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The catalytic activity of a PCN-type palladium pincer complex is evaluated in the construction of C(sp2)-
C(sp2) and C(sp2)-C(sp3) bonds by Suzuki-Miyaura cross-couplings employing nontypical substrates
such as benzyl halides, R-haloenones, or alkylboronic acids as coupling partners. Most of the reported
reactions are achieved in aqueous media, with all of the advantages implied.

Introduction

Suzuki-Miyaura cross-coupling of arylboronic acids with
haloarenes or aryl triflates is one of the most powerful reactions
for C-C bond construction.1 Many transition metal complexes
have been used to promote this reaction,2 and although some
of them are very efficient, allowing low catalyst loadings and
mild reaction conditions, most of these suffer from poor stability
toward air, moisture, or in general, reaction conditions. In
consequence, the search of new catalysts to perform this
transformation has become a challenging area in organic
synthesis in the past decade.3 Palladacycles are a fascinating
group of organometallic compounds with applications not only
in synthetic chemistry but also in other areas such as materials
science or biological and supramolecular chemistry.4 Among
them, the so-called palladium pincer complexes, that is, palla-
dacycles containing tridentate ligands, have become an emerging
and very promising family of compounds because of the

excellent balance between stability and reactivity which enable
them to catalyze various organic transformations.5

Since the first report on an application of palladium pincer
complexes in a C(sp2)-C(sp2) coupling reaction,6 several groups
have shown interest in developing these kinds of catalysts and
precatalysts, symmetric NCN7 or PCP8 types being the most
commonly employed. In contrast, although the presence of two
different donors can provide a unique reactivity, there are very
few reports on the synthesis and applications of nonsymmetric
PCN pincer complexes.9 In this context, following our research
for more efficient and environmentally friendly catalytic sys-
tems,10 we recently described the preparation and characteriza-
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tion of the PCN-type palladium pincer complex 1 (Figure 1),11

which was subsequently employed in a range of standard
Hiyama, Sonogashira, and Suzuki reactions. To our delight, in
addition to a remarkably high efficiency, palladacycle 1
displayed hydrophilic properties that made it suitable for
performing transformations in aqueous media.12

In principle, any carbon-halogen bond, regardless of the
carbon hybridization, is vulnerable to the attack of the nucleo-
philic partner if the appropriate metal-containing catalyst or
precatalyst is employed. Nevertheless, difficulties are often
encountered when inactivated alkyl electrophiles are employed
in Suzuki couplings, generally caused by a slower oxidative
addition of the alkyl halide, competing �-elimination side
reactions, and a more difficult reductive elimination step.13

Interestingly, when alkyl boronic esters or acids are employed
in this context, Suzuki coupling is usually interfered with by a
more troublesome transmetalation step between the boronic
counterpart and the intermediate Pd species.14

Thus, although biaryl Suzuki coupling is reasonably well
developed, the lack of efficient procedures for the reaction with
alkyl halides or primary alkyl boronic acids and other non-
standard substrates has fueled much research.14-16 In this
context, Nájera et al. reported an elegant use of oxime-derived
palladacycles in a series of Suzuki-type reactions employing
nonactivated partners such as benzyl halides or alkylboronic
acids.17 However, concerning pincer complexes, to the best of

our knowledge, only two examples have been found in the
literature. Moreover, in the latter reports both pincers were
symmetric and each was applied to catalyze only one Suzuki
reaction with a single nonactivated substrate.18 Herein we wish
to describe the novel use of a nonsymmetric PCN pincer
complex as a Suzuki-Miyaura coupling precatalyst of such
nonactivated and unusual substrates.

