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ABSTRACT

A new protocol is presented for the synthesis of novel bisterpyridine derivatives using palladium-catalyzed Miyaura- and Suzuki-type cross-
couplings as the key reactions. This protocol is quick, efficient, mild, and broadly applicable for the construction of versatile bisterpyridines
by symmetric and unsymmetric introduction of various substituents in the pyridine rings as well as by tuning the spacers for bridging the two
terpyridine moieties.

Metallo-supramolecular polymers have recently attracted
growing interest within the domain of material and supra-
molecular chemistry,1 molecular biology,2 and nano science.3

In this context, particular attention has been paid to the
ditopic bisterpyridine derivatives because this type of
compound is chemically and thermally stable and forms, as
a tridentate ligands, stable complexes with a large variety
of transition-metal ions, associated with a rich variety of
interesting properties.3a,4 However, versatile preparation of

bisterpyridine-based coordination polymers has been seri-
ously restricted due to the limited availability of suitable
ligands, and studies have focused mainly on ligands such as
1,4-bis(2,2′:6′,2′′-terpyridine-4-yl)benzene. To date, two
strategies are commonly employed to synthesize bister-
pyridine derivatives.4a,5 One is the base-mediated aldol
condensation of a dialdehyde with an acetylpyridine, for the
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preparation of diazachalcone, followed by a bis-1,4-addition
of the resulting azachalcone with a pyridinium nucleophile.5

Another is the 4′-position substitution reactions of comm-
ericially available 4′-Cl (or OH) monoterpyridines.4a How-
ever, because of the frequent application of strong bases and/
or employment of the bis-1,4-addition reaction in these
conventional methods, their general application intrinsically
suffers from many drawbacks such as the preparation of
unsymmetric ligands, the introduction of functional groups
at the ring periphery, and the availability of different spacers
for bridging the two terpyridine moieties. These drawbacks,
thereby, prevent flexible design and synthesis of bister-
pyridines with structural and functional diversity.

Therefore, development of a general and efficient protocol
for the synthesis of bisterpyridines is highly desirable. Herein,
we describe a Suzuki coupling protocol, which permits the
versatile synthesis of bisterpyridines. Although Suzuki
coupling has been used in a broad range of sp2 C-C bond
formations,6 only very few examples are reported for the
construction of structurally unique bisterpyridines.7

Synthesis of monoterpyridine derivatives4, 5, 7, and8 is
outlined in Scheme 1. On the basis of a modified one-pot

Kröhnke procedure,8 4-bromobenzaldehyde1 and 2 equiv
of 2-acetylpyridines (2or 3) reacted sequentially in a
Claisen-Schmidt aldol condensation,8 a 1,4-addition, and

an intramolecular dehydration, to afford the monoterpyridines
4 and5, respectively, in good yield. For further functional-
ization, the terpyridine4 was oxidized withm-CPBA to give
N,N′′-dioxidized compound6 in excellent yield. The resulting
dioxide 6 was then subjected to a Reissert-Henze-type
reaction9 to produce the 6,6′′-dicarbonitrile7. Alternatively,
nucleophilic substitution of 6,6′′-dibromo-terpyridine5 with
NaOMe gave the corresponding 6,6′′-dimethoxyl derivative
8 in quantitative yield. The functional groups in pyridine
rings, such as the bromide in5, the carbonitrile in7, and
the methoxyl group in8, can be readily transformed into a
number of other functional groups. The efficient synthesis
makes these monoterpyridines attractive precursors for the
construction of diverse bisterpyridine derivatives.

