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Abstract: A simple protocol for the efficient preparation of substi-
tuted 6-phenyl-2,2¢-bipyridine derivatives is described. A reverse
type of Diels–Alder reaction between a 6-phenyl-2-pyridyl-1,3,4-
triazine and 4-N,N-di-n-butylaminophenyl- or gallate-ethynyl de-
rivatives at high temperature provide a mixture of two products eas-
ily separable by column chromatography. A variety of ligands
suitable for the synthesis of cyclometalated platinum complexes
have been produced. Additional substitution of the Pt–Cl by various
donor–acceptor ethynyl fragments is feasible by mean of copper(I)
catalysis.
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The construction of useful luminescent complexes gener-
ally requires the engineering of ligands so that the tailor-
ing of the spectroscopic properties or even the redox
properties corresponds to the envisaged applications.
Phosphorescent transition-metal complexes find applica-
tions as chemical sensors,1 electron2 or photon3 donors,
light harvesters4 and electrogenerated luminescent cen-
tres.5

Much effort is being extended to develop synthetic proto-
cols able to produce stable, cheap, and versatile ligands
capable to complex transition metals. Bipyridine, terpyri-
dine, and phenyl analogues have found prominent use in a
wide variety of photo-activated molecular systems.6–9

In many cases, these materials are luminescent in fluid so-
lution at ambient temperature and the photophysical prop-
erties are sensitive to temperature, nuclearity, and the
nature of the polypyridine ligand.10 Attaching aryl hydro-
carbon residues11,12 close to the metal centre provides a
means by which to prolong the triplet lifetime of the com-
plex whilst the addition of electron-donating or electron-
withdrawing units opens up the possibility to involve the
metal complex in intramolecular charge-transfer
states.13,14 Attaching conjugated substituents to the metal
complex introduces the likelihood that ligand-localised
excited states will figure in the triplet manifold.15

Most of these ligands were produced by classical methods
and recently in an alternative approach towards the same

purposes sophisticated polytopic ligands (quarter-,
quinque-, hexapyridine….) were prepared by controlled
reverse Diels–Alder reactions.16,17

In this paper we report a method for the synthesis of a
class of 6-phenyl-2,2¢-bipyridine analogues starting from
a common triazine starting material. The method is gener-
al and it allows for the convenient synthesis of a series of
ligands in which the substituents on the central pyridine
can be varied.

The target triazine was prepared in two steps from 2-cya-
nopyridine and hydrazine followed by condensation with
phenylglyoxal (Scheme 1). Condensation of 1 with hydra-
zine hydrate was carried out as described in the litera-
ture.18

The condensation of the 1,3,4-triazine 3 with bis(4-N,N-
di-n-butylphenyl)acetylene in o-dichlorobenzene at high
temperature provides the trisubstituted bipyridine deriva-
tive 4 in acceptable yield (Scheme 1).19

Scheme 1 Reagents and conditions: (i) N2H4 hydrate, EtOH, r.t.; (ii)
2-phenylglyoxal, EtOH, reflux; (iii) disubstituted ethynyl compound,
o-dichlorobenzene, 180 °C.
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Crystal structure determination for 4 (Figure 1)20 con-
firms the stoichiometry and connectivity deduced from
the NMR spectra. As expected the nitrogen atoms of the
bipyridine moiety lie in a transoidal position that minimis-
es electrostatic interactions between the neighbouring
lone pairs, a situation frequently found in oligopyridine
ligands.21 The two 4-N,N-di-n-butylaminophenyl rings are
tilted versus the central pyridine ring by 47.28° (3-posi-
tion) and 46.27° (4-position). Besides, the nonsubstituted
phenyl fragment in the 6-position is titled by 39.37°.

Figure 1 An ORTEP view of ligand 4 with atoms labelled. Proba-
bility displacement ellipsoids are shown at the 30% level.

When the same condensation is carried out with 4-N,N-di-
n-butylaminophenylacetylene or 3,4,5-dodecaalkoxy
phenylacetylene the reaction proceeds smoothly but two
regioisomers are formed which can be easily separated by
a combination of chromatography and crystallization
(Scheme 2). The meta-isomers 5a and 6a are identified by
the multiplicities and chemical shifts of the 3,5- or 4,5-
protons of the central pyridine. For the meta-isomers the
protons 4 and 5 are presented by an AB system (JAB = 8.1
Hz, n0d = 12.5 and 21.1 Hz, respectively) whereas for the
para-isomers 5b and 6b the 3- and 5-protons are split into
two weakly coupled doublets (4J = 1.5 Hz, Figure 2). Also
worth noting is the protons 3¢ of the outer pyridine rings
of the para-isomers which are notably shifted upfield in
the meta cases 5a (Figure 3) and 6a due to the proximity
of the substituted phenyl ring in the cisoid orientation.

