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Palladium catalyzed isomerization of alkenes: a pronounced influence
of an o-phenol hydroxyl group†
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A novel palladium catalyzed isomerization of alkenes has been found, where an ortho-phenol hydroxyl
group has a pronounced influence on the isomerization.

Introduction

Isomerization of the functionalities of organic compounds pro-
vides efficient access to molecules that would otherwise be
more complicated to synthesise,1 and isomerization of organic
compounds through the catalytic activity of transition metals
has been used widely in organic transformations.2 Examples of
isomerizations are Brown’s borane migration,3 base-catalyzed
alkyne migration,4 transition-metal catalyzed transformation of
allylic alcohols to ketones1b,5 etc. Double-bond migration as
one method of isomerization in allyl systems has been well
recognized in organic synthesis. Ever since the isomerization of
allylbenzene was first reported by Shimizu and Blum using a
Natta-type catalyst6a and platinum complex catalyst,6b a wide
array of complexes of transition metals, such as iron, nickel,
cobalt, titanium, zirconium, ruthenium, rhodium and iridium,
have been utilized for this purpose.7 Base-catalyzed isomerizations
of allylbenzene have also been reported.8 However, isomerization
of but-3-enylbenzene has rarely been reported. To the best of our
knowledge, only one paper has reported the isomerization of but-
3-enylbenzene using potassium tert-butoxide and hydroquinone
as a catalyst at 350 ◦C, giving 68% yield.9

On the other hand, the apparent influence on the reaction
rate or type caused by an ortho-substituent group has gained
much attention in the organic community.10–12 By virtue of an
ortho-effect, some coupling reactions,10 ring-closing reactions11 of
terminal alkenes and palladium-catalyzed aerobic dialkoxylation12

can be accelerated and improved.

Results and discussion

Herein, we reported a novel and pronounced influence of an o-
phenol hydroxyl group on the palladium-catalyzed isomerization
of alkene (Scheme 1). Moreover, the products of the isomerization
are potential precursors to many building blocks.13

In an initial experiment, we discovered that 2-(1-phenylbut-
3-enyl)phenol 1a could be isomerized to 2-(1-phenylbut-1-
enyl)phenol 2a in the presence of a catalytic amount of PdCl2.
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Scheme 1 The influence of o-phenol hydroxyl group on the palladium–
catalyzed isomerization of alkene.

However, 1b cannot be isomerized to the corresponding 2b under
the same reaction conditions. This interesting phenomena drew
our attention and various reaction conditions were investigated
(Table 1). First, palladium sources were examined and PdCl2

was most effective. Different solvents were also screened and
1,2-dichloroethane proved to be a better solvent (Table 1, entries
1, 4–7). Due to the observation of some palladium black in the
system,14 the co-oxidant was investigated and FeCl3 gave the best
result (Table 1, entries 8–11). After considerable experimentation,
it was also found that the most suitable temperature is 50 ◦C
(Table 1, entry 12). There was no evident difference when

Table 1 Screen of reaction conditions for the isomerization.a

Entry Catalyst (10 mol%) Solvent Yield (%)b

1 PdCl2 DCE 37
2 Pd(OAc)2 DCE trace
3 PdCl2(CH3CN)2 DCE 30
4 PdCl2 MeOH 22
5 PdCl2 Tol 29
6 PdCl2 DMSO 0
7 PdCl2 DMF trace
8 PdCl2+FeCl3 (10 mol%) DCE 69
9 PdCl2+O2 (1 atm) DCE 44

10 PdCl2+benzoquinone (1 equiv) DCE 11
11 PdCl2+CuCl2 (10 mol%) DCE 52
12c PdCl2+FeCl3 (10 mol%) DCE 92
13 FeCl3 (10 mol%) DCE 0

a Reaction conditions: 2-(1-phenylbut-3-enyl)phenol 1a (0.5 mmol), cata-
lyst palladium salt (10 mol%), DCE (1.5 mL), air, rt, 5 h. b Yield of isolated
product. c 50 ◦C.
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Table 2 Control and additional experiments to clarify the existence of
the pronounced influence caused by the ortho-phenol hydroxyl groupa

