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We have synthesized a new type of tris-2,2’-bipyridine ligand
with 4,4'- and 6,6'-disubstituted 2,2’-bipyridine (bpy) units.
The terminal 4,4'-disubstituted 2,2’-bipyridine moieties are
selectively coordinated by Ru(bpy); (bpy = 2,2'-bipyridine),
whereas the central 2,2'-bipyridine ligand does not partici-
pate in any metal ion coordination. The two Ru(bpy)sz units

of 7 and 8 do not interact appreciably, as is evident from their
electrochemical and photophysical data. The lifetime of the
excited state of compound 7 at 77 K is similar to that of
Ru(bpy).(4,4'-dimethyl-2,2'-bipyridine), whereas that of
compound 8 under the same conditions is comparatively
long.

Multimetallic assemblies of defined structure are key de-
sign targets for the study of energy- and electron transfer!!l.
Ruthenium complexes of polypyridine ligands play a central
role in these systems due to their chemical stability, redox
properties, and favorable photophysical characteristics(l.
Most di- and oligonuclear ruthenium complexes have been
synthesized by metal complexation of a multitopic ligandl.
This procedure does not always provide full control over
the final composition of the oligonuclear complex!*. The
selective synthesis of assemblies with free binding sites is
especially difficult. We report here on the preparation of
new tris-2,2'-bipyridine ligands with different binding sites
and their selective twofold coordination by Ru(bpy),!*! moi-
eties. The redox, absorption, and luminescence properties of
the 2,2’-bipyridine-bridged bis(ruthenium) complexes thus
obtained have been investigated.

Results and Discussion

A twofold substitution of 21! by lithiated 2,2'-bipyridine
11 gave compound 3 in 41% isolated yield. The resonance
of all eight ethano bridge protons in the TH-NMR spectrum
of 3 collapse into a singlet, whereas the 6,6'- and 4,4'-aro-
matic substitution patterns are clearly distinguishable. A
Wittig-Horner-Emmons-Wadsworth procedure was used
for the synthesis of 6 from 2,2'-bipyridine phosphane oxide
451 and 6,6'-diformyl-2,2'-bipyridine”. The exclusively
trans geometry of the newly formed double bonds of 6 was
confirmed by the coupling constants of the proton NMR
spectrum.

The coordination of the new ligands 3 and 6 with
Ru(bpy), groups shows a remarkable selectivity: only the
terminal 2,2'-bipyridine units were coordinated under
standard conditions!"”! for Ru(bpy); complex formation. A
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Scheme 1. Reagents and rcaction conditions; 1) THF, 0°C, 2 h
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Scheme 2. Reagents and conditions: i) THF, 60°C, 1 h, then 15
min at reflux temperature

Na* _ |C|)

rationale for this observation is the different steric hin-
drance of the terminal and central 2,2’-bipyridine moieties.
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The 6,6'-substitution of the central 2,2'-bipyridine ligand
prevents the formation of an octahedral Ru(bpy); com-
plex'lAll attempts to further functionalize the central
2,2"-bipyridine unit of 7 and 8 were unsuccessful. Neither
quaternization with Mel'?! nor complexation with metal
ions, such as PACL!'*, ZnBr,['%, or Hg(CF;CO,),!'%! gave
any products.

Scheme 3. Reagents and conditions: i) THF, 20°C, 2 h

N i-iii

Ru(bipy),Cl,

Scheme 4. Reagents and conditions: i) EtOH/H,O, reflux,
Ru(bipy)>Cl,; ii) 6; iii) NaPFg
i-iti

6 + Ru(bipy),Cl,

Compound 11 was prepared to compare the physical
properties of a vinylpyridine-substituted ruthenium com-
plex with those of the extended system 8. The compound,
which corresponds to one half of 8, was obtained via coup-
ling of 4 with 2-formylpyridine (9) and ruthenium com-
plexation of the 2,2-bipyridine moiety.

Scheme 5. Reagents and conditions: 1} AgClO,, acetone,
Ru(bipy),Cl,; ii) 6; iii) NaPFy

Rafipy), U

In Table 1, the redox potentials of compounds 7, 8, and
11 are summarized. The [Ru(bpy);]*™ moieties in 7 and 8
act as independent redox centers. The measured potentials

530

for the Ru'/Ru! processes of 7, 8, and 11 are identical to
the reported values for complexes with a similar substruc-
ture, such as [(4,4'-dmb),Ru(bbpe)]?*'¢) and [Ru(4.4’-
dmb)y(vbpy)}+ 117,

vhpy

Table 1. Redox potentials™ of compounds 7, 8, and 11

Compound Ef[vylal AEp [mV]

7 0.84 70
0.85 70

11 0.85 70

1ol Values quoted were at 50 mV/s in 3 X 107? m solutions of the
compounds in 0.1 M BuyN - PF,—~CH;CN al 25°C vs ferrocene/
ferrocenium; formal potential Es = 12(E,, + E,.) - E, .= ca-
thodic peak potential; E,, = anodic peak potential; AE}; = E,a
— Epe.

