 95%) as a white solid.
TLC: Rf 0.31 (5:1 hexane/EtOAc). Mp: 44 °C (Lit."> 4647 °C). *H NMR (400 MHz,
CDCls): 6 7.33—7.28 (m, 4H), 7.24=7.18 (m, 6H), 5.44 (ddt, J =17.2, 10.0, 7.2 Hz, 1H), 5.09
(dm, J=17.2 Hz, 1H), 5.00 (dm, J = 10.0 Hz, 1H), 4.16 (d, J = 6.8 Hz, 2H), 2.98 (dm, J =
7.2 Hz, 2H), 1.15 (t, J = 6.8 Hz, 1H). ®*C NMR (100 MHz, CDCls): 5 145.5, 134.7, 128.5,
128.4, 126.6, 118.3, 68.1, 51.8, 41.2. LRMS (CI) m/z (rel int): (pos) 237 (M — HJ', 5), 221
(IM — OH]", 45), 197 (M — C3Hs]", 100). IR (KBr film): 3420, 3061, 2935, 1600, 1496,
1445, 1056, 758, 700 cm’.

0 )\/\m 0 LAH, THF M
Ph :
W)kOMe WOMe o

Ph LDA, THF P Ph rt, 13 h, 88% Ph Ph
-78°C— rt 8l
4.5h, 97%

5-Methyl-2,2-diphenylhex-4-en-1-ol (8l)

8l was synthesized according to the literature procedure.'’ A 2.5 M solution of n-BuLi in
hexane (7.96 mL, 19.9 mmol) was added dropwise to a solution of diisopropylammine (2.42
g, 23.9 mmol) in anhydrous THF (12 mL) at =78 °C under Ar atmosphere and stirred 30 min
at —78 °C. After stirring an additional 30 min at —5 °C, methyl 2,2-diphenylacetate (3.0 g,
13.3 mmol) in anhydrous THF (7 mL) was then added dropwise at =78 °C, stirred 30 min.
Finally, 1-chloro-3-methyl-2-butene (2.77 g, 26.5 mmol) was added dropwise at —78 °C and
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the mixture was slowly warmed to rt. After stirring for 4.5 h at rt, the reaction mixture was
cooled to 0 °C, and quenched by the addition of satd aq NH4CI (50 mL), then extracted with
Et,0 (3 x 50 mL). The combined organic extracts were washed with brine, dried over MgSQy,
filtered, and concentrated by rotary evaporation. Purification by silica flash chromatography
(20:1 hexane/EtOAc) yielded methyl 5-methyl-2,2-diphenylhex-4-enoate (3.79 g, 97%) as a
yellow oil. TLC: R; 0.64 (10:1 hexane/EtOAc). *H NMR (400 MHz, CDCls):  7.30-7.21 (m,
10H), 5.01 (m, 1H), 3.69 (s, 3H), 3.08 (d, J = 6.8 Hz, 2H), 1.56 (s, 3H), 1.26 (s, 3H). *C
NMR (100 MHz, CDCl3): 6 175.1, 142.9, 135.1, 129.2, 127.9, 126.9, 119.7, 60.9, 52.5, 37.1,
26.1, 17.7. LRMS (EIl) m/z (rel int): (pos) 294 ([M]", 3), 293 (IM — H]", 5), 235 ([M —
COOCH3]+, 9). HRMS m/z calcd for Cp0H»,0, 294.1620; found 294.1615. IR (KBr film):
3060, 3028, 2920, 1732, 1600, 1446, 1227, 761, 700 cm™.

Methyl 5-methyl-2,2-diphenylhex-4-enoate (3.79 g, 12.9 mmol) was added dropwise with
stirring to a suspension of LiAlH4 (684 mg, 18.0 mmol) in anhydrous THF (18 mL) at 0 °C.
After stirring for 13 h at rt, the reaction mixture was cooled to 0 °C, diluted with Et,O (20
mL), quenched by the sequential addition of water (0.7 mL), a 15% aq NaOH (0.7 mL), and
additional water (2.1 mL). The resulting white precipitate was filtered off and washed with
Et,0. The filtrate was dried over MgSOQy, filtered, and concentrated in vacuo. Purification by
silica flash chromatography (15:1 hexane/EtOAc) yielded 8l (3.03 g, 88%) as a viscous
colorless oil. TLC: R; 0.27 (10:1 hexane/EtOAc). *H NMR (400 MHz, CDCLs): & 7.31-7.27
(m, 4H), 7.23-7.18 (m, 6H), 4.85 (m, 1H), 4.12 (d, J = 6.8 Hz, 2H), 2.88 (d, J = 7.2 Hz, 2H),
1.60 (d, J = 1.2 Hz, 3H), 1.53 (d, J = 1.2 Hz, 3H), 1.16 (t, J = 6.8 Hz, 1H). *C NMR (100
MHz, CDCls): 6 145.8, 134.8, 128.5, 128.3, 126.5, 120.0, 68.5, 52.5, 35.2, 26.2, 18.1. LRMS
(EI) m/z (rel int): (pos) 266 ([M]", 2), 248 (IM — H,0]", 1), 197 ([Ph,CCH,OH]", 100).
HRMS m/z caled for Ci9H»,0 266.1671; found 266.1667. IR (KBr film): 3429, 3087, 3027,
2969, 1600, 1444, 1379, 756, 700 cm™.

i Y\CI o LAH, THF
Ph ,
Ph LDA, THF o bh ft, 1 h, 90%

-78 OC >t 8m
47 h, 82%

4-Methyl-2,2-diphenylpent-4-en-1-ol (8m)

8m was synthesized according to the literature procedure.'’ A 2.5 M solution of n-BuLi in
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hexane (6.89 mL, 17.2 mmol) was added dropwise to a solution of diisopropylammine (1.74
g, 17.2 mmol) in anhydrous THF (12 mL) at =78 °C under Ar atmosphere and stirred 30 min
at —78 °C. After stirring an additional 30 min at —5 °C, methyl 2,2-diphenylacetate (3.0 g,
13.3 mmol) in anhydrous THF (7 mL) was then added dropwise at =78 °C, stirred 10 min.
Finally, allyl chloride (1.80 g, 19.9 mmol) was added dropwise at —78 °C and the mixture
was slowly warmed to rt. After stirring for 47 h at rt, the reaction mixture was cooled to 0 °C,
and quenched by the addition of satd aq NH4Cl (50 mL), then extracted with Et,O (3 x 50
mL). The combined organic extracts were washed with brine, dried over MgSQy, filtered, and
concentrated by rotary evaporation. Purification by silica flash chromatography (15:1
hexane/EtOAc) yielded methyl 4-methyl-2,2-diphenylpent-4-enoate (3.06 g, 82%) as a
yellow oil. TLC: R 0.32 (10:1 hexane/EtOAc). 'H NMR (400 MHz, CDCls): 6 7.32—7.20 (m,
10H), 4.71 (m, 1H), 4.48 (m, 1H), 3.68 (s, 3H), 3.18 (d, J = 0.4 Hz, 2H), 1.36 (d, J = 0.4 Hz,
3H). °C NMR (100 MHz, CDClL): & 174.5, 143.5, 142.3, 129.1, 128.0, 126.9, 115.5, 60.4,
52.3,46.1,24.5. LRMS (EI) m/z (rel int): (pos) 281 ([M + HJ", 3), 280 ([M]’, 12), 221 ([M —
CO,CH3]", 63). HRMS m/z caled for Ci9H00, 280.1463; found 280.1469. IR (KBr film):
3060, 3028, 2950, 1724, 1642, 1599, 1443, 1264, 754, 698cm’™",