Entry Substrates Products Yield (%)b

1 1a 2a 92

2 1b 2b trace (86)

3 1c 2c trace (84)

4 1d 2d trace (83)

5 1e 2e trace (89)

a All reactions were carried out with 1 (0.5 mmol), PdCl2 (10 mol%), FeCl3

(10 mol%), DCE (1.5 mL), air, 50 ◦C, 5 h. b Yield of isolated product. 1H
NMR yield of 3b–3e in parentheses.

the reaction was performed in dry 1,2-dichloroethane or
1,2-dichloroethane without drying.

In order to clarify the pronounced influence caused by the ortho-
phenol hydroxyl group, control and additional experiments were
conducted (Table 2). As shown in Table 2, the reaction substrates
1b–1e without an ortho-phenol hydroxyl group didn’t give the
desired products 2b–2e and the main products were 3b–3e (Table 2,
entries 2–5). When 1b was used as the reaction substrate, for
example, the corresponding isomerization product 2b was hardly
obtained. Prolonging the reaction time to 48 h, only a trace of the
desired product 2b was detected by GC-MS (Table 2, entry 2) and
3b was obtained as a main product (see the 1H NMR spectra in the
ESI†). As for substrates 1c–1e, which bear 2-methoxy, 3-phenol
hydroxyl group or 4-phenol hydroxyl group, similar results were
observed. This indicated that the ortho-phenol hydroxyl group had
a great influence on the isomerization.

In order to explore the scope of this ortho-effect from the ortho-
phenol hydroxyl group, various 2-(but-3-enyl)phenol substrates
were investigated under the optimized conditions (Table 3). In
general, owing to the participation of the ortho-phenol hydroxyl
group, all isomerizations of the different substrates in Table 3
were greatly facilitated. Furthermore, the electronic effect of
the substitution on the phenol ring has an influence on the
isomerization. When the phenol ring bears an electron-donating
group, the reaction can be carried out in a faster rate with
a higher yield (Table 3, entries 2, 7, 9, 12). In contrast, an
electron-withdrawing group on the phenol rings retarded the
isomerization, resulting in a longer reaction time with a lower
yield (Table 3, entries 3, 5, 8, 11). Additionally, an aromatic
substituent or a hydrogen atom on the benzylic position of

Table 3 Scope of this accelerating effect caused by the ortho-phenol
hydroxyl group.a

Entry R1 R2 R3 T (◦C) t (h) Yield (%)b

1 Ph H H 50 5 92
2 Ph OMe H 50 5 94
3 Ph Cl H 50 10 85
4 4-Me-Ph H H 50 5 88
5 4-Me-Ph Br H 50 5 83
6 Me H H rt 6 79
7 Me OMe H rt 6 82, 89c

8 Me Br H rt 8 77d

9 Me t-Bu t-Bu rt 4 95
10 H H H rt 6 89
11 H Br H 50 8 88
12 H t-Bu t-Bu rt 4 92
13 OH H H rt 2 complaxe

14 OMe H H rt 2 complaxe

a All reactions were carried out with 1 (0.5 mmol), PdCl2 (10 mol%), FeCl3

(10 mol%), DCE (1.5 mL), air. b Yield of isolated product. c When the
reaction was performed at 50 ◦C for 3 h, an E/Z mixture with a ratio
of 3:2 was obtained. d E/Z = 17:20 determined by 1H NMR. e Unknown
complex mixture.

1 appeared beneficial for this transformation (Table 3, entries
1–5, 10–12). Nevertheless, hydroxyl group substitution or methoxy
substitution on the benzylic position under the same conditions
led to unknown complex mixtures (Table 3, entries 13–14).

