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Ruthenium and Osmium Complexes of 2,2’ : 6',2"-Terpyridine Covalently Linked to
Electron Acceptor and Electron Donor Groups

Jean-Paul Collin, Stéphane Guillerez, and Jean-Pierre Sauvage
Laboratoire de Chimie Organo-Minérale, Institut de Chimie, 1, rue Blaise Pascal, F-67000 Strasbourg, France

2,2': 6',2"-Terpyridine ligands have been modified so as to bear an electron acceptor or an electron donor group;
efficient intramolecular vectorial electron transfer has been shown to occur in an osmium complex from its

metal-to-ligand charge transfer excited state.

Several examples of chromophores attached to an electroac-
tive quencher have been described, leading to directed charge
transfer. Besides porphyrin systems bearing an electron
acceptor,! devices based on metal-to-ligand charge transfer
(MLCT) excited states have recently been proposed.>—> A

particularly promising extension is that of ternary systems
consisting of a photoactive centre (PC) linked to both an
electron acceptor (A) and an electron donor (D).5-#8 Strict
control over the geometry of the system is necessary in order
to avoid intramolecular recombination between D+ and A—
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after photoinduced charge separation. Tris-2,2'-bipyridine
complexes cannot easily be modified to afford a linear
disposition of D, PC, and A,® whereas the geometry of
bis-terpy complexes? seems to be ideally adapted to a vectorial
electron transfer leading to D+-PC-A- (Figure 1). In
addition, 2,2’ : 6',2"-terpyridine (terpy) derivatives bearing an
aromatic ring at the central position 4’ are readilly accessible10
and some ruthenium(i) or, better, osmium(ir) complexes of
terpy have recently been described as electron transfer agents
in their MLCT excited state.!!

h
D-PC-A — D+-PC-A- (1)

We now report the synthesis of terpy ligands covalently
linked either to an N,N’-dialkyl-4,4’-bipyridinium group (A)
or to a phenothiazine ring (D) as well as the preparation (PFg~
salts) and electro- and photo-chemical properties of several of
their ruthenium(11) and osmium(ir) complexes.

The ligands and tterpy-Br were synthesized by a modified
literature method.10—d tterpy-MV2+ (MV2+ = N,N'-
dimethyl-4,4’-bipyridinium2+) was obtained from tterpy-Br
and N-methyl-(4-pyridyl)-pyridinium iodide (60% yield, re-
fluxing ethanol for a week). tterpy-PTZ (PTZ = 10-methyl
phenothiazine) was made by the reaction of tterpy-Br with the
sodium salt of phenothiazine anion (tetrahydrofuran, room
temperature overnight, 60% yield).
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Figure 2. Cyclic voltammogram of [Ru(tterpy-MV2+)(tterpy-PTZ)}4+
in MeCN/0.1 M BuyNClO, at a glassy carbon electrode; scan rate =
100 mV s—1. The ruthenium oxidation states 1 and 0 are only formal.
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Figure 3. Emission spectra in degassed MeCN at room temperature.
(a) Os(tterpy)z2*, (b) [Os(tterpy)(tterpy-MV2+)}4+. Excitation
wavelength = 667 nm (sharp peak in spectrum b); each complex is 5.0
X 10=5 M.

The reference complexes M(tterpy),2+ (M = Ru, Os) were
prepared from MCl;-3H,O and tterpy in refluxing ethylene
glycol in 63 and 70% yield respectively. [Ru(tterpy)(tterpy-
MV2+)[4+ and the triad [Ru(tterpy-MV2+)(tterpy-PTZ)}4+
were obtained following a statistical method by the reaction of
a 1:1 mixture of the ligands (tterpy + tterpy-MV2+ or
tterpy-MV2+ + tterpy-PTZ) with a stoicheiometric amount of
ruthenium blue!? (refluxing MeOH) in 25 and 5% yield
respectively. The diads [Os(tterpy)(tterpy-MV2+]4+ and Os-
(tterpy)(tterpy-PTZ) were synthesized from Os(tterpy)Cls in
the presence of stoicheiometric amounts of the corresponding
ligand (tterpy-MV2+ or tterpy-PTZ; ethanol/H,O/triethylam-
ine 90:9:1 under reflux) in 30 and 56% yield respectively.
The complexes prepared were purified by column chromato-
graphy (silica, 0.1 M KNO3 in MeCN/H,O 10: 1 as eluant).

