CHEMISTRY

A EUROPEAN JOURNAL

Supporting Information

© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2008



Versatile Friedel-Crafts-type Alkylations of Benzenes Using Molybdenum
Complex / o-Chloranil Catalytic System

Yoshihiko Yamamoto, *™ and Kouhei Itonaga!®

[a] Prof. Dr. Y. Yamamoto, K. Itonaga
Department of Applied Chemistry
Graduate School of Science and Engineering, Tokyo Institute of Technology
0O-okayama, Meguro-ku, Tokyo 152-8552 (Japan)
Fax: (+81) 3-5734-3339
E-mail: omyy@apc.titech.ac.jp



Supporting Information

Characterization data for known products.

la: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) § 1.20-1.40 (m, 3 H), 1.48-1.70 (m, 4
H), 1.79 (ddd, J = 12.3,8.7, 2.1 Hz, 1 H), 2.26 (s, 3 H), 2.32 (s, 3 H), 2.33-2.39 (m, 2 H), 2.78
(dd,J=8.4,5.7Hz,1H),6.89(d,J=75Hz,1H),7.03(d,J=7.5Hz,1H),7.05(,1H); "C
NMR (75 MHz, CDCl,, 25 °C) 8 19.4,21.2,29.1,30.5,36.3,36.9,38.6,41.4,43.7,125.7, 1259,

130.2,133.1, 135.0, 145 4.

1b: colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) & 1.17-1.40 (m, 3 H), 1.56-1.82 (m, 4
H),1.78 (ddd,J=12.6,8.7,2.1 Hz, 1 H),2.37 (s,2 H),2.75(dd,J =8.7,6.0 Hz, 1 H), 7.13-7.31
(m, 5 H); "C NMR (75 MHz, CDCl,, 25 °C) & 28.9, 30.6, 36.1, 36.8, 39.1, 42.9, 47.3, 1253,

1270, 128.2, 147 .6.
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1c:  colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) 8 1.19-1.40 (m, 3 H), 1.48-1.69 (m, 4 H),
1.78 (ddd,J =12.3,8.7,2.1 Hz, 1 H), 2.27 (s,3 H), 2.28 (s, 3 H), 2.29-2.37 (m, 2 H), 2.77 (dd, J
=8.7,60Hz, 1 H),6.97 (d,J=8.1 Hz, 1 H),6.98 (s, 1 H),7.13 (d,J=8.1 Hz, 1 H); "“C NMR
(75 MHz, CDCl,, 25 °C) 6 19.8,20.6,29.1,30.4,36.2,36.8,38.7,41.6,43.5, 124 .8, 126 .3, 131.2,

134.6,136.1, 142.6.

1d: colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) & 1.28-1.38 (m, 3 H), 1.56-1.67 (m, 3
H), 1.84 (ddd,/=114,8.7,2.1 Hz,1 H),2.23 (s,3 H),2.34 (s, 1 H),2.40 (s, 6 H), 2.56 (s, 1 H),
3.00 (t,J =84 Hz, 1 H), 6.81 (s,2 H); "C NMR (75 MHz, CDCl,, 25 °C) § 20.4, 22.6, 28 4,

33.0,36.4,38.8,39.6,41.1,45.4,130.5,134.4,136.1, 139.7.

OMe
o-1e: colorless oil; '"H NMR (300 MHz, CDCl,, 25 °C) § 1.16-1.2 (m, 1 H), 1.25-1.32 (m, 1
H), 1.35-1.43 (m, 1 H), 1.41-1.65 (m, 4 H), 1.79 (ddd, J =12.3,9.0,2.4 Hz, 1 H), 2.31 (s, 1 H),
235(s,1H),297(dd,J =84,60Hz,1H),3.82(s,3 H),6.84 (dd, J =8.0,0.9 Hz, 1 H), 6.90
(dt,J=7.5,09 Hz, 1 H), 7.15 (dt, J = 8.0, 1.5 Hz, 1 H),7.22 (dd, J =75, 1.5 Hz, 1 H); "“C
NMR (75 MHz, CDCl,, 25 °C) 6 29.0, 30.3,36.2,36.8,38.6,40.4,41.0,55.2,110.2,120.1, 125 .8,