Methyl 4-methyl-2,2-diphenylpent-4-enoate (2.70 g, 9.63 mmol) was added dropwise with
stirring to a suspension of LiAIH4 (512 mg, 13.5 mmol) in anhydrous THF (20 mL) at 0 °C.
After stirring for 1 h at rt, the reaction mixture was cooled to 0 °C, diluted with Et,O (20 mL),
quenched by the sequential addition of water (0.7 mL), a 15% aq NaOH (0.7 mL), and
additional water (2.1 mL). The resulting white precipitate was filtered off and washed with
Et;0. The filtrate was dried over MgSOy, filtered, and concentrated in vacuo. Purification by
silica flash chromatography (10:1 hexane/EtOAc) yielded 8m (2.18 g, 90%) as a viscous
colorless oil. TLC: Ry 0.22 (10:1 hexane/EtOAc). *H NMR (400 MHz, CDCly): & 7.31-7.26
(m, 4H), 7.23—7.18 (m, 6H), 4.84 (m, 1H), 4.66 (m, 1H), 4.25 (d, J = 6.8 Hz, 2H), 2.96 (s,
2H), 1.11 (dd, J = 1.2, 0.8 Hz, 3H), 1.09 (t, J = 6.8 Hz, 1H). *C NMR (100 MHz, CDCLs): &
146.1, 142.9, 128.6, 128.4, 126.6, 115.9, 67.5, 51.7, 44.1, 24.6. LRMS (CI) m/z (rel int):
(pos) 254 (IM + HJ', 5), 253 (IM]", 3), 235 ([M — OH]", 41), 221 ([M — CH,OH]", 18), 197
([Ph,CCH,OH]", 100). HRMS m/z calcd for CigH0 252.1514; found 252.1516. IR (KBr
film): 3443, 3060, 3028, 2947, 1642, 1600, 1445, 1025, 758, 700 cm’.
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(0]
N o LAH, THF S
Ph\HJ\OMe WOM /\/Y\OH
e i PH
Ph LDA, THF PH 'Ph rt, 25 min, 100% Ph
-78°C—>rt on
30 min, 96%

(E)-2,2-Diphenylhex-4-en-1-ol (8n)

8n was synthesized according to the literature procedure.'’ A 2.5 M solution of n-BuLi in
hexane (7.83 mL, 19.5 mmol) was added dropwise to a solution of diisopropylammine (1.74
g, 17.2 mmol) in anhydrous THF (13 mL) at —78 °C under Ar atmosphere and stirred 30 min
at —78 °C. After stirring an additional 30 min at -5 °C, methyl 2,2-diphenylacetate (3.00 g,
13.3 mmol) in anhydrous THF (7 mL) was then added dropwise at —78 °C, stirred 10 min.
Finally, crotyl bromide (3.16 g, 19.9 mmol) was added dropwise at =78 °C and the mixture
was slowly warmed to rt. After stirring for 30 min at rt, the reaction mixture was cooled to
0 °C, and quenched by the addition of satd aq NH4CI (70 mL), then extracted with Et,O (3 x
100 mL). The combined organic extracts were washed with brine, dried over MgSOs, filtered,
and concentrated by rotary evaporation. Purification by silica flash chromatography (10:1
hexane/EtOAc) yielded (E)-methyl 2,2-diphenylhex-4-enoate (3.56 g, 96%) as a colorless
liquid. E:Z isomer = 5:1. TLC: Ry 0.66 (5:1 hexane/EtOAc). 'H NMR (E isomer, 400 MHz,
CDCl): 6 7.32—7.22 (m, 10H), 5.32-5.18 (m, 2H), 3.69 (s, 3H), 3.08 (d, J = 5.6 Hz, 2H),
1.51 (br d, J = 6.0 Hz, 3H). *C NMR (E isomer, 100 MHz, CDCl;): & 174.9, 142.9, 129.2,
128.0, 127.9, 126.9, 126.5, 60.8, 52.5, 41.8, 18.2. LRMS (ESI) m/z (rel int): (pos) 281 ([M +
H]", 54), 280 (IM]", 28), 221 ([M — COOCH;]", 100). HRMS m/z calcd for C;9H200;
280.1463, found 280.1467. IR (KBr film): 3059, 2950, 1732, 1599, 1446, 1222, 969, 751,
700 cm™.

(E)-Methyl 2,2-diphenylhex-4-enoate (3.27 g, 11.7 mmol) was added dropwise with stirring
to a suspension of LiAlH4 (619 mg, 16.3 mmol) in anhydrous THF (16 mL) at 0 °C. After
stirring for 25 min at rt, the reaction mixture was cooled to 0 °C, diluted with Et,O (24 mL),
quenched by the sequential addition of water (0.62 mL), a 15% aq NaOH (0.62 mL), and
additional water (1.86 mL). The resulting white precipitate was filtered off and washed with
Et;0. The filtrate was dried over MgSOQy, filtered, and concentrated in vacuo. Purification by
silica flash chromatography (7:1 hexane/EtOAc) yielded 8n (2.95 g, 100%) as a colorless oil.
E:Z isomer = 6:1. TLC: R; 0.30 (7:1 hexane/EtOAc). *H NMR (E isomer, 400 MHz, CDCls):
0 7.32—7.16 (m, 10H), 5.51 (m, 1H), 5.07 (m, 1H), 4.14 (d, J = 6.8 Hz, 2H), 2.89 (dm, J=6.4
S14



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Hz, 2H), 1.56 (dm, J = 5.6 Hz, 3H), 1.17 (t, J = 6.8 Hz, 1H). **C NMR (E isomer, 100 MHz,
CDCls): & 145.7, 128.9, 128.4, 128.3, 126.9, 126.4, 68.1, 51.9, 39.9, 18.2. LRMS (EI) m/z
(rel int): (pos) 252 ([M]’, 2), 235 (M — OH]", 5), 221 ([M — CH,OH]’, 23), 197
([Ph,CCH,OH]", 100). HRMS m/z calcd for CigHyO 252.1514, found 252.1515. IR (KBr
film): 3428, 3027, 2934, 1599, 1445, 1058, 971, 754, 700 cm™,

Hydroalkoxylation in Brgnsted acidic ionic liquids

Representative NMR-Scale Reactions.

In an NMR tube, 2,2-diphenyl-4-penten-1-ol (8K) (12.2 mg, 51.0 umol), mesitylene (6.3 mg,
51.0 pmol, internal standard), and the ionic liquid 5 (21.0 mg, 100 mol%) were dissolved in
benzene-ds (0.75 mL). The tube was then heated at 80 °C for 24 h. The ensuing
hydroalkoxylation/cyclization reaction was monitored by 1H NMR spectroscopy. The yield

of 9k was determined as 99% based on the internal standard mesitylene.

Typical Preparative-Scale Reactions.

In a 20 mL vial, 2,2-diphenyl-4-penten-1-o0l (8K) (238 mg, 1.00 mmol) and the ionic liquid
[BuTrBuSO;H][OTf] (5) (412 mg, 100 mol%) were dissolved in benzene (5 mL). The
reaction mixture was stirred at 80 °C for 43 h. Progress of the reaction was monitored by
TLC. Upon the completion of the reaction, solvent was evaporated. The residue was purified
by column chromatography (19:1 petroleum ether/Et,0) to afford 9k (220 mg, 93%) as a

white solid.

