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Two series of cyclometallated and noncyclometallated
ruthenium(Il) complexes incorporating mono- or disub-
stituted 1,10-phenanthroline- and 2,2":6’,2"'-terpyridine-type
ligands have been synthesized and characterized. An X-ray
crystal structure for one of the complexes, Ru(ttpy)(mapH)-
(Cl)(PFg), has been obtained (mapH = 2-p-anisyl-1,10-
phenanthroline; ttpy = 4'-tolyl-2,2":6",2"-terpyridine). Distinct
electrochemical and photophysical properties have been

observed for the two series: a remarkable feature is the
observation of relatively long-lived MLCT excited states
(from 70 to 106 ns at room temperature in CH3CN) for three
of the cyclometallated complexes. A discussion is given on
the role of factors like sigma donation by the
cyclometallating ligands, interligand steric hindrance and
interligand n-m interactions that affect the electrochemical
and spectroscopic properties.

Introduction

The photophysical behavior of transition metal polypyri-
dine complexes is of prime importance in molecular devices
based on photoinduced electron and energy transfer reac-
tions.['l Numerous studies on complexes exhibiting lumi-
nescence from metal-to-ligand charge-transfer (MLCT) ex-
cited states have shown the determining effects of different
factors on the excited state properties.[’l Among others, the
energy level of the low-lying states (energy gap law),?! the
electron delocalization on the acceptor ligand,™ as related
to its structure and rigidity™ have been correlated with par-
ameters like absorption and luminescence wavelengths, life-
time and quantum yield. With the aim of developing new
approaches to the tuning of excited-states properties, we
have prepared a series of ruthenium(II) complexes incorpo-
rating cyclometallated and noncyclometallated sterically
hindering ligands. In these complexes, the electron density
distribution associated with the presence of cyclometallat-
ing positions may result in improved luminescence proper-
ties, as illustrated below for some of the compounds investi-
gated. We also show that the interligand interactions be-
tween hindering ligands can play a non-negligible role in
determining the luminescence propertiesl® provided that
the steric constraint does not distort excessively the octa-
hedral coordination. The schematic structures of the rel-
evant ligands are illustrated in Scheme 1. A preliminary re-
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port of some properties of compounds 4, 7, and 9 has been
published previously.[”!
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Scheme 1

Results and Discussion

The ruthenium complexes synthesized and studied are
represented in Scheme 2 (1—6: noncyclometallated com-
pounds) and Scheme 3 (7—-10: cyclometallated com-
pounds). Cyclometallated ruthenium(II) complexes involv-
ing ligands that contain a phenyl group adjacent to a nitro-
gen donor atom are relatively easy to obtain.®] Depending
on the potential donor atoms implied and the experimental
conditions, the complexation reaction leads to the normal
N, coordination sphere or to the NsC set.[! The reaction
of paramagnetic ruthenium(III) species (RuLCl;; L = ttpy,
dgpy or mappy) with one equivalent of hindering phen-
anthroline (mapH, dtpH or mappy) in refluxing glacial
acetic acid in the presence of a mild reducing agent (N-
ethylmorpholine) gave the complexes 3 to 10. In the case of
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complexes 1 and 2, the ruthenium precursor was Ru(bi-
py)>Cl,. All the compounds were characterized by 'H-
NMR and FAB-MS spectra and these data are in full agree-
ment with their postulated structures.

6 : Ru(dgpy)(mappy)*

5: Ru(dqpy),**

Scheme 2

The X-ray structures of 7 and 9 have already been re-
ported.[”l Single crystals of 4 were obtained by crystalliza-
tion from a mixture acetonitrile and benzene. The ORTEP
diagram of 4 is shown in Figure 1. Selected bond lengths
and bonds angles are presented in Table 1. For comparison
purposes some data concerning 7 and 9 are also given.

The ruthenium ligand environment exhibits a distorted
octahedral geometry with the terpyridine ligand coordi-
nated in meridional configuration. The phenanthroline
plane is orthogonal to the terpyridine mean plane whereas
the anisyl substituent is in a stacking position with the cen-
tral pyridine of the terpyridine (the angle between these
rings is 4.2° and the distance between planes is around 3.4
A). The chloride ion is directed from the N2 nitrogen atom
of the phenanthroline. The Ru—Cl bond length of 2.391 A
is very similar to that reported for other ruthenium terpyri-
dine chloro complexes, such as 2405 A for
Ru(terpy)(bpz)Cl* 1% (bpz = 2,2'-bipyrazine) and 2.400 A
for [Ru(terpy)(CO),CIICL!"" The terpyridine ligand affords
two almost identical Ru—N bond lengths of ca. 2.05 A
(Ru—N3 and Ru—N5) whereas the distance Ru—N4 is
shorter for the central pyridine (1.950 A). The two side pyri-
dines bind to ruthenium at angles of 79.3° (N3—Ru—N4)
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7 : Ru(ttpy)(map)*

HoC

9 : Ru(ttpy)(dtp)* 10 : Ru(dqpy)(dtp)*

Scheme 3

Figure 1. ORTEP representation of the X-ray structure of 4. The
hydrogen atoms and PF¢ anion have been omitted for clarity. Ther-
mal ellipsoids are scaled to enclose 30% of the electronic density

and 79.8° (N4—Ru—N5) and these angles also show that
terpyridine is constrained such that it cannot fit with an
ideal (90°) geometry.

