Coordination compounds as building blocks: single-step synthesis of

multi-ruthenium(ir) complexes
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Palladium-mediated cross-coupling reactions of
[(bpy)2Ru(3-bromo-1,10-phenanthroline)}?+(PFs—), with
various aromatic acetylenes and of [(bpy),Ru(3-ethynyl-
1,10-phenanthroline)}2+(PF¢~), with aromatic iodides give
mono-, di- and tri-nuclear complexes in high yields and
under mild conditions.

Multimetallic assemblies of defined architectures are key
design targets for the study of energy and electron transfer,! the
construction of nanostructured materials? and the fabrication of
molecular devices.? Ruthenium complexes of polypyridine
ligands play a central role in these systems due to their chemical
stability, redox properties and favourable photophysical charac-
teristics. Multinuclear Ru!!l complexes have been predom-
inantly constructed by a stepwise synthesis of multitopic ligands
followed by metal complexation.'c-8-5 This approach, although
productive, is elaborate and does not provide full control over
the final structure and composition of the assembly.¢ We report
herein on a convergent and powerful approach for the
construction of multimetallic Ru'l arrays, utilizing coordination
complexes as synthetic building blocks.

Palladium-mediated cross-coupling methodology has be-
come instrumental in constructing complex organic molecules.”
Recently it has been applied to the synthesis of acetylenic
porphyrins and metalloporphyrins,® and elgantly utilized for the
fabrication of multiporphyrinic arrays.® Here we demonstrate
for the first time that coordination compounds such as tris-
chelate Ru'! complexes are good substrates for this powerful
carbon—carbon bond-forming methodology. Palladium medi-
ated cross-coupling reactions of [(bpy),Ru(L)]?+(PF¢~), com-
plexes, where L is a functionalized 1,10-phenanthroline ligand,
provide structurally sophisticated multinuclear complexes in a
single synthetic step.

The complex [(bpy),Ru(3-bromo-1,10-phenanthroline)]?*-
(PFs—)2 1 is an attractive building block for the synthesis of
multimetallic Ru!! arrays using cross-coupling methodology.
The 1,10-phenanthroline ligand is substituted at the 3-position
which is sterically and geometrically favoured and provides
electronic conjugation.!® The Ru! complexed 3-bromo-
1,10-phenanthroline is expected to be relatively electron-
deficient and to therefore undergo facile oxidative addition
reactions. Furthermore, the phenanthroline’s nitrogens are
‘masked’, and complications due to complexation of the
transition-metal catalysts are prevented.!!

Treating a DMF solution of 11 with 4-ethynyltoluene at room
temperature for 1 h in the presence of (Ph;P),PdCl,, Cul
and Et;N proceeds smoothly to afford 3 in excellent yield
(Table 1).§ Similarly, reacting 1 with 1,4-diethynylbenzene, or
4,4'-diethynyl-1,1’-biphenyl affords the bimetallic complexes 4
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Table 1 Preparation and selected spectral data for Ru!! complexes

Complex  Yield (%) MS? UV-VISe

1 68 819.3 (M%) 236 (4.2), 272 (6.6), 286 (6.5),
448 (1.5)

2 68 763 (M%) 238 (4.2), 276 (6.3), 286 (6.1),
450 (1.2)

3 91 853.5 (M*) 244 (4.2), 286 (7.6), 346 (3.0),
452 (1.3)

4 86 327 (M%) 238 (8.2), 286 (15.3),
362 (8.1), 440 (2.9)

5 73 347 (M*) 238 (7.6), 286 (13.8),
368 (8.4), 440 (2.6)

6 70 554 (M#+) 244 (14.4), 286 (24.5),

338 (11.8), 440 (3.6)

 [solated yields of recrystallized complexes as their PF¢~ salts. The yields
reported for complexes 3 through 6 represent the reaction yields of 1 with
the corresponding acetylene (see text). » Electrospray Ionization Mass
Spectrum. The observed peaks correspond to [M—-nPFeg—]"+. « UV-VIS
spectra were taken in acetonitrile. Absorption maxima are given in nm and
10—* € (in parenthesis) is given in dm3 mol—! cm—1.
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and 5§, respectively, in good yields. The same mild reaction
conditions are applied for the coupling of 1,3,5-triethynyl-
benzene with 3 equiv. of 1 to afford the trinuclear complex 6 in
70% yield.y Cross-coupling reactions of the Rul complex
containing the alkyne functionality with aromatic electrophiles
have been found to proceed efficiently as well. Thus, treating
[(bpy)2Ru(3-ethynyl-1,10-phenanthroline)j2+(PF¢~), 2 with
1,4-diiodobenzene or 4,4’-diiodobiphenyl under the same
reaction conditions, affords the binuclear Rul! complexes 4 and
S, in 43 and 56% yield, respectively. In general, the reactions of
2 with aromatic iodides proceed slower than the reactions of 1
with aromatic acetylenes.