All the products listed in Table 2 are known. Spectral data were identical to those previously

reported.

L

9a
2,2,6-Trimethyltetrahydropyran (9a)"
TLC: Rt 0.55 (5:1 hexane/EtOAc). 'H NMR (400 MHz, Benzene-dg): & 3.51 (m, 1H),
1.46—1.39 (m, 2H), 1.33—1.26 (m, 2H), 1.24 (s, 3H), 1.24—1.19 (m, 2H), 1.13 (d, J = 6.4 Hz,
3H), 1.08 (s, 3H). 'H NMR (400 MHz, CDCL3): & 3.67 (dqd, J = 11.2, 6.0, 2.4 Hz, 1H),
1.66-1.31 (m, 6H), 1.21 (s, 3H), 1.19 (s, 3H), 1.12 (d, J = 6.0 Hz, 3H). *C NMR (100 MHz,
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CDCl): & 71.9, 66.6, 36.2, 33.6, 32.2, 23.0, 22.2, 20.3. LRMS (ESI) m/z (rel int): (pos) 128
(IM]", 29), 113 (M — CHs]", 66), 111 (M — OH]", 43). HRMS m/z calcd for CgH;cO
128.1201, found 128.1203. IR (KBr film): 2934, 1457, 1091 cm’.

T

O
9b

2,4,4-Trimethyltetrahydrofuran (9b)"*

TLC: R; 0.62 (5:1 hexane/EtOAc). *H NMR (400 MHz, Benzene-de):  4.00 (m, 1H), 3.48 (d,
J=8.0 Hz, 1H), 3.34 (d, J = 8.0 Hz, 1H), 1.48 (dd, J = 12.0, 6.4 Hz, 1H), 1.19 (d, J = 6.0 Hz,
3H), 1.07 (dd, J = 12.0, 8.8 Hz, 1H), 0.90 (s, 3H), 0.88 (s, 3H). 'H NMR (400 MHz, CDCls):
5 4.12 (m, 1H), 3.55 (d, J = 8.4 Hz, 1H), 3.43 (d, J = 8.4 Hz, 1H), 1.80 (dd, J = 12.0, 6.4 Hz,
1H), 1.30 (dd, J = 12.0, 8.8 Hz, 1H), 1.25 (d, J = 6.4 Hz, 3H), 1.10 (s, 3H), 1.08 (s, 3H). 2°C
NMR (100 MHz, CDCl;): 6 80.4, 75.5, 48.9, 40.2, 27.5, 26.9, 21.8. LRMS (ESI) m/z (rel
int): (pos) 114 (IM]", 9), 113 ([M — H]", 100). HRMS m/z calcd for C;H 40 114.1045, found
114.1042. IR (KBr film): 2928, 1461, 1073 cm’.

A -

(@)
9c

2-Ethyl-5-methyltetrahydrofuran (9c)"

1.8:1 mixture of trans:cis determined by 'H NMR analysis and trans/cis relationship
established by analogy to 2-isopropyl-5-methyltetrahydrofuran.

TLC: Rf 0.63 (5:1 hexane/EtOAc). 'H NMR (400 MHz, Benzene-dg): 6 3.97 (m, 1H, trans),
3.81 (m, 1H, trans), 3.81 (m, 1H, cis), 3.62 (m, 1H, cis), 1.76—1.19 (m, 6H, trans/cis), 1.18 (d,
J = 6.0 Hz, 3H, cis), 1.14 (d, J = 6.0 Hz, 3H, trans), 0.93 (t, J = 7.6 Hz, 3H, cis), 0.91 (t, J =
7.6 Hz, 3H, trans). 'H NMR (400 MHz, CDCls): 6 4.10 (m, 1H, trans), 3.92 (m, 1H, trans),
3.92 (m, 1H, cis), 3.74 (m, 1H, cis), 2.06-1.99 (m, 2H, trans), 1.96-1.93 (m, 2H, cis),
1.61-1.39 (m, 4H, trans/cis), 1.24 (d, J = 6.0 Hz, 3H, cis), 1.21 (d, J = 6.0 Hz, 3H, trans),
0.93 (t, J = 7.2 Hz, 3H, cis), 0.91 (t, J = 7.2 Hz, 3H, trans). **C NMR (100 MHz, CDCl;): &
81.1 (cis), 80.3 (trans), 75.4 (cis), 74.7 (trans), 34.2 (trans), 33.1 (cis), 32.1 (trans), 31.0 (cis),
29.1 (trans/cis), 21.6 (trans/cis), 10.5 (trans/cis). LRMS (CI) m/z (rel int): (pos) 115 ([M +
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H], 48), 97 (M — OHJ", 100). HRMS m/z calcd for C;H;s0 115.1123, found 115.1119. IR
(KBr film): 2925, 1461, 1121 cm’.

L

9d

2-Methyltetrahydropyran (9d)"

TLC: R; 0.54 (5:1 hexane/EtOAc). *H NMR (400 MHz, Benzene-dg): 6 3.87 (m, 1H), 3.58
(m, 1H), 3.19 (m, 1H), 1.60—1.10 (m, 6H), 1.14 (d, J = 6.0 Hz, 3H). '"H NMR (400 MHz,
CDCl3): § 3.96 (dm, J = 15.2 Hz, 1H), 3.47-3.37 (m, 2H), 1.80 (m, 1H), 1.60—1.45 (m, 3H),
1.30-1.21 (m, 2H), 1.15 (d, J = 6.4 Hz, 3H). *C NMR (100 MHz, CDCLs): § 74.1, 68.7, 33.9,
26.1, 23.8, 22.4. LRMS (ESI) m/z (rel int): (pos) 123 (M + Na]’, 12), 101 ([M + H]", 7),
100 ([M]", 9), 85 ([M — CH3]", 100), 83 ([M — OH]", 33). HRMS m/z calcd for C¢H;,O
100.0888, found 100.0893. IR (KBr film): 2928, 1460, 1125 cm™.

(e

9e

2-Propyltetrahydropyran (9e)'

TLC: Rf 0.63 (5:1 hexane/EtOAc). 'H NMR (400 MHz, Benzene-dg): 6 3.90 (m, 1H), 3.71
(m, 1H), 3.22 (m, 1H), 3.10 (m, 1H), 1.61—1.14 (m, 9H), 0.89 (t, J = 7.2 Hz, 3H). *H NMR
(400 MHz, CDCLy): & 3.97 (dm, J = 11.6 Hz, 1H), 3.41 (td, J = 11.6, 2.4 Hz, 1H), 3.24 (m,
1H), 1.81 (m, 1H), 1.61-1.20 (m, 9H), 0.91 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,
CDCL): 5 77.8, 68.7, 39.0, 32.2, 26.5, 23.8, 18.9, 14.4. LRMS (CI) m/z (rel int): (pos) 129
(M + HJ', 23), 128 ((M]", 21), 111 (M — OHJ’, 100). HRMS m/z caled for CgH,;0
129.1279, found 129.1283. IR (KBr film): 2934, 1461, 1091 em’

L~

O
of

2-Methyltetrahydrofuran (9f)"

TLC: R 0.64 (5:1 hexane/EtOAc). *H NMR (400 MHz, Benzene-ds): & 3.77 (m, 2H), 3.54

(m, 1H), 1.64-1.48 (m, 4H), 1.15 (d, J = 6.0 Hz, 3H). '"H NMR (400 MHz, CDCls): &

3.97-3.87 (m, 2H), 3.71 (td, J = 8.0, 6.4 Hz, 1H), 2.05—1.83 (m, 3H), 1.43 (m, 1H), 1.23 (d, J
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= 6.0 Hz, 3H). *C NMR (100 MHz, CDCLs): § 75.4, 67.9, 33.3, 26.1, 21.2. LRMS (ESI) m/z
(rel int): (pos) 109 ([M + Na]", 7), 87 (M + H]", 3), 86 (IM]", 3), 85 (M — H]", 100), 69 ([M
— OH]", 5). HRMS m/z calcd for CsH ;00 86.0732, found 86.0733. IR (KBr film): 2921, 1458,
1099 cm™.