Figure | shows the absorption and emission spectra of
compounds 7, 8, and 11 in acetonitrile solution (1 - 103
M) at 298 K. A summary of the photophysical data is given
in Table 2. In the same table, data relating to Ru(bpy),(4,4'-
dmb)** are also shown for comparison purposes. Each
compound exhibits ligand-centered bands in the near UV
region and metal-to-ligand charge-transfer (MLCT) bands
in the visible region.

It is well-known that in Ru'l(polypyridine) complexes
emission originates {rom the lowest, formally spin-forbid-
den, *MLCT level. The luminescence behavior of com-
pound 7 is, as expected, very similar to that of
Ru(bpy)2(4,4’-dmb)?*[1,18], which is in fact its chromoph-
oric unit. The two Ru-based moieties do not interact appre-
ciably (see also electrochemical results), other than in the
case of analogous dinuclear complexes in which two
Ru(bpy)3*-type moielies are linked by aliphatic!'”! or ali-
phatic-aromatic®” chains®’l. Emission of the mononuclear
compound 11 occurs at lower energy. as would be expected
since the substituted 2,2'-bipyridine ligand is a better elec-
tron-acceptor than bipyridine. The emission band of the
structurally similar compound Ru(4,4’-dmb),(bbpe)’*,
studied by Meyer et al.!” is found at much lower energy
(Amax = 732 nm). The different behavior of Meyer’s com-
pound can be ascribed to the presence of the electron-do-
nating methyl substituents in the ancillary 2,2’'-bipyridine
ligands, the different substitution position (4 vs. 2) on the
pyridine ring in compound 11, and perhaps also to the
more extended conjugation of the ligand involved in the
lowest energy CT transition. In compound 8, the emission
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Table 2. Photophysical data of compounds 7, 8, and 11

Compound Absorption Emission at 298 K Emission at 77 K
Amax € Amax T ¢ Amax T
] [lem!]  [am]  ns) [nm)  (ms]

7 453 29400 618 157 0.015 589 5.5
287 177500

8 461 41020 661 190 0.0016 647 15.6
287 144200

11 459 18500 657 160 0.0011 640 163
288 69300

Ru(bpy)y(4,4-dmb)y2* 445(3]  (6000(a8] 61512l s8] 5.2

[ Acetonitrile solution, ref.l'8] — Pl MeQH/EtOH, ref.['¥]

Figure 1. Absorption (left) and emission (upper right) spectra of
compounds 7 (—), 8 (———) and 11 (>--) in acetonitrile solution
(1 X 107> M) at 298 K
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band is slightly bathochromically shifted compared to the
mononuclear compound, 11, although this shift is smaller
than in the case of Ru(4,4'-dmb),(bbpe)Ru(4,4’-dmb)3* or
Ru(4,4’-dmb)~(bbpe)>+ 17,

A remarkable characteristic of 8 and 11 is the very long
excited state lifetime at 77 K. As discussed by Meyer et
al.17:21 the extended lifetime is a delocalization effect. De-
localization decreases changes in local bond displacements
due to electronic excitation. This reduces vibrational over-
lap between excited state and ground state, with a conse-
quent decrease in the rate of radiationless deactivation. At
room temperature, this effect is not observable because un-
der such conditions the dominant pathway for radiationless
deactivation of the luminescent MLCT level is conversion
to an upper-lying, distorted ligand-field level rather than
direct deactivation Lo the ground statet!],

This work was supported in Italy by MURST and CNR
( Progetto Strategico Tecnologie Chimiche Innovative). Financial
support from the Volkswagen Foundation and a generous gift of
RuCl; from the Degussa AG are gratefully acknowledged.

