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Palladium-catalyzed chemoselective and regioselective cross-coupling reactions of 2,3-dichloro-1,4-(tri-
fluoromethanesulfonyloxy)naphthalene with aryl boronic acids selectively afforded a variety of mono-,
di-, and tetraphenylnaphthalenes. These reactions proceeded with excellent chemoselectivity in favor
of the triflate functional group at the C-1 and C-4 positions of naphthalene.

� 2015 Elsevier Ltd. All rights reserved.
Predictive reactivity and selective control of Pd-catalyzed trans- reactions is highly attractive as the hydroxyl group is present in

formations is an attractive aspect of cross-coupling chemistry.
Significant efforts have been made in recent years to realize Pd-
catalyzed cross-coupling reactions with regard to the choice of
nucleophiles,1 development of versatile ligands2 and various cata-
lysts,3 as well as employing aromatic halides and pseudo-halides
as reaction partners.4 Pd-catalyzed carbonAcarbon bond forming
processes, particularly the selective Suzuki–Miyaura coupling reac-
tion of arenes and heteroarenes, have been extensively investi-
gated in terms of substrate scope and reactivity, as well as to
categorize important features that determine their regio-, chemo-
, and stereoselectivity.5 Selectivity in the Suzuki–Miyaura coupling
reaction depends heavily on electronic effects and the steric prop-
erties of both coupling partners, together with the precise struc-
ture of the substrates, which constitute the cores of many types
of polymers,6 ligands,7 natural products, and pharmaceuticals.8

In recent years, selective cross-coupling reactions of polyhalo-
genated substrates have been extensively studied5a–f and
employed as key intermediates in the synthesis of important
biological targets or their direct precursors.5g–i The development
of phenol-derived pseudo-halide electrophiles in coupling
many organic compounds, and they have been employed as
versatile alternatives to halides in cross-coupling reactions.9

Nevertheless, the implementation of this strategy is often not as
simple as for aryl halides, largely due to a higher CAO bond strength
relative to the carbonAhalogen bond. Aryl triflates are one of the
most common electrophiles in coupling reactions but have some
drawbacks such as difficult purification due to ease of hydrolysis
and degradation at room temperature which offers the opportunity
for improvement. Multi-substituted arenes containing mixed tri-
flates and halides (two or more reactive sites) have scarcely been
studied and in spite of the significant recent advances in transition
metal-catalyzed processes, many noteworthy challenges remain.
Among them are the coupling of hindered reaction partners, control
of chemo- and/or regioselectivity using substrates with multiple
reaction centers, and the coupling of abundant aryl chlorides.10

One key substrate class on which we have focused our efforts is
symmetrical 1,4-bis-triflates of naphthalene bearing mixed halide/
triflate substituents. The ability to effect selective functionalization
can be a powerful tool as the resulting products are important syn-
thetic motifs in organic synthesis, the pharmaceutical industry,
and materials science.11 Substituted naphthalenes are important
as drugs and lead structures in medicinal chemistry.11g
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Scheme 2. Synthesis of 5a–e and 6a–e. Reagents and conditions: (i) 3 (1.0 equiv),
ArB(OH)2 (4.5 equiv), Pd(PPh3)4 (3 mol %), KF (10.0 equiv), 1,4-dioxane, 120 �C, 8 h,
(ii) 3 (1.0 equiv), ArB(OH)2 (1.0 equiv), Pd(PPh3)4 (3 mol %), KF (3.0 equiv), 1,4-
dioxane, 50 �C, 4 h.

Table 1
Synthesis of 1,2,3,4-tetraarylnaphthalenes 5a–e

Entry ArB(OH)2 (4) 5 Yield (%)

1 4-(MeO)C6H4 a 76
2 4-MeC6H4 b 72
3 4-ClC6H4 c 66
4 3,5-MeC6H3 d 58
5 3,4,5-MeC6H2 e 62
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The primary focus of our efforts was the selective substitution
at the C-1 and/or C-4 positions. Previous reports were disappoint-
ing, and almost none of the desired Suzuki coupling product was
observed (see Scheme 2, top).12 All efforts resulted in sluggish
reactions and low overall yields. This unexpected behavior of 1,4-
bis-triflates as evidenced by the prevalence of hydrolysis/redox
products under catalytic reaction condition was probably due to
the abstractable proton (two transferable hydrogen atoms of
1,4-dihydroxybenzenes that easily lead to stable quinones and
hydroquinones which are common redox mediators).13 Herein,
we report a highly chemo- and regioselective palladium-catalyzed
Suzuki–Miyaura reaction of 1,4-(trifluoromethanesulfonyloxy)-
2,3-chloronaphthalene, which allowed the direct synthesis of a
number of mono-, di-, and tetraphenyl substituted naphthalene
products.

2,3-Dichloronaphthalene-1,4-diol 2 was synthesized in high
yield from inexpensive, commercially available 2,3-dicloro-1,4-
naphthaquinone (DCNQ) 1 by reduction with aqueous Na2S2O4

(94%), followed by transformation to the corresponding 2,3-
dichloronaphthalene-1,4-diylbis(trifluoromethanesulfonate) 3
(96%) (Scheme 1).