126.3,136.0, 157 4.
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OMe

p-le:  colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) & 1.13-1.19 (m, 1 H), 1.20-1.29 (m, 1
H), 1.30-1.37 (m, 1 H), 1.74 (ddd, J = 12.6,9.0,24 Hz, 1 H), 2.30 (s, 1 H), 2.34 (s, 1 H), 2.69
(dd,J=90,54Hz,1H),3.79(s,3H),683(d,/J=82Hz,1H),7.14(d,J=8.2,15Hz, 1 H);

"C NMR (75 MHz, CDCls, 25 °C) & 28.8, 304, 35.9,36.7, 39.1, 43.1, 46.5, 55.2, 113.6, 128 0,
1399, 157.6.

OMe
Ph

0-3a: colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) § 1.59 (d,J =7.2 Hz, 3 H), 3.79 (s, 3

H),459(q,/=72Hz,1H),686(d,J=84Hz,1H),692(dt,/J=7.5,09Hz,1H), 7.14-7.31

(m, 7 H); "“C NMR (75 MHz, CDCl,, 25 °C) & 20.8, 37.3, 55.4, 110.7, 120.6, 125.7, 127.1,

127.8,1279,128.2,135.1, 146.5, 157 0.

Ph

OMe

p-3a:  colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) § 1.62 (d,J =7.2 Hz,3 H), 3.78 (s, 3

H),4.11(q,/=72Hz,1H),683(d,/=8.7Hz,2H),7.14 (d,J =8.7Hz,2 H), 7.15-7.31 (m, 5

H); “C NMR (75 MHz, CDCl,, 25 °C) § 21.9, 439, 55.2, 113.8, 1260, 127.6, 128.4, 128.6,

138.7,146 .9, 158 .0.
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OMe
4-CICgH,

0-3b: colorless oil; '"H NMR (300 MHz, CDCl,, 25 °C) 8 1.55 (d,J =7.5 Hz, 3 H), 3.76 (s, 3
H),4.52(q,/J=7.5Hz,1H),6.84 (dd,J=8.1,09 Hz, 1 H),6.92 (dt,J=7.5,09 Hz, 1 H), 7.15
(d, J = 8.7 Hz, 2 H), 7.12-7.17 (m, 1 H), 7.18-7.22 (m, 1 H), 721 (d, J = 8.7 Hz, 2 H); "“C

NMR (75 MHz, CDCl;, 25 °C) § 20.6,36.9,55.3,110.7, 120.6, 1274, 127.5, 128 .2, 129.1, 131 4,

134.3,145.1, 156 9.

4-CICgHy

OMe
p-3b:  colorless solid (mp. 54.5-55.5 °C); 'H NMR (300 MHz, CDCl,,25°C)$1.59 (d,J=7.2
Hz,3H),3.78 (s,3 H),4.07(q,J=72Hz,1 H),6.83 (d,/=84Hz,2H),7.10(d,/J=8.7Hz,2
H), 7.13 (d,J = 84 Hz,2 H), 7.24 (d, J = 8.7 Hz, 2 H); "“C NMR (75 MHz, CDCl,, 25 °C) §

21.8,43.3,55.1,113.9,128.5,129.0,131.7, 138.1, 1454, 158.1.

OMe

4'MeC€>H4 4'MGCeH4

* OMe

o- and p-3c: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 0-3¢ 8 1.58 (d, J = 7.2 Hz, 3 H),
2.32(s,3H),3.80(s,3H),4.56(q,/=72Hz,1H),6.84 (d,/J=8.7Hz,2H),691 (dt,J =715,
09Hz,1H),7.08 (d,J=84Hz,2 H),7.10-7.21 (m, 3 H), p-3¢ 6 1.60 (d,J =7.2 Hz,3 H), 2.31
(s,3H),3.78 (s,3H),4.08 (q,/=72Hz,1H),6.82(d,/J=85Hz,2H),7.10 (s,4H),7.14 (d,J

=85 Hz,2 H); "“C NMR (75 MHz, CDCl,, 25 °C) 0-3¢ § 210, 22.1,36.9, 554, 110.6, 120.5,
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126.9,127.6,127.7,128.8,135.1, 135.2, 143 .4, 156 .8, p-3¢ 6 20.9, 22.1,43.5,55.1, 113.7, 127 .3,
128.4,1290, 135.3,138.7, 143.8, 157 8.