Experimental Section

Melting points were taken on a hot-plate microscope apparatus
and are not corrected. — NMR spectra were recorded at 400 MHz
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(*H) and 100 MHz (13C) In [D]chloroform solution unless other-
wise stated. The multiplicities of the ’C signals were determined
with the DEPT technique and are quoted as: (+) for CH; or CH,
(=) for CH; and (Cgy,) for quaternary carbons. — Column chro-
matography (CC) was performed on silica gel. —~ Redox potentials
were measured under nitrogen in 0.1 M BuyNPF, acetonitrile solu-
tion at 20°C using a glassy carbon working electrode and a plati-
num wire counter electrode. Reference electrode: Ag*/AgCl™ in
LiCl satd. ethanol; potentiostat: Autolab PGSTAT20, Eco Chemie;
program GPES V3.0. — Absorption spectra were measured in ace-
tonitrile solution at room temperature with a Perkin-Elmer
Lambda 6 spectrophotometer. — Luminescence experiments were
performed in air-equilibrated acetonitrile solution at room tcm-
perature and in freshly distilled butyronitrile at 77 K. Uncorrected
luminescence spectra were obtained with a Perkin-Elmer LS 50
spectrofluorimeter. Luminescence decay measurements in the
nanosecond range were performed with an Edinburgh single-pho-
ton counting apparatus. Luminescence quantum yields were meas-
ured by the method described by Demas and Crosby®3, using
[Ru(bpy):]** (F = 2.8 - 1072 in aerated water(®*!) as a standard.

Ligand 3: A solution of 4,4'-dimethyl-2,2'-bipyridine (1) (920
mg, 5 mmol) and 6 mmol of LDA in 50 ml of dry THF was stirred
for 3.5 h at 0°C. After addition of 6,6’-bis(hydroxymethyl)-2,2'-
bipyridine methylsulfonate (2) (750 mg, 2.2 mmol), the mixture was
allowed to react for 2 h at 0°C. The reaction was quenched by the
addition of satd. aqueous NH,CI solution and the mixture was
diluted with CH,Cl,. The organic phase was washed four times
with satd. NH,ClI solution and water, dried over MgSQO, and the
solvent was completely removed in vacuo. Recrystallization from
n-heptane yielded 3 (490 mg, 41%) as a white solid (R; = 0.3, SiO,;
CH,Cl,/MeOH/NH;, 100:5:0.5), m.p. 162°C. — IR (KBr): ¥ =
1594 cm™', 1573, 1536, 1459, 1439, 1374, 992, 824, 807. — UV
(CH5CN): Apax (8) = 202 nm (110660), 242 (31630), 284 (41530).
— '"H NMR: § = 2.43 (s, 6H), 3.25 (s, 8H), 7.13 (m, 6 H), 7.69 (dd,
J= 178 Hz, J= 7.8 Hz, 2H), 8.22 (s, 21), 8.28 (d, J = 7.8 Hz,
2H), 8.35 (s, 2H), 8.53 (m, 4H). — '3C NMR: & = 21.1 (+), 34.9
(=), 38.5 (=), 118.7 (4), 121.3 (+), 121.9 (+), 122.7 (+), 123.9
(+), 124.6 (+), 137.0 (+), 148.0 (Cyua), 148.8 (+), 148.9 (+), 151.8
(Cauath 1558 (Cquar)s 155.9 (Cyuar), 156.1 (Cyuad)s 159.5 (Cyud)- —
MS (70 eV); miz (°%): 548 (100) [M*]. — C3sH3,Ng: caled. 548.268;
found 548.268 (MS).