Contrary to what was observed in compound 7 and 97!
the Ru—NI1 and Ru—N2 bond lengths are in agreement
with the usual coordination of the substituted phenanthro-
line to the ruthenium. In fact, for 7 and 9, the unusually
long Ru—N1 (for 7) and Ru—N2 (for 9) bond lengths
(2.198 A and 2.256 A, respectively) could be the conse-
quence of a trans effect (due to the carbon atom in the trans
position) as well as the constrained geometry inherent in
terpyridine-type chelate.

The electrochemical data for the noncyclometallated (1
to 6) and cyclometallated (7 to 10) ruthenium complexes
are presented in Table 2. Oxidations are metal-centered and
reductions are ligand-centered processes respectively. Re-
versible monoelectronic waves are observed for almost all
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Table 1. Selected bond lengths and bond angles for 4, 7 and 9
(numbers in parentheses are estimated standard deviations in the
least significant digits)

Bonds lengths [A] Bonds angles [°]

4  Ru-Cl 23917(8) Cl-Ru—N1 91.89(8)
Ru—NI 2.078(3) NI-Ru—N2 79.2(1)
Ru—N2 2.087(3) N1-Ru—N3 100.8(1)
Ru—N3  2.067(3) NI-Ru—N4 176.6(1)
Ru—N4 1.953(2) N3-Ru—N4 79.3(1)
Ru—N5 2.043(3) N4—Ru—N5 79.8(1)

7  Ru—-NI 2.198(6) NI—Ru—-N2 76.9(2)
Ru—N2  2.009(6) NI1-Ru—CI8 156.0(3)
Ru—CI8 2.030(8) NI-Ru—N3 93.7(2)
Ru—N3  2.050(5) NI-Ru—N4 105.4(2)
Ru—N4 1.961(6) NI-Ru—N5 91.5(2)
Ru—N5  2.062(5) N2—Ru—CI8 79.1(3)

9  Ru-NI 2.010(2) NI-Ru—N2 76.6(1)
Ru—N2 2.256(3) N1-Ru-CI8 78.3(1)
Ru—N3 2.031(3) NI-Ru—N3 100.6(1)
Ru—N4 1.942(3) N3—-Ru—N4 79.8(1)
Ru—N5 2.052(2) N4—-Ru—CI8 93.5(1)
Ru—CI8 2.037(4) N2—Ru—N4 111.5(1)

redox couples. As expected, compounds 1, 2 and 3 display
redox processes typical of the well-known bipyridine, phen-
anthroline, and terpyridine complexes.!'! In compound 4,
due to the coordinated chloride ion, the ruthenium is easier
to oxidize (by 500 mV as compared to 3) and one ligand is
more difficult to reduce. In compounds 5 and 6, the pres-
ence of electron-withdrawing quinoline ligands provides a
slightly higher acceptor character to these complexes than
the classical bis(terpyridine) compound.

Table 2. Redox potentials (vs SCE) measured by cyclic voltamme-
try. Conditions: CH;CN (nBuy,NBF, = 0.1 M), v = 100 mVs~!,
room temperature.

Rulll/ll LO/* L7/27 L27/37

1 1.27 —1.33 —1.60

2 1.27 —1.33 —-1.52

3 1.29 —1.16 —1.42 —1.91
4 0.77 —1.50 —1.85!

5 1.14 —1.36 —1.52

6 1.08 —1.19 —1.56 —1.82
7 0.54 —1.54 fal

8 0.57 —1.47 fal

9 0.54 —-1.57 fal
10 0.44 —1.63 —1.83 2.08I°]

[al Large cathodic current occurs without distinctive peak. — ®J Ir-
reversible.

For complexes 7 to 10, the effect of the cyclometallation
on the stability of the Ru'! state is illustrated by a cathodic
shift of 750 mV. This behavior demonstrates the strong c-
donating character of the anionic (map~ or dtp~) ligands.
The ligand-centered reduction is also strongly affected by
the presence of the cyclometallating ligand. In fact, the first
reduction in these compounds occurs at around —1.6 V
while it occurs around —1.3 V for 1 and 2.

The absorption maxima, the molar absorption coef-
ficients and the luminescence properties in acetonitrile and
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in butyronitrile are collected in Table 3 and representative
absorption spectra in the series are shown in Figure 2.