(L

9g

2,3-Dihydro-2-methylbenzofuran (9g)"

TLC: R; 0.66 (5:1 hexane/EtOAc). *H NMR (400 MHz, Benzene-dg): & 7.01-6.94 (m, 2H),
6.83 (d, J = 8.0 Hz, 1H), 6.76 (t, J = 8.0 Hz, 1H), 4.50 (m, 1H), 2.75 (dd, J = 15.2, 8.8 Hz,
1H), 2.31 (dd, J = 15.2, 7.6 Hz, 1H), 1.09 (d, J = 6.0 Hz, 3H). *"H NMR (400 MHz, CDCl;): &
7.15(d, J = 7.6 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.82 (t, J = 7.2 Hz, 1H), 6.75 (d, J = 7.6 Hz,
1H), 4.92 (m, 1H), 3.31 (dd, J = 15.2, 8.8 Hz, 1H), 2.82 (dd, J = 15.2, 7.6 Hz, 1H), 1.47 (d, J
= 6.4 Hz, 3H). ®*C NMR (100 MHz, CDCls): § 159.7, 128.1, 127.2, 125.1, 120.3, 109.5, 79.7,
37.3, 21.9. LRMS (EI) m/z (rel int): (pos) 135 ([M + HJ", 15), 134 (IM]", 100), 133 ([M —
H]', 45), 119 (M — CHs]", 47). HRMS m/z calcd for CoH,;00 134.0732, found 134.0730. IR
(KBr film): 3052, 2975, 1598, 1481, 1464, 1233, 1036, 750 cm™.

a0
9h

2-Phenylchromane (9h)"’

TLC: R¢ 0.62 (5:1 hexane/EtOAc). Mp: 38 °C (Lit."® 40—41 °C). 'H NMR (400 MHz,
Benzene-ds): & 7.28—7.25 (m, 2H), 7.18-7.16 (m, 2H) 7.11-7.01 (m, 3H), 6.91 (d, J = 7.6 Hz,
1H), 6.82 (t, J = 7.6 Hz, 1H), 4.74 (dd, J = 8.0, 4.4 Hz, 1H), 2.53 (m, 1H), 2.35 (dt, J = 16.4,
4.4 Hz, 1H), 1.76-1.70 (m, 2H). *H NMR (400 MHz, CDCl3): & 7.46—7.36 (m, 4H), 7.32 (m,
1H), 7.15-7.08 (m, 2H), 6.91 (d, J = 8.4 Hz, 1H), 6.88 (td, J = 7.6, 1.2 Hz, 1H), 5.07 (dd, J =
10.0, 2.4 Hz, 1H), 3.01 (ddd, J=16.4, 11.2, 5.2 Hz, 1H), 2.80 (ddd, J = 16.4, 5.2, 3.6 Hz, 1H),
221 (m, 1H), 2.09 (m, 1H). *C NMR (100 MHz, CDCls): & 155.3, 142.0, 129.7, 128.7,
128.0, 127.5, 126.2, 122.0, 120.5, 117.1, 78.0, 30.2, 25.3. LRMS (FAB) m/z (rel int): (pos)
210 (IM]", 20), 209 ([M — H]", 10). HRMS m/z calcd for C;sH 40 210.1045, found 210.1040.
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0
9i

2-Phenyltetrahydropyran (9i)"

TLC: Rs 0.74 (3:1 hexane/EtOAc). 'H NMR (400 MHz, Benzene-dg): & 7.40 (d, J = 6.0 Hz,
2H), 7.21 (d, J = 6.0 Hz, 2H), 7.10 (m, 1H), 4.16 (d, J = 10.8 Hz, 1H), 4.00 (dm, J = 10.8 Hz,
1H), 3.32 (m, 1H), 1.63—1.13 (m, 6H). *"H NMR (400 MHz, CDCls): & 7.30-7.23 (m, 5H),
432 (dd, J = 10.4, 2.4 Hz, 1H), 4.14 (m, 1H), 3.62 (td, J = 10.4, 2.4 Hz, 1H), 1.95 (m, 1H),
1.83 (m, 1H), 1.72-1.56 (m, 4H). *C NMR (100 MHz, CDCl;):  143.5, 128.5, 127.4, 126.0,
80.3, 69.2, 34.2, 26.1, 24.2. LRMS (CI) m/z (rel int):(pos) 163 ([M + H]", 18), 162 (IM]",
28), 161 ([M — H]', 100), 145 (M — OH]", 20). HRMS m/z calcd for C;;H;30 161.0966,
found 161.0961. IR (KBr film): 3032, 2938, 1605, 1494, 1453, 1090, 751, 699 cm.

o)
9

5,5-Dimethyl-2-phenyltetrahydropyran (9j)®

TLC: Rf 0.64 (5:1 hexane/EtOAc). 'H NMR (400 MHz, Benzene-dg): 6 7.42 (d, J = 6.4 Hz,
2H), 7.21 (t, J = 6.4 Hz, 2H), 7.11 (t, J = 6.4 Hz, 1H), 4.08 (dd, J = 11.2, 2.8 Hz, 1H), 3.56
(dd, J=11.2, 2.8 Hz, 1H), 3.13 (dd, J = 11.2, 0.8 Hz, 1H), 1.66 (m, 1H), 1.49 (m, 1H), 1.32
(m, 1H), 1.23 (dt, J = 13.2, 4.4 Hz, 1H), 1.04 (s, 3H), 0.65 (s, 3H). '"H NMR (400 MHz,
CDCls): & 7.39-7.24 (m, 5H), 4.24 (dd, J=11.2, 2.8 Hz, 1H), 3.62 (dd, J = 11.2, 2.8 Hz, 1H),
3.34 (d, J = 11.2 Hz, 1H), 1.85-1.49 (m, 4H), 1.13 (s, 3H), 0.87 (s, 3H). *C NMR (100 MHz,
CDCls): § 143.4, 128.5, 127.4, 126.0, 80.4, 78.9, 37.5, 30.6, 30.0, 27.4, 23.7. LRMS (FAB)
m/z (rel int): (pos) 191 ([M + H]", 22), 190 (IM]", 25), 189 (M — H]", 80). HRMS m/z calcd
for C3H,70 189.1279, found 189.1281. IR (KBr film): 3032, 2949, 1606, 1495, 1453, 1093,
751, 699 cm’.
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O
9k

2-Methyl-4,4-diphenyltetrahydrofuran (9k)"

TLC: Rf 0.57 (5:1 hexane/EtOAc). Mp: 45 °C (Lit."* 42—44 °C). '"H NMR (400 MHz,
Benzene-dg): 6 7.26—7.23 (m, 2H), 7.12—-6.99 (m, 8H), 4.49 (dd, J = 8.8, 0.8 Hz, 1H), 4.10 (d,
J = 8.8 Hz, 1H), 4.05 (m, 1H), 2.26 (ddd, J = 12.0, 6.0, 0.8 Hz, 1H), 1.97 (dd, J = 12.0, 9.2
Hz, 1H), 1.15 (d, J = 6.0 Hz, 3H). *H NMR (400 MHz, CDCL3): § 7.32-7.16 (m, 10H), 4.58
(dd, J = 8.8, 0.8 Hz, 1H), 4.17 (d, J = 8.8 Hz, 1H), 4.17 (m, 1H), 2.63 (ddd, J = 12.0, 6.0, 0.8
Hz, 1H), 2.27 (dd, J = 12.0, 9.6 Hz, 1H), 1.30 (d, J = 6.0 Hz, 3H). *C NMR (100 MHz,
CDCls): 8 146.6, 146.5, 128.6, 128.5, 127.4 (2C), 126.6, 126.4, 77.1, 75.0, 56.6, 46.8, 21.6.
LRMS (FAB) m/z (rel int): (pos) 239 ([M + HJ", 15), 238 (IM]", 20), 237 (M — HJ", 55).
HRMS m/z calcd for C17H;70 237.1279, found 237.1277.