4-[( Diphenylphosphinoyl)methyl ]-4' -methyl-2,2" -bipyridine  (4;
H* instead of Na™): To a solution of 4,4’-dimethyl-2,2’-bipyridine
(920 mg, 5 mmol) in 30 m] of THF, 6 mmol of LDA was added at
0°C. The solution was stirred for 2 h, cooled to —78°C, chlorodi-
phenylphosphane (0.9 ml, 6 mmol) was added and the yellow reac-
tion mixture was stirred for 3 h at this temperature. The reaction
was then quenched with satd. aqueous NH,Cl solution and 80 ml
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of CH,Cl, was added. The organic phase was washed with satd.
NIL,CI solution and water, dried over MgSO,, and the solvent was
evaporated in vacuo. CC of the crude product [CH,Cl,/MeOH/
NH; (25% in water), 100:5:0.5] gave 4 (1100 mg, 57%, Ry = 0.26)
as a white solid, m.p. 184°C. — IR (KBr): ¥ = 3057 cm ™!, 2951,
1594, 1437, 1184, 1119, 832, 693, 463. — UV (CH3CN): Apax (€) =
196 nm (80910), 222 (29790), 248 (10840), 284 (14720). — 'H
NMR: § = 2.38 (s, 3H), 3.70 (d, *Jup = 13.9 Hz, 2H), 7.07 (d.
37 = 4.9 Hz, 1H), 7.19 (m, 1H), 7.45 (m, 6H), 7.69 (m, 4H), 8.07
(s, 1H), 8.10 (s, H), 8.45 (m, 2H). — C NMR: & = 21.1 (+),
37.9 (=, d, Uep = 64.2 Hz), 121.9 (+), 122.8 (+, d, 3Jcp = 5.7
Hz), 124.6 (+), 124.9 (+, d, 3J-p = 4.4 Hz), 128.6 (+), 128.7 (+),
130.9 (+), 131.0 (+), 131.2 (Cguap), 132.0 (+), 132.1 (+), 132.2
(Cquat), 141.7 (Cyuar), 141.7 (Cquar), 148.0 (Cyuar), 148.8 (+), 148.9
(Cyuar)s 149.0 (Cypar), 155.5 (Cquar), 156.2 (Cyuay). — 3P NMR (81
Mllz): &= 29.5. — MS (70 eV); mfz (%): 384 (100) [M*]. —
CyH N>OP (384.4): caled. C 74.99, H 5.51, N 7.29); found C
75.03, H 5.60, N 7.27. — Mol. mass 384 (MS).

Ligand 6: 4-[(Diphenylphosphinoylymethyl]-4'-mecthyl-2,2'-bi-
pyridine (4; H* instead of Na™) (830 mg, 2.3 mmol) and sodium
hydride (110 mg, 4.6 mmol) were heated in 50 ml of dry THF to
60°C for 30 min. After addition of 180 mg (0.85 mmol) of 6,6'-
diformyl-2,2'-bipyridine (5), the mixture was heated to 60°C for 60
min and then refluxed for a further 15 min. The suspension was
diluted with 5 ml of satd. aqueous NH,CI solution and 100 ml
CH,Cl,. The precipitated solid was filtered off, washed with dil.
aqueous NaOH solution and with dichloromethane, and then
recrystallized from toluene to yield 6 (200 mg, 43%) as a white solid
(Re = 0.47, §8i0,; CH,Cl,/MeOH/NH,, 100:5:0.5), m.p. 303°C. —
IR (KBr): ¥ = 152 cm™!, 1563, 1433, 970, 553. — UV (CHCl5):
Amax (€8) = 248 nm (40740), 288 (51290), 326 (426570), 332 (44160),
348 (28840). ~ 'H NMR: & = 2.47 (s, 6H), 7.18 (d, J = 4.9 Hz,
2H), 747 (d, J = 74 Hz, 2H), 7.50 (dd, J = 5.1 and 1.7 Hz, 2H),
7.57(d, J = 15.9 Hz, 2H), 7.90 (m, 4H), 8.29 (s, 2H), 8.55 (d, /=
7.9 Hz), 8.60 (d, J = 4.9 Hz, 2H), 8.63 (s, 2H), 8.70 (d, J = 5.1
Hz, 2H). — 3C NMR: 8 = 21.2 (+), 118.9 (+), 120.5 (+), 121.3
(+), 122.1 (+), 123.2 (+), 124.8 (+), 130.3 (+), 132.4 (+), 137.6
(+), 145.2 (Cyar), 148.2 (Cyyar), 149.0 (+), 149.6 (+), 153.7 (Cqua)s
155.8 (Cqua)s 155.9 (Cquar), 156.8 (Cquar)- — MS (70 eV); m/z (%)
544 (100) [M™*]. — C3sHasNg: caled. 544.237; found 544.237 (MS).