75

l,a.u.

A, NM

Figure 2. Absorption spectra (acetonitrile, room temperature) and
normalized luminescence spectra (butyronitrile, 77 K) of complexes
5, 6, and 10

The absorption bands in the UV region are ascribed to
ligand-centered transitions ('LC) and those occurring in the
visible part, with ¢ around 10* M~ ! cm™!, correspond to
'MLCT transitions.['8l In the case of the cyclometallated
complexes (7—10) the absorption bands occurring at low
energy (495 to 527 nm) could be attributed to MLCT tran-
sitions involving the LUMO of the noncyclometallating li-
gand, i.e. ttpy (case of 7, 9, 10) or mappy (case of 8). Actu-
ally, as has already been established,!'”! the level of the
LUMO for the cyclometallated (anionic) ligand is expected
to be higher in energy than that of an isoelectronic but neu-
tral polypyridine ligand.

All the ruthenium complexes exhibit an intense lumi-
nescence at 77 K in butyronitrile (Table 3). The lumi-
nescence band maxima for the cyclometallated complexes
are bathochromically shifted with respect to the noncyclo-
metallated compounds. At room temperature, in CH;CN, a
more distinct behavior appears between the two series.
Whereas compounds 1 and 3—6 are nonluminescent, as
found for many tpy-containing derivatives, !l the cyclomet-
allated complexes 8, 9 and 10 luminesce and display rela-
tively long-lived excited states (from 70 to 106 ns). This be-
havior can be understood in terms of the interplay of
MLCT and metal-centered (MC) excited states, as dis-
cussed below.

In the case of ruthenium terpyridine-type complexes the
distorted octahedral geometry induces a relatively weak li-
gand field at the metal center.!'*! As a consequence, effective
pathways for deactivation of the *MLCT state are estab-
lished by population of thermally accessible upper-lying
3MC states. This effect is likely to be enhanced by the pres-
ence of bulky substituents in the a-position with respect to
the N atom (case of 3 and 6). This type of argument also
could be used to explain the behavior of 1, in which 2,9-
bis-p-tolyl-1,10-phenanthroline is associated with a Ru-
(bipy), core. In contrast, if the coordination sphere of the
metal is less constrained as in 2, a sizable luminescence can
be observed.
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Table 3. Spectroscopic properties®!

Absorption Ay [nm] (¢ [M~! cm™1)

Anax [nm]

1
2 448 (10500)
3 503 (9100) 344 (36000)
4 508 (13400)
5 473(12700)
6 495 (8900) 474 (9000)
7 518 (17800) 355 (26500)
8 523 (8600) 440 (6700)
9 527 (16300) 388 (12000)

10 520 (15700) 493 (16000)

452 (10200)
288 (44000)
300 (41200)
285 (48500)
348 (79000)
347 (51000)
309 (39000)
314 (35000)
316 (43000)
351 (44000)

288 (46000)
267 (39000)
246 (44600)
269 (55700)
245 (69000)
245 (59300)
286 (49600)
252 (49000)
290 (46500)
246 (70500)

Luminescence

293 K 293 K 293 K 77 K 77 K
T [ns] @ Amax [nm] [ps]

- - - 602 6.6
618 34 5.6 X 1073 586 6.2
- - - 646 9.3
- - - 790 0.8
- - - 605 17.2
- - - 655 11.3
- - - 704 3.6
816 106 1.9 x 1073 814 2.3
802 95 2.0 X 1072 778 2.6
778 70.5 2.8 X 107% 750 34

[al Acetonitrile solvent at room temperature, butyronitrile at 77 K.

In the case of cyclometallated ruthenium complexes it
has already been recognized!'?! that the strong ligand field
provided by o-donation at the carbon coordination in-
creases the energy gap between the lowest-lying SMLCT
levels (which involve the noncyclometallating ligand) and
the upper-lying *MC states. This increase is basically due to
a loading of electron density at the metal center, which re-
sults both in destabilization of the 3MC level and stabiliz-
ation of the MLCT level (as indicated by the values of the
luminescence band maxima at 77 K, Table 3). It is note-
worthy that, according to the "energy-gap law”, the latter
effect is expected to enhance the nonradiative processes
from the emitting state.l® In the case of 8, 9 and 10, the
balance of these effects results in sizable luminescence at
room temperature, which is not the case for most of the
terpyridine-containing ruthenium complexes.[' We noticed
that, for 8, 9, and 10, large ligand fragments undergoing
interligand m-n interactions are present,[”) which can assist
an extended electron delocalization for the MLCT states
and result in the known beneficial effects noted in the case
of large rigid ligands.[*! By contrast, the Ru(ttpy)(map)*
(7) complex, which is necessarily devoid of such interligand
interactions, does not luminesce at room temperature
(Table 3).