O

9l
2,2-Dimethyl-5,5-diphenyltetrahydropyran (91)®
TLC: Rs 0.47 (10:1 hexane/EtOAc). Mp: 85 °C (Lit."* 85-86 °C). 'H NMR (400 MHz,
Benzene-dg): & 7.32—7.30 (m, 4H), 7.14-7.09 (m, 4H) 7.05-6.99 (m, 2H), 4.04 (s, 2H),
2.21-2.18 (m, 2H), 1.26-1.23 (m, 2H), 1.11 (s, 6H). '"H NMR (400 MHz, CDCl3): &
7.33-7.25 (m, 8H), 7.19-7.15 (m, 2H), 4.05 (s, 2H), 2.44-2.41 (m, 2H), 1.42—1.38 (m, 2H),
1.23 (s, 6H). *C NMR (100 MHz, CDCls): & 146.6, 128.3, 128.1, 126.1, 71.4, 69.2, 46.1,
32.8, 31.0, 26.5. LRMS (EI) m/z (rel int): (pos) 266 ([M]", 10), 236 (M — 2CHs]", 18), 180
([PhZCCH2]+, 100). HRMS m/z calcd for C19H»,0 266.1671, found 266.1676.
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O

(@)

9m
2,2-Dimethyl-4,4-diphenyltetrahydrofuran (9m)*
TLC: Rf 0.24 (10:1 hexane/EtOAc). Mp: 64 °C. 'H NMR (400 MHz, Benzene-dg): 0
7.20~7.17 (m, 4H), 7.11-7.06 (m, 4H) 7.01-6.97 (m, 2H), 4.35 (s, 2H), 2.35 (s, 2H), 1.12 (s,
6H). 'H NMR (400 MHz, CDCl3): & 7.29-7.25 (m, 8H), 7.19-7.14 (m, 2H), 4.43 (s, 2H),
2.60 (s, 2H), 1.18 (s, 6H). ®C NMR (100 MHz, CDCly): 5 147.0, 128.5, 127.4, 126.3, 81.6,
75.6, 56.9, 51.6, 29.4. LRMS (EI) m/z (rel int): (pos) 253 ((M + HJ", 10), 252 ([M]", 40), 222

(IM — 2CHs]", 93), 193 (M — C3H,0]", 25). HRMS m/z caled for C15Hx00 252.1514, found
252.1515.

O

0

9n
2-Ethyl-4,4-diphenyltetrahydrofuran (9n)®
TLC: R;0.51 (10:1 hexane/EtOAc). '"H NMR (400 MHz, Benzene-dg): & 7.29-7.27 (m, 2H),
7.13-6.99 (m, 8H), 4.53 (dd, J = 8.4, 0.8 Hz, 1H), 4.06 (d, J = 8.4 Hz, 1H), 3.89 (m, 1H),
2.30 (ddd, J = 12.0, 5.6, 1.2 Hz, 1H), 2.04 (dd, J = 12.0, 9.6 Hz, 1H), 1.59 (m, 1H), 1.38 (m,
1H), 0.86 (t, J = 7.2 Hz, 3H). *H NMR (400 MHz, CDCls): § 7.32—7.26 (m, 6H), 7.23-7.16
(m, 4H), 4.61 (dd, J = 8.8, 0.8 Hz, 1H), 4.12 (d, J = 8.8 Hz, 1H), 3.96 (m, 1H), 2.61 (ddd, J =
12.0, 6.0, 1.2 Hz, 1H), 2.18 (dd, J = 12.0, 10.0 Hz, 1H), 1.67 (m, 1H), 1.56 (m, 1H), 0.93 (t, J
= 7.6 Hz, 3H). *C NMR (100 MHz, CDCls): & 146.6, 146.3, 128.6, 128.5, 127.4, 127.3,
126.6, 126.4, 80.3, 76.9, 56.2, 44.6, 29.1, 10.5. LRMS (EI) m/z (rel int): (pos) 252 ([M]", 15),
223 ([M — C,Hs], 13), 193 (IM — C3H,0], 100), 180 ([Ph,CCH,]", 75). HRMS m/z calcd
for C1sH200 252.1514, found 252.1515. IR (KBr film): 3059, 2966, 1599, 1460, 1447, 1079,
750, 693 cm’.
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O

o)

9n'
2-Methyl-5,5-diphenyltetrahydropyran (9n")®
TLC: R;0.54 (10:1 hexane/EtOAc). "H NMR (400 MHz, Benzene-dg): & 7.51-7.48 (m, 2H),
7.40—7.37 (m, 4H), 7.20-7.14 (m, 4H), 4.66 (dd, J = 12.0, 3.2 Hz, 1H), 3.45 (d, J = 12.0 Hz,
1H), 3.28 (m, 1H), 2.24-2.15 (m, 2H), 1.38 (m, 1H), 1.20 (m, 1H), 1.09 (d, J = 6.4 Hz,
3H)."H NMR (400 MHz, CDCls): & 7.44—7.41 (m, 2H), 7.31-7.23 (m, 4H), 7.19-7.14 (m,
4H), 4.63 (dd, J = 12.0, 2.8 Hz, 1H), 3.56 (d, J = 12.0 Hz, 1H), 3.56 (m, 1H), 2.50-2.37 (m,
2H), 1.55 (m, 1H), 1.24 (m, 1H), 1.17 (d, J = 6.0 Hz, 3H). *C NMR (100 MHz, CDCl;): &
147.0, 146.1, 129.1, 128.5, 128.2, 127.2, 126.4, 125.8, 75.3, 74.2, 46.0, 35.0, 30.0, 21.9.
LRMS (EI) m/z (rel int): (pos) 252 ([M]", 15), 180 ([Ph,CCH,]", 100). HRMS m/z calcd for

Ci1sH200 252.1514, found 252.1519. IR (KBr film): 3059, 2935, 1600, 1495, 1446, 1095, 754,
700 cm’.

Reuse of [omTr][PFg] ionic liquid

In a 20 mL vial, 2,2-diphenyl-4-penten-1-ol (8K) (238 mg, 1.00 mmol) and ionic liquid 5
(412 mg, 1.00 mmol) were dissolved in benzene (5 mL). The reaction mixture was stirred at
80 °C, and the reaction progress was monitored by TLC. Upon completion of the reaction,
Et,O (5 mL) was added to the reaction mixture. The ionic liquid-Et,O mixture was stirred for
a couple of minutes and stopped. Then, the ionic liquid-Et,O mixture clearly showed two
separate layers although <0.5 mL of ionic liquid was used. The upper Et,O layer was
carefully removed by decantation. This procedure was repeated five times. The combined
Et,O fractions were evaporated. Purification by silica flash chromatography (petroleum
ether/Et;0 = 19:1) afforded 9k (226 mg, 95%) as a white solid. The recovered ionic liquid

(406 mg) was dried in vacuo and reused for the next cycle.