OMe
Ph><©

0-3d: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 6 1.67 (s, 6 H), 3.32 (s, 3 H), 6.80 (dd,

J=78,09Hz,1H),698 (dt,J=7.8,12Hz, 1 H),7.04-7.30 (m, 6 H), 7.46 (dd, J = 7.8, 1.5 Hz,
1 H).

OMe

p-3d: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) § 1.67 (s, 6 H),3.79 (s,3H), 6.81 (d, J

=9.0 Hz,2 H),7.15 (d, J = 9.0 Hz, 2 H), 7.15-7.30 (m, 5 H); "“C NMR (75 MHz, CDCl,, 25

°C) 6 309,42.3,55.1,113.3,125.5,126.7,127.8, 1279, 1429, 1509, 157 4.

OMe
Ph

0-3e: colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) 6 0.89 (t, J = 7.2 Hz, 3 H), 2.03 (quint,

J=172Hz,2H),3.77 (s,3H),4.28 (t,/=72Hz,1H),683(d,/J=8.1Hz,1H),692(dt,J=

7.5,09 Hz, 1 H), 7.11-7.19 (m, 2 H), 7.21-7.28 (m, 5 H); "“C NMR (75 MHz, CDCl,, 25 °C) 8

12.6,27.8,45.0,554,110.8, 120.6, 125.7, 127.0, 127.7, 128.1, 128.3, 133.8, 145.3, 157 3.
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Ph

OMe

p-3e:  colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) 8 0.89 (t,J = 7.2 Hz, 3 H), 2.04 (quint,

J=72Hz,2H),3.74 (t,J=72Hz,1H),3.77 (s,3H),6.82(d,/J=90Hz,2H),7.15(d,/J=9.0

Hz,2 H), 7.15-7.30 (m,5 H); "“C NMR (75 MHz, CDCl,, 25 °C) § 12.6,28.6,52.3,55.1, 113.8,

1260, 127.9,128.4,128.8, 1374, 145.7, 158 .0.

Ph
OMe

p-3f:  colorless solid (mp. 85.0-85.8 °C, lit."! mp. 83-84 °C); 'H NMR (300 MHz, CDCl,, 25

°C)82.19(s,3H),3.81(s,3H),6.81(d,/J=9.0Hz,2H),7.01 (d,/=9.0Hz,2 H),7.07-7.12 (m,

4 H), 7.17-7.30 (m, 6 H); "“C NMR (75 MHz, CDCl,, 25 °C) 8 30.5, 51.8,55.1, 113.2, 1260,

1279,128.8,129.8, 141.3,149.5, 157 8.

. OMe
0-3g: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 8 1.98 (ddd, J = 16.2, 12.6, 7.5 Hz, 1
H),2.50-2.61 (m,1H),292(dd,J=15.9,75Hz,1H),297-3.07 (m, 1 H),3.87 (s,3 H),4.81 (t,
J=78Hz,1H),686(t,/J=75Hz,1H),692(d,/=7.5Hz,1H),690-693 (m,1H),7.02(,J

= 6.9 Hz, 1 H), 7.10-7.23 (m, 3 H), 729 (d,J = 72 Hz, 1 H); “C NMR (75 MHz, CDCl,, 25

°C) 8 31.6,34.7,44.0,55.5,110.5,120.7, 1244, 1250, 126 .3, 126 4, 127.2, 128.2, 1339, 144 8,
146.7,157.5.
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(
as

p-3g:  colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 8 1.98 (ddd, J = 17.7, 12.3, 8.4 Hz, 1