Results and Discussion

To start with, we chose R-bromoenones 2 as electrophilic
partners because of two main reasons. First, a C(sp2)-C(sp2)
bond would be formed, not very dissimilar to the biaryl version
of the Suzuki coupling in which 1 had provided excellent
results.11 Second, palladium-catalyzed cross-coupling of R-ha-
loenones with arylboronic acids has been scarcely studied.19,20

In fact, this is the first report concerning the use of a pincer-
type palladacycle in the latter transformation. Thus, easily
available bromoenone 219b was reacted with several aryl
bromides in the presence of a catalytic amount of complex 1
employing Na2CO3 as base and neat water as solvent. To our
delight, the R-arylation of the stating material took place in these
conditions in moderate to good yields. It is noteworthy that the
use of neat water as solvent, apart from the previously mentioned
advantages in terms of sustainability, safety or economy,
provides a really easy workup and purification procedure.

Encouraged by the promising results obtained with R-bro-
mocetones, and in order to improve the versatility of the
complex 1, our attention then focused on C(sp2)-C(sp3) bond
construction by Suzuki coupling. First, we tested the effective-
ness of the latter palladacycle in the coupling of arylbromides
with butylboronic acid. In this regard, all our efforts to
accomplish the reaction in neat water were unsuccessful, and
although stronger reaction conditions were employed, such as
higher temperatures or catalyst loadings, in all cases the starting
materials were recovered. However, PCN pincer 1 turned out
to be highly efficient when o-xylene was used as solvent.
Accordingly, a number of electronically different aryl bromides
were effectively coupled with n-butylboronic acid, as shown in
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FIGURE 1. Pincer-type complex 1.

TABLE 1. Suzuki Coupling of r-Bromoenone and Arylboronic
Acids Employing Complex 1

entry Ar 3 (%)a

1 Ph 3a (74)
2 4-MeOPh 3b (90) 86
3 1-Naph 3c (38)

a Determined by 1H NMR on the basis of the amount of starting aryl
halide. Diethylene glycol dimethyl ether was used as internal standard.
Isolated yield is shown in italics.
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Table 2. In this case, best results were achieved when K2CO3

was employed as base,21 and higher temperatures and longer
reaction times were required probably as a result of the
aforementioned difficulty in the transmetalation step.

Diarylmethanes are common structural elements of biologi-
cally active compounds22 and pharmaceuticals.23 In addition,
methylene-linked biaryl systems are frequently used as subunits
in the design of supramolecular structures such as catenanes
and rotaxanes.24 Despite multiple and important applications
of molecules bearing this simple moiety, several drawbacks are
associated with the methodologies aimed for their synthesis.25

For instance, although the palladium-catalyzed coupling of a
series of aryl and heteroaryl halides with B-benzyl-9-BBN
allowed the access to a range of diarylmethanes, the requirement
of 2 equiv of the organoboron derivative and other problems
regarding functional group tolerance make this method, at least
in terms of atom economy, nonideal for preparative purposes.26

This type of compounds has also been prepared by the coupling
of benzyl phosphates27 or carbonates28 with aryl boronic acids,
but in these cases the principal disadvantage is the requirement
of an additional step for the preparation of the electrophilic
precursors. On the other hand, benzyl halides have been coupled
with diverse organometallic compounds such as stannanes29 or
Grignard reagents,30 with the corresponding limitation to certain
functional groups imposed by this type of nucleophilic reagents.
Molander et al. described an elegant synthesis of a series of
diarylmethanes employing benzyl halides and potassium aryl-
trifluoroborates,31 but once again no commercial availability of

the nucleophilic partners is the principal drawback of this
procedure. As commented above, the Suzuki coupling of benzyl
halides with arylboronic acids has been scarcely studied,32 and
therefore our next efforts were aimed to evaluate the catalytic
activity of pincer 1 in this reaction.