Synthesis of (£)-Centrolobin
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MeO
11

1-(4-Methoxyphenyl)prop-2-en-1-ol (11)

In a flame-dried 100 mL flask, p-anisaldehyde (3.57 mL, 29.4 mmol) was dissolved in
anhydrous THF (24 mL) at 0 °C under argon atmosphere. Vinylmagnesium bromide (1.0 M
in THF, 35.3 mL, 35.3 mmol) was then added via syringe dropwise. After the mixture was
stirred for 1.5 h, it was quenched with sat. NH4CI (20 mL), and extracted with diethylether (3
x 70 mL). The combined organic layers were dried over anhydrous MgSQO,, filtered, and
evaporated. The residue was purified by column chromatography (4:1 hexane/EtOAc) to give
compound 11 (4.26 g, 88%) as a yellow oil.

TLC: Rf 0.26 (4:1 hexane/EtOAc). "H NMR (400 MHz, CDCl3): & 7.30 (d, J = 8.8 Hz, 2H),
6.89 (d, J = 8.8 Hz, 2H), 6.09-6.01 (m, 1H), 5.34 (dt, J=17.2, 1.2 Hz, 1H), 5.19 (dt, J = 10.0,
1.2 Hz, 1H), 5.17 (m, 1H), 3.80 (s, 3H), 1.82 (d, J = 4.0 Hz, 1H). *C NMR (100 MHz,
CDCl5): 8 159.5, 140.6, 135.1, 127.9, 115.0, 114.2, 75.1, 55.5. LRMS (FAB) m/z (rel int):
(pos) 164 (IM]", 25), 147 (IM — OH]", 100), 107 ([PhOCH;]", 13). HRMS m/z calcd for
C,oH,,0, 164.0837, found 164.0831. IR (KBr film): 3401, 3078, 2838, 1611, 1586, 1463,

1248, 831 cm™.

0" H

MeO 13

5-(4-Methoxyphenyl)pent-4-enal (13)

Under argon atmosphere, Hg(OAc), (776 mg, 2.44 mmol), NaOAc (239 mg, 2.44 mmol), and
allylic alcohol 11 were dissolved in n-butyl vinyl ether (30 mL). The reaction mixture was
stirred at reflux for 17 h. The mixture was then cooled to rt. NaSH-nH,O solution (228 mg in
100 ml H,O) was added and extracted with EtOAc (3 x 100 mL). The combined organic
layers were dried over anhydrous MgSOy filtered, and evaporated. Column chromatography
(6:1 hexane/EtOAc) afforded compound 13 (3.82 g, 83%) as a yellow liquid.

TLC: R; 0.24 (6:1 hexane/EtOAc). 'H NMR (400 MHz, CDCl3): & 9.82 (t, J = 1.4 Hz, 1H),
7.26 (d, J=8.4 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 6.38 (d, J = 16.0 Hz, 1H), 6.06 (dt, J = 16.0,
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6.8 Hz, 1H), 3.8 (s, 3H), 2.64-2.60 (m, 2H), 2.56-2.50 (m, 2H). *C NMR (100 MHz,
CDCl3): & 202.1, 159.2, 130.7, 130.2, 127.4, 126.1, 114.2, 55.5, 43.7, 25.7. LRMS (El) m/z
(rel int): (pos) 190 ([M]", 55), 147 (IM — CH,CHO] ", 48). HRMS m/z caled for C,,H,,0,
190.0994, found 190.0995. IR (KBr film): 3031, 3004, 2908, 2836, 2724, 1722, 1607, 1463,
1247, 840 cm’.

O HO
MeO

15

I OBn

(2)-1-(4-(Benzyloxy)phenyl)-7-(4-methoxyphenyl)hept-6-en-3-ol (15)

Mg (230 mg, 9.46 mmol) in a flame-dried flask was heated with a torch, and cooled. This
activation procedure was repeated three times. 1-(2-Bromoethyl)-4-(phenylmethoxy)benzene
(14) (2.30 g, 7.88 mmol) in THF (10 mL) was then added. The resulting reaction mixture was
heated at 70 °C for 2 h. 13 (1.00 g, 5.26 mmol) in THF (10 mL) was added dropwise at —78
°C and stirred for 1 h. The reaction mixture was stirred for an additional hour at rt. After the
completion of the reaction, sat NH4Cl (100 mL) was added and extracted with EtOAc (3 x
100 mL). The combined organic layers were dried over anhydrous Na,SOy, filtered, and
evaporated. Column chromatography (4:1 hexane/EtOAc) afforded compound 15 (1.52 g,
72%) as a white solid.

TLC: R; 0.38 (2:1 hexane/EtOAc). Mp: 82-84°C. *H NMR (400 MHz, CDCl5): & 7.44-7.32
(m, 5H), 7.26 (d, J = 8.8 Hz, 2H), 7.12 (d, J = 8.8 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 6.83 (d,
J=28.8 Hz, 2H), 6.35 (d, J=16.0 Hz, 1H), 6.07 (dt, J =16, 6.8 Hz, 1H), 5.03 (s, 2H), 3.79 (s,
3H), 3.69 (m, 1H), 2.73 (m, 1H), 2.63 (m, 1H), 2.35-2.26 (m, 2H), 1.80-1.73 (m, 2H),
1.68-1.61 (m, 2H), 1.39 (d, J = 5.2 Hz, 1H). **C NMR (100 MHz, CDCL):  159.0, 157.3,
137.4, 134.6, 130.7, 129.9, 129.5, 128.8, 128.3, 128.1, 127.7, 127.3, 115.1, 114.2, 71.1, 70.3,
55.5, 39.5, 37.4, 31.4, 29.5. LRMS (FAB) m/z (rel int): (pos) 402 ([M]', 40), 197
([PhCH,OC¢H4CH,])", 20), 107 ([PhOCH;]", 31), 91 ([PhCH,]", 89). HRMS m/z calcd for
C,,H,,0, 402.2195, found 402.2201. Anal. Calcd for C,,H,,0,: C, 80.56; H, 7.51. Found: C,

80.57; H, 7.52.
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Q“@'"m
MeO 16 OBn

(2)-2-(4-(Benzyloxy)phenethyl)-tetrahydro-6-(4-methoxyphenyl)-2H-pyran (16)

In a 20 mL vial, alkenyl alcohol 15 (201 mg, 0.5 mmol) and ionic liquid 4 (210 mg, 0.5
mmol) were dissolved in anhydrous benzene (2.5 ml, 0.2 M). The biphasic solution was
stirred at rt for 110 h. The reaction was concentrated by rotary evaporation. Purification with
silica flash chromatography (10:1 hexane/EtOAc) yielded the 16 (154 mg, 77%) as a white

solid.

In a 20 mL vial, 15 (201 mg, 0.5 mmol) and ionic liquid 5 (210 mg, 0.5 mmol) were
dissolved in anhydrous benzene (2.5 ml, 0.2 M). The biphasic solution was stirred at rt for 38
h. The reaction was concentrated by rotary evaporation. Purification with silica flash
chromatography (10:1 hexane/EtOAc) yielded the 16 (165 mg, 82%) as a white solid.