The compounds synthesized represent a novel family of multi
Rull complexes of various structures and spectral properties
(Table 1). The parent complex 1 exhibits two main absorption
bands at 272 and 286 nm due to the overlapping n—m*
transitions of the bpy and phenanthroline ligands. Although the
major band of the bpy appears to remain largely unchanged,
extending the conjugation of the phenanthroline ligand results
in the appearance of a lower energy band above 330 nm
(Table 1).10 For example, in addition to a strong absorption at
286 nm, 3 shows a new band at 346 nm. This lower energy m—m*
transition is further red-shifted with increasing conjugation as is
evidenced when comparing the spectrum of 3 to that of 4 (362
nm). The binuclear complex § shows similar behaviour to that
of 4, indicating a substantial electronic conjugation between the
two phenanthroline ligands through the biphenyl ring. In
contrast, the lower energy ni—st* transition of the phenanthroline
ring in the trinuclear complex 6 appears at a much shorter
wavelength (338 nm) as compared to 4 (362 nm) and § (368
nm), and is almost overlapping with that of the mononuclear
complex 3 (346 nm). This indicates that each of the metal
centres in 6 is electronically isolated and is not involved in n-
conjugation. The visible metal to ligand charge transfer
(MLCT) bands appear around 440 nm for all derivatives. This
somewhat unexpected behaviour has been observed in other
mono- and bi-nuclear Rull complexes.!¢10 Nevertheless, the
different nuclearity of the complexes 3,4 (5) and 6 is beautifully
evident from the approximate 1:2:3 ratio of the extinction
coefficients of the major m—nt* as well as the MLCT bands.
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Footnotes
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1 1 was prepared by refluxing a mixture of 3-bromo-1,10-phenanthroline!2
and (bpy);RuCl;-2H,0 in ethanol for 12 h. Addition of aqueous KPF¢
precipitated the product. 2 was prepared in a similar fashion using
3-ethynyl-1,10-phenanthroline which was synthesized in two steps from
3-bromo-1,10-phenanthroline.

§ Representative procedure for the palladium-mediated cross-coupling
reactions between 1 and aromatic acetylenes: A mixture of 1 (50 mg, 0.052
mmol), (Ph3P),PdCl; (4 mg, 0.0057 mmol) and Cul (0.5 mg, 0.0026 mmol)
was treated with a degassed solution of 4-ethynyltoluene (11 pl, 0.11 mmol)
in DMF (5 ml) and triethylamine (3 ml) for 1 h at room temp. under Ar. The
crude reaction mixture was evaporated to dryness and the product 3 was
obtained in 91% yield as an orange-ted powder after successive
crystallizations from dichloromethane—ethanol. Selected spectroscopic data
for 3: 'H NMR (500 MHz, CD;CN) & 8.72 (d, 1 H, H-2ppen), 8.62 (d, 1 H,
H-9ppen), 8.56-8.49 (m, 4 H, Hs vpy), 8.27 (d, 1 H, H-5phen), 8.22 (d, 1 H,
H-6ppcn), 8.19 (d, 1 H, H-4ppen), 8.12-8.07 (m, 3 H, H-7ppen, 2 Hy bpy)s
8.04-7.99 (m, 2 H, H, vpy), 7.86 (d, 1 H, Hy bpy), 7.81 (d, 1 H, Hy ppy), 7.74
(dd, 1 H, H-8phen), 7.65 (d, 1 H, Hy vpy, 7.52 (d, 1 H, Hy ppy), 7.48-7.45 (m,
4 H, 2 Hg by, 2 Honeny1), 7.28-7.23 (m, 4 H, Hg vpy» 2 Hpneny) and 2.24 (s,
3 H, CHs). IR (film, NaCl) v« 2215 cm~! (C=C).

q All Ru™ complexes were synthesized as their PFs— salts and showed
spectroscopic data (UV-VIS, IR, NMR and MS) consistent with the
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assigned structure. EIMS has been found particularly useful in analyzing
these complexes due to the characteristic formation of multiply charged
species with typical isotopic distribution. Note that the binuclear and
trinuclear complexes are formed as a mixture of stereoisomers. No attempt
has been made to resolve these complexes at this point.
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