Experimental Section

Physical Measurements: '"H NMR: Bruker WP200 SY (200 MHz).
— UV/Vis: Kontron Uvikon 860. — MS: VG ZAB-HF, Thomson
THN 208. — Cyclic voltammetry data: PAR model 273A po-
tentiostat, Pt disk as working electrode, CH;CN solution, 0.1 M
BuyNBF, as supporting electrolyte, Pt wire as auxiliary electrode,
SCE as reference electrode.

Photophysical Measurements: Absorption spectra were determined
with a Perkin—Elmer Lambda 5 spectrometer. — Uncorrected lu-
minescence spectra were obtained from a Spex Fluorolog II fluori-
meter equipped with a Hamamatsu R928 phototube. Uncorrected
band maxima are used throughout the text. The luminescence
quantum yields, @, were obtained from dilute solutions (the ab-
sorbance at the selected excitation wavelength was < 0.1)[204 by
analysing spectra that were corrected for the photomultiplier re-
sponse and by comparison with the spectrum of Ru(bpy);>* (® =
0.028 in aerated water).!2°%! Luminescence lifetimes were obtained
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with an IBH single photon apparatus employing a lamp filled with
N,; the decays were found to follow a single exponential behavior
in each case. Further details were given elsewhere.!?!l The exper-
imental uncertainties were estimated to be 2 nm for the absorption
and luminescence spectra, 20% for the luminescence intensities and
10% for the luminescence lifetimes.

Materials and General Procedures: The following chemicals were
prepared according to literature procedures: 2-p-anisyl-1,10-phen-
anthroline (mapH); !4 2.9-bis(p-tolyl)-1,10-phenanthroline
(dtpH);['31 4’-tolyl-2,2",6",2"-terpyridine  (ttpy);!'® Ru(bp),Cl,
2H,0;'"1 Ru(ttpy)Cls. 18!

2-p-Anisyl-9-(4-methyl-2-pyridyl)-1,10-phenanthroline (mappy):
To a degassed solution of 2-bromo-5-methylpyridine (0.757 g,
4.4 mmol) in dry ether (15mL) at —78°C was added dropwise
nBulLi (soln. in hexane approx. 1.3 m, 3.7 mL, 4.84 mmol). The re-
sulting red solution was warmed to —40°C and stirred at this tem-
perature, under Ar, for 30 min. The organolithic solution was then
transferred, by cannula, to a degassed solution of 2-p-anisyl-1,10-
phenanthroline (1.145 g, 4.0 mmol) in dry ether (35 mL) at 0°C.
The mixture was stirred under argon for 3 h at 0°C and then for a
further 3 h at 10°C. After hydrolysis at 0°C with water (15 mL),
the organic layer was decanted and the aqueous layer extracted
with dichloromethane. The combined organic layers were rearomat-
ized by succesive additions of MnO, (3 X 3 g, 3 g each 20 min),
dried over MgSO, and filtered. After evaporation of the solvent
the crude product was purified by column chromatography on alu-
mina, with dichloromethane as eluent. The product, mappy, was
obtained as a pale yellow solid (0.89 g, 59%). The solid crystallized
from ethanol to give pale yellow crystals (m.p. 243.5—245.0°C). —
'H NMR (200 MHz, CDCls): § = 9.00 (d, J = 8.2 Hz, 1 H, H¥),
8.82(d, J = 8.4Hz 1 H, H%, 8.58(d, J =22Hz 1 H, HY), 8.45
(d,J =89Hz, 2 H,2H°,836(d,J=84Hz 1 H, H*, 8.29 (d,
J=28.5Hz, 1H,H’),8.11(d,J=85Hz 1H, H®, 7.81 (dd, J =
8.2 and 2.2 Hz, 1 H, H*), 7.79 (s, 2 H, H>®), 7.13 (d, J = 8.9 Hz,
2 H, 2 H™), 3.94 (s, 3 H), 2.46 (s, 3 H). — Anal. calcd. for
C,sH N30 (377.45): C 79.55, H 5.07, N 11.13; found: C 79.30, H
5.26, N 11.17.

3-Acetylisoquinoline: To sodium ethoxide (0.27 g, 0.012 mol) in dry
benzene (40 mL) was added, with stirring, a mixture of methyl 3-
isoquinoline carboxylate (1.8 g, 9.6 mmol) and anhydrous ethyl
acetate (1.14 g, 15.8 mmol) in benzene (35 mL). The mixture was
allowed to reflux with stirring for 24 h. The mixture was allowed
to cool to room temperature and poured into a solution of sodium
hydroxide (0.40 g, 0.01 mol) in water (7 mL). The light yellow solid
that separated on the addition of the base was filtered off and water
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(20 mL) was added to the filtrate. After decantation of the phases,
the benzene layer was washed with water and the combined aque-
ous layer was extracted with ether (3 X 30 mL). The combined or-
ganic layers were evaporated and combined with the light yellow
solid. To this was added concentrated hydrochloric acid and the
mixture was heated to reflux for 2 h. On cooling, the mixture was
made basic with sodium carbonate, the organic layer was extracted
with ether (2 X 40 mL) and dried over sodium sulfate. Removal of
the ether and purification on silica (dichloromethane/hexane 80:20)
gave 1.23 g (75%) of 3-acetyl-isoquinoline. — '"H NMR (200 MHz,
CDCl3): & = 9.26 (s, 1 H), 8.45 (s, 1 H), 8.05-7.94 (m, 2 H),
7.79—7.67 (m, 2 H), 2.80 (s, 3 H). — MS (EI); m/z: 171.