OMe

H), 2.50-2.61 (m, 1 H),292 (d,J =159, 8.1 Hz, 1 H), 3.04 (ddd, J = 15.6, 84, 3.3 Hz, 1 H),
3.80(s,3H),4.29 (t,/=8.1Hz,1H),6.86(d,/=85Hz,2H),695(d,/J=7.2Hz,1H),7.11 (d,
J=85Hz,2H),7.10-7.21 (m,2 H),7.29 (d,J=72Hz,1 H); "“C NMR (75 MHz, CDCl,, 25

°C)031.7,36.7,50.8,55.2,113.8,124.3,124.8, 126.3, 126 4, 129.0, 137.5, 144 .2, 147 .1, 158.1.

‘ OMe
0-3h: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 8 1.70-1.92 (m, 3 H), 2.01-2.11 (m, 1
H), 2.76-2.95 (m,2 H),3.85 (s,3 H),4.58 (t, /=66 Hz, 1 H),6.73 (dd,J=7.2, 1.8 Hz, 1 H),

6.79-6.85 (m,2 H),6.90 (d,J=7.5Hz, 1 H), 6.99-7.20 (m, 4 H).

l l OMe

p-3h:  colorless solid (mp. 64.5-65.5 °C, lit.”) mp 65-67 °C ); 'H NMR (300 MHz, CDCl,, 25
°C) § 1.70-1.94 (m, 3 H), 2.09-2.19 (m, 1 H), 2.77-2.97 (m, 2 H), 3.79 (s, 3 H), 4.07 (t,J = 6.6 Hz,
1H),6.83(d,J=90Hz,2H), 6.80-6.86 (m, 1 H),7.02 (d,/=9.0Hz,2 H), 7.04-7.14 (m, 3 H);
"C NMR (75 MHz, CDCl,, 25 °C) § 20.8, 29.7, 33.2, 44.7, 55.1, 113.7, 125.7, 125.9, 129.0,

129.8,130.2, 137.6, 139.8, 139.9, 158 0.
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OMe

o-Cyclohexylanisole: colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) § 1.20-1.50 (m, 5 H),
1.70-1.86 (m, 5 H),2.90-3.01 (m, 1 H),3.82(s,3H),6.85(dd,/J=7.5,1.2Hz,1 H),6.92 (dt,J =
75,12 Hz,1 H),7.16 (dt,J =7.5,1.8 Hz, 1 H),7.20 (dd,J=7.5,1.8 Hz, 1 H); "“C NMR (75

MHz, CDCl,, 25 °C) § 26.3,27.0,33.1,36.7,55.3, 1104, 120.6, 126.5, 126.6, 136.3, 156 .9.

OMe
p-Cyclohexylanisole: colorless solid (mp. 55.5-56.5 °C, lit.”! mp 57-59 °C); 'H NMR (300
MHz, CDCl;, 25 °C) 6 1.20-1.49 (m, 5 H), 1.71-1.92 (m, 5 H), 2.41-2.52 (m, 1 H), 3.80 (s, 3 H),
6.86 (d,J=8.5Hz,2 H),7.15 (dd,J = 8.5 Hz,2 H); "“C NMR (75 MHz, CDCl,, 25 °C) § 26.1,

269,34.6,43.6,55.2,113.7,127.7,140.5, 157 .8.

2-Cyclohexyl-14-dimethylbenzene: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) §
1.25-1.51 (m, 5 H), 1.72-1.90 (m, 5 H), 2.29 (s, 3 H), 2.31 (s, 3 H), 2.62-2.73 (m, 1 H), 6.85 (dd,
J=75,12Hz,1H),690 (d,J=72Hz,1H),7.02(,1H),703(,J=72Hz,1H); "“C
NMR (75 MHz, CDCl,, 25 °C) § 18.7, 21.1, 26.3, 27.1, 33.6, 400, 126.2, 126.3, 130.2, 132.0,

1354, 145.8.
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OMe
p-(1-Mehylcyclohexyl)anisole:  colorless solid (mp. 40.0-40.7 °C, lit.! mp 40-41 °C); 'H
NMR (300 MHz, CDCl,, 25 °C) 8 1.16 (s, 3 H), 1.36-1.60 (m, 8 H), 1.92-2.00 (m, 2 H), 3.80 (s,
3H),6.86(d,J=9.0Hz,2H),7.29 (d,J =9.0 Hz,2 H); "“C NMR (75 MHz, CDCl,, 25 °C) &

22.5,26.3,30.5,37.1,38.0,55.0,113.6, 1269, 142.2, 157 3.