All new compounds have been characterized by u.v.-visible
and 1H n.m.r. spectroscopy (200 MHz). They gave satisfac-
tory elemental analyses.



778

J. CHEM. SOC., CHEM. COMMUN., 1989

Table 1. Redox potentials of osmium complexes.2

Os!l1/Osll PTZ+/PTZ®
Os(tterpy),2* +0.90 —
[Os(tterpy)(tterpy-MV2+)J4+ +0.90 —
Os(tterpy)(tterpy-PTZ)2+ +0.90 +0.75

MV2+/MV+* MV+-/MVO Osll/Ostb Osl/Os0P
— — -1.20 -1.45
-0.35 -0.75 -1.20 ~1.45
— — -1.20 ~1.45

2 Cyclic voltammetry measurements on glassy carbon as working electrode in MeCN, V vs. standard calomel electrode (SCE);
Bun,NCIO, (0.1 M) as supporting electrolyte; scan rate = 100 mV s—1. » The osmium oxidation states 1 and 0 are only formal.

The fast atom bombardment (FAB) mass spectrum of
[Ru(tterpy-MV2+)(tterpy-PTZ)]4+ was also measured and
was consistent with the structure of the complex. The cyclic
voltammogram of the compound is represented in Figure 2. It
shows clearly all the redox processes localized on the various
electroactive components. Unfortunately, bis-terpy ruthen-
ium(r1) and analogous complexes are non-emittive at room
temperature!3 so that comparative studies require detailed
photophysical analysis.!4

The electrochemical properties of the three osmium com-
plexes reported are presented in Table 1.

As for the ternary ruthenium complex [Ru(tterpy-
MVz2+)(tterpy-PTZ)]4+, each electroactive component of the
complexes of Table 1 corresponds to a distinct one-electron
redox process at a potential similar to that of the correspond-
ing isolated species: MV2+ Os(tterpy),2+, or PTZ (A-PC~
D). Noteworthy is the fact that the MLCT excited state of the
bis-terpyridine derivative Os!! complex is sufficiently reducing
to transfer an electron to the accepting part (MV2+) of
tterpy-MV2+.1t In addition the trivalent osmium complex
should readily be reduced by the donor subunit (PTZ) of
tterpy-PTZ.

Evidence for photoinduced intramolecular electron transfer
within the binary compound Os(tterpy)(tterpy-PTZ)2+ was
obtained by emission measurements. The emission spectra of
Os(tterpy),2+ and [Os(tterpy)(tterpy-MV2+)]4+ are depicted
in Figure 3.

The emission quantum yield for Os(terpy),2* is 10 times
larger than that for {Os(tterpy)(tterpy-MV2+)}4+. In view of
the redox potential value of the OslI/*Osll couple for
analogous complexes,!! the intramolecular quenching reac-
tion is due to electron transfer [reactions (2) and (3)].

h
[OsI(tterpy)(tterpy-MV2+)J4+ kid
*OslI(tterpy)(tterpy-MV2zH) 4+ (2)
Py PY

[*OslI(tterpy)(tterpy-MV2+)]4+ —
[OsI(tterpy)(tterpy-MV+<)]4+  (3)

For comparison purposes, the bimolecular quenching reac-
tion (4) of *Os(tterpy),2+ by MV2+ was studied in MeCN.
Stern—Volmer plots gave a kg value of 5 X 108 dm3 mol-1s—1
[assuming an excited state lifetime for *Os(tterpy),2+ of
300 ns!1.14],

k
*Os(tterpy),2+ + MV2+ 3 Os(tterpy)z3*+ + MV+:  (4)

In fact, the intermolecular deactivation contribution to the
quenching process observed for [Os(tterpy)(tterpy-MV2+)]4+
is negligible under the conditions of Figure 2. The efficient
electron transfer observed within the binary compound
[Os!i(tterpy)(tterpy-MV2+)]4+ indicates that the hypothetical
triad species [OsH(tterpy)(tterpy-PTZ)]** may undergo
interesting photoinduced intramolecular charge separation.

We thank the CNRS for financial support. Fruitful dis-
cussions with Dr. E. Amouyal are also acknowledged.