2,6-Diisoquinolyl-(4-tolyl)pyridine (dgqpy): To a dried sample of 3-
acetyl-isoquinoline (1.23 g, 7.19 mmol), ammonium acetate (3.6 g,
46.7 mmol) and acetamide (5.54 g, 93.8 mmol) was added p-tolual-
dehyde (0.37 g, 3.11 mmol). The mixture was heated with stirring
to 170°C under solvent-free conditions under an atmosphere of
argon for 3 h. After this time the temperature of the reaction mix-
ture was lowered to 120°C and the mixture was added to a solution
of sodium hydroxide (2.8 g, 0.07 mol) in water (10 mL), a process
that resulted in a brownish oil. The mixture was left at this tem-
perature for a further 2 h. The dark brown oil and the yellow hot
solution was poured into a beaker and, after cooling, the brown
oil solidified. The solid was dissolved in acetic acid (10 mL) and
refluxed for 2 h. 47% hydrobromic acid (10 mL) was then added
and the mixture was left to stir at room temperture for a further
2 h. After this time, addition of a 5 N solution of potassium hydrox-
ide (20 mL) resulted in the formation of a precipitate. The organic
layer was extracted with dichloromethane (3 X 60 mL) and the
combined organic layers were washed with sodium hydrogen car-
bonate and dried over magnesium sulfate. After column chroma-
tography on alumina (hexane/ether; 8:2), dqpy was obtained as a
white material (1.3 g, 43%). — '"H NMR (300 MHz, CDCl,): § =
9.36 (s, 2 H), 9.08 (s, 2 H), 8.83 (s, 2 H), 8.08 (d, 2 H, J = 7.29 Hz),
8.03(d, 2 H, J = 8.04 Hz), 7.87 (d, 2 H, J = 8.22 Hz), 7.74 (td, 2
H, J = 128 Hz), 7.63 (td, 2 H, J = 1.10Hz), 733 (d, 2 H, J =
7.86 Hz), 2.43 (s, 3 H). — MS (EI); m/z: 423.2.

Ru(mappy)Cl;: To absolute ethanol (30 mL) in a 100 mL round-
bottomed flask was added RuCl;-3H,0 (0.042 g, 0.132 mmol) and
mappy (0.050 g, 0.132 mmol). The mixture was heated at reflux for
3 h with vigorous stirring. After this time, the reaction mixture was
cooled to room temperature and the fine brown powder was col-
lected by vacuum filtration, washed with cold absolute ethanol
(3 X 30 mL) followed by Et,O (3 X 30 mL) and dried under vac-
uum to give 0.065 g (84%) of Ru(mappy)Cls.

Ru(dqpy)Cls: This compound was prepared in the same manner as
for the analogous compound, Ru(mappy)Cls, in almost quantitat-
ive yield. The insoluble brown-red product obtained was used with-
out further purification.

General Workup Procedure for the Complexes 1 to 10: After reac-
tion, the solvent was removed under reduced pressure and the col-
ored solid was redissolved in methanol. The colored solution was
filtered to remove any trace of unchanged starting complex and the
filtrate obtained was added to an aqueous solution of KPFy (0.5 g
in 50 mL of water) to give a solid. This solid was purified by silica
gel chromatography, eluting with a mixture of CH,Cl,/CH;OH
(95:5) for all the complexes excepted for 5, where the elution was
performed with a CH;CN/H,O/saturated KNO; mixture
(100:10:1).

Ru(bipy),(dtpH)(PFy), (1): A suspension of Ru(bipy),Cl,2H,O!"]
(0.065 g, 0.13 mmol) and dtpH (0.046 g, 0.13 mmol) in acetic acid
(10 mL) with 2—3 drops of N-ethylmorpholine was refluxed under
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argon for 3h. Yield 0.033g (24%). — 'H NMR (200 MHz,
CD,Cl,): 6 = 8.56 (d, 2 H, J = 8.22 Hz), 8.28 (s, 2 H), 8.25 (d, 2
H, J = 8.22 Hz), 8.09 (td, 2 H, J = 6.21 Hz, J = 1.47 Hz), 7.82 (d,
2H,J=2821Hz), 778 (d,2H,J =549Hz), 7.70 (d, 2 H, J =
8.24 Hz), 7.52—7.39 (m, 4 H), 7.02 (br, 2 H), 6.65-6.61 (m, 7 H),
5.96 (br, 3 H), 2.16 (s, 6 H). — MS (FAB-MS) (nitrobenzyl alcohol
matrix); m/z (%): 919 (20) [M — PF¢], 774 (10) [M — 2PF4~ +
e’], 617 (12) [M — 2PFs~ — bipy + e ].