Regarding the stereochemistry of the isomerization, in most
cases only single diastereomers were determined from 1H NMR
spectra of the crude products. The (E)-geometry of 2a was
established via NOESY study. However, in the case of 1l as the
substrate at room temperature, we isolated an E/Z mixture with a
ratio of 17:20 (Table 3, entry 8). Besides, when 1k was subjected to
the reaction at 50 ◦C, an E/Z mixture with a ratio of 3:2 was also
obtained. In spite of the unclear reason for this stereochemistry,
this difference implied that substituents on the phenol ring had a
great influence on the transition state of the isomerization.

Afterwards, the reaction mechanism was investigated. At the
outset, a deuterium labeling experiment was designed and per-
formed (Scheme 2). When deuterium labeled substrate 1a-d was
subjected to the standard reaction conditions, it was found that
deuterium was transferred from C-1 in 1a-d to C-3 in 2a-d
exclusively. To probe further the mechanism of the accelerating
effect of the ortho-phenol hydroxyl group, we next monitored the

Scheme 2 Deuterium labeling experiment of the isomerization.
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reaction of 1a and 1b by 1H NMR. 1H NMR showed that 1a was
converted to the desired product 2a in 86% NMR yield after 12 h,
while substrate 1b under the same conditions gave a trace of the
desired product 2b (Fig. 1). The NMR monitoring experiment
strongly further demonstrated the existence of the pronounced
influence caused by the ortho-phenol hydroxyl group. Owing to its
participation, the reaction is greatly facilitated.

Fig. 1 Interval NMR experiment, conditions: substrates 1a or 1b
(0.5 mmol), PdCl2 (10 mol%), CDCl3 (0.5 ml), in NMR tube, rt.

Based on the deuterium labeling and the NMR monitoring
experiments, a plausible mechanism is proposed in Scheme 3:
complexation of the PdCl2 catalyst with the substrate followed
by oxidative addition of the allyllic C–H bond15 generates an
allylpalladium hydride. This intermediate undergoes reductive
elimination with transfer of the hydride to the allylic position.
Afterwards, a similar tandem oxidative addition and reductive
elimination process take places and gives the desired isomerization
product. In this process, sequential 1,3-hydride alkyl to palladium
migration is involved.

Scheme 3 Proposed mechanism for the palladium catalyzed isomeriza-
tion accelerated by the ortho-phenol hydroxyl group.

Additionally, the isomerization developed can be used for
the synthesis of benzofuran and benzopyran derivatives.16 For

instance, benzofuran and benzopyran could be obtained from
the same substrate by this new isomerization and the traditional
Wacker oxidation respectively (Scheme 4). When 1a was a
substrate under the traditional Wacker oxidation conditions, we
got benzopyran 4a in 75% yield after 12 h at room temperature in
air. In contrast, the isomerization of the same substrate 1a by PdCl2

(Table 3, entry 1) and, after purification, subsequent I2-catalyzed
cyclization of the resulting 2-(1-phenylbut-1- enyl)phenol 2a gave
the desired benzofuran 5a in 61% yield over the two steps.

Scheme 4 Synthesis of benzofuran and benzopyran derivatives.

Conclusions

In summary, we have found a novel palladium catalyzed iso-
merization of alkenes, where an ortho-phenol hydroxyl group
has a pronounced ortho-effect on the isomerization. Also, the
isomerization developed is very useful in the preparation of
benzofuran and benzopyran derivatives. Investigations of the
influence of other functional groups on the isomerization and
the applications of the isomerization are currently in progress in
our lab.

Experimental

IR (Perkin–Elmer, 2000FTIR), 1H NMR (CDCl3, 400 or
300 MHz), 13C NMR (CDCl3, 100 or 75 MHz) and MS–GC
(HP 5890(II)/HP5972, EI. Analytical thin-layer chromatography
(TLC) plates were commercially available. Solvents were reagent
grade unless otherwise noted. All starting materials and reagents
are commercially available and were used as received.

