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Abstract

Triphenylphosphine forms an adduct with MeReO3. The yellow colour of this compound is attributed to a (PPh3�ReVII)
ligand-to-metal charge transfer (LMCT) absorption at lmax=380 nm. LMCT excitation (lirr=405 nm) leads to the reduction of
Re(VII) to Re(V). This reaction has been previously observed as a thermal process (Herrmann et al., Organometallics 13 (1994)
4531). © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

Organic phosphines (or phosphanes) PR3 play an
important role as ligands in coordination chemistry in
general and organometallic chemistry in particular. Ow-
ing to their p-acceptor properties they are able to

stabilise transition metals in low oxidation states. With
regard to electronic spectroscopy and photochemistry
phosphines are mainly spectator ligands although their
direct involvement in intraligand (IL) [1] and metal-to-
ligand charge transfer (MLCT) [2,3] excited states has
been recently observed in a few cases. In this context it
is quite surprising that despite their well-known reduc-
ing ability very little is known on phosphines as donor
ligands for CT transitions. Jensen and Jørgensen esti-
mated the optical electronegativity of PEt3 (�2.6) on
the basis of ligand-to-metal charge transfer (LMCT)
assignments of absorption bands in the electronic spec-
tra of Co(PEt3)2X2 with X=Cl and Br [4]. However,
these complexes may not be well suited for an unam-
biguous detection of LMCT absorptions since Co(II) is
hardly oxidising. It follows that phosphine complexes
of oxidising metals should be much better candidates to
identify LMCT transitions and to explore their pho-
toreactivity. In order to avoid any interference by lig-
and field (LF) transitions oxidising d0 complexes would
be most suitable to investigate CT spectra of complexes
with phosphines as donor ligands. As an appropriate
example we selected the complex MeReVIIO3·PPh3 for
the present study. This choice was based on the follow-

Fig. 1. Electronic absorption spectra of 1.25×10−2 M MeReO3 and
1.25×10−2 M PPh3 in CH2Cl2 as (a) separate solutions (—) and (b)
as a mixture (- - -) under argon at 5°C, 1 cm tandem cell.
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Fig. 2. Spectral changes during the thermal reaction of 5.3×10−4 M
MeReO3(PPh3) in CH2Cl2 under argon at r.t. after (a) 0, (b) 10 and
(c) 40 min.

3. Discussion

The yellow colour which instantly develops when
solutions of MeReO3 and PPh3 are mixed is attributed
to the complex MeReO3(PPh3). Such a facile adduct
formation has been observed with a variety of other
ligands [5,6]. The new absorption maximum at 380 nm
is then logically assigned to a LMCT transition from
the reducing phosphine ligand to the oxidising d0 metal
centre. This assignment is supported by additional evi-
dence. When PPh3 is replaced by P(p-Cl�phenyl)3 the
LMCT band is shifted to shorter wavelength and ap-
pears only as a shoulder near �315 nm. The substitu-
tion of the phenyl rings by chlorine certainly reduces
the donor strength of the phosphine and increases thus
the energy of a LMCT transition. The photoreactivity
of MeReO3(PPh3) can now be attributed to a PPh3�
ReVII LMCT excited state. We suggest that the primary
photochemical step consists of the reduction of
MeReO3 by the PPh3 ligand:

MeReVIIO3(PPh3)���������

LMCT

l irr=405 nm
MeReVO2+O�PPh3

Although the optical LMCT transition is a one-electron
transfer from PPh3 to Re(VII) the LMCT excited state
should easily relax to redox products which are the
result of an oxygen atom transfer from MeReO3 to the
phosphine ligand. Owing to the reducing properties of
PPh3 this reaction occurs also as a thermal process [13].
The primary product MeReVO2 which is generated
thermally or photochemically is apparently coordina-
tively unsaturated, but can be stabilised in the presence
of an excess of MeReO3 and PPh3 [13]:

MeReVO2+2PPh3+MeReVIIO3

�MeReV(PPh3)2O2·MeReVIIO3

The binuclear ReV/ReVII mixed-valence compound is
formed as final product.

In summary, the complex MeReO3(PPh3) represents
a first example which clearly demonstrates the donor
ability of phosphines for optical CT. Moreover, the
photoreactivity of this complex reflects the charge dis-
tribution in the PPh3�ReVII LMCT excited state.
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