With these useful monoterpyridines in hand, our attention
shifted first to the construction of symmetric bisterpyridines
by using Suzuki-type cross-coupling. The first challenge here
is to successfully synthesize the terpyridine boronic esters
(acids), a class of compounds rarely reported.7 We initially
tried the classical reaction of a lithium reagent9, generated
in situ from terpyridine4 and BuLi ortBuLi, with a trialkyl
borate10 (Scheme 2).10 However, extensive efforts under

various conditions proved to be fruitless, and only a small
amount of boronic esters contaminated by some unknown
impurities were obtained (ca. 30%). The major product was
found to be the debrominated1211 (>50%).
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Scheme 2. Preparation of Terpyridine Boronic EstersScheme 1. Synthesis of Monoterpyridines
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Our efforts then focused on a Miyaura-type cross-coupling
strategy for the preparation of terpyridine boronic esters.12

We were pleased to find that treatment of4 with 1.1 equiv
of bis(pinacolato)diboron13 led to a smooth conversion of
substrate4 under all three different conditions tried (Table
1, entries 1-3). Careful spectroscopic analyses revealed that

the product was a hard to separate mixture of11 (major)
and the dimerized product14a (minor).

The detection of14a is attractive because it implies that
high-yielding dimerization would be possible via a one-pot
tandem Miyaura boronic ester formation and Suzuki coupling
if the reaction conditions such as the amount of boron
reagent, bases, solvents, and temperature were properly
controlled, thereby providing a much faster procedure for
synthesizing bisterpyridines of the symmetric type than a
stepwise one. Accordingly, the reaction conditions were
further optimized using PdCl2(PPh3)2 as catalyst instead of
PdCl2(dppf) in standard Miyaura conditions.13 It was im-
mediately clear that the outcome of the reaction was
markedly affected by base, solvent, and temperature (Table
1, entries 4-10). In general, use of stronger bases such as
K2CO3 and of polar solvents such as DMSO and DMF (Table
1, entries 4 and 5) gave the dimerized product14a in a

satisfactory yield. Thus, the final optimized conditions were
5 mol % of PdCl2(PPh3)2, K2CO3, DMSO, and 80°C. Under
these conditions,14a was obtained in 86% yield when the
reaction was scaled up to 300 mg.14 The structure of14a is
determined by standard spectroscopic techniques, including
1H and13C NMR and mass spectrometry, as well as X-ray
crystallographic analysis (Figure 1).15

Next, the methodology was extended to the synthesis of a
range of symmetric bisterpyridines having various functional
groups in the pyridine rings. As shown in Scheme 3, the

dimerization occurred efficiently for both electron-deficient
(7) and electron-rich (8) substrates to give14b and 14c,
respectively. The relatively low yield for14b is due to the
extremely poor solubility in many solvents such as DMSO,
DMF, THF, CHCl3, CH2Cl2, and other protic solvents,
resulting in a partial precipitation of the product from the
reaction system.16 When5 was subjected to cross-coupling
under the same conditions, a complex mixture was obtained,
probably resulting from the competitive boronic ester forma-
tion of the bromides in benzene and pyridine rings as well
as from the following competitive Suzuki coupling reac-
tions.17
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Table 1. Optimization of the Suzuki Dimerization Coupling
Reaction of Terpyridine4 with Bis(pinacolato)diboron13a

entry catalyst base °C/h solvent yieldc (%)

1 PdCl2(dppf)b KOAc 80/6 DMSO 97d

2 PdCl2(PPh3)2
b KOAc 80/6 DMSO 95d

3 PdCl2(PPh3)2 KOAc 80/16 DMSO 95d

4 PdCl2(PPh3)2 K2CO3 80/18 DMSO 89
5 PdCl2(PPh3)2 K2CO3 80/18 DMF 88
6 PdCl2(PPh3)2 K2CO3 100/16 DMSO 88
7 PdCl2(PPh3)2 K2CO3 60/16 DMSO 51
8 PdCl2(PPh3)2 K2CO3 80/20 dioxane -e

9 PdCl2(PPh3)2 NaHCO3 80/20 DMSO 73
10 PdCl2(PPh3)2 KF 80/20 DMSO 40

a Conditions for entries 1-3: 50 mg (0.128 mmol) of4, 1.1 equiv of
bis(pinacolato)diboron13, 5 mol % of catalyst unless otherwise noted, 3.0
equiv of base, 80°C. Conditions for entries 4-10: 50 mg (0.128 mmol)
of 4, 0.52 equiv of13, 5 mol % of catalyst, 3.0 equiv of base, 80°C. b30
mol % of catalyst.cIsolated yield by column chromatography on basic Al2O3,
unless otherwise noted.dCombined total yield of the mixture of11 (major)
and14a (minor). eOnly a trace amount of product was detected by TLC.