General procedure for the isomerization of alkene

PdCl2 (8.8 mg, 0.05 mmol) and FeCl3 (8.1 mg, 0.05 mmol)
were added to a solution of 1a (112.0 mg, 0.5 mmol) in
1,2-dichloroethane (1.5 mL). The resulting mixture was warmed
to 50 ◦C for 5 h, then the mixture was extracted with CH2Cl2

twice. The combined organic extracts were dried over Na2SO4

and filtered. Solvents were evaporated under reduced pressure.
The residue was purified by column chromatography on silica gel
using PE-EtOAc (20:1, v/v) as eluent to give 2a as a yellow oil
(103.0 mg, 92%).

(E)-2-(1-Phenylbut-1-enyl)phenol (2a). The title compound
was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.26–
7.21 (m, 6 H), 7.04–6.90 (m, 3 H), 6.37 (t, J = 7.5 Hz, 1 H), 5.06
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(s, 1 H), 2.05 (dq, J1 = 7.5 Hz, J2 = 7.5 Hz, 2 H), 1.02 (t, J =
7.5 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz, ppm): d = 153.1, 140.5,
135.2, 135.1, 130.8, 129.3, 128.7, 127.7, 126.6, 125.8, 120.7, 115.5,
23.5, 14.2; IR (KBr, cm-1): v = 3524, 2966, 2872, 1580, 1486, 1449,
1334, 1284, 1193, 1148, 1033, 910, 828, 755, 698; HRMS calc.
C16H16O (M+): 224.1201. Found: 224.1204.

Deuterium (E)-2-(1-phenylbut-1-enyl)phenol (2a-d). The title
compound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm):
d = 7.28–7.23 (m, 6 H), 7.02–6.94 (m, 3 H), 6.37 (t, J = 7.5 Hz,
1 H), 5.02 (s, 1 H), 2.05 (dq, J1 = 7.5 Hz, J2 = 7.5 Hz, 1 H),
1.03 (t, J = 7.5 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz, ppm): d =
153.1, 140.5, 135.2, 135.1, 130.8, 129.3, 128.7, 127.7, 126.6, 125.8,
120.7, 115.5, 23.5, 14.2; IR (KBr, cm-1): v = 3524, 2966, 2872,
1580, 1486, 1449, 1334, 1284, 1193, 1148, 1033, 910, 838, 755, 698;
HRMS calc. C16H15DO (M+): 225.1264. Found: 225.1258.

(E)-4-Methoxy-2-(1-phenylbut-1-enyl)phenol (2f). The title
compound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm):
d = 7.35–7.12 (m, 5 H), 6.91–6.80 (m, 2 H), 6.56 (s, 1 H), 6.36 (t,
J = 7.5 Hz, 1 H), 4.73 (s, 1 H), 3.72 (s, 3 H), 2.06 (dq, J1 = 7.5 Hz,
J2 = 7.5 Hz, 2 H), 1.03 (t, J = 7.5 Hz, 3 H); 13C-NMR (CDCl3,
75 MHz, ppm): d = 153.7, 147.2, 135.8, 134.9, 129.2, 128.6, 127.6,
126.5, 116.5, 116.0, 115.7, 115.4, 55.8, 23.4, 14.0; IR (KBr, cm-1):
v = 3528, 2964, 2872, 1596, 1491, 1446, 1360, 1274, 1212, 1145,
1039, 952, 852, 772, 697; HRMS calc. C17H18O2 (M+): 254.1307.
Found: 254.1302.

(E)-4-Chloro-2-(1-phenylbut-1-enyl)phenol (2g). The title com-
pound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d =
7.30–7.21 (m, 6 H), 7.04–6.92 (m, 2 H), 6.40 (t, J = 7.5 Hz, 1 H),
5.07 (s, 1 H), 2.07 (dq, J1 = 7.5 Hz, J2 = 7.5 Hz, 2 H), 1.06 (t,
J = 7.5 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz, ppm): d = 152.2,
135.7, 133.4, 130.1, 129.1, 128.7, 127.8, 126.5, 116.7, 23.4, 13.9; IR
(KBr, cm-1): v = 3522, 2966, 2872, 1597, 1480, 1408, 1326, 1266,
1194, 1079, 943, 881, 764, 666; HRMS calc. C16H15ClO (M+):
258.0811. Found: 258.0816.