OMe 7 OMe

0-(2-hexyl)anisole (A) and o-(3-hexyl)anisole (B) (ca. 7:3): colorless oil; 'H NMR (300 MHz,
CDCl,, 25 °C) 8 0.77 (t,J =72 Hz,09 HB),0.84 (t, /=7.2 Hz,09 H B), 0.86 (t,J = 7.2 Hz,
21 HA), 118 (d,J=72Hz, 21 HA),1.10-134 (m, 3 H A+B), 1.44-1.79 (m, 3 H A+B),
2.97-3.07 (m,0.3 HB),3.18 (sext,/=7.2Hz,0.7H A),3.80 (s,09 HB),3.82 (s,2.1 HA), 6.85
(d,J=80Hz,1 HA+B), 6.89-6.96 (m, 1 H A+B), 7.10-7.17 (m, 1 H A+B),7.17 (d,J = 8.0 Hz,

1 H A+B).

OMe OMe

p-(2-hexyl)anisole (A) and p-(3-hexyl)anisole (B) (ca. 7:3): colorless oil; 'H NMR (300 MHz,
CDCl;,25°C) 8 0.75 (t,J=72Hz,09 HB),0.83 (t,/ =72 Hz,09 HB),0.84 (t,/ =7.2 Hz,
21 HA),120(d,J=72Hz,21HA),1.11-1.32 (m, 3 H A+B), 1.41-1.71 (m, 3 H A+B),

2.30-2.41 (m,0.3 HB),2.62 (sext,J=7.2Hz,0.7H A),3.79 (s,3 H A+B), 6.83 (d,J = 9.0 Hz,
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0.6 HB),6.84 (d,J =8.7Hz, L4 HA),7.05(d,J =90 Hz, 0.6 HB), 7.10 (d, J = 8.7 Hz, 1.4 H
A).

el

12a: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 8 2.20 (s, 3 H), 2.29 (s, 3 H), 3.96 (s, 2

13C
NMR (75 MHz, CDCl,, 25 °C) 6 19.1,20.9,394, 125.8, 127.1, 128.3, 128.7, 130.2, 130.7, 133 4,

H),694 (s,1 H),697 (d,J=75Hz,1H),7.06 (d,J=75Hz,1H),7.11-7.30 (m, 5 H);

135.3,138.6, 140.5.

"0
MeO

0-12b: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 6 3.82 (s, 3 H), 3.98 (s, 2 H), 6.87 (d,

J=72Hz,1H),690 (dd,J=5.1,09Hz,1H),707 (dd,/J=75,18Hz,1 H),724 (d,J =75

Hz, 1 H), 7.14-7.30 (m, 5 H) ; “C NMR (75 MHz, CDCl,, 25 °C) & 35.7,55.2, 110.5, 120.5,

125.8,127.5,128.3,129.0, 129.7, 130 4, 141.1, 157 5.

Ph/\©\
OMe

p-12b:  colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 6 3.38 (s, 3 H), 3.93 (s, 2 H), 6.83 (d,

J=85Hz,2H),7.11 (d,J=85Hz,2H),7.16-7.31 (m,5H); "“C NMR (75 MHz, CDCl,, 25

°C) 0409,55.1,113.9,126.0, 128.5,128.9,129.9, 133.3, 141.7, 158.1.
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Ph/\v\O\ " th
OMe MeO

0-14a and p-14a (ca. 1:9): colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) p-14a 6 3.50 (d, J
=6.0Hz,2 H),3.80 (s,3 H),6.34 (dt,J=159,60Hz,1 H),644 (d,J =159 Hz, 1 H), 6.86 (d,
J=88Hz,2H),7.16 (d,J=8.8 Hz,2 H), 7.19-7.38 (m, 5 H), 0-14a 06 3.54 (d,J = 6.0 Hz, 2 H),
3.85 (s, 3 H), vinylic and aromatic protons were obscure due to the overlap with those of p-14a;

"C NMR (75 MHz, CDCl,, 25 °C) p-14a § 38.4,55.3,113.9, 126.1, 127.0, 128.5, 129.6, 129.7,

130.7,132.2,137.5, 158.1.