Ru(bipy),(mapH)(PFg), (2): A suspension of Ru(bp),Cl,2H,O
(0.050 g, 0.096 mmol) and mapH (0.026 g, 0.09 mmol) in acetic
acid (7mL) with 2—3 drops of N-ethylmorpholine was refluxed
under argon for 4 h. Yield 0.065 g (68%). — 'H NMR (200 MHz,
CD,Cl,): 6 = 8.62(d, | H, J = 8.4 Hz), 8.56 (dd, 1 H, J = 8.4 Hz,
J=129Hz),840(d, 1 H,J=786Hz),834(d,1H,J=7.50Hz),
8.31-8.22 (m, 4 H), 8.07 (td, 1 H, J = 7.86 Hz, J = 8.01 Hz),
7.99-7.94 (m, 4 H), 791 (d, | H, J = 5.49 Hz), 7.74-7.62 (m, 4
H), 7.49—7.31 (m, 6 H), 7.29 (br, 1 H), 7.07 (d, 1 H, J = 5.67 Hz),
6.93 (t, 1 H, J = 7.11 Hz), 3.70 (s, 3 H). — MS (FAB-MS) (nitro-
benzyl alcohol matrix); m/z (%): 845 (50) [M — PF47], 700 (35) [M
— 2PF¢ +e¢e7]

Ru(mappy),(PF¢), (3): A suspension of Ru(mappy)Cl; (0.060 g,
0.10 mmol) and mappy (0.039 g, 0.10 mmol) was heated to reflux
for 3h in glacial acetic acid (6 mL) with 2—3 drops of N-ethyl-
morpholine. Yield 0.10 g (87%). — '"H NMR (200 MHz, CD,Cl,):
§=2877(d,2H,J=86Hz),863(d, 2H,J=8.6Hz), 844 (t,
4H,J=806Hz),824 (s, 4 H), 7.69 (dd, 2 H, J = 8.20Hz, J =
1.2 Hz), 7.36 (d, 2 H, J = 8.34 Hz), 6.23—6.19 (br, 2 H), 6.15 (s, 2
H), 5.93-5.63 (m, 6 H), 3.76 (s, 6 H), 1.89 (s, 6 H). — MS (FAB-
MS) (nitrobenzyl alcohol matrix); m/z (%): 1001 (15) [M — PF¢],
856 (24) [M — 2PF¢~ + e™].

Ru(ttpy)(mapH)(CD)(PFs) (4) and  Ru(ttpy)(map)(PFs)  (7):
Ru(ttpy)Cl; (0.10 g, 0.19 mmol) and mapH (0.054 g, 0.19 mmol)
were heated to reflux for 3 h in glacial acetic acid (6 mL) with 2—3
drops of N-ethylmorpholine. Yield: 0.042 g (35%) of the cyclomet-
allated product [Ru(ttpy)(map)PF4] (7) and 0.060 g (31%) of the
noncyclometallated product [Ru(ttpy)(mapH)(Cl)PF4] (4). Non-
cyclometallated complex (4): 'H NMR (200 MHz, CD;CN): § =
8.88 (s,2 H), 8.54 (d,2H, J = 7.78 Hz), 8.49 (d, 1 H, J = 8.86 Hz),
8.32(dd, 1 H, J = 8.19 Hz), 8.22 (d, 1 H, J = 8.23 Hz), 8.08 (d, 2
H, J = 8.34Hz), 7.85 (d, 1 H, J = 8.88 Hz), 7.93—7.86 (m, 2 H),
7.77(d, 1 H, J = 1.62Hz), 7.74 (d, 1 H, J = 1.62 Hz), 7.69 (d, 1
H,J = 1.65Hz), 7.52 (d, 2 H, J = 8.06 Hz), 7.34—7.25 (m, 3 H),
6.92 (td,2 H, J = 7.24 and 1.34 Hz ), 6.36 (dd, 1 H, J = 5.92 Hz),
534 (d, 1 H, J = 242 Hz), 3.39 (s, 3 H), 2.50 (s, 3 H). — MS;
miz (%): 891 (35) [M — PF¢ 7], 746 (100) [M — 2PF4 + e ].

