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Abstract 

Cyclometallated derivatives of 2-phenylpyridine (HL) are readily obtained by 
transmetallation reactions of 2-(2’-pyridyl)phenylmercury(II) chloride, [Hg(L)Cl], 
with labile transition metal compounds. The products of these reactions are 
cyclometallated, containing metal-carbon bonds. The yields are high, and compara- 
ble with or better than those obtained from direct reactions with 2-phenylpyridine. 
The products are easily isolated, and are unequivocally metallated. The metal 
exchange reaction may be used to prepare cyclometallated complexes which are not 
available by direct reaction with 2-phenylpyridine. The use of the mercury(I1) 
complex enables the use of kinetically inert chloro complexes in the transmetalla- 
tion. 

Introduction 

The chemistry of transition metal complexes incorporating ligands such as 
2,2’-bipyridine (bipy) or 2,2’ : 6’,2”-terpyridine (terpy) has recently undergone a 
revival [1,2]. One of the reasons for this is associated with the utilisation of such 
compounds as primary photocatalysts for solar energy photoconversion [3]. Where 
such studies have been performed, it is found that the precise nature of the ligands 
attached to the metal centre have profound effects upon the photochemical and 
redox properties [4]. The discovery that the ‘anomalous’, but photoactive 
“{Ir(bipy),}“+ complexes incorporated a cyclometallated 2,2’-bipyridine ligand [5], 
led us to investigate methods for the designed synthesis of such complexes. The 
photophysical properties of the cyclometallated derivatives are different from those 
of the ‘normal’ complexes [6]. The replacement of the nitrogen donor atom by a 
carbon affects the metal-centred electron density, and affords higher energy ligand 
field excited states [7]. 

We were interested in the development of general routes for the synthesis of 
cyclometallated complexes. Although numerous metallated derivatives of 2-phenyl- 
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pyridine and its congeners are known 181, their q;ynthesis is freyuently >erendipitouh. 
However, although the insertion of a transition metal into an aromatic. C‘ H hond 
mav require forcing conditions, mercutation ix a relati\,el> facile pr1vc3s [9]. Wtz 
rep&t herein metal-exchange reactions of the readily-prepared compoun~d [Hg( I ,K‘i/ 
with labile transition metal cpccics tc, yield c~clomtztallntcd c~mptt~r~ 

Results and discussion 

Mercury(II) acetate reacts smoothly with 2-phenylpyridinc in ethanol to _vield 
[Hg(L)(OAc)]. which is converted into [Hg(I,jCI] upon metath&b wtth lithium 
chloride [lOI. .4 considerable amount of a his-mercurated der!\ ati~x. l.i-bis(chloro- 
mercuric>)-6-(2-pyridyl)benzcnr. was also obtamed in this pr”p:lr-ation :Is a vrr!, 
insoluble white compound (Scheme 1). The factors favourinp the facile elzctrophilic 

attack of mercun(I1) salts u;3nri aromatic compo~mcf~ txii’c j.,cwi di~~~i~vdit clxn.hcrc 

ill]. 

Scheme 1 



295 

ence of three equivalents of silver(I) tetrafluoroborate, reaction proceeded smoothly, 
to give a purple-red solution, from which [Ru(bipy),L][PF,] may be isolated as a 
deep red solid in 45% yield after the addition of ammonium hexafluorophosphate. 
The complex is readily purified by affinity chromatography over Sephadex LH-20 in 
acetone. The infra-red and ‘H NMR spectra of the complex were identical to those 
previously reported. 

The reaction of 2-phenylpyridine with palladium(I1) acetate or palladium(I1) 
chloride is reported to yield a mixture of cyclometallated and unmetallated com- 
plexes, which is difficult to separate [13]. We considered that the mercury-palladium 
exchange reaction might provide an unequivocal preparation for the cyclometallated 
complex. The reaction of [Hg(L)Cl] with palladium(I1) acetate in ethanol/dichloro- 
methane gave a deep yellow solution, from which the complex [LPd( p-OAc),PdL] 
was obtained in quantitative yield. The complex exhibits absorptions in its infrared 
spectrum at 1571 and 1416 cm-‘, which may be assigned to the asymmetric and 
symmetric stretching modes, respectively [14]. The difference between these two 
modes is a function of the chemical environment of the acetate group; typically, 
monodentate acetate exhibits a difference of 250 cm-‘, chelating acetate of 50 cm-’ 
and bridging acetate of 150 cm-r. The difference observed for our compound of 155 
cm -’ characterises it as the pacetato complex. 