Ph™ X

MeO
0-14b: colorless oil; '"H NMR (400 MHz, CDCl,, 25 °C) 8 1.42 (d,J =72 Hz,3 H),3.86 (s, 3
H),4.09 (dq,/=7.2,40Hz,1 H),641(d,J=16.0Hz,1H), 645 (dd,J=16.0,4.0 Hz, 1 H),
6.89 (d,J = 8.0 Hz, 1 H), 6.93 (dt, J = 7.5, 1.0 Hz, 1 H), 7.16-7.37 (m, 7 H) ; "“C NMR (75

MHz, CDCl,, 25 °C) § 20.0, 35.1, 55.5, 110.6, 120.7, 126.1, 126.8, 127.1, 127.5, 128.2, 128 4,

134.1,135.0, 1379, 156 8.

PR
OMe
p-14b:  colorless oil; 'H NMR (400 MHz, CDCl,, 25 °C) § 1.44 (d,J = 7.2 Hz, 3 H), 3.60 (dq,
J=72,48Hz, 1 H),3.80 (s,3 H),635(dd,J=16.0,48 Hz,1 H), 640 (d,J =16.0 Hz, 1 H),
6.87 (d,J =88 Hz,2 H),7.19 (d,J = 8.8 Hz, 2 H), 7.16-7.37 (m, 5 H) ; "C NMR (75 MHz,
CDCl,, 25 °C) 6 21.3,41.7,55.2, 1139, 126.1, 127.0, 128.2, 128.3, 1284, 135.6, 137.6, 137.7,

158.0.
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/\/j@ AN
+
MeO MeO

0-14d and 0-14d’ (ca. 9:1): colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 0-14d § 1.67
(ddd, J = 6.0, 3.0, 1.5 Hz, 3 H), 3.31 (d, J = 6.6 Hz, 2 H), 3.83 (s, 3 H), 5.40-5.54 (m, 1 H),
5.57-5.68 (m,1 H),6.85(d,/J=78Hz,1 H),690 (dt,J=7.8,09 Hz, 1 H), 7.12-7.22 (m, 2 H),
0-14d’ 6 1.31 (d,J = 6.6 Hz, 3 H), 3.37-3.40 (m, 1 H), 3.84 (s,3 H),5.03 (dt,/ =10.5,1.5 Hz, 1
H),5.05 (dt,/=17.0,1.5Hz,1H),6.05 (ddd, J =170, 10.5, 6.0 Hz, 1 H), Aromatic protons are
obscure due to the extensive overlap with those of 0-14d.; C NMR (75 MHz, CDCl,, 25 °C)

0-14d 6179,32.9,553,110.3,120.5, 125.9,127.1, 129.4,129.6, 142.9, 157 2.

/\V\©\ . AN
oM OMe

e

p-14d and p-14d’ (ca. 9:1): colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) p-14d & 1.68 (dd,
J=60,10Hz,3H),3.26 (d,J=6.0Hz,2 H),3.79 (s,3 H),542-5.64 (m,2 H),6.84 (d,J=8.6
Hz,2H),7.10 (d,/J=8.6 Hz,2 H) p-14d’ 6 1.34 (d,/ = 7.2 Hz,3 H), 3.30-3.44 (m, 1 H), 3.83 (s,
3H),5.01 (dt,/J=10.5,15Hz, 1 H),5.03 (dt,/J=16.8,1.5 Hz, 1 H), 5.99 (ddd, J = 16.8, 10.5,
6.6 Hz, 1 H), Aromatic protons are obscure due to the extensive overlap with those of p-14d.;
C NMR (75 MHz, CDCl,, 25 °C) p-14d § 17.8, 38.1,55.2, 113.8, 1259, 129.3, 130.5, 133.1,