(E)-2-(1-p-Tolylbut-1-enyl)phenol (2h). The title compound
was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.24–
6.92 (m, 8 H), 6.34 (t, J = 7.5 Hz, 1 H), 5.04 (s, 1 H), 2.31 (s, 3 H),
2.04 (dq, J1 = 7.5 Hz, J2 = 7.5 Hz, 2 H), 1.01 (t, J = 7.5 Hz, 3 H);
13C-NMR (CDCl3, 75 MHz, ppm): d = 153.5, 138.2, 135.3, 134.0,
130.6, 130.4, 129.3, 129.1, 128.8, 126.4, 120.5, 120.3, 115.3, 23.3,
21.1, 14.0; IR (KBr, cm-1): v = 3515, 2965, 2872, 1606, 1484, 1457,
1334, 1284, 1196, 1035, 932, 817, 754, 685; HRMS calc. C17H18O
(M+): 238.1358. Found: 238.1353.

(E)-4-Bromo-2-(1-p-tolylbut-1-enyl)phenol (2i). The title com-
pound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d =
7.37–7.33 (m, 1 H), 7.16–7.08 (m, 5 H), 6.87 (d, J = 5.7 Hz, 1 H),
6.34 (t, J = 7.5 Hz 1 H), 5.01 (s, 1 H), 2.33 (s, 3 H), 2.04 (dq, J1 =
7.5 Hz, J2 = 7.5 Hz, 2 H), 1.03 (t, J = 7.5 Hz, 3 H); 13C-NMR
(CDCl3, 75 MHz, ppm): d = 152.9, 138.1, 137.9, 134.9, 133.0,
132.0, 129.6, 129.5, 129.2, 126.5, 117.3, 112.3, 23.4, 21.2, 14.1; IR
(KBr, cm-1): v = 3516, 2965, 2871, 1569, 1476, 1412, 1325, 1264,
1195, 1074, 941, 817, 720, 611; HRMS calc. C17H17BrO (M+):
316.0463. Found: 316.0469.

(E)-2-(Pent-2-en-2-yl)phenol (2j). The title compound was a
yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.18–7.07 (m,
2 H), 6.93–6.88 (m, 2 H), 5.64–5.52 (m, 2 H), 2.24 (dq, J1 = 7.5 Hz,

J2 = 7.5 Hz, 2 H), 1.99 (s, 3 H), 1.07 (t, J = 7.5 Hz, 3 H); 13C-
NMR (CDCl3, 75 MHz, ppm): d = 152.0, 133.5, 131.6, 131.1,
128.4, 128.2, 120.3, 115.4, 21.9, 17.9, 14.2; IR (KBr, cm-1): v =
3512, 2965, 2873, 1578, 1487, 1448, 1340, 1282, 1222, 1182, 1037,
909, 828, 753; GC-MS (EI) calc. C11H14O (M+): 162. Found: 162.

(E)-4-Methoxy-2-(pent-2-en-2-yl)phenol (2k). The title com-
pound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d =
6.86–6.82 (m, 1 H), 6.75–6.71 (m, 1 H), 6.58 (d, J = 7.5 Hz, 1 H),
5.69 (t, J = 7.5 Hz, 1 H), 4.83 (s, 1 H), 3.76 (s, 3 H), 1.97 (s, 3 H),
1.85 (dq, J1 = 7.5 Hz, J2 = 7.5 Hz, 2 H), 0.92 (t, J = 7.5 Hz, 3 H);
13C-NMR (CDCl3, 75 MHz, ppm): d = 145.7, 133.4, 130.8, 115.5,
113.9, 113.8, 113.2, 112.4, 55.9, 25.1, 22.7, 14.2; IR (KBr, cm-1):
v = 3450, 2962, 2873, 1589, 1493, 1423, 1364, 1275, 1218, 1165,
1040, 856, 810, 762; GC-MS (EI) calc. C12H16O2 (M+): 192. Found:
192.

