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The complexes Re(L-L)(CO ) 3Cl with L-L = 9,10-phenanthrenequinone (PHQ) and 9,10phenanthrenequinone diimine (PHI) were prepared and characterized spectroscopically. Both
compounds show intense Re(I) to L-L metal-to-ligand charge transfer (MLCT) absorptions. In
chloroform, the M LCT bands appear at 711 nm (L-L = PHQ) and 553 nm (L-L = PHI).

1. Introduction
Metal-to-ligand charge transfer (MLCT) excited
states play an important role in the photophysics
and photochemistry of transition metal complexes
[1 -3 ]. This interest has been stimulated by various
potential applications. In particular, charge sepa
ration processes including solar energy conversion
systems have attracted much attention. The major
ity of observations has been made on complexes
with reducing metals such as Ru11 [2] and Re1 [3],
which are coordinated to ligands with low-energy
7r* orbitals. Especially 1,2-diimines (e.g. bpy =
2,2'-bipyridine) have been used as bidentate ac
ceptor ligands. Surprisingly, only little is known
on MLCT transitions terminating at quinones, al
though they are primary electron acceptors in nat
ural photosynthesis [4]. While a variety of com
plexes with reduced quinones (semiquinones, catecholates) have been prepared and characterized,
much less information is available on quinone com
plexes [5]. This lack may be related to an in
trinsic instability of such compounds. Neverthe
less, MLCT spectra of suitable complexes such as
Ru(bpy)2 (o-benzoquinone)2+ and Ru(pyridine)4 (obenzoquinone)2+ were reported [6]. However, these
complexes were generated only in solution. More
over, their electronic spectra are quite complicated
owing to the simultaneous presence of different ac
ceptor ligands. These complications can be avoided,
if a quinone is the only acceptor ligand coordi

nated to a reducing metal. We explored this possi
bility and selected the complex Re(PHQ)(CO)3 Cl
with PHQ = 9,10-phenanthrenequinone for the
present study. This compound was expected to be
accessible by simply reacting the quinone with
Re(CO)5 Cl. For the purpose of comparison, the
complex Re(PHI)(CO)3 Cl with PHI = 9,10-phenanthrenequinone diimine was synthesized, too. This
compound should be also rather interesting in its
own right. Ru11 and Rhm complexes with PHI as a
ligand have been utilized as spectroscopic probes
for intercalative binding to DNA [7]. Since MLCT
absorptions of Re(l,2-diimine)(CO)3Cl compounds
are strongly solvent dependent [3] (negative solvatochromism), Re(PHI)(CO)3 Cl should be an inter
esting detector for nucleic acid intercalation.
2. Experim ental
2.1. Materials and instrumentation
Re(CO) 5Cl and organic starting compounds were com 
mercially available from Aldrich and used without fur
ther purification. All solvents were spectrograde. UV-Vis
spectra were recorded on Kontron Uvikon 860 or 960 ab
sorption spectrophotometers. IR spectra were measured
on a Beckman Acculab 6 spectrometer. Mass spectra were
obtained using Finnigan MAT 95 and Varian MAT 311
equipment. 1H NMR data were recorded on a Bruker AC
250 (250 MHz) spectrometer with TMS as internal stan
dard. For checking out the emission properties, a Hitachi
850 spectrofluorometer equipped with a Hamamatsu 928
photomultiplier was used.
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2.2. Synthesis o f the Re(L-L)(CO )jCl complexes
Re(PHQ)(CO)jCl: A suspension of 181 mg (0.5 mmol)
of Re(CO)sCl and the stoichiometric amount of phenan
threnequinone (104 mg) was refluxed for 20 min in 40 ml
of toluene. After cooling down to room temperature,
50 ml of /z-hexane were added. The product was sepa
rated by filtration and dried under vacuum. Yield: 225 mg
(0.44 mmol, 88 %).
Analysis for CnH sClO ^Re
Calcd C 39.73 H 1.57 N 0.00 Cl 6.90%,
Found C 39.95 H 1.88 N 0.00 Cl 6.53%.
MS (FD+, CHC13): m/z (%): 208 (100.0); 477 (8.1);
479 (20.2). IR (KBr): ü (cm - 1 ): 1675,1650 (C = 0), 2015,
1930, 1905 (C O -stretch,/ac-R e(C O ) 3Cl-fragment).
Re(PHI)(CO)jCl: Phenanthrenequinone-bis-trimethylsilylimine was used as a precursor for the PHI ligand.
It was prepared from phenanthrenequinone and sodiumbis-trimethylsilyl-amide according to the literature route
[8 ], however, with benzene replaced by toluene. In an
inert atmosphere, a solution of 175 mg (0.5 mmol) of
phenanthrenequinone-bis-trimethylsilylimine in 15 ml of
toluene was slowly added to a stirred suspension of
181 mg (0.5 mmol) of Re(CO)sCl in a mixture of toluene
(20 ml) and ethanol (2 ml). W hen the phenanthrenequinone-bis-trimethylsilylimine was completely added,
the reaction mixture was heated to reflux for 10 min and
then cooled down to room temperature. The crude brown
precipitate was purified by column chromatography (sil
ica gel, acetone), to yield 236 mg (0.46 mmol, 92%) of
the phenanthrenequinone diimine product.
Analysis for C n H io C l^ C ^ R e
Calcd C 39.89 H 1.97 N 5.47 Cl 6.93%,
Found C 40.36 H 2.77 N 4.95 Cl 6.59%.
MS (FD+, acetone): m/z (%): 510 (41.3); 512 (100.0);
514 (46.9).'H NM R (CDCI 3): <5 (ppm) 13.64 (2H, s,
NH); 8.63 (2H, d, arom.); 8.57 (2H, d, arom.); 7.81
(2H, t, arom.); 7.69 (2H, t, arom.). IR (KBr): £> (cm- 1 ):
3450, 3335 (N-H), 2025, 1935, 1905 (CO-stretch, facRe(CO) 3Cl-fragment).