157.8.
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MeO MeO
0-14e + 0-14¢€’ (ca. 8:1): colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) 0-14e 8 1.71 (s, 3
H),1.74 (d,/=09 Hz,3 H),3.32 (d,J=7.5Hz,2 H), 3.84 (s, 3 H), 5.31 (tquint, J = 7.5, 1.0 Hz,
1 H),6.85(d,/J=84Hz,1H),6.89 (dt,/=7.5,09 Hz, 1 H),7.12-7.21 (m, 2 H), 0-14¢’ 8 1.79
(s, 3 H),228 (t,J =75 Hz,2 H), 2.76 (t, J = 7.5 Hz, 2 H), 3.84 (s, 3 H), 4.72 (br s, 2 H),
Aromatic protons are obscure due to the extensive overlap with those of 0-14e.; BC NMR (75
MHz, CDCl,, 25 °C) o-14e & 17.7, 25.8, 28.4, 55.3, 110.2, 120.4, 122.5, 126.8, 129.3, 130.1,

132.4,157.3.

+

OMe OMe
p-14e + p-14¢’ (ca. 8:1): colorless oil; 'H NMR (300 MHz, CDCl;, 25 °C) p-14e 6 1.72 (s, 3
H),1.74(d,/=09Hz,3H),3.28 (d,/=72Hz,2H),3.79 (s,3 H), 5.31 (tquint, J = 7.2, 1.0 Hz,
1H),683(d,/J=88Hz,2H),7.10 (d,J =8.8 Hz,2 H), p-14e’ 0 1.77 (s,3 H),2.29 (t,J =7.8
Hz,2 H),2.70 (t, J =7.8 Hz, 2 H), 3.84 (s, 3 H), 4.71 (br s, 1 H), 4.74 (br s, 1 H), Aromatic
protons are obscure due to the extensive overlap with those of p-14e.; "“C NMR (75 MHz,

CDCl,, 25 °C) p-14e 6 17.7,25.7,33.4,55.2,113.8,123.6,129.1, 132.1, 133.9, 157.7.

Ph

Ph/\©\
OMe

p-16a: colorless oil; 'H NMR (400 MHz, CDCl,, 25 °C) 8 3.79 (s, 3 H), 5.17 (s, 2 H), 6.87 (d,

J =88 Hz,2H),7.21-7.33 (m, 6 H), 7.35 (d, J = 8.8 Hz, 2 H), 7.42-7.49 (m, 4 H); "C NMR
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(75 MHz, CDCl,, 25 °C) 6 42.9,55.2,84.7,90.5, 114.0, 123.6, 126.8, 127.8, 1279, 128 .2, 128.6,

1289,131.7,1339, 142.1, 158.5.

17a and 17b: pale-yellow oil; 'H NMR (300 MHz, CDCl,, 25 °C) 172 6 2.27 (d,J = 0.6 Hz, 3
H),3.50 (d,/=6.6 Hz,2 H),5.88 (dq,/=3.0,0.6 Hz, 1 H),5.94 (d,/J=3.0 Hz, 1 H), 6.30 (dt, J
=159,6.6 Hz,1 H),6.49 (d,/ =159 Hz, 1 H), 7.18-7.40 (m, 5 H), 17b 8 2.25 (s, 3 H), 4.68 (d,
J=70Hz,1H),505(t,J=17.2,15Hz,1H),5.19(dt,/=10.2,15Hz,1H),591 (d,J=2.7
Hz, 1 H), 6.20 (ddd, J =17.2,10.2, 7.0 Hz, 1 H), other aromatic protons were obscure due to the
overlap with those of 17a; "“C NMR (75 MHz, CDCl;, 25 °C) 17a § 13.5, 31.8, 106.0, 106.2,
126.0, 126.2, 127.2, 1284, 131.7, 137.3, 150.8, 151.9, 17b 6 13.5, 49.2, 1059, 107.3, 116.2,

126.6,128.2,128.4,138.4,141.2,151.2,154.2.