Surprisingly, when benzyl bromide and phenylboronic acid
were reacted in the presence of 1, employing Na2CO3 as base
and only water as solvent, diphenylmethane 5a was obtained
in good yields. Moreover, the catalytic loading was successfully
reduced to 0.1 mol % after a short screening.21 These optimized
conditions were applied to an array of commercially available
benzyl halides and arylboronic acids. As shown in Table 3 the
good yields obtained with electronically dissimilar boronic acids
indicate that the procedure is effective regardless electronic
nature of this component of the coupling. However, the reaction
revealed to be vulnerable to steric effects, as the employment
of 2,4,6-trimethylphenylboronic acid reduced the conversion
dramatically (entry 13).33 On the other hand, regarding the alkyl
halide, electronically different bromides can be readily coupled:
unsubstituted ones (entries 3, 5, 7, and 9), benzyl bromides
bearing an electron-withdrawing group (entries 14-20), or even
deactivated electron-rich bromides, which are considered im-
portant for a more precise measuring of the catalytic activity
(entries 21 and 22). Not only benzyl bromide but also 2-bro-
momethylnaphthalene can be used as starting material for Suzuki
reaction catalyzed by 1, yielding the corresponding products in
good yields (entries 9-12). Even benzyl chloride provided the
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TABLE 2. Suzuki Coupling of Aryl Bromides and n-Butylboronic
Acid Employing Complex 1

entry R 4 (%)a

1 MeCO 4a (97) 94
2 MeO 4b (61)
3 NO2 4c (68)
4 CN 4d (74)

a Determined by 1H NMR on the basis of the amount of starting aryl
halide. Diethylene glycol dimethyl ether was used as internal standard.
Isolated yield is shown in italics.

TABLE 3. Diarylmethanes 5a-r Prepared by Suzuki Coupling
Employing Pincer Complex 1

entry X Ar1 Ar2 5 (%)a

1 Br Ph Ph 5a (67) 65
2b Cl Ph Ph 5a (35) 32
3 Br Ph 4-OMePh 5b (92)
4b Cl Ph 4-OMePh 5b (51)
5 Br Ph 3,4-OMePh 5c (82) 81
6b Cl Ph 3,4-OMePh 5c (53)
7 Br Ph 1-Naph 5d (71)
8b Cl Ph 1-Naph 5d (42)
9 Br 2-Naph Ph 5e (82) 80
10 Br 2-Naph 4-OMePh 5f (82)
11 Br 2-Naph 3,4-OMePh 5g (81) 79
12 Br 2-Naph 1-Naph 5h (>99) 99
13 Br 2-Naph 2,4,6-MePh 5i (22) 20
14 Br 4-NO2Ph 1-Naph 5j (69)
15 Br 4-CNPh Ph 5k (61)
16 Br 4-CNPh 4-OMePh 5l (94)
17 Br 4-CNPh 1-Naph 5m (84) 82
18 Br 4-CF3Ph Ph 5n (82)
19 Br 4-CF3Ph 4-OMePh 5o (86)
20 Br 4-CF3Ph 1-Naph 5p (>99) 99
21 Br 4-MePh Ph 5q (73)
22 Br 4-MePh 4-OMePh 5r (59)

a Determined by 1H NMR on the basis of the amount of starting aryl
halide. Diethylene glycol dimethyl ether was used as internal standard.
Isolated yields are shown in italics. b 2 mol % of 1 was used, and the
reaction was carried out in a sealed tube.
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coupling products in moderate yields, (entries 2, 4, 6, and 8),
but in this case, higher pressures and catalyst loadings were
required.34

Although more experiments will be required to define the
relative stability of 1 under reaction conditions, and the tem-
peratures employed in both the coupling of R-bromoenone and
of benzyl bromides are around the assumed limit for the
formation of palladium nanoparticles,35 we propose that our
pincer complex 1 acts as a precatalyst in the reported transfor-
mations.36 An additional evidence of the latter proposal is the
fact that, unlike another pincer reported by our group (CNC),10b

initial assays of the recycling or reuse of the remaining aqueous
layer have provided lower yields in every run, thus suggesting
catalyst-decomposition to some extent.