(E)-4-Bromo-2-(pent-2-en-2-yl)phenol compound with (Z)-4-
bromo-2-(pent-2-en-2-yl)phenol (17:20) (2l). The title mixture
was a yellow oil (with a trace of byproducts from NMR). 1H-NMR
(CDCl3, 300 MHz, ppm): d = 7.27–7.14 (m, 2 H), 6.82–6.77 (m,
1 H), 5.22 (m, 0.38 H), 5.63 (s, 0.5 H), 5.55 (m, 0.51 H), 5.26 (s,
0.5 H), 2.28–2.18 (m, 1.11 H), 1.96 (s, 3 H), 1.88–1.80 (m, 0.95
H), 1.06 (t, J = 7.5 Hz, 1.64 H), 0.93 (t, J = 7.5 Hz, 1.19 H);
13C-NMR (CDCl3, 75 MHz, ppm): d = 151.5, 134.1, 134.0, 131.0,
130.8, 130.6, 117.0, 116.6, 24.7, 22.4, 21.6, 20.9, 14.0, 13.8; IR
(KBr, cm-1): v = 3511, 2965, 2874, 1594, 1481, 1403, 1376, 1265,
1210, 1175, 1044, 909, 816, 759, 734; GC-MS(EI): two peaks and
both are 240.

(E)-2,4-Di-tert-butyl-6-(pent-2-en-2-yl)phenol (2m). The title
compound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm):
d = 7.19 (d, J = 2.7 Hz, 1 H), 6.93 (d, J = 2.7 Hz, 1 H), 5.80 (s, 1 H),
5.05 (t, J = 7.5 Hz, 1 H), 2.23 (dq, J1 = 7.5 Hz, J2 = 7.5 Hz, 2 H),
2.00 (s, 3 H), 1.07 (t, J = 7.5 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz,
ppm): d = 148.1, 141.5, 135.0, 133.8, 133.5, 132.4, 122.6, 115.4,
35.3, 34.4, 31.8, 29.8, 21.9, 18.5, 14.2; IR (KBr, cm-1): v = 3506,
2961, 2872, 1600, 1489, 1442, 1362, 1264, 1201, 1168, 1119, 1032,
909, 878, 817, 767, 648; HRMS calc. C19H30O (M+): 274.2297.
Found: 274.2295.

(E)-2-(But-1-enyl)phenol (2n). The title compound was a yel-
low oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.30 (d, J =
7.5 Hz, 1 H), 7.10–7.05 (m, 1 H), 6.89–6.84 (m, 1 H), 6.77 (d, J =
8.1 Hz, 1 H), 6.55 (d, J = 15.9 Hz, 1 H), 6.28–6.19 (m, 1 H), 5.10
(s, 1 H), 2.27–2.22 (m, 2 H), 1.09 (t, J = 7.5 Hz, 3 H); 13C-NMR
(CDCl3, 75 MHz, ppm): d = 153.0, 135.3, 128.1, 127.9, 127.5,
123.2, 121.0, 115.8, 26.6, 13.8; IR (KBr, cm-1): v = 3424, 2964,
2872, 1605, 1486, 1455, 1331, 1242, 1132, 1087, 971, 908, 879, 798,
750; GC-MS (EI) calc. C10H12O (M+): 148. Found: 148.