Complex T: A solution of bis(2,2'-bipyriding)ruthenium(Il) di-
chloride dihydrate (600 mg, 1.15 mmol) in 60 m] ethanol/water
(75:23) was refluxed for 20 min. After addition of ligand 3 (280
mg, 0.51 mmol), the reaction mixture was refluxed for a further 15
h, the solvent was evaporated and the residue was purified by CC
[MeOH/aqueous NH,Cl solution (2 My/MeNO,, 7:2:1; Ry = 0.15,
as chloride salt]. The solvent from the appropriate fraction was
evaporated invacuo, and the residue was dissolved in water. This
solution was filtered and then the complex was precipitated by the
addition of 100 ml of aqueous KPF; solution (0.1 M), yielding 7
(385 mg, 38%) as an orange solid, m.p. 232°C. — IR (KBr); v =
1619 cm™ !, 1444, 841, 762, 557. — UV (CH;CN): Ay, (8) = 192
nm (181970), 246 (61660), 287 (177500), 453 (29400). — '"H NMR
(400 MHz, CD;CN): 8 = 2.48 (s, 6 H), 3.27 (m, 4H), 3.36 (m, 4H),
7.21 (m, 4H), 7.34 (m, 10H), 7.51 (m, 4H), 7.68 (m, 10H), 8.02
(m, 8H), 8.22 (m, 2H), 8.32 (s, 2H), 8.46 (m, 10H). ~ MS (ESI);
miz (%): 18114 (6) [(M** + 3 PFg)'], 833.2 (45) [(M*+ + 2
PIg)**1, 507.1 (63) [(M** + PFg)**], 451.3 (100), 343.9 (54)
[M**]. = CrgHeyN 4 Ru,PH,, (1955.4): caled. C 46.68, H 3.30, N
10.03; found C 45.83, H 3.24, N 9.73. — Mol. mass 1955 (MS).

Complex 8: A mixture of bis(2,2'-bipyridine)ruthenium(Il) di-
chloride dihydrate (146 mg, 0.28 mmol) and silver perchlorate (127
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mg, 0.57 mmol) in 50 ml of dry degassed acetone was stirred for 3
h at room temperature in the dark. The precipitated silver chloride
was removed by filtration, ligand 6 (77 mg, 0.14 mmol) was added
and the reaction mixture was stirred for 4 d in the dark at room
temperature. The solvent was then evaporated and the residue was
purified by CC [MeOH/aqueous NH4CI solution (2 M)/MeNO,,
7:2:1, Ry = 0.18, as chloride salt]. The solvent [rom the appropriate
fraction was evaporated and the residue was dissolved in water.
This solution was filtered and the complex was precipitated by the
addition of 100 ml aqueous KPF, solution (0.1 m), vielding 8 (65
mg, 24%) as a red solid, m.p. >300°C. — IR (KBr): ¥ = 1613
cm L, 1465, 1105, 844, 765, 558. — UV (CH;CN): Ay, (8) = 192
nm (154880), 246 (63100), 287 (144200), 340 (60260), 461 (41020).
— 'H NMR (400 MHz, CD;CN): & = 2.57 (s, 6H), 7.26 (m, 2H),
7.41 (m, 8H), 7.56 (m, 4H), 7.63 (m, 2H), 7.68 (m, 2H), 7.74 (m,
8H), 7.82 (m, 2H), 8.02 (m, 12Hj}, 8.50 (m, 8H), 8.54 (s, 2H), 8.63
(m, 2H), 8.74 (s, 2H). — MS (ESD); m/z (%): 1805.4 (2) [(M** +
3 PF3)™, 830.7 (10) [(M?* + 2 PFg)?'], 413.0 (100).

trans-4-Methyl-4'-[2-(2-pyridyl )vinyl )-2,2"-bipyridine  (10): A
mixture of 4-[(diphenylphosphinoyl)methyl]-4’-methyl-2,2’-bipyri-
dine (4; H* instead of Na') (1.2 g, 3.1 mmol) and NaH (82 mg,
3.4 mmol) in 75 ml THF was heated to 50°C for 5 min. After
addition of (.33 ml (3.4 mmol) of pyridine-2-aldehyde (9), the reac-
tion mixture was stirred for 2 h at room temperature. The organic
phase was diluted with 150 ml of dichloromethane, extracted with
satd. aqueous NH,Cl solution (2 X 50 ml), dried over Na,SO,, and
evaporated to dryness. CC of the crude product [CH,Cl,/MeOH/
NH; (25% in water), 100:2:0.5; Ry = 0.22] yielded 10 (475 mg,
56%]) as a yellow solid, m.p. 133°C. — IR (KBr): ¥ = 1589 cm ™!,
1468, 990, 828, 554. — UV (CH3CN): hap (8) = 192 nm (30270),
202 (28770), 256 (20560), 280 (22910), 312 (26120). — 'H NMR:
& =246 (s,3H), 7.16 (d, J = 4.9 Hz, 1H), 7.21 (m, 1H), 7.42 (m,
2H), 7.50 (d, 7 = 16.0 Hz, 1H), 7.70 (m, 2H), 8.26 (s, 1 H), 8.57
(d, J = 4.9 Hz, 1 H), 8.60 (s, 1 H), 8.65 (m, 2H). — 3C NMR: § =
21.1 (+), 118.3 (+), 121.7 (+), 122.0 (+), 122.8 (+), 122.9 (+),
1248 (+), 130.2 (+), 132.3 (+), 136.7 (+), 145.0 (Cuar), 148.1
(Cyuar)s 148.9 (+), 149.6 (1), 149.8 (+), 154.5 (Cyuad)s 155.7 (Cquar),
156.6 (Cquar)- — MS (70 eV); mfz (%): 273 (100) [M*]. — CiyHisN;y
(273.3): caled. C 79.10, H 5.53, N 15.30; found C 79.23, H 5.53, N
15.15. — Mol. mass: 273 (MS).

