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Abstract: Palladium-catalyzed allyl cross-coupling reaction of al-
lylic acetates with a variety of boronic acids at room temperature us-
ing a catalytic amount of Pd(OAc)2 with phosphine-free hydrazone
as a ligand gave the allylbenzene derivatives in good yields.
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Palladium-catalyzed C–C bond formation reactions have
been recognized as powerful tools in multiple organic
transformations.1 Palladium-catalyzed cross-coupling of
aryl and vinyl halides with aryl- and vinylboronic acids
(Suzuki–Miyaura coupling)2 has especially gained popu-
larity due to broad functional group tolerance, the avail-
ability of boronic acid substrates, and the lack of toxic by-
products. On the other hand, a 1,3-diarylpropene frame-
work constitutes an important structural assembly in
many molecules of biological importance.3 The palladi-
um-catalyzed allyl cross-coupling reaction of cinnamyl
acetate with arylboronic acids provides a powerful tool for
the synthesis of 1,3-diarylpropenes. Previously allyl
cross-coupling reactions of allylic acetates using
PdCl2(TFP)2 with KF as a fluoride source,4 resin-support-
ed Pd-bis(PPh3) complex5 and Pd2(dba)3·CHCl3–PPh3 un-
der microwave irradiation conditions6 were reported.
However, phosphines in palladium complexes are often
air-sensitive. Although phosphine-free palladium catalyt-
ic systems have also been reported,7 these reactions re-
quire additional tetra-n-butyl ammonium salt as an
activator, heating conditions, or long times to complete
the reaction. We recently demonstrated air-stable phos-
phine-free hydrazone as an effective ligand for palladium-
catalyzed C–C bond formation such as the Suzuki–
Miyaura,8 Mizoroki–Heck,9 Sonogashira, and Hiyama
cross-coupling reactions.10 We now report the use of
phosphine-free hydrazone ligands 1 and 2 (Figure 1) for a
palladium-catalyzed allyl cross-coupling reaction of allyl-
ic acetates with boronic acids at room temperature.

We examined the allyl cross-coupling reaction of cin-
namyl acetate and phenylboronic acid in the presence of
2 mol% of Pd catalyst for one hour under an argon atmo-

sphere at room temperature to determine the optimum re-
action conditions (Table 1).

The effect of various hydrazone ligands was investigated
using Pd(OAc)2 with K2CO3 as a base (Table 1, entries 1–
5). In the presence of hydrazone 1a, which is the effective
ligand for the Suzuki–Miyaura reaction of aryl halides,
1,3-diphenylpropene (3a) was obtained in moderate yield
(Table 1, entry 1). In this reaction, small amounts of 411

and 512 were also obtained as by-products. The use of hy-
drazone 1c with a 6-membered ring as a ligand led to high
yield (Table 1, entry 3). On the other hand, hydrazone 2a
was not effective for this reaction (Table 1, entry 5). Next,
the effect of various palladium sources was investigated
(Table 1, entries 3 and 6–9). Pd(OAc)2 proved to be the
best palladium source for this reaction. Several bases were
also tested (Table 1, entries 3 and 10–13). Although the
use of fluoride salts such as KF and CsF led to good yields
(Table 1, entries 12 and 13), K2CO3 was found to be the
most effective base in this reaction (entry 3). Finally the
effect of various solvents was investigated (Table 1, en-
tries 3 and 14–20). The DMF–H2O (3:1) mixture was
found to be the solvent of choice. Other solvents proved
less effective in this reaction.