3. Results and Discussion
Numerous R e(l, 2 -diimine)(CO)3 Cl complexes
have been prepared. These pseudooctahedral d6
complexes are characterized by a long-wavelength
Re1 —>diimine MLCT absorption in their electronic
spectra [3]. In the case of Re(PHI)(CO)3 Cl, this
charge transfer band near 550 nm (Fig. 1, Table I)
dominates the visible spectrum, giving rise to the
intense colour of the compound. The CT charac
ter is supported by the negative solvatochromism.
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Table I. Absorption data of the Re'(L-L)(CO )3Cl com 
plexes in CHCI3, and of the corresponding free ligands in
ethanol solution.
Compound
Re(PHI)(CO)3 Cl a
Re(PHQ)(CO)3 C la
PHIa
PHQ b

Amax [nm] (10 3 • e [L/(mol • cm)])
305 (3.5)
317(6.0)
260(17.2)
257 (28.8)

386 (0.7)
390(2.5)
265 (21.0)
265 (30.2)

408 (1.2)
420(1.9)
300(2.8)
322(4.3)

553 (3.3)
711(3.2)
367 (1.5)
414(1.4)

a this work; b adopted from reference [9].

Fig. 1. Electronic absorption spectrum of Re(PHI)(CO) 3Cl at 298 K in chloroform solution; c = 2.3 x
10-4 M, 1-cm cell.

which is typical for Re(l,2-diimine)(CO)3Cl com
plexes. A plot of £>max (MLCT) versus Lees’ sol
vent parameter Emlct [ 1 0 ] yields a straight line
for Re(PHI)(CO)3 Cl with a slope of approximately
2000 cm-1 . This value corresponds to an interme
diate range of solvent dependency [ 1 1 ], which in
dicates a significant CT contribution to the elec
tronic transition with some degree of delocaliza
tion between metal and ligand orbitals. In addi
tion to the MLCT band, the electronic spectrum
of Re(PHI)(CO)3 Cl shows intraligand (IL) absorp
tions below 450 nm (Fig. 1), which are also apparent
with modified intensities in the spectrum of the free
ligand.
The complex Re(PHQ)(CO)3 Cl displays the Re 1
—►quinone MLCT band at Amax = 711 nm (Fig. 2).
The solvatochromism could not be determined
quantitatively, since the complex is stable only in
solvents of low polarity. An inspection of the elec
tronic spectra of Re(L-L)(CO)3 Cl in chloroform
shows a red shift of 4000 cm -1 , when PHI is re
placed by PHQ. Accordingly, the quinone is a much
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1.0

stronger acceptor than the corresponding diimine
ligand. A similar difference (A D = 3800 cm-1 ) has
been observed for the complexes Ru(bpy)2 (L-L)2+
with L-L = o-benzoquinone and o-benzoquinone
diimine [6 ].
In conclusion, it should be emphasized that
quinones belong to the strongest acceptors for
MLCT transitions. Unfortunately, quinone com
plexes, which are suitable for such studies, are ap
parently not very stable.
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Fig. 2. Electronic absorption spectrum of Re(PHQ)(CO) 3Cl at 298 K in chloroform solution; c = 1.3 x
10-4 M, 1-cm cell.
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