TLC: Ry 0.53 (10:1 hexane/EtOAc). Mp: 66-67 °C. 'H NMR (400 MHz, CDCls): &
7.44-7.30 (m, 7H), 7.11 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.8 Hz, 2H),
5.04 (s, 2H), 4.29 (dd, J = 11.2, 2.0 Hz, 1H), 3.80 (s, 3H) 3.43 (m, 1H), 2.78-2.63 (m, 2H),
2.04-1.86 (m, 2H), 1.83 (m, 1H), 1.73 (m, 1H), 1.65-1.59 (m, 2H), 1.50 (m, 1H), 1.32 (dd, J
=7.2, 4.0 Hz, 1H). *C NMR (100 MHz, CDCl3): & 158.9, 157.1, 137.5, 136.1, 135.1, 129.6,
128.8, 128.1, 127.7, 127.3, 114.9, 113.8, 79.3, 77.4, 70.3, 55.5, 38.5, 33.6, 31.5, 31.0, 24.3.
LRMS (FAB) m/z (rel int): (pos) 402 ([M]", 57), 197 ([PhCH,OC¢H4CH,]", 32), 91
([PhCH,]", 100). HRMS m/z calcd for C,,H,,0, 402.2195, found 402.2189. Anal. Caled for
C,,H,,0;: C, 80.56; H, 7.51. Found: C, 80.50; H, 7.64.

Qom
MeO 17 OH

()-4-(2-(Tetrahydro-6-(4-methyoxyphenyl)-2H-pyran-2-yl)ethyl)phenol (17)
In a 15 mL roundbottom flask, 16 (100 mg, 0.248 mmol) was dissolved in anhydrous EtOH
(4 mL). Solid 5% Pd/C (20 mg) was added and the flask was flushed with H, gas, then stirred

under a balloon of H; at rt for 3 h. The mixture was filtered over a celite and concentrated by
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rotary evaporation. Purification by silica flash chromatography (4: 1 hexane/EtOAc) yielded
17 (76.3 mg, 98%) as a white solid.

TLC: R 0.29 (4:1 hexane/EtOAc). Mp: 69-70 °C (Lit.”' 82-85°C).'H NMR (400 MHz,
CDCls): & 7.31 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 6.88 (d, J = 8.4 Hz, 2H), 6.72 (d,
J = 8.4 Hz, 2H), 4.67 (s, 1H), 4.29 (dd, J = 11.2, 2.0 Hz, 1H), 3.80 (s, 3H), 3.43 (m, 1H),
2.76-2.61 (m, 2H), 1.95-1.80 (m, 3H), 1.76-1.58 (m. 3H), 1.50 (m, 1H), 1.38-1.30 (m, 1H).
3C NMR (100 MHz, CDCls): 6 158.9, 153.7, 136.1, 134.9, 129.8, 127.3, 115.3, 113.8, 79.3,
77.4, 55.5, 38.5, 33.5, 31.5, 31.0, 24.3. LRMS (EI) m/z (rel int): (pos) 312 (IM]", 100), 294
(IM - H,0]", 6), 107 ([PhOCH;]", 83), 91 ([PhCH,]", 6). HRMS m/z calcd for C,,H,,0;

312.1725, found 312.1726.
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SAMPLE
date  Jan 15 2010
solvent cOC13
file wxp

£
~0.000

72958

1.531

JYRARE-13C

exps  stdlic

SANPLE DEC. & VT
date Jan 2§ 2010 dfrg 400. 046
ent COCI3  dn H1

ex)
ACQUISITION
sfrg 1006

ai h

128.730
126.194
77.547
76.913
<168

30

T T R e R RN T T T T T T T

T L T T T T
220 200 180 160 140 1z0 100 a0 60 40 20 ] ppm
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o~ “Ph
avrass 9i
exp?  stdlh
SAMPLE DEC. & VT
date Jan 20 2018 dfrq 400,045
solvent COC13  dn HL
file exp o 30
ACQUISITION * du":‘ []
fra 400,045 dm nnn
n Hl  dms <
at 756 daf 200
np 36068  dseg
W 4BD1.Y dres 1.0
il ot used n
b 4 temp 25.0
tpwr 55 PROCESSING
L a. wifile
ai 1.000 proc ft
tor -0.3 fn ot used
nt 16 matl f
t 16
alock werr
gain ot used wexp
wirs
i n wnt
in n
ap ¥
hs nn
DISPLAY
398.7
wp a801.8
vs 4
sc
we 250
hise 4.25
[ 85,94 -
rfl 3%8.9 -
rfp a -
th 12 =
ins 1.000 2 b
o ang
LTSI
Y1
L-Ll?é"!.:
A e — — - : | : ;
10 9 7 6 5 4 2 1 =0 ppm
i o Dt
3.37 .81 1.13 1.08
1.7 o0 1.034.23
JYEAS0-13C
expt  stdl3c
DEC. & NT
date Jan 26 2010 dfrq 400,048
solvent CDCI13  dn H1
Sa
28
B
B 2
2=
w®
-4
H
. i | ‘ H
R B RS R S - - T T T ARAAERRAL ; - . . o
2z0 . Zoo 180 160 1a0 1z0 100 a0 60 40 20 (] ppm
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Ph
JvRasz
expz  stdlh 9j
SAMPLE
date Jan 22 2010
solvent cocs
file xp
ACQUISITION
sfrg 400.045
tn Hi
at 3.685
np 35388
o 4801.9
b rot used
be 4
tpr 55
pe 8.
d1 1.000
tof =0.3
nt 1
et 18
alock nowere
gain not used wexp
A5 whs
i nownt
in n
dp ¥
hs an
DISPLAY
=397.9
018 -
vE b
sc [ - -
we 250 S
hzme 0.43 -
15 3438
rfl 3302.3
rfp 2804.3 -
th -3
ine 1.000 -
na gk
1
-
A I ' | i,
T v T T T T T T T v T ————r— T
10 9 & 3 5 4 3 2 1 -0 ppm
e
" 1.00
2.83
JVEABZ-13C
exps  stdiic
SaNPLE DEC. & VT
date Jan 2§ 2010 dfrg 400045
solvent coC13 H1
. exp a1
. N:GI.ITSI'I{%: " 797.3
Q3 X
tn N €13 5’\'!
at 0.884 10900
np 44001
5w 245755 1.0
b not used homo n
bs temp 5.0
tpwr PROCESSING
[l z.00
d1
tof 104 "
nt not used
ct ¥
alock
gain not us
i1 .
in
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ne n
DISPLAY
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24874,
Vs
s
we
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1%
i
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th
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al pn
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B
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©
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o
4
-
E
| JL l L l ‘
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Ph
Ph
[¢)
JYESAS
=
expl  stdih 9k E
SAMPLE DEC. & VT -
date Apr & 2010 dfrg 409,045 \
solvent COCIE dn HL |
file exp  dpwr 30
ACQUISTTION f o
sfrg 400.045 e i
tn Hi ©
at 3.750 200
np 36012
w 4801.9 1.0
b ot use n
bs tamp 25.0
Lpwr L PROCESSING
Lo 8. wifile
a1 1.000 proc "
tof Z0.3 fn ot used - “
nt i6 sath f H o
€t 1 = =
alock nowerr - -
gain rot used wexp | |
AGE b |
i1 n wnt
in n
dp ¥
[ nn
oISPLAY
P =39
wp aze1
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s
2
hzse 0.
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1 3982 2
rfp u
2 -
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oh X .
n3
i l |
P - : -y 1 - T e . - ~— v - r
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" v - - Y
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Ph
Ph
JVESES o
expl  stdih 9l
SANPLE
date Aug 3 2010 dfrg 400045
solvent €OC13  dn
file exp  dpwr 30
ACQUISITION dof Ll
sirg 400,045 dm ann
tn HL ©
at 3,741 dmf 200 =
np 35924 deeq H
W 4B01.3  dres 1.0 .
b not used homo n -
bs 4 temp 25.0
tpur 55 PROCESSING
8.0 wifile
i 1.000 proc "
tof <0.3 fn not used
nt 16 math f 1
t 16
alock werr
gain not used  wexp
=
11 n wnt
in n .
ap ¥
he nn
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-398. -
wn 48018 "
v - S
sc " o
[ 250 o -
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exps  stdiic
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Aug $ 2010 dfrgq 400,046
solvent THCI3  dn 1
i mup dpWr a1
ACQUISITION dof 1043.9
sfrg 100.602 dm ¥y
tn dnm -
at 0.914  daf 10800
47804 dseq
e 26143.8  dres 1.8
o not used
bs t
tpwr 53 PROCESSING
e 8.5 1b 2.00
dal z.000 wtfile
tof 1676.4 proc ft
nt 100 fn not used
t 160 mat f
alock "
gain not used werr
wERp
i 0 wbs ,
in n o wnt
dp ¥
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DISPLAY
=1100.%
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vE 1
s
e
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rfl
rp
th
ins
ai wh -
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L1
=
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Ph
Ph
[©)
a1
exp2  stdih 9m
date Aug 12 2010 dfrg 400.9845
solvant 13 dn
M axp  dpur in
ACQUTSITION dof o
sfry 400.045 dm nnn
tn H1 dem ©
at 3.715 dmf 200
np 35682 deeq
b A4801. dres 1.0
o not use
tomp 5.0
tpur 5 PROCESSING
b 8.0 wifile
a1 1.00 proc ft
tof -0, n not used
n : mat T
alock werr
anin not used  wexp
whs.
11 n o wnt
in n
dp ¥
he nn
DISPLAY
sp -338.
wp 4801 ..
vE 3
s
we
[ 192
is 185 .31
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rfp
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s 1.00
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= -
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- - 2
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ACQUISITION dof 1043.9
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" 16143.8 dres 1.0
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tpwr 53 PROCESSING
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d1 2,000 wifile
tof 1676.4 proc
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alock
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wexp
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e 7768.6
th
ins 1000
al pn
=m
L
aa
= e
Ha
j 2
2
H]
2 =
li ( 2
| ‘ L l‘ | l
T T T T T e . . . T . e
180 160 140 1z0 100 a0 60 a0 20 0 ppm