The effect of leaving groups of cinnamyl esters in this re-
action was investigated (Table 2, entries 1–3). Using cin-
namyl benzoate and pivalate instead of acetate, the yields
were decreased (Table 2, entry 1 vs. entries 2 and 3).
Based on these results, the allyl cross-coupling reaction of
cinnamyl and allyl acetate with various boronic acids was
investigated (Table 2, entries 4–14).13

Using p-tolylboronic acid led to good yields of the desired
products (Table 2, entry 4). With 4-methoxyphenylboron-
ic acid (2 equiv), the reaction gave the corresponding
product with moderate yield after one hour (Table 2, entry
5). In the reaction of 4-trifluoromethylphenylboronic acid
longer reaction times, such as 24 h, were necessary

Figure 1 Hydrazone ligands 1 and 2
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(Table 2, entry 6). The reactions of other arylboronic ac-
ids led to good yields after one hour (Table 2, entries 7–
9). The reactions of cinnamyl acetate derivatives with
phenylboronic acid also led to good yields after one hour
(Table 2, entries 10–12). Next we investigated the reac-
tion of allyl acetate. Using 1-naphthaleneboronic acid led
to good yield of 1-allylnaphthalene (Table 2, entry 13).
Moreover, we investigated the vinylation of cinnamyl ac-
etate for the preparation of 1,4-diene. The 1,4-diene
framework also constitutes an important structural assem-

bly in many molecules of biological importance14 in addi-
tion to its applications in organic synthesis.15 Recently,
the reaction of vinyltrifluoroborate with allyl acetate was
reported.16 In this case, 1,4-dienes were obtained using
PdCl2(dppf)·CH2Cl2 under microwave irradiation at 80
°C. On the other hand, in our case, the reaction of 2-phe-
nylvinylboronic acid with cinnamyl acetate gave a high
yield of the corresponding 1,4-diene-type product 3l after
one hour at room temperature under phosphine-free con-
ditions (Table 2, entry 14).