Compound 7: '"H NMR (200 MHz, CD,Cl,): § = 8.75 (dd, 1 H,
J=6.72Hz,J = 1.56 Hz), 8.32 (d, 1 H, J = 8.86 Hz), 8.34—8.17
(m, 5 H), 8.10 (s, 2 H), 7.87 (dd, 2 H, J = 7.8 Hz, J = 1.45 Hz),
7.79 (d, 2 H, J = 8.32 Hz), 7.47 (d, 2 H, J = 8.06 Hz), 7.37 (dd, 2
H, J = 538Hz, J = 1.36Hz), 7.17 (d, 2 H, J = 8.34 Hz),
7.11-7.09 (m, 2 H), 6.45 (d, 2 H, J = 8.88 Hz), 6.07 (d,2 H, J =
8.60 Hz), 3.52 (s, 3 H), 2.52 (s, 3 H). — MS (FAB-MYS) (nitrobenzyl
alcohol matrix); m/z (%): 855 (40) [M*], 710 (100) [M — PF4].

Ru(dqpy),(PF¢), (5): A suspension of Ru(dqpy)Cl; (0.070 g,
0.11 mmol) and dqpy (0.049 g, 0.12 mmol) was heated to reflux for
6 h in glacial acetic acid (8 mL) with 2—3 drops of N-ethylmorph-
oline. Yield 0.040 g (30%). — 'H NMR (200 MHz, CD,Cl,): § =
9.09 (d, 8 H, J = 7.88 Hz), 8.24 (d, 8 H, J = 10.08 Hz), 8.07 (4 H,
J=28.12Hz),7.79 (d, 1 H, J = 1.48 Hz), 7.75 (t, 2 H, J = 1.72 Hz),
7.71 (d, 1 H, J = 1.72 Hz), 7.68—7.54 (m, 8 H), 2.56 (s, 6 H). —
MS (FAB-MS) (nitrobenzyl alcohol matrix); m/z (%): 1093 (15) [M
— PF¢7], 948 (35) [M — 2PF~ + e7].
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Ru(dgpy)(mappy)(PFs), (6): A suspension of Ru(dqpy)Cl; (0.08 g,
0.13 mmol) and mappy (0.048 g, 0.13 mmol) was heated to reflux
for 5h in glacial acetic acid (12 mL) with 2—3 drops of N-ethyl-
morpholine. Yield 0.076 g (49%) of 6 as a dark violet solid. — 'H
NMR (300 MHz, CD,Cl,): 6 = 9.06—8.90 (m, 3 H), 8.70 (s, 2 H),
8.54 (d, 1 H, J = 8.76 Hz), 8.39 (d, 2 H, J = 8.22 Hz), 8.32 (d, 1
H, J = 8.97 Hz), 8.24—8.18 (m, 5 H), 7.83 (td, 3 H, J = 1.11 Hz,
J =126Hz, J = 1.08 Hz), 7.76 (s, 2 H), 7.67—7.52 (m, 7 H), 7.36
(d, 1 H, J = 8.22 Hz), 6.60 (d, 2 H, J = 8.79 Hz), 6.11 (d, 2 H,
J = 8.58 Hz), 3.51 (s, 3 H), 2.60 (s, 3 H), 1.96 (s, 3 H). — MS
(FAB-MS) (nitrobenzyl alcohol matrix); m/z (%): 1047 (80) [M —
PF4 7], 902 (100) [M — 2PF4 + e7], 451 (55) [M — 2PF¢7)/ 2].

Ru(mappy)(dtp)(PF¢) (8): A suspension of Ru(mappy)Cls (0.060 g,
0.10 mmol) and dtpH (0.039 g, 0.10 mmol) was heated to reflux for
3 h in glacial acetic acid (6 mL) with 2—3 drops of N-ethylmorph-
oline. Yield 0.040 g (41%).. — 'H NMR (200 MHz, CD;CN): § =
8.57(d, 1 H, J = 2.68 Hz), 8.39—8.27 (m, 4 H), 820 (d, 1 H, J =
8.86 Hz), 8.09 (d, 1 H, J = 8.84 Hz), 7.99 (d, 2 H, J = 6.71 Hz),
792 (d, 1 H,J = 62Hz), 7.82(d, 2 H, J = 7.8 Hz), 7.50 (d, 1 H,
J =9.68 Hz), 7.34—7.18 (m, 2 H), 6.59—6.52 (m, 2 H), 6.32 (d, 1
H, J = 8.32 Hz), 6.12 (d, 2 H, J = 8.31 Hz), 5.87—-5.76 (br, 3 H),
5.70 (d, 2 H, J = 8.32 Hz), 5.04 (s, 1 H), 3.66 (s, 3 H), 2.08 (s, 3
H), 1.82 (s, 3 H), 1.64 (s, 3 H). — MS (FAB-MYS) (nitrobenzyl al-
cohol matrix); m/z (%): 838 (100) [M — PF¢™]