Figure 1. X-ray crystal structure of14a. Displacement ellipsoids
represent 50% probability.

Scheme 3. Synthesis of Substituted Bisterpyridines
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On the basis of the experiences for the synthesis of
symmetric bisterpyridines14a-c, bisterpyridines of the
unsymmetric type15a-b were also synthesized efficiently
via a one-pot procedure involving boronic ester formation
followed by in situ Suzuki cross-coupling (Scheme 4). Thus,

monoterpyridine4 was treated with 1.1 equiv of bis-
(pinacolato)diboron13under modified Miyaura conditions13

until the starting material had disappeared as monitored by
TLC. Then, the reaction vessel was recharged in situ with
1.0 equiv of electron-deficient7 (or electron-rich8), 5 mol
% of PdCl2(PPh3)2, and 3.0 equiv of K2CO3. The mixture
was heated further under stirring until7 (or 8) had disap-
peared. Purification of the reaction mixtures afforded the
desired unsymmetric bisterpyridine15a and 15b, respec-
tively, in good isolated yield. It should be noted that such
types of unsymmetric ligands are anticipated to be interesting
for the fabrication of metallo-supramolecular polymers
containing different metal ions in a well-defined way,
providing new materials with novel functions. However, it
is extremely difficult to synthesize this type of ligands
according to the established procedures.4a,5

Having established a robust Suzuki-type protocol ac-
complishing the synthesis of bisterpyridines of symmetrically
and unsymmetrically substituted types, we became interested
in extending this protocol to the construction of other new
bisterpyridines by tuning the spacers for bridging the two
terpyridine moieties. For this purpose, we adopted a Suzuki
bis-coupling strategy as outlined in Scheme 5. Here, 1,3-
diboronate17 was prepared from 1,3-dibromobenzene16
via Miyaura cross-coupling. Then, Suzuki bis-coupling of
17 with 2 equiv of4 gave the corresponding bisterpyridine

18a in good yields. Further exploration showed that the
electron-deficient (7) and electron-rich (8) substrates are also
compatible with this synthetic strategy, providing the cor-
responding coupling products18b and18c, respectively, in
high yields.

In conclusion, we have developed a new protocol to access
bisterpyridine derivatives using palladium-catalyzed Miyaura-
and Suzuki-type cross-couplings as the key reactions. This
protocol is shown to be quick, efficient, mild, and broadly
applicable for the synthesis of a large variety of sym-
metrically and unsymmetrically functionalized, as well as
spacer tunable bisterpyridines. Besides, the methoxyl and
carbonitrile functionalities either in the monoterpyridines or
in the bisterpyridines are ready for further versatile deriva-
tization. As a result, flexible design and synthesis of
bisterpyridine derivatives with structural and functional
diversity are possible employing the newly developed
methodology. On the other hand, the availability of a diverse
class of valuable bisterpyridines allows the versatile fabrica-
tion of novel metallo-supramolecular polymers. This work
along with the synthesis of structurally more complex
bisterpyridines is currently underway.
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(17) It was also reported that protonolysis of a C-B bond might occur
when the boron atom is attached to a carbon adjacent to heteroatoms (see
ref 9a), making the reaction more complicated.

Scheme 4. Synthesis of Unsymmetric Bisterpyridines

Scheme 5. Synthesis of Bisterpyridines by Tuning Spacers
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