Ph ]\

O
Ph

18: colorless oil; '"H NMR (300 MHz, CDCl,, 25 °C) 8 2.25 (s,3H),5.39 (s, 1 H),5.75(,J =
3.0 Hz, 1 H),5.88 (dd,J=3.0,09 Hz, 1 H), 7.16-7.33 (m, 10 H); "“C NMR (75 MHz, CDCl,,

25°C) 8 13.5,50.9,105.9,109.0, 126.6, 128.3, 128.7, 142.0, 151 4, 154 8.
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Ph 7\

i ’
Ph
19: colorless oil; '"H NMR (300 MHz, CDCl,, 25 °C) § 2.25 (s, 3 H), 5.21 (s, 1 H), 5.89 (dd, J
=3.0,09 Hz, 1 H), 6.13 (d, J = 3.0 Hz, 1 H), 7.27-7.38 (m, 6 H), 7.46-7.51 (m, 4 H); "C
NMR (75 MHz, CDCl,, 25 °C) & 13.6,37.9, 83.7,87.8, 106.2, 107.3, 123.3, 127.2, 127.8, 128.0,

128.2,128.5,131.7,139.2, 151 9.

p.p- and 0,p-20a: colorless solid (mp. 99-100 °C, 1it.”) mp. 99-101 °C); 'H NMR (300 MHz,
CDCl,, 25 °C) p,p-202 8 3.79 (s,6 H),5.46 (s, 1 H),6.82 (d,J =8.7 Hz,4 H), 7.02 (d, J = 8.7 Hz,
4 H),7.07-7.31 (m, 5 H), 0,p-20a 6 3.72 (s, 6 H), 5.87 (s, 1 H), Aromatic protons are obscure due
to the extensive overlap with those of p.p-20a.; C NMR (75 MHz, CDCl,, 25 °C) p.p-20a §

55.2,113.6,126.1,128.2,129.3,130.3, 136 .4, 144.6, 158.0.

OMe

MeO //|
N

Cl
pp- and 0,p-20b: colorless solid (mp. 6465 °C, 1it.”! mp. 69-70 °C); 'H NMR (300 MHz,

CDCl,,25 °C) p,p-20b 6 3.79 (s,6 H), 542 (s, 1 H),6.82 (d,/=8.6 Hz,4 H), 6.99 (d, J = 8.6 Hz,
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4H),7.03(d,J=82Hz,2H),7.24 (d,J =8.2 Hz,2 H), o,p-20b 6 3.72 (s, 6 H), 5.82 (s, 1 H),
Aromatic protons are obscure due to the extensive overlap with those of p,p-20b.; "“C NMR (75

MHz, CDCl,, 25 °C) p,p-20b 8 54.6,55.2,113.8, 128 4, 130.2, 130.6, 132.0, 135.9, 143.2, 158.1.

OMe

MeO //l
™

Me
pp- and o p-20c: colorless oil; 'H NMR (300 MHz, CDCl,, 25 °C) p,p-20¢ 8 2.32 (s, 3 H),
378 (s,6 H),541(s,1 H),6.81(d,/=8.7Hz,4H),699 (d,J=8.1Hz,2H),701 (d,J=8.7 Hz,
4 H), 709 (d, J = 8.1 Hz, 2 H), 0,p-20c 6 2.32 (s, 3 H), 3.72 (s, 6 H), 5.84 (s, 1 H), Aromatic
protons are obscure due to the extensive overlap with those of pp-20c.; "“C NMR (75 MHz,

CDCl;, 25 °C) p,p-20¢ 6 21.0,55.2,113.6,128.9,129.1, 130.2, 135.6, 136.6, 141.6, 157 .9.
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Figure S1. GC-MS chart of 1a.
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Figure S2. GC-MS chart of a mixture of [D,,]1a and [D,]1a.
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