Ru(ttpy)(dtp)(PFs) (9): A mixture of Ru(ttpy)Cl; (0.070 g,
0.13 mmol) and dtpH (0.047 g, 0.13 mmol) was heated to reflux for
3 h in glacial acetic acid (6 mL) with 2—3 drops of N-ethylmorph-
oline. Yield 0.042 g (35%). — 'H NMR (200 MHz, CD,Cl,): § =
8.39(s,2 H), 8.31(d, 1 H, J = 8.32 Hz), 8.24 (d, 2 H, J = 7.80 Hz),
8.48—8.20 (m, 4 H), 8.05(d, 1 H, J = 8.86 Hz), 7.96 (d,2 H, J =
8.06 Hz), 7.74 (d, 1 H, J = 7.78 Hz), 7.73 (td, 2 H, J = 1.48 Hz,
J=6.72Hz),7.53(d,2H, J=7.8Hz),7.30 (d, 2 H, J = 8.32 Hz),
724 (d, 1 H, J = 1.22Hz), 6.94 (dd, 1 H, J = 11.56 Hz, J =
1.34 Hz), 6.93 (t, 1 H, J = 1.62 Hz), 6.68 (d, 2 H, J = 7.8 Hz), 6.57
(dd, 1 H, J = 6.72Hz, J = 1.30 Hz), 597 (d, 2 H, J = 7.8 Hz),
2.53 (s, 3 H), 2.02 (s, 3 H), 1.78 (s, 3 H). — MS (FAB-MS) (nitro-
benzyl alcohol matrix); m/z (%): 784 (100) [M — PFs™].

Ru(dgpy)(dtp)(PF¢) (10): A suspension of Ru(dqpy)Cl; (0.070 g,
0.11 mmol) and dtpH (0.041 g, 0.11 mmol) was heated to reflux for
3 h in glacial acetic acid (10 mL) with 2—3 drops of N-ethylmorph-
oline. Yield: 0.072 g (64%) of 10 as a dark purple solid. — '"H NMR
(300 MHz, CD,Cl,): 6 = 8.59 (s, 3 H), 8.52 (d, 1 H, J = 8.76 Hz),
8.44 (s,3H), 8.38 (d, l H, J = 8.76 Hz), 8.29 (d, 1 H, J = 6.96 Hz),
8.26(d, 1 H, J = 6.39 Hz), 8.02 (t, 7 H, J = 8.76 Hz, J = 7.14 Hz),
7.79 (d,2 H, J = 8.04 Hz), 7.68 (t,2 H, J = 6.93 Hz, J = 8.22 Hz),
7.58 (d,2H,J = 7.86 Hz), 7.50 (td,2 H, J = 1.11 Hz, J = 1.11 Hz,
J=1.08Hz), 7.37 (d, 2 H, J = 8.4 Hz), 6.75 (d, 2 H, J = 7.68 Hz),
6.54 (d, 1 H, J = 6.57 Hz), 6.09 (d, 2 H, J = 7.86 Hz), 2.61 (s, 3
H), 2.29 (s, 3 H), 2.08 (s, 3 H). — MS (FAB-MYS) (nitrobenzyl al-
cohol matrix); m/z (%): 1029 (5) [M*], 884(100) [M — PF¢].

X-ray Data Collection: Details concerning the crystal structure are
given in Table 4. For all computations the MolEN package was
used.['T Crystallographic data (excluding structure factors) for the
structure reported in this paper have been deposited with the
Cambridge Crystollographic Data Centre as supplementary publi-
cation no. CCDC-119759. Copies of the data can be obtained
free of charge on application to CCDC, 12 Union Road,
Cambridge CB21EZ, UK [Fax: (internat.) +44(1223)336-033;
E-mail: deposit@ccdc.cam.ac.uk].
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Table 4. X-ray experimental data of Ru(ttpy)(mapH)(CI)(PFs) (4)

Formula
Molecular mass
Color

Crystal system
a [A]

b [A]

c [A]

B [deg] .
Volume [A3]

Z

Dcalcd. [g Cl’l’l:S]

Wavelength [A]

m [em™']

Space group

Diffractometer

Crystal dimensions [mm]
Temperature [°C]

Radiation (monochromated)
Mode

Scan speed [deg™!]

C4|H31N50C1RU'PF6
891

red

monoclinic
15.378(4)

13.263(3)

20.306(6)

90.54(2)

4141.4

4

1.553

1.5418

47.206

PZ]/C

Philips PW1100/16
0.30 X 0.20 X 0.10
—100

Cu-K, graphite
q/2q flying step-scan
0.020

Step width [deg] 0.05
Scan width [deg] 1.10 + 0.14*tg(q)
Octants th+k+1
min/max [deg] 3/54
Number of data collected 5459
Number of data with 7 > 3s(J) 4247
Number of variables 559
AbSmin/max 0.89/1.11
R 0.037
R,(F) 0.062

P . 0.08
Largest peak in final diff. [ertA 7] 0.07
GOF 1.434
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