2,3-Dichloronaphthalene-1,4-bistriflate (3) is stable and can be
stored for a long time (more than six months) at room tempera-
ture. In order to obtain a crystal structure, layering techniques
were applied and well-defined crystals were grown from (CH2Cl2/
EtOH, 2:1). The X-ray structure showed that both triflate groups
were twisted out of plane (Fig. 1).20

The Suzuki–Miyaura reaction of 3 with arylboronic acids 4a–e
(4.5 equiv) afforded 1,2,3,4-tetraarylnaphthalenes 5a–e in
58–76% yields (Scheme 2, Table 1). Both electron-poor and
O
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Scheme 1. Synthesis of 2 and 3. Reagents and Conditions: (i) 1 (1.0 equiv), Na2S2O4

(3.0 equiv), 1 h; (ii) 2 (1.0 equiv), Tf2O (3.0 equiv), pyridine (2.0 equiv), CH2Cl2,
20 �C, 6 h.

Figure 1. Crystal structure of 3.

Table 2
Synthesis of 6a–c and 7a–c

Entry ArB(OH)2 (4) 6 Yields (%) 7 Yields (%)

1 4-MeOC6H4 a 72 a 77
2 4-MeC6H4 b 70 b 52
3 4-ClC6H4 c 68 c 60
electron-rich arylboronic acids were successfully employed. The
reactions were quite clean, although in some cases, small amounts
of biaryl derivatives, due to homocoupling of the organoboron
reagents, were also observed. The best yields were obtained in
1,4-dioxane at 120 �C using Pd(PPh3)4 (5 mol %) as the catalyst
and KF (10.0 equiv) as the base.

Next, the Suzuki–Miyaura coupling was examined for the
synthesis of unsymmetrical substituted naphthalenes. A highly
selective mono-coupling reaction was achieved after careful opti-
mization of the reaction parameters including base (3.0 equiv
KF), temperature (50 �C) and solvents. Selective Suzuki coupling
of 3 with various arylboronic acids (1.0 equiv) afforded the unsym-
metrical 1-aryl-2,3-dichloronaphthalene-4-trifluoromethanesul-
fonates 6a–c in 68–72% yields (Table 2). The reactions proceeded
with good selectivity for monosubstitution in favor of the triflate
at the C-1 position, while the C-4 triflate remained unreacted
under strict control of the reaction conditions. During optimiza-
tion, it proved crucial to use dried solvents, KF as base and Pd
(PPh3)4 (3 mol %) as catalyst. The reaction course was selective
and predominantly led to the product of OTf-displacement
(Scheme 3, Table 2).

The structures of the compounds were elucidated by extensive
spectral analysis; 1D and 2D (COSY, HMBC, HMQC, NOESY) NMR
spectroscopy. In order to obtain crystal structures, layering tech-
niques were applied and well-defined crystals were grown from
(CH2Cl2/EtOH, 2:1). The structure of compound 6a was unambigu-
ously confirmed by single crystal X-ray analysis (Fig. 2).20
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Scheme 3. Synthesis of 6a–c and 7a–c. Reagents and conditions: (i) 3 (1.0 equiv),
ArB(OH)2 (1.0 equiv), Pd(PPh3)4 (3 mol %), KF (3.0 equiv), 1,4-dioxane, 50 �C, 4 h; (ii)
3 (1.0 equiv), ArB(OH)2 (2.0 equiv), Pd(PPh3)4 (3 mol %), KF (6.0 equiv), 1,4-dioxane,
80 �C, 4–6 h.
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In earlier reports it was observed that the catalyst source,
ligand, and solvent, had a direct role on the selectivity for an aryl
chloride in preference to an aryl triflate.14,15 The competition of
CACl versus CAOTf functionalization and the reversal of selectivity
in Pd cross-coupling in polar solvents have been investigated using
a combination of computational and experimental studies.16 The
reactivity in a polar solvent is consistent with anionic Pd(0) and
in a nonpolar solvent with neutral Pd(0) catalysis.16b It is
believed that a polar solvent might stabilize the oxidative
addition transition state to CAOTf more strongly than for CACl
and the actual active catalytic species differs in a polar solvent.17

However, based on our initial consideration of steric hindrance,
selectivity for the cross-coupling due to the increased size of the
substituents can cause differentiation, and indeed, this was
observed. For the symmetrical framework, a general selectivity
mode is not apparent. The use of KF as base and purging the reac-
tion mixture with argon for 10–15 min have significant advantages
over the previous procedures, particularly regarding the sensitive
1,4 bistriflate core, which would otherwise be labile under pro-
longed exposure to basic conditions and where the optimal proce-
dures for chemoselective Suzuki–Miyaura coupling are
ineffective.18

In addition to the Suzuki–Miyaura reaction, we also explored
the Sonogashira coupling reaction (Scheme 4). The product distri-
bution of Sonogashira reactions is not necessarily the same as
the Suzuki–Miyaura coupling reaction of the same substrates and
the degree of selectivity of Sonogashira reactions is not predictable
based on the results of the analogous Suzuki reactions. In Pd-cat-
alyzed Suzuki couplings, the outcome of competition between aryl
halides and aryl triflates varies with the nucleophilic partner; R–B
species generally follow a different pattern from other R–M
Figure 2. Crystal structure of 6a.
species.19 The results obtained using 2.2 equiv of trimethylsily-
lacetylene were in line with that observed for Suzuki–Miyaura cou-
pling. Our study found that the Pd(PPh3)4/CuI/Et3N in a THF system
furnished 1,4-diethynyltrimethylsilyl-2,3-dichloronaphthalene
product 8 in 72% yield.

In conclusion, we have reported a highly chemoselective and
regioselective palladium-catalyzed Suzuki–Miyaura and
Sonogashira coupling reactions of 2,3-dichloronaphthalene-1,4-
bistriflate. These controllable coupling reactions proceeded with
excellent chemoselectivity in favor of the triflate groups and
afforded a variety of diversified, mono-, di-, and 1,2,3,4-
tetraphenylnaphthalene structures.
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