Complex 11: A mixture of bis(2,2'-bipyridine)ruthenium(II) di-
chloride dihydrate (262 mg, 0.5 mmol) and silver perchlorate (225
mg, | mmol) in 50 ml of dry, degassed acetone was stirred for 3 h
at room temperature in the dark. After filtration of the precipitated
AgCl, 4-(2-vinylpyridine)-4-methyl-4'-[2-(2-pyridyl)vinyl]-2,2’-bi-
pyridine (10) (135 mg, 0.5 mmol) was added. The reaction mixture
was stirred overnight at room temperature and then the solvent was
removed in vacuo. Recrystallization from methanol gave 11 (120
mg, 26%) as a red solid (R; = 0.57; SiO,; MeOH/2 m aq. NH,Cl/
MeNO,, 7:2:1), m.p. 264°C. — IR (KBr): ¥ = 1636 cm™!, 1482,
1089, 766, 622. — UV (CH3;CN): Ayax (8) = 192 nm (83950), 248
(28770), 256 (29510), 288 (69300), 322 (32810), 458 (19910). — 'H
NMR (400 MHz, CD;CN): 6 = 2.55 (s, 3H), 7.24 (m, 1H), 7.31
(m, 1 H), 7.39 (m, 4H), 7.54 (m, 3H), 7.65 (m, 1H), 7.72 (m, 5H),
7.80 (m, 2H), 8.04 (m, 4H), 8.50 (m, 5H), 8.62 (m, 1H), 8.68 (m,
1H). — MS (ESD); m/z (%): 786.1 (10) [(M2* + CIO;)*], 343.3 (7)
[M37], 272.3 (100).

1 41 V. Balzani, F. Scandola, Supramolecular Photochemistry,
Ellis Horwood, Chichester, 1991. — ['®l V. Balzani, A. Juris, M.
Venturi, S. Campagna, S. Serroni, Chem. Rev. 1996, 96,
759—-833.
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A. von Zelewsky, Coord. Chem. Rev. 1988, 84, 85-277. —
128} X, Kalyanasundaram, Photochemistry of Polypyridine and
Porphyrin Complexes, Academic Press, London, 1991.

Bl For recent examples, see: P31 A, Harriman, F. Odobel, J.-P.
Sauvage, J Am. Chem. Soc. 1995, 117, 9461 -9472. — Bl V.
Grosshenny, A. Harriman, R. Ziesel, Angew. Chem. 1995, 107,
1211—-1214; Angew. Chem. Int. Ed. Engl 1995, 34, 1100—1102.
— B E. C. Constable, A. M, W, Chargill-Thompson, J. Chem.
Soc., Dalton Trans. 1995, 1615—1627.

M A different approach was recently introduced involving pal-
ladium-mediated coupling of functionalized (phenanthroline)
ruthenium complexes: D. Tzalis, Y. Tor, J Chem. Soc., Chem.
Commun. 1996, 1043 —1044,

51 bpy = 2,2’-bipyridine.

61 J-M. Lchn, A. Marguis-Rigault, C. Piguet, J. Siegel, Helv.
Chim. Acta 1991, 74, 594-610.

1 P. D. Beer, O. Kocian, R. J. Mortimer, C. Ridgway, J Chem.
Soc., Dalton Trans. 1993, 2629~2638.

81 The use of this compound in olefination reactions has been
described previously although no experimental details were
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A. Harriman, J-M. Lehn, J Chem. Soc, Chem. Commun.
1993, 1034—1036.

©l The compound was prepared by oxidation of the corresponding
diol with the Dess-Martin reagent: D. B. Dess, J. C. Martin, J.
Org. Chem. 1983, 48, 4155—4156.

% Ru(bpy), moieties were introduced either by refluxing the li-
gand with Ru(bpy),Cl, in ethanol/water or via a labile acetone
ruthenium complex: B. D. Sullivan, D. J. Salomon, T. J. Meyer,
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