Conclusions

To sum up, the first work regarding the application of a
nonsymmetric palladium pincer to catalyze Suzuki couplings
employing nonactivated substrates such as primary alkylboronic
acids or benzyl halides as electrophilic partners is presented.
This PCN pincer complex proves to be specially efficient in
the arylation of benzyl bromides, according to the range of
diarylmethanes prepared by this method. In addition, the first
Suzuki-Miyaura reaction with R-bromoenones catalyzed by a
pincer complex is reported. Moreover, due to its hydrophilic
properties most of the reactions can be carried out in neat water
with all the advantages implied not only in terms of sustain-
ability, safety or economy, but also by an easier workup and
purification procedure.

Experimental Section

Typical Procedure. Synthesis of (E)-3-(4-Methoxyphenyl)-4-
phenylbut-3-en-2-one (3b).19b Pincer complex 111 (9 mg, 0.017
mmol) was added to a mixture of bromoenone 219b (100 mg, 0.44
mmol), 4-methoxyphenyboronic acid (102 mg, 0.67 mmol), Na2CO3

(95 mg, 0.89 mmol) and water (0.44 mL) in a 5 mL round-bottom
flask open to the atmosphere. After stirring at 100 °C for 12 h, the
reaction mixture was cooled and water (5 mL) was added. The

aqueous layer was extracted with CH2Cl2 (3 × 6 mL). The
combined organic extracts were dried over anhydrous sodium sulfate
and concentrated in vacuo. The product was obtained as a yellowish
powder (95 mg, 86%) after the purification of the residue by flash
column chromatography (EtOAc/hexanes, 1:9).

Typical Procedure. Synthesis of 1-(4-n-Butylphenyl)etha-
none (4a).37 Pincer complex 111 (5 mg, 0.01 mmol) was added to
a mixture of 4-bromoacetophenone (100 mg, 0.50 mmol), n-
butylboronic acid (104 mg, 1.0 mmol), K2CO3 (138 mg, 1.0 mmol)
and o-xylene (1 mL) in a 5 mL round-bottom flask under argon.
After stirring at 130 °C for 20 h, the reaction mixture was cooled
and water (5 mL) was added. The aqueous layer was extracted with
CH2Cl2 (3 × 6 mL). The combined organic extracts were dried
over anhydrous sodium sulfate and concentrated in vacuo. The
product was obtained as an oil (83 mg, 94%) after the purification
of the residue by flash column chromatography (EtOAc/hexanes,
1:9).

Typical Procedure. Synthesis of 2,4′-Methylenedinaphtha-
lene (5h). A quantity of 43 µL of a solution of the pincer complex
111 (5 mg) in acetone (1.0 mL) was added to a mixture of
2-(bromomethyl)naphthalene (100 mg, 0.45 mmol), 1-naphthale-
neboronic acid (116 mg, 0.68 mmol), Na2CO3 (95 mg, 0.90 mmol)
and water (0.45 mL) in a 5 mL round-bottom flask open to the
atmosphere. After stirring at 100 °C for 3 h, the reaction mixture
was cooled and water (5 mL) was added. The aqueous layer was
extracted with CH2Cl2 (3 × 6 mL). The combined organic extracts
were dried over anhydrous sodium sulfate and concentrated in
vacuo. The product was obtained as a white powder (120 mg, 99%)
after the purification of the residue by flash column chromatography
(EtOAc/hexanes, 4:6). Mp: (EtOAc/hexanes, 4:6) 89-91 °C. 1H
NMR (CDCl3) δ (ppm): 4.7 (s, 2H), 7.43-7.58 (m, 7H), 7.72 (s,
1H), 7.80-7.99 (m, 5H), 7.98 (d, J ) 8.0 Hz, 1H), 8.11 (d, J )
7.4 Hz, 1H). 13C NMR (CDCl3) δ (ppm): 39.1, 124.2, 125.7, 125.5,
125.5, 125.9, 126.0, 126.9, 127.2, 127.4, 127.4, 127.5, 127.6, 127.9,
128.6, 132.1, 132.1, 133.6, 133.9, 136.4, 138.1. MS m/z (%): 268.12
(100), 267.12 (67), 265.10 (22), 253.10 (31), 252.09 (31). HRSM
m/z: calcd for C21H16 268.1252, found 268.1250.
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