The ‘H NMR spectrum of a CDCl, solution of the complex exhibits a single 
resonance at 6 2.22 ppm, which may be assigned to the methyl groups of the 
bridging acetate. The aromatic region of the spectrum of a CDCl, solution of the 
complex is shown in Fig. 1. The fluxional processes occurring in such acetate-bridged 
complexes have been discussed elsewhere, and are probably responsible for the 
broadening of these signals. A solution of the complex in CD,SOCD, exhibits a 
rather different spectrum, in which all of the aromatic signals have experienced a 
downfield shift. In particular, the spectrum exhibits two resonances for the acetate 
methyl groups, which may be assigned to free and coordinated acetate, and we 
believe the solution species to be [PdL(dmso)(OAc)]. 

The reaction of [LPd( p-OAc) 2 PdL] with lithium chloride results in quantitative 
conversion into the very insoluble yellow complex, [LPd(p-Cl),PdL]. This chloro- 
bridged complex is converted into the neutral species [LPd(S,CNEt,)] upon treating 
with sodium dithiocarbamate in aqueous methanol. The ‘H NMR spectrum of the 
complex exhibits two non-equivalent ethyl groups, as expected for a square-planar 
palladium(I1) complex in which the lone pair of the dithiocarbamate nitrogen is 
delocalised, and rotation about the C-N bond is restricted [15]. It is noteworthy 
that the methyl groups are more sensitive to the environment than the methylene 
groups; the former appear as two triplets centred at 6 1.38 and 1.31 ppm, whereas 
the latter are coincident, and appear as a single quartet at 6 3.86 ppm. The aromatic 
region of the ‘H NMR spectrum of the complex is shown in Fig. 1. 

Attempts to prepare [Ir(bipy),L]+ salts by the direct reaction of [Ir(bipy),Cl,]Cl 
or [Ir(bipy),Cl,][PF,] with 2-phenylpyridine is a variety of conditions were unsuc- 
cessful; in all cases, the iridium species were recovered unchanged. The chloride 
ligands in [Ir(bipy),]+ are known to be substitution inert [16], and it is extremely 
difficult to prepare [ Ir(bipy) 3] 3 + complexes from this source. The addition of 
silver(I) salts had no effect upon the reaction with 2-phenylpyridine, and 
[Ir(bipy)&12]+ salts were recovered unchanged, even after prolonged reaction times. 
However, [Ir(bipy),Cl,]Cl reacted with ethanolic solutions of [Hg(L)Cl] to yield 
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Fig. 2. The aromatic region of the ‘H NMR spectrum of [Ir(bipy),L][PF,], (CD,SOCD,, 250 MHz). 

exchange reaction may be used to prepare cyclometallated complexes which are not 
available by direct reaction with 2-phenylpyridine. The use of the mercury(I1) 
complex enables the use of kinetically inert chloro complexes in the transmetalla- 
tion. 

Experimental 

2-Phenylpyridine (Aldrich), silver(I) tetrafluoroborate (Aldrich), palladium(I1) 
acetate (Johnson-Matthey), ‘ruthenium trichloride trihydrate’ (Johnson-Matthey), 
and iridium(II1) chloride (Johnson-Matthey) were used as received. Sephadex 
LH-20 (Sigma) was pre-equilibrated with the elution solvent prior to use. The 
complexes [Hg(L)Cl] [lo], [Ru(bipy),Cl,] [18] and [Ir(bipy),Cl,]Cl [19] were pre- 
pared by the literature methods. ‘H NMR spectra were recorded using Bruker WM 
250 or AM 400 spectrometers in CD,SOCD,, CD,COCD,, or CDCl, solution. 
Infrared spectra were recorded using Perkin-Elmer 983 or 1700 spectrophotometers. 
Reactions were performed under an atmosphere of dry dinitrogen where ap- 
propriate. 

2-(2’-Pyridyl)phenylmercu~y(II) chloride, [Hg(L)Cl] 
A mixture of 2-phenylpyridine (3.67 g, 0.023 mol) and mercury(I1) acetate (7.50 

g, 0.023 mol) in absolute ethanol (50 cm’) was heated under reflux for 24 h, and a 
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was then filtered through Celite, concentrated in vacua, and treated with [NH,][PF,] 
to give a bright yellow precipitate of the [Ir(bipy),L][PFslz .2.5H,O. HPF, (32 mg, 
68%). (Found: C, 32.6; H, 2.7; N, 6.6. C,,H,,N,IrP~F,802,5 calcd.: C, 32.6; H, 2.6; 
N, 6.2%) 
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