545



Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is (c) The Royal Society of Chemistry 2010

Ph
JYES$B-CRI-31 Ph
wxp?  stdih
SANPLE DEC. & VT
date Aug 12 2010 dfrg 400045 (o)
solvent SCOCIF  dn H1
Tile exp dpwr a0
ACQUISITION dof o
=frg 400.045 dm nnn 9n
Hi  dam &
at 3.715  dmf 200
ng 5682 dseq
s 4801.3 dres 1.0
b not use n
b temp 25.0
tpwr $! PROCESSING
8.0 wifile
dl 1.000 proc Tt
tof =0.3 fn not used
nt 15 mat f
t 1
alock noowerr
gain not used wexp
whe
i nownt
in n
dp ¥
hs nn
DISPLAY
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wp AB01 .. a -
e H s =
s - v
e 25
hzma 19.2
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)
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2
. 5
[ -
e
|
1
|
- L I A ol A
et T e T [T — T T T T — T T
10 9 a8 7 3 5 4 3 2 1 =0 ppm
e w W
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JYES38-C15-13

expl stdlh

SAMPLE
date  Aug 12 2010
solvent £0C13
file axp
ACOUISITION

sfrg 400,045
tn M1

DISPLAY
-338..
wp 4801 ..
&

Bh

JYESIB-C15-19-13C

exps  stdldc

SAMPLE

date Aug 17 2010

solvent TRC13

file exp
ACQUISITION

frg 100.602

13

5
tn

ai Bh

7.258

Ph

Ph

1.548

=0.000

129,118
128.452
128.159
-127.191

1.88
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CYS008AB /
Pulse Sequence: sZpul
OH
MeO
11

._/—ﬂyﬂﬂﬂ

1.827
1.817
_-0.008

2.171
—e 1. 538

0.069

R L

10 9

3 2 1 -0 ppm
v
0.92
CYS009A8
Fulse Seguence: sZpul
-
aaa
H EN
H S
:
o 1
H =7
5 S.H E
g @ g .
o = £ g
g 5 g 8
= R
g T3
I . ‘ J | \
! ! T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 1) 60 40 20 0 ppm
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cYse10s
Pulse Sequence: sZpul

o} H
MeO
13
-
"
e
- o~ =
i3
.q_
- T T T T T T T T T {
10 9 & 7 6 5 4 3 4
¥ w W ¥ End
ore 208 V% ' 3.04 )

CY30108

Pulse Sequence: sZpul

e 2
w o
Nl
9 -3
b - =
Se v H
SAnn -
~ o= -
1 = = 2]
2 EINE H 2 §
£ - - " - i3
o 2 2 g £
- -

- - | r e T T e T r
200 180 160 140 1z0 100 &0 11 40 20
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cysoo7
Pulse Sequence: sZpul |

1 ]
| g
|
31
g
¥
1 R
A an_ Al M I |
r T T T T T T L T T T
10 ] 8 7 6 5 3 2 -0 ppm
v G ¥ Wi bt
JEESSE 2.10 1.08 2.13 1.13 1.21 2.20 0.93
1M®3082.00 1.13 3.0 115 2.27 2.3
CY¥3012A
Pulse Sequence: sZpul
—_—
-
ref
=
: 2
1
H o = -
% g ‘ "'{- z fx &%
| \ | \[
L " n |
T LR | T T T T T ¥ T T T ML | T T T
200 180 160 140 120 100 80 60 a0 20 0 ppm
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c¥50138
Pulte Sequence: sipul
. .
W 1,

3.801

g .
@ 5
| i, 8
g %
| 3 2
I M \ [
— ~—r r T
I 1'0 ‘5 $ o ll' EI é ; 3 4 1 =0 ppm
ww oy v w v [e———
Phie 1.97 ERAIPIPPE .08 RWTRTWT
CYS9148
Pulse Sequence: sZpul
z.ng
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=
Sa
=z
EH . i
E o2
- - 252
g3 g2 g 5877 2
s g 2 : { :
U el | —— L 1

D T T e B L o o B R o It

ey ey
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CYS0158
Pulse Sequence: slpul
o~

17 (1)
l[
I [T SN ST PO R J_

T T T T T 1 T T T Tr 1T T 1
10 ] 8 7 [ 5 4 3 2 1 -1 ppm
w v v e — —
1.92 1.92 0.91 2.86 2.09 1.21.18
1.911.88 1.00 1.08 3.08.411.94

CYS0158

Pulse Seguence: s2pul

.
iz
E. I3
XY 2
32 |7 } i 3 § 388 &
- - | N =
E E §2 ] 7 5 3 -1
ig L[ .
| \] ‘ | |
Ll A I
T v T - T e T T T T T T TrTTTTTTTTTT T T T T '
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