The ratio of regioisomers is not influenced by temperature
and reaction times. At lower temperature, the reaction is
very slow and product conversion very modest. At higher
temperature, the addition product of the acetylene to the
triazine leads to the preferential decomposition of the
compounds. It appears that the reverse Diels–Alder con-
densation takes place readily around 180 °C even with
fairly hindered acetylene derivatives and provides a useful
method for the incorporation of various substituents on
the central pyridine residue.

In order to test the coordination abilities of some of these
novel ligands towards Pt(II) we allow these to react with
K2PtCl4 in a refluxing mixture of acetonitrile (or THF)
and water. Analysis of the crude reaction mixture indicate
complete consumption of the ligands resulting in forma-
tion of deep-red complexes which were easily isolated in
fair yields by column chromatography on silica gel eluting
with dichloromethane (Scheme 3).

Scheme 3 Reagents and conditions: (i) K2PtCl4, H2O–MeCN (for
5a) or H2O–THF (for 6a), reflux.

The identity of complexes 7 and 8 was ascertained from
their 1H NMR which revealed a noticeable shift of proton
6¢ (a to the nitrogen) toward low field when ligands were
coordinated to metal centre (from d = 8.6 to ca. 9.1 ppm).
Another key feature in the spectra is the apparition of 195Pt
satellites, testifying of weak coupling of protons 6¢ and d
with the platinum atom.

Scheme 2 Reagents and conditions: (i) arylethynyl derivative, o-di-
chlorobenzene, 180 °C.
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Furthermore, complex 7 was adequately characterized by
an X-ray molecular structure on single crystals
(Figure 4).22 The tridendate cyclometalated ligand and the
chlorine are arranged in a distorted square-planar geome-
try about the platinum atom. The chelating ligand is al-
most flat with dihedral angles between the central
pyridine and the outer cycles; 12.55° with the outer pyri-
dine and 4.60° with the phenyl ring. The 4-N,N-di-n-butyl-
aminophenyl fragment is severely tilted from the main
platinum plane by 61.33°, a situation highlighting the ster-
ic congestion at the 3-substitution position. The platinum–
nitrogen bond length trans to the phenyl group [Pt(1)–
N(1) = 2.099 Å] is noticeably longer than that trans to the
chlorine ligand [Pt(1)–N(2) = 1.966 Å] which is consis-
tent with the greater trans influence exerted by the phenyl
substituent.

Displacement of the chloride ligands in complex 8 can be
achieved under smooth conditions by using CuI as a cata-
lyst (10 mol%). Although we made no attempt to system-
atically optimise the reaction conditions, displacement of
the halide on the platinum centre is kinetically controlled
and required fairly lengthy reaction times (1–3 d) at room
temperature. Higher temperatures are not suitable here
due to the instability of the platinum precursor in the pres-
ence of triethylamine and the solvent.

Figure 2 1H NMR (300 MHz, CDCl3) of 6a (meta-isomer, top) and
6b (para-isomer, bottom). For the sake of clarity only the aromatic re-
gion of the spectra is shown.

Figure 3 1H NMR (300 MHz, CDCl3) of 5a (top) and 7 (bottom).
For the sake of clarity only the aromatic region is shown.

Figure 4 An ORTEP view of complex 7 with atoms labelled. Pro-
bability displacement ellipsoids are shown at the 50% level. Selected
distances (Å) and angles (°):  Pt(1)–N(1), 2.099; Pt(1)–N(2), 1.966;
Pt(1)–C(16), 1.969; Pt(1)–Cl(2), 2.312; N(1)–Pt(1)–N(2), 78.92;
N(1)–Pt(1)–C(16), 162.03; N(2)–Pt(1)–Cl(2), 177.67.
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Despite the fact that highly deactivated acetylene sources
are used (e.g., derivative c in Scheme 4), the copper-pro-
moted cross-coupling reaction is effective and there is lit-
tle difference in the yields of the substituted platinum
complexes from an electron-rich acetylene (a and b) ver-
sus electron-poor acetylene source (like c and d). Inas-
much, use of 4-ethynyl-terpyridine (d) does not induce
ligand scrambling around the platinum metal (C^N^N
versus N^N^N coordination mode), which testify to the
high stability of the ortho-metalated metal centre under
the used experimental conditions.