Received, 14th December 1988; Com. 8/049141

References

1 J. L. Sessler and M. R. Johnson, Angew. Chem., Int. Ed. Engl.,
1987, 26, 678; A. C. Chan, J. Dalton, and L. R. Migrom, J. Chem.
Soc., Perkin Trans. 2, 1982, 707; T. F. Ho, A. R. Mcintosh, and
A. C. Weedon, Can. J. Chem., 1984, 62, 967; M. R. Wasielewski
and M. P. Niemcyzk, J. Am. Chem. Soc., 1984, 106, 5043; A.
Harriman, G. Porter, and A. Wilowska, J. Chem. Soc., Faraday
Trans. 2, 1984, 80, 191; J. S. Lindsey, J. K. Delaney, D. C.
Mauzerall, and H. Linschitz, J. Am. Chem. Soc., 1988, 110, 3610,
and references cited therein.

B. P. Sullivan, H. D. Abruiia, H. O. Kinklea, D. J. Salmon, J. K.

Nagle, T.J. Meyer, and H. Sprintschnik, Chem. Phys. Lett., 1978,

58, 389.

3 T. D. Westmoreland, H. Le Bozec, R. W. Murray, and T. J.
Meyer, J. Am. Chem. Soc., 1983, 105, 5952; T. D. Westmoreland,
K. S. Schanze, P. E. Neveux, Jr., E. Danielson, B. P. Sullivan, P.
Chen, and T. J. Meyer, Inorg. Chem., 1985, 24, 2596; P. Chen,
T. D. Westmoreland, E. Danielson, K. S. Schanze, D. Anthon,
P. E. Neveux, Jr., and T. J. Meyer, Inorg. Chem., 1987, 26, 1116.

4 J. C. Chambron, J. P. Sauvage, E. Amouyal, and P. Koffi, Nouv.

J. Chim., 1985, 9, 527.

C. M. Elliott and R. A. Freitag, J. Chem. Soc., Chem. Commun.,

1985, 156; C. M. Elliott, R. A. Freitag, and D. D. Blaney, J. Am.

Chem. Soc., 1985, 107, 4647; L. F. Cooley, C. E. L. Headford,

C. M. Elliott, and D. F. Kelley, ibid., 1988, 110, 6673.

6 T. A. Moore, D. Gust, P. Mathis, J.-C. Mialocq, C. Chachaty,
R. V. Bensasson, E. J. Land, D. Doizi, P. A. Liddell, W. R.
Lehman, G. A. Nemeth, and A. L. Moore, Nature, 1984, 307, 630.

7 M. R. Wasielewski, M. P. Niemczyk, W. A. Svec, and E. B.
Pewitt, J. Am. Chem. Soc., 1985, 107, 5562.

8 E. Danielson, C. M. Elliott, J. W. Merkert, and T. J. Meyer,
J. Am. Chem. Soc., 1987, 109, 2519.

9 E. C. Constable, Adv. Inorg. Chem. Radiochem., 1986, 30, 69 and
references cited therein.

10 (a) F. H. Case and T. J. Kasper, J. Am. Chem. Soc., 1956, 78,
5842; (b) F. H. Case and W. A. Butte, J. Org. Chem., 1961, 26,
4415; (c) W. Spahni and G. Calzaferri, Helv. Chim. Acta, 1984, 67,
450. (d) Following the procedure described by Spahni and
Calzaferri, we found tterpy to be contaminated by a large
proportion (25%) of its isomer 6-tolyl-4-pyridyl-2,2’-bipyridine.
tterpy was obtained pure either by chromatographic separation or
via preparation and isolation of its Fe2+ complex, according to a
recently published method: E. C. Constable, M. D. Ward, and S.
Corr, Inorg. Chim. Acta, 1988, 141, 201.

11 E. M. Kober, J. L. Marshall, W, J. Dressick, B. P. Sullivan, J. V.
Caspar, and T. J. Meyer, Inorg. Chem., 1985, 24,2755; D. K. Liu,
B. S. Brunschwig, C. Creutz, and N. Sutin, J. Am. Chem. Soc.,
1986, 108, 1749.

12 D. Rose and G. Wilkinson, J. Chem. Soc. (A), 1970, 1791.

13 C.T. Lin, W. Bottcher, M. Chou, C. Creutz, and N. Sutin, J. Am.
Chem. Soc., 1976, 98, 6536.

14 E. Amouyal, work in progress.

[\

w