(E)-4-Bromo-2-(but-1-enyl)phenol (2o). The title compound
was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 8.13
(s,1 H), 7.27–7.24 (m, 1 H), 7.04–7.03 (m, 1 H), 6.74 (d, J =
8.4 Hz, 1 H), 5.82–5.64 (m, 1 H), 5.09 (s, 1 H), 3.58–3.51 (m, 2 H),
1.24 (t, J = 6.9 Hz, 3 H); 13C-NMR (CDCl3, 75 MHz, ppm): d =
155.1, 133.7, 131.8, 130.8, 130.3, 118.9, 118.0, 111.7, 40.5, 13.9; IR
(KBr, cm-1): v = 3339, 2976, 2876, 1578, 1481, 1370, 1246, 1167,
1075, 993, 912, 819, 734; HRMS calc. C10H11BrO (M+): 225.9993.
Found: 225.9988.
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(E)-2-(But-1-enyl)-4,6-di-tert-butylphenol (2p). The title com-
pound was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d =
7.25 (d, J = 2.4 Hz, 1 H), 7.11 (d, J = 2.4 Hz, 1 H), 6.50 (d,
J = 15.9 Hz, 1 H), 6.22–6.11 (m, 1 H), 5.25 (s, 1 H), 2.36–2.25
(m, 2 H), 1.46 (s, 9 H), 1.34 (s, 9 H), 1.16 (t, J = 7.5 Hz, 3
H); 13C-NMR (CDCl3, 75 MHz, ppm): d = 150.0, 142.1, 137.3,
129.5, 124.0, 123.2, 122.8, 121.9, 31.7, 30.2, 30.0, 29.8, 26.6, 13.8;
IR (KBr, cm-1): v = 3355, 2960, 1599, 1468, 1368, 1217, 1061,
980, 910, 824, 737; HRMS calc. C18H28O (M+): 260.2140. Found:
260.2146.

(E)-3-(1-Phenylbut-2-enyl)phenol (3d). The title compound
was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.30–
7.10 (m, 6 H), 6.75 (d, J = 7.5 Hz, 7.5 Hz, 1 H), 6.65 (d, J = 6.3 Hz,
2 H), 5.92–5.84 (m, 1 H), 5.45–5.40 (m, 1 H), 5.19 (s, 1 H), 4.60
(d, J = 7.5 Hz, 1 H), 1.71 (d, J = 3.9 Hz, 3 H); 13C-NMR (CDCl3,
75 MHz, ppm): d = 155.6, 146.2, 140.1, 132.9, 129.6, 128.6, 128.4,
127.1, 126.3, 121.0, 115.6, 113.2, 54.0, 18.0; IR (KBr, cm-1): v =
3398, 3025, 1596, 1491, 1450, 1364, 1262, 1150, 1030, 970, 873,
779, 699; HRMS calc. C16H16O (M+): 224.1201. Found: 224.1208.

2-Methyl-4-phenyl-4H-chromene (4a). The title compound
was a yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.31–
7.14 (m, 5 H), 7.11–7.7.08 (m, 1 H), 6.94–6.89 (m, 2 H), 4.77 (d,
J = 3.6 Hz, 1 H), 4.62 (d, J = 3.6 Hz, 1 H), 1.95 (s, 3 H); 13C-
NMR (CDCl3, 75 MHz, ppm): d = 147.3, 147.0, 129.9, 128.6,
128.3, 127.6, 126.5, 125.5, 123.2, 116.7, 116.4, 100.6, 41.0, 19.4;
IR (KBr, cm-1): v = 3426, 3027, 2921, 1699, 1584, 1486, 1453,
1382, 1320, 1229, 1168, 1105, 1075, 938, 836, 754, 700; HRMS
calc. C16H14O (M+): 222.1045. Found: 222.1047.

2-Ethyl-3-phenylbenzofuran (5a). The title compound was a
yellow oil. 1H-NMR (CDCl3, 300 MHz, ppm): d = 7.91 (d, J =
2.5 Hz, 1 H), 7.79 (d, J = 2.5 Hz, 1 H), 7.50–7.47 (m, 3 H), 7.43–
7.35 (m, 4 H), 2.90 (q, J = 7.5 Hz, 2 H), 1.37 (t, J = 7.5 Hz, 3 H);
13C-NMR (CDCl3, 75 MHz, ppm): d = 158.0, 153.8, 139.7, 131.9,
128.9, 128.5, 127.8, 123.7, 122.7, 119.6, 116.7, 111.0, 20.4, 13.0; IR
(KBr, cm-1): v = 3423, 3061, 2975, 1618, 1590, 1497, 1424, 1378,
1310, 1244, 1191, 1155, 1076, 984, 908, 848, 733, 700; HRMS calc.
C16H14O (M+): 222.1045. Found: 222.1055.
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