Table 1 Optimization of Reaction Conditions for Phenylation of Cinnamyl Acetatea

Entry Ligand Pd source Base Solvent 3a/4/5b Yield (%)c

1 1a Pd(OAc)2 K2CO3 DMF 98.0/1.5/0.5 78

2 1b Pd(OAc)2 K2CO3 DMF 99.0/0.8/0.2 92

3 1c Pd(OAc)2 K2CO3 DMF 99.0/0.8/0.2 94

4 1d Pd(OAc)2 K2CO3 DMF 98.8/0.9/0.3 89

5 2a Pd(OAc)2 K2CO3 DMF 98.5/1.0/0.5 69

6 1c PdCl2 K2CO3 DMF 97.8/1.3/0.9 71

7 1c [PdCl(allyl)]2 K2CO3 DMF 98.9/1.0/0.1 92

8 1c PdCl2(MeCN)2 K2CO3 DMF 98.8/1.0/0.2 88

9 1c Pd(acac)2 K2CO3 DMF 99.0/0.5/0.5 5

10 1c Pd(OAc)2 K3PO4 DMF 98.1/1.0/0.9 86

11 1c Pd(OAc)2 Cs2CO3 DMF 98.6/1.1/0.3 69

12 1c Pd(OAc)2 CsF DMF 98.8/1.1/0.1 89

13 1c Pd(OAc)2 KF DMF 98.8/1.1/0.1 79

14 1c Pd(OAc)2 K2CO3 NMP 98.9/0.8/0.3 92

15 1c Pd(OAc)2 K2CO3 MeOH 98.4/1.1/0.5 72

16 1c Pd(OAc)2 K2CO3 MeCN 98.8/1.1/0.1 52

17 1c Pd(OAc)2 K2CO3 DMSO 98.2/1.4/0.4 57

18 1c Pd(OAc)2 K2CO3 DMFd 98.8/0.9/0.3 64

19 1c Pd(OAc)2 K2CO3 DMFe 99.0/0.8/0.2 75

20 1c Pd(OAc)2 K2CO3 DMFf 97.9/1.4/0.7 52

a Reaction conditions: cinnamyl acetate (0.5 mmol), phenylboronic acid (0.6 mmol), base (1.0 mmol), solvent (1.5 mL), H2O (0.5 mL), 
palladium source (0.01 mmol), ligand (0.01 mmol).
b Determined by 1H NMR.
c Isolated yields.
d In this reaction, DMF (2 mL) was added in the absence of H2O.
e In this reaction, a mixture of DMF (1.9 mL) and H2O (0.1 mL) was added. 
f In this reaction, a mixture of DMF (1 mL) and H2O (1 mL) was added.
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We also tried the reaction of disubstituted allylic acetates
such as prenyl acetate with 1-naphthaleneboronic acid.
Using similar conditions as the reaction with cinnamyl ac-
etate (Table 3, entry 1), the corresponding product, how-
ever, was not obtained. In this case, naphthalene, which
was the reduced product of 1-naphthaleneboronic acid,
was obtained. Consequently, we attempted to optimize the
coupling conditions of prenyl acetate with 1-naphtha-
leneboronic acid (Table 3). When DMF was used as a sol-
vent in the absence of H2O, a small amount of reaction
product 3m was obtained (Table 3, entry 2). Using 5
mol% of Pd(OAc)2 and ligand 1c for 24 hours increased
the yield of 3m to 15% (Table 3, entry 3). The allyl cross-
coupling conditions were optimized using a variety of
bases (K2CO3, CsF, Cs2CO3), solvents (DMF, MeCN,
MeOH), and ligands (1a, 1c, 2a, 2b17) (Table 3, entries 3–
10). We found the following optimized conditions: 5 mol%

of the Pd(OAc)2/hydrazone 2a system and 2.6 equivalents
of Cs2CO3 as a base in MeCN at room temperature under
an argon atmosphere for 24 hours (Table 3, entry 9).18

Based on these results, the reaction of geranyl acetate,
neryl acetate, and linalyl acetate with 1-naphthalenebo-
ronic acid was investigated (Table 3, entries 11–13). Al-
though these allylic acetates easily gave b-hydride-
eliminated 1,3-diene products via p-allylpalladium inter-
mediate using palladium catalyst such as a catalytic
amount of Pd(PPh3)4,

19 an E/Z mixture of product 3n was
obtained with good yields in all cases.

In conclusion, we found that the palladium-catalyzed allyl
cross-coupling reaction of allylic acetates with boronic
acids at room temperature using a catalytic amount of
Pd(OAc)2 with phosphine-free hydrazone 1c or 2a as a
ligand gave the allylbenzene derivatives in good yields.
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Table 3 Allyl Cross-Coupling Reaction of Disubstituted Allylic Acetates with 1-Naphthaleneboronic Acida

Entry Allylic acetate Ligand Base Solvent Product Yield (%)b

1c

2c

3
4
5
6
7
8
9

10

prenyl acetate 1c
1c
1c
1c
1c
1c
1c
1a
2a
2b

K2CO3

K2CO3

K2CO3

CsF
Cs2CO3

Cs2CO3

Cs2CO3

Cs2CO3

Cs2CO3

Cs2CO3

DMF–H2O (3:1)
DMF
DMF
DMF
DMF
MeCN
MeOH
MeCN
MeCN
MeCN

3m

0
3

15
6

22
47

1
37
62
37

11
12
13

geranyl acetate
neryl acetate
linalyl acetate

2a
2a
2a

Cs2CO3

Cs2CO3

Cs2CO3

MeCN
MeCN
MeCN

3n

69d

68e

70f

a Reaction conditions: acetate (0.5 mmol), 1-naphthaleneboronic acid (0.6 mmol), base (1.3 mmol), solvent (2 mL), Pd(OAc)2 (5 mol%), ligand 
(5 mol%), r.t., 24 h, under argon.
b Isolated yields (GC–MS purities of all products were >98%).
c This reaction was carried out using Pd(OAc)2 (2 mol%) and ligand 1c with K2CO3 (1.0 mmol) for 1 h.
d E/Z mixture = 66:34.
e E/Z mixture = 48:52.
f E/Z mixture = 62:38.
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gel chromatography. Compounds 3m and 3n were known 
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