The proton NMR spectra of complexes 9a–d presented
the same features as previously discussed for complexes 7
and 8 with characteristic low-field shifting and 195Pt satel-
lites for the protons 6¢ and d. Furthermore, the 13C NMR
spectra for the co-ligand part exhibit two signals between
d = 103 and 107 ppm unambiguously assigned to the sp-
hybridised carbons of the ethynyl bond.

Selected spectroscopic data are gathered for all com-
pounds in Table 1. The absorption spectra of most com-
pounds exhibit an intense band between 270 and 360 nm
(e in the range 21000–46000 M–1 cm–1), which can be as-
signed to the spin-allowed p–p* transitions involving the
pyridyl/phenyl/ancillary aryl rings. All platinum com-
plexes display an additional large absorption band at low
energy (around 430–480 nm) assigned to spin-allowed
metal-to-ligand charge transfer. The shape and position of
these MLCT band is weakly affected by the nature of the
ethynylaryl residues. All the compounds exhibit a rela-
tively intense emission (Table 1) in solution at room tem-
perature. The emission spectrum is similar in shape and
the emission is significantly red shifted compared to the
absorption spectrum, indicating a strong Stokes shift,
which suggests a reorganization occurring in the excited
state. For the meta-derivatives 5a and 6a the emission is
red shifted, respectively, by 26 nm and 16 nm with respect
to the para-isomers. Notice that for the complexes excita-
tion in the MLCT or p–p* transition resulted in an emis-

sion in the range of 580 to 640 nm due to the
phosphorescence of the MLCT triplet state.23 Complex 9b
bearing an ethynylgallate fragment is completely
quenched, likely due to a photo-induced electron-transfer
process provided by the appended alkoxy fragments.24

This study has shown that reverse Diels–Alder reaction
provides unsymmetrically substituted ligands prepared in
a single step as sketched in Scheme 1. It should be
stressed that these highly substituted phenyl-bipyridine
ligands are mostly inaccessible by any other known syn-

Scheme 4 Reagents and conditions: (i) arylethynyl derivative, CuI (10%mol), TEA, CH2Cl2, r.t.
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Table 1 Selected Data for the Novel Ligands and Complexes

Compd Yield 
(%)

MS–FAB 
(m/z)a

lmax (nm), e (M–1cm–1)b lem 
(nm)c

p–p* MLCT

4 57 639.3 332 (28600) – 468

5a 86 436.2 350 (21900) – 487

5b 5 436.2 356 (28200) – 461

6a 47 861.4 306 (21000) – 451

6b 18 861.4 285 (29500) – 435

7 65 666.2 271 (45500) 484 (2000) 642

8 85 1055.1 279 (27500) 440 (1500) 589

9a 69 1171.0 280 (44700) 450 (5300) 608

9b 68 1709.2 283 (45500) 440 (5700) –

9c 41 1220.0 283 (46000) 428 (5100) 579

9d 80 1312.0 288 (61500) 426 (7700) 583

a FAB mass spectroscopy, the molecular peak correspond to [M + H]+ 
except for 8 where m/z accounts for [M – Cl]+.
b Averaged value determined from at least two different solutions of 
nondegassed CH2Cl2 solution.
c Emission in CH2Cl2 solution at room temperature.
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thetic route. The rate of the condensation is heavily depen-
dent upon steric hindrance near the acetylene function.
Nevertheless, even congested alkynes such as 1,2-di(4-
N,N-dibutylaminophenyl)ethyne can be converted, albeit
in low yield, into the desired target compounds. When two
positional isomers are possible the regioselectivity is dic-
tated by particular aryl–aryl interaction in the transition
state. The meta-isomer is always favoured versus the
para-isomer. The ratio of isomers cannot be regulated by
varying the temperature or reaction rate excluding a kinet-
ic and thermodynamic control. The coordination potential
of these ligands have been tested by complexation with
Pt(II) salts. Nonetheless, ortho metalation is feasible de-
spite the fact that the meta-substitution position induces
some steric constraints. High solubility has been ensured
by the use of butyl or dodecaalkoxy solubilising chains.
Under controlled conditions, this protocol is well suited to
the production of novel phenyl/bipyridine ligands. This
finding expands the synthetic scope of this reaction and
makes readily accessible a